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[bookmark: _Toc320892580]Introduction
A team of students of the MBA 2010 class at the China Europe International Business School (CEIBS) in Shanghai made in the course for Responsible Leadership a business plan for turning their campus carbon neutral. The team called themselves Decarbonators and was comprised of Robert Seiler, Alex Song, Yusuke Ozeki, Michelle Da and Don Ni. The CEIBS management liked the thought of being the first business school in Asia that is carbon neutral and supported the Decarbonators in the realization of their plan from 2010 onwards. In the course of realizing the business plan, another member Eric Seidner joined the team. In May 2011, CEIBS announced to be fully carbon neutral. In the following, the Decarbonators were given the Responsible Leadership Award and Grant by the Graduate Business Forum at the GBC 2011 in Barcelona. Since then, the Decarbonators were aiming to convince other business schools around the globe to join the initiative and become carbon neutral. The goal is to have an even larger impact on the fight against climate change and to make MBA students, the future business leaders, aware of the environmental problems of our planet. This document shall be used as a user manual for turning business school campuses around the globe carbon neutral. The Decarbonators from CEIBS will support students, who decide to turn their business school carbon neutral. 
[bookmark: _Toc320892581]Climate Change
Climate change is no threat to life on Earth in general, but to the existence of our species homo sapiens. The cause of global warming lies in the anthropogenic emission of greenhouse gases that started during the industrial revolution, when the developed countries began to burn large amounts of fossil fuels. These gases cause our atmosphere to slowly heat up, which shifts the climatic zones on our planet. European and North American societies are the originators of climate change. But the dislocation of the climatic zones has particularly negative effects on the less developed, poorer societies on Earth. People in Pakistan suffer from severe floods, inhabitants of central China die in landslides and more and more Africans starve due to long lasting droughts. The regions that are least responsible for climate change cannot afford to prepare themselves for the dangers yet to come. The United Nations and several scientists expect over 250 million climate refugees on our planet until 2050[footnoteRef:1]. This will lead to large migrations, refugee camps, shortage of food and water, diseases and maybe even war.  [1:  United Nations; Myers, Christian Aid, 2007, ‘Human Tide: The Real Migration Crisis’ ] 

The United Nations try to slow down global warming with a system of regulations and market mechanisms embedded in the so called carbon market. The idea is that the emission of one metric ton of greenhouse gases such as CO2 to the atmosphere must have a certain cost. Whoever emits these gases shall reduce their emissions or pay for the reduction of the same amount of greenhouse gas emissions somewhere else. The latter process is called compensation or offsetting. The international agreement summarizing the mechanisms and rules for emission reduction is called Kyoto Protocol. Up to now, only 37 industrial countries have agreed to reduce and compensate a part of their greenhouse gas emissions. Within these so called Annex B[footnoteRef:2] countries, only a small proportion of emitters – mainly from the heavy industry – are legally obliged to compensate their emissions. Other emitters can of course voluntarily compensate. Many service providers such as banks or insurance companies do so in order to improve their reputation by building a green image.  [2:  Annex B of the Kyoto Protocol lists the industrial countries that have a binding emission reduction target for the five year period 2008-2012
] 

Controversially, many companies that, mandatorily or voluntarily, compensate their emissions do that in third world countries, where this can be done to much lower costs than at home. The Kyoto Protocol approves this compensation abroad for two reasons: transfer of technology from industrialized to developing countries and foreign investments in the developing world. But many critics say, this procedure is unfair. Countries that are not responsible for climate change have to carry a large part of the burden of emission reduction. The first world, that is responsible for global warming, shifts the responsibility on to the third world.
Annex B countries reduce their emissions with a market based mechanism called cap-and-trade emissions trading scheme. The government distributes a certain amount of emission allowances that can be traded between companies. Only with the appropriate amount of allowances companies are allowed to operate their greenhouse gas emitting plants or processes. In addition to these emission allowances, companies can use so called emission reduction certificates. These certificates are produced in emission reducing projects – mainly in developing countries as discussed before. The world’s largest emissions trading scheme is the European ETS. 
China, where CEIBS is located, has not agreed to any emission reduction target in the Kyoto Protocol and is therefore a non-Annex B country. But China is making a lot of progress in reducing emissions voluntarily. China is also the largest producer of emission reduction certificates (72%, see Exhibit 1). It makes a considerable profit in selling these certificates to the developed countries with binding emission reduction targets. Three voluntary environmental stock exchanges were established in Beijing, Tianjin and Shanghai in 2008. These are pilot projects for testing the use of domestic emissions trading. They serve as a tool to support China’s climate change mitigation strategy, but do not involve the central government[footnoteRef:3].  [3:  Information from the World Bank Report State and Trends of the Carbon Market 2010] 
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Exhibit 1: China as largest supplier of project based emission reduction credits (Source: World Bank) 
Business schools around the globe have no obligation to measure, reduce or compensate their emissions. But they can do so voluntarily to contribute their part to the fight against climate change, to show their commitment to sustainability and to educate and guide the community that lives, works, studies and teaches on their campuses. Business schools build the future business leaders of our society. A large part of our world’s fate lies in their hands. 
[bookmark: _Toc320892582]Steps to Carbon Neutrality
The Kyoto Protocol states six different types of greenhouse gases that contribute to the anthropogenic greenhouse effect. Carbon Dioxide (CO2) is the most abundant and contributes to about two third of the man-made greenhouse effect[footnoteRef:4]. It is emitted when fossil fuels such as oil, gas or coal are burned. Methane (CH4) and Nitrous Oxide (N2O) emerge from agriculture, cattle breeding and landfills. Together they contribute to around one quarter of the man-made greenhouse effect. The so called F-gases Fluorocarbon and Sulfur-Hexafluoride are synthetic greenhouse gases that are used as cooling agents or isolation in electric high-power switches. They contribute to about ten percent of the man-made greenhouse effect (see Exhibit 2).  [4:  Kyoto Protocol, IPCC AR4] 
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Exhibit 2: The six types of greenhouse gases according to the Kyoto Protocol
The six different types of greenhouse gases have considerably different global warming potentials (GWP), i.e. a certain amount of a greenhouse gas can heat the atmosphere much more than the same amount of another greenhouse gas. In order to make their contribution to the man-made greenhouse effect comparable, all greenhouse gases are normalized to the effect of the weakest of all greenhouse gases – CO2. E.g. one metric ton of Nitrous Oxide has the same heating effect on the atmosphere as 298 metric tons of Carbon Dioxide. The international unit to measure and compare all greenhouse gases is tons of CO2-equivalents (tCO2e). 
Carbon neutrality is a widely used expression. An institution is carbon neutral if it does not emit any greenhouse gases or it compensates for the entirety of its emissions. A carbon neutral institution does therefore not add to the anthropogenic greenhouse effect and has no additional heating effect on the atmosphere. Compensation of emissions means the reduction of emissions somewhere else on one’s behalf. Only with the process of compensation, institutions like business schools who use fossil fuels can become carbon neutral. 
A classical way to achieve carbon neutrality is the three step process shown in Exhibit 3. An institution first needs to identify its greenhouse gas emissions. Based on this analysis it can identify opportunities to reduce some or all emissions with certain measures. If the institution still has some residual emissions, it can compensate (also called offset) them by reducing emissions somewhere else and become carbon neutral. The mechanism of offsetting makes sense, since the greenhouse effect is independent of the location where gases are being emitted or reduced. But some locations offer much cheaper and easier ways to reduce greenhouse gases than others. The following chapters describe, how a business school can implement the three steps to carbon neutrality on the model of the China Europe International Business School in Shanghai. 
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Exhibit 3: Three steps to carbon neutrality
[bookmark: _Toc320892583]Identification of Greenhouse Gas Emissions
[bookmark: _Toc320892584]Calculate a Carbon Footprint
A carbon footprint is a way to measure and compare greenhouse gas emissions of an institution, a product or a process. It adds up all emissions, no matter what the source is. Burning a liter of petrol causes a certain amount of CO2 emissions, dumping a ton of green waste in a landfill causes a certain amount of methane emissions and having a leak on the aircon and losing the cooling agent causes the emission of a certain amount of F-gases. A carbon footprint converts the raw data such as liter petrol, ton of green waste or kilograms of F-gas into greenhouse gas emissions such as tons of CO2 or tons of CH4. Using a number called Global Warming Potential (GWP), the impact of the different greenhouse gases on global warming is normalized to the impact of CO2 under the unit of ton of CO2-equivalent (tCO2e). To demonstrate the simplicity of this calculation, a few examples are given below. 
· A car that drives 5000 kilometers uses for example around 500 liter of petrol for that distance. This number is called raw data. Burning 1 liter of petrol causes 0.00217 tons of CO2 emissions. This number is called emission factor. The global warming potential of CO2 is 1 by definition. Therefore, the car emits 500 liter * 0.00217 tCO2/liter * 1 = 1.085 tCO2e for the distance of 5000 kilometers. The formula is always of the same structure:

Raw Data * Emission Factor * GWP = Emissions in tCO2e				(1)

· A family with two children living in a house uses around 5000 kWh of electricity per year (raw data). The electricity production in their country uses coal and gas fired power plants, which results in emissions of around 0.0008 tCO2/kWh (emission factor). Again, the GWP of CO2 is 1. Therefore, the family emits around 5000 kWh * 0.0008 tCO2/kWh * 1 = 4.0 tCO2e per year due to electricity consumption. 
· An aircon system uses the F-gas R134a (also called F134a) as cooling agent. Because of a leak, 1 kilogram of R134a is released to the atmosphere by accident. The GWP of R134a is 1430, which means that releasing 1 ton of R134a to the atmosphere has the same warming effect as 1430 tons of CO2. Therefore, releasing 1 kilogram of R134a is equal to 0.001 tR134a * 1430 = 1.43 tCO2e. 
A carbon footprint would add the numbers above and come to the conclusion that driving 5000 km, using 5000 kWh and releasing 1 kg of R134a to the atmosphere result in the total carbon emissions of 6.515 tCO2e. The largest part comes from the consumption of electricity. Therefore, the easiest way to reduce carbon emissions in this example would be to reduce electricity consumption. 
A tool to calculate a carbon footprint developed by CEIBS is given in Appendix A. To calculate a carbon footprint for a business school, one needs three types of data: 
· Raw data of activities that produce carbon emissions. They can be gathered at the engineering office, financial office etc. A list of activities that produce carbon emissions is given in the CEIBS Carbon Footprint tool in Appendix A. This list is probably not complete, since there can be emissions in a business school that are unique to a school. 
· Emission factors to convert raw data into carbon emissions. These data can partly be found in the list given in Appendix D. Certain emission factors can be used unaltered around the globe, but others are very specific to the region where the carbon footprint is to be calculated. The emission factor of electricity production is the most prominent of these regional emission factors. They can be found online in statistical environmental data. 
· Global Warming Potential GWP to convert greenhouse gas emission to CO2-equivalents. The Intergovernmental Panel for Climate Change IPCC regularly publishes GWP’s in their Assessment Reports. A list of GWP’s is given in Appendix E[footnoteRef:5].  [5:  IPCC AR4, 2007, www.ipcc.ch] 

[bookmark: _Toc320892585]Standards for Calculating a Carbon Footprint
In the following, we discuss the relevant regulatory aspects on performing Carbon Footprints. There are several important global standards used and only these standards guarantee that the results of carbon footprints calculated around the globe are in a certain way comparable. 
· ISO 14064-1: Specification with guidance at the organization level for quantification and reporting of greenhouse gas emissions and removals
This standard is specifying quality measures that can be implemented in companies who perform a Carbon Footprint. It is globally used but rather defined for large companies that also follow other ISO standards. This standard suggests, that every Carbon Footprint should be based on the rules given in the Greenhouse Gas Protocol. Business schools do not have to follow the ISO 14064-1 standard for the Carbon Footprint because it only defines very broad and general rules. 
· The Greenhouse Gas Protocol
The Greenhouse Gas Protocol is a step-by-step guide for companies to quantify and report their greenhouse gas emissions. This globally used standard has been designed to make Carbon Footprints comparable around the world. It is publically available[footnoteRef:6] and given in Appendix B. Carbon Footprints for business schools should be evaluated according to this standard. The most important aspect of the Greenhouse Gas Protocol is the description how to define system boundaries. It divides all greenhouse gas emissions of an entity into three scopes (see also Exhibit 4): [6:  http://www.ghgprotocol.org/standards/corporate-standard] 

· Scope 1: Emissions from sources that are owned and controlled by the entity such as CO2 emissions of the company-owned fossil fuelled heating system.
· Scope 2: Emissions outside of the entity caused by the import and use of external energy such as purchased electricity or steam. 
· Scope 3: All other emissions outside of the entity caused by the import and the use of goods. This scope also includes life cycle emissions of goods due to their production and disposal. 
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Exhibit 4: Overview of Scopes and Emissions across the Value Chain (Source: GHG Protocol)

Carbon Footprints prepared under the rules of the Greenhouse Gas Protocol mandatorily have to report all Scope 1 and Scope 2 emissions. Entities can voluntarily (if relevant) also report parts of (or all, if possible) emissions in Scope 3. For companies with production facilities, Scope 1 and 2 usually cover the largest part of the emissions. But for service companies, Scope 3 usually represents a major part of the overall greenhouse gas emissions and can therefore not be neglected. Since business schools are service companies, certain relevant emissions of Scope 3 should be included in a carbon footprint. The decision, which material streams on a campus usually generate relevant amounts of greenhouse gas emissions (and should therefore be included in a Carbon Footprint) can be done with the help of third parties such as SGS or DNV, who have a large experience in this field. 
[bookmark: _Toc320892586]Reduction of Greenhouse Gas Emissions
Once a carbon footprint for a business school is calculated, the results show the sources and activities on campus that cause the largest carbon emissions. Exactly these sources and activities should be tackled when reducing emissions, since there often are “low hanging fruits”, where emissions can be easily reduced without large investments. The second step of the carbon neutrality process (Exhibit 3) is the most important but also the most difficult part on the way to carbon neutrality. It is important because it is using the outcome of the previously calculated carbon footprint in order to reduce emissions that are directly or indirectly caused by the business school. This is the step, where emissions can be reduced that the business school is directly responsible for. Reduction of greenhouse gas emissions is at the same time very difficult, since the measures to be taken cannot be standardized. Every institution has different sources and activities for emissions. One institution might have a very modern and energy efficient heating system whereas another institution might have an old and inefficient system. The first institution cannot reduce emissions by replacing the heating system, but the second one can. Therefore, the implementation of emission reduction projects can only be planned after having calculated a carbon footprint and analyzed the opportunities specific to the institution under investigation. Reduction measures cannot be standardized and we therefore only give an incomplete list of measures typical for this third step. 
· Increasing energy efficiency
· Biomass power and heat
· Photovoltaic solar panels
· District heating
· Energy contracting
· Biofuels
· Optimized building services engineering
· …
Typical carbon emission reduction measures can be classified in five segments given in Exhibit 5. A business school can decide, which one of the measures given above, are technically and economically feasible. This decision can be made with the help of third parties such as SGS, DNV or any engineering firm that can also perform an energy check on campus. Third parties are often willing to sponsor an energy check in the hope to sell emission reduction projects, to become sponsor or partner of a business school or simply to work together with the students on campus who are running the carbon neutrality project in order to hire them after graduation. 
In conclusion, the second step of the carbon neutralization process (Exhibit 3) is the most important. Only by reducing at least a part of the emissions caused by a business school, the institution can show its commitment to climate protection. The actions of schools that are only performing steps 1 and 3 (identification and neutralization) can be considered as green washing. This should be avoided at all cost. 
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Exhibit 5: Emission Reduction Measures
[bookmark: _Toc320892587]Neutralization of Greenhouse Gas Emissions
[bookmark: _Toc320892588]Options for the Neutralization of Greenhouse Gases
Usually, an institution such as a business school is not able to fully reduce their carbon emissions down to zero. Some emissions can technically not be avoided or their reduction would be too costly. Business schools have the option to compensate or offset their residual emissions and become fully carbon neutral. They have several options to do that. 
· Planting trees that absorb CO2 from the atmosphere. A permanent carbon emission reduction by planting trees is only guaranteed if trees are cultivated and replanted after their life span. The exact amount of CO2 absorption depends on the type of the tree and on the environment where it grows. Organizations such as Roots & Shoots offer their customers to plant forests in areas that have been deforested in former times. They have scientific data on the amount of carbon absorption by these trees. 
· Purchasing carbon credits. A carbon credit is a proof for carbon emission reduction by a project. Project developers and investors implement clean tech projects that reduce carbon emissions. Third parties such as SGS and DNV audit these projects and measure their emission reducing effect. According to the amount of annual reduction, these third parties issue carbon credits for the project owners. Business schools can directly support these projects by purchasing carbon credits or investing in projects and receiving credits as dividends. These carbon credits can officially be used to offset or neutralize residual carbon emissions on campus. There are several types of carbon credits on the market that suit the demand of business schools:
· VER, Verified Emission Reduction
· VCU, Voluntary Carbon Unit
· GS VER, Gold Standard Verified Emission Reduction
Carbon Brokers such as Evolution Markets can help business schools choosing the right projects and credits that suit the school. Projects (and therefore their carbon credits) differ by technology, geography and of course by price. 
[bookmark: _Toc320892589]Standard for Carbon Neutrality
Carbon neutrality is a widely used term. There have been large differences around the globe about the definition of carbon neutrality and several cases of fraud. In 2011, the British Standard Institution has therefore published a global standard on how to understand and implement carbon neutrality for institutions – the PAS2060 standard. If business schools want to prove that their “carbon neutrality project” really means, that they have no longer any negative impact on climate change, they should perform their project according to PAS2060. Third parties such as SGS or DNV can audit a carbon neutrality project and approve that it is implemented in accordance to PAS2060. A short summary of what this standards stands for is given in Appendix C. 
[bookmark: _Toc320892590]Cost Estimate
In the following, we would like to give a very brief cost estimation for each step of the carbon neutrality process. 
1. Identification of greenhouse gas emissions is free. An audit of the results by a third party such as SGS or DNV will cost around USD 10,000.
2. Reduction of greenhouse gas emissions is the most costly part of carbon neutralization and can only be valued when specific measures are defined. 
3. Neutralization of greenhouse gas emissions can be done by purchasing carbon credits. A standard VER has costs of around 2-10 USD/tCO2e, depending on the quality and the type of credit. An audit of carbon neutrality according to the PAS2060 standard performed by a third party such as SGS or DNV costs around USD 20,000. 
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CEIBS Carbon Footprint.xlsx
Data

						CEIBS Green House Gas Inventory and  Carbon Footprint



		Scope 1: Direct GHG Emissions												Raw Data		GHG Emissions				Calculation of GHG Emissions

				Origin of GHG Emissions		Source		Activity		Unit		Data Source		Fill In		To CO2-Equiv.		Emission Factors						GWP		LCA Factor

																		Value		Unit		Source		according to IPCC

				GHG from CEIBS owned consumption: Light Fossil Oil		Building		Heating		Liter Oil						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Diesel		Vehicle		Passenger Transportation		Liter Diesel						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Diesel		Vehicle		Goods Transportation		Liter Diesel						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Diesel		Electricity		Electricity Production		Liter Diesel						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Petrol		Vehicle		Passenger Transportation		Liter Petrol						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Petrol		Vehicle		Goods Transportation		Liter Petrol						0.0				To CO2 / l				1		no

				GHG from CEIBS owned consumption: Natural Gas		Building		Heating		kWh Gas						0.0				To CO2 / kWh				1		no

				Loss of Cooling Agent R134a from CEIBS owned Equipment		Aircon		Cooling		kg R134a						0.0		0.00100		To R134a  / kg		Unit Conversion and IPCC		1430		no

				Loss of Cooling Agent R404a from CEIBS owned Equipment		Aircon		Cooling		kg R404a						0.0		0.00100		To R404a  / kg		Unit Conversion and IPCC		3980		no

				Loss of Cooling Agent R22 from CEIBS owned Equipment		Aircon		Cooling		kg R22						0.0		0.00100		To R22  / kg		Unit Conversion and IPCC		1810		no



		Scope 1 Total														0.0



		Scope 2: Indirect GHG Emissions from Energy Consumption												Waste Stream		GHG Emissions				Calculation of GHG Emissions

				Origin of GHG Emissions		Source		Activity		Unit		Data Source		Fill In		To CO2-Equiv.		Emission Factors						GWP		LCA Factor

																		Value		Unit		Source		according to IPCC

				GHG from Electricity Usage Grid Mix China		Electricity		Electricity Usage		kWh Electricity						0.0				To CO2-Equ / kWh				1		no

				GHG from Electricity Usage Renewable Sources		Electricity		Electricity Usage		kWh Electricity						0.0				To CO2-Equ / kWh				1		no

				GHG from Steam Usage produced with Natural Gas		Steam		Heating		kWh Steam						0.0				To CO2-Equ / kWh				1		no



		Scope 2 Total														0.0



		Scope 3: Indirect GHG Emissions from Goods and Services Consumption												Waste Stream		GHG Emissions				Calculation of GHG Emissions

				Origin of GHG Emissions		Source		Activity		Unit		Data Source		Fill In		To CO2-Equiv.		Emission Factors						GWP		LCA Factor

																		Value		Unit		Source		according to IPCC

				GHG from: Light Fossil Oil		Building		Heating		Liter Oil						0.0		

robsei: Robert Seiler:
Fill in Emission Factors		To CO2 / l				1		no

				GHG from: Diesel		Vehicle		Passenger Transportation		Liter Diesel						0.0				To CO2 / l				1		no

				GHG from: Diesel		Vehicle		Goods Transportation		Liter Diesel						0.0				To CO2 / l				1		no

				GHG from: Petrol		Vehicle		Passenger Transportation		Liter Petrol						0.0				To CO2 / l				1		no

				GHG from Domestic Flights (<785km)		Vehicle		Passenger Transportation		km Distance/Person						0.0				To CO2-Equ / pkm				1		no

				GHG from Short International Economy Flights (>785km;<3700km)		Vehicle		Passenger Transportation		km Distance/Person						0.0				To CO2-Equ / pkm				1		no

				GHG from Long International Economy Flights (>3700km)		Vehicle		Passenger Transportation		km Distance/Person						0.0				To CO2-Equ / pkm				1		no

				GHG from Disposal of Waste		Building		Waste Disposal		kg Waste						0.0				To CO2-Equ / kg				1		no

				GHG from Toilet Paper and Tissue Usage		Building		Paper Usage		kg Paper						0.0				To CO2-Equ / kg				1		yes

				GHG from Paper Production (Academic)		Building		Paper Usage		kg Paper						0.0				To CO2-Equ / kg				1		yes

				GHG from Water Usage		Building		Water Usage		Liter Water						0.0				To CO2-Equ / l				1		yes

				GHG from Disposal of Food Waste

robsei: robsei:
300 kg raw material in the kitchen, 1/5 waste in kitchen, another 1/5 waste of left over food = 120 kg/d = 43800 kg/a														

robsei: Robert Seiler:
Fill in Emission Factors		Building		Food Disposal		kg Food Waste						0.0				To CO2-Equ / kg				1		yes



		Scope 3 Total														0.0





		Scope 1&2&3 Total														0.0





														Change		0.0%





























































Charts

										CEIBS Green House Gas Inventory and  Carbon Footprint





		Activity Data												Sources												Scopes



		Activity		tCO2		%								Source		tCO2		%								Scope		tCO2		%



		Heating		0.0		ERROR:#DIV/0!								Building		0.0		ERROR:#DIV/0!								Scope 1		0.0		ERROR:#DIV/0!

		Cooling		0.0		ERROR:#DIV/0!								Vehicle		0.0		ERROR:#DIV/0!								Scope 2		0.0		ERROR:#DIV/0!

		Waste, Paper		0.0		ERROR:#DIV/0!								Electricity		0.0		ERROR:#DIV/0!								Scope 3		0.0		ERROR:#DIV/0!

		Water		0.0		ERROR:#DIV/0!								Steam		0.0		ERROR:#DIV/0!

		Passenger Transportation		0.0		ERROR:#DIV/0!								Aircon		0.0		ERROR:#DIV/0!

		Goods Transportation		0.0		ERROR:#DIV/0!

		Food Disposal		0.0		ERROR:#DIV/0!

		Electricity Usage		0.0		ERROR:#DIV/0!

		Electricity Production		0.0		ERROR:#DIV/0!
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he Greenhouse Gas Protocol Initiative is a multi-stakeholder partnership of


businesses, non-governmental organizations (NGOs), governments, and others


convened by the World Resources Institute (WRI), a U.S.-based environmental


NGO, and the World Business Council for Sustainable Development (WBCSD), a


Geneva-based coalition of 170 international companies. Launched in 1998, the


Initiative’s mission is to develop internationally accepted greenhouse gas (GHG)


accounting and reporting standards for business and to promote their broad adoption.


The GHG Protocol Initiative comprises two separate but linked standards: 


• GHG Protocol Corporate Accounting and Reporting Standard (this document, which


provides a step-by-step guide for companies to use in quantifying and reporting their


GHG emissions) 


• GHG Protocol Project Quantification Standard (forthcoming; a guide for quantifying


reductions from GHG mitigation projects)
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The first edition of the GHG Protocol Corporate Accounting and
Reporting Standard (GHG Protocol Corporate Standard), published in
September 2001, enjoyed broad adoption and acceptance around the
globe by businesses, NGOs, and governments. Many industry, NGO,
and government GHG programs1 used the standard as a basis for
their accounting and reporting systems. Industry groups, such 
as the International Aluminum Institute, the International Council
of Forest and Paper Associations, and the WBCSD Cement
Sustainability Initiative, partnered with the GHG Protocol Initiative
to develop complementary industry-specific calculation tools.
Widespread adoption of the standard can be attributed to the inclu-
sion of many stakeholders in its development and to the fact that 
it is robust, practical, and builds on the experience and expertise of
numerous experts and practitioners. 


This revised edition of the GHG Protocol Corporate Standard is the
culmination of a two-year multi-stakeholder dialogue, designed 
to build on experience gained from using the first edition. It includes
additional guidance, case studies, appendices, and a new chapter
on setting a GHG target. For the most part, however, the first edition
of the Corporate Standard has stood the test of time, and the
changes in this revised edition will not affect the results of most
GHG inventories. 


This GHG Protocol Corporate Standard provides standards and
guidance for companies and other types of organizations2


preparing a GHG emissions inventory. It covers the accounting 
and reporting of the six greenhouse gases covered by the Kyoto
Protocol — carbon dioxide (CO2), methane (CH4), nitrous oxide
(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulphur hexafluoride (SF6). The standard and guidance were
designed with the following objectives in mind:


• To help companies prepare a GHG inventory that represents 
a true and fair account of their emissions, through the use of
standardized approaches and principles


• To simplify and reduce the costs of compiling a GHG inventory


• To provide business with information that can be used to build
an effective strategy to manage and reduce GHG emissions


• To provide information that facilitates participation in voluntary
and mandatory GHG programs


• To increase consistency and transparency in GHG accounting
and reporting among various companies and GHG programs.


Both business and other stakeholders benefit from converging 
on a common standard. For business, it reduces costs if their GHG
inventory is capable of meeting different internal and external
information requirements. For others, it improves the consistency,
transparency, and understandability of reported information,
making it easier to track and compare progress over time.


The business value of a GHG inventory
Global warming and climate change have come to the fore as a
key sustainable development issue. Many governments are taking
steps to reduce GHG emissions through national policies that
include the introduction of emissions trading programs, voluntary
programs, carbon or energy taxes, and regulations and standards
on energy efficiency and emissions. As a result, companies must
be able to understand and manage their GHG risks if they are to
ensure long-term success in a competitive business environment,
and to be prepared for future national or regional climate policies. 


A well-designed and maintained corporate GHG inventory can
serve several business goals, including:


• Managing GHG risks and identifying reduction opportunities 


• Public reporting and participation in voluntary GHG programs


• Participating in mandatory reporting programs


• Participating in GHG markets


• Recognition for early voluntary action. 


Who should use this standard?
This standard is written primarily from the perspective of a busi-
ness developing a GHG inventory. However, it applies equally to
other types of organizations with operations that give rise to GHG
emissions, e.g., NGOs, government agencies, and universities.3


It should not be used to quantify the reductions associated with
GHG mitigation projects for use as offsets or credits—the 
forthcoming GHG Protocol Project Quantification Standard will
provide standards and guidance for this purpose.


Policy makers and architects of GHG programs can also use rele-
vant parts of this standard as a basis for their own accounting
and reporting requirements.
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Relationship to other GHG programs
It is important to distinguish between the GHG Protocol Initiative
and other GHG programs. The GHG Protocol Corporate Standard
focuses only on the accounting and reporting of emissions. It does
not require emissions information to be reported to WRI or WBCSD.
In addition, while this standard is designed to develop a verifiable
inventory, it does not provide a standard for how the verification
process should be conducted. 


The GHG Protocol Corporate Standard has been designed to be
program or policy neutral. However, many existing GHG programs
use it for their own accounting and reporting requirements and it
is compatible with most of them, including: 


• Voluntary GHG reduction programs, e.g., the World Wildlife Fund
(WWF) Climate Savers, the U.S. Environmental Protection
Agency (EPA) Climate Leaders, the Climate Neutral Network,
and the Business Leaders Initiative on Climate Change (BLICC)


• GHG registries, e.g., California Climate Action Registry (CCAR),
World Economic Forum Global GHG Registry


• National and regional industry initiatives, e.g., New Zealand 
Business Council for Sustainable Development, Taiwan Business 
Council for Sustainable Development, Association des entreprises 
pour la réduction des gaz à effet de serre (AERES) 


• GHG trading programs,4 e.g., UK Emissions Trading Scheme (UK
ETS), Chicago Climate Exchange (CCX), and the European Union
Greenhouse Gas Emissions Allowance Trading Scheme (EU ETS) 


• Sector-specific protocols developed by a number of industry asso-
ciations, e.g., International Aluminum Institute, International
Council of Forest and Paper Associations, International Iron and
Steel Institute, the WBCSD Cement Sustainability Initiative, and
the International Petroleum Industry Environmental Conservation
Association (IPIECA).


Since GHG programs often have specific accounting and reporting
requirements, companies should always check with any relevant
programs for any additional requirements before developing 
their inventory. 


GHG calculation tools
To complement the standard and guidance provided here, 
a number of cross-sector and sector-specific calculation tools 
are available on the GHG Protocol Initiative website 
(www.ghgprotocol.org), including a guide for small office-based
organizations (see chapter 6 for full list). These tools provide step-
by-step guidance and electronic worksheets to help users
calculate GHG emissions from specific sources or industries. The
tools are consistent with those proposed by the Intergovernmental
Panel on Climate Change (IPCC) for compilation of emissions 
at the national level (IPCC, 1996). They have been refined to be 
user-friendly for non-technical company staff and to increase the
accuracy of emissions data at a company level. Thanks to help
from many companies, organizations, and individual experts
through an intensive review of the tools, they are believed to
represent current “best practice.”


Reporting in accordance with the 
GHG Protocol Corporate Standard
The GHG Protocol Initiative encourages the use of the GHG Protocol
Corporate Standard by all companies regardless of their experience
in preparing a GHG inventory. The term “shall” is used in the 
chapters containing standards to clarify what is required to prepare
and report a GHG inventory in accordance with the GHG Protocol
Corporate Standard. This is intended to improve the consistency
with which the standard is applied and the resulting information
that is publicly reported, without departing from the initial intent of
the first edition. It also has the advantage of providing a verifiable
standard for companies interested in taking this additional step. 


Overview of main changes to the first edition 
This revised edition contains additional guidance, case studies,
and annexes. A new guidance chapter on setting GHG targets
has been added in response to many requests from companies
that, having developed an inventory, wanted to take the 
next step of setting a target. Appendices have been added on
accounting for indirect emissions from electricity and on
accounting for sequestered atmospheric carbon. 


Introduction
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Changes to specific chapters include:
• C H A P T E R  1 : Minor rewording of principles.


• C H A P T E R  2 : Goal-related information on operational bound-
aries has been updated and consolidated. 


• C H A P T E R  3 : Although still encouraged to account for 
emissions using both the equity and control
approaches, companies may now report using
one approach. This change reflects the fact
that not all companies need both types of infor-
mation to achieve their business goals. New
guidance has been provided on establishing
control. The minimum equity threshold for
reporting purposes has been removed to enable
emissions to be reported when significant. 


• C H A P T E R  4 : The definition of scope 2 has been revised to
exclude emissions from electricity purchased
for resale—these are now included in scope 3.
This prevents two or more companies from
double counting the same emissions in the
same scope. New guidance has been added on
accounting for GHG emissions associated with
electricity transmission and distribution losses.
Additional guidance provided on Scope 3 
categories and leasing. 


• C H A P T E R  5 : The recommendation of pro-rata adjustments
was deleted to avoid the need for two adjust-
ments. More guidance has been added on
adjusting base year emissions for changes in
calculation methodologies.


• C H A P T E R  6 : The guidance on choosing emission factors
has been improved.


• C H A P T E R  7 : The guidance on establishing an inventory
quality management system and on the applica-
tions and limitations of uncertainty assessment
has been expanded. 


• C H A P T E R  8 : Guidance has been added on accounting for
and reporting project reductions and offsets in
order to clarify the relationship between the
GHG Protocol Corporate and Project Standards.


• C H A P T E R  9 : The required and optional reporting categories
have been clarified. 


• C H A P T E R  1 0 : Guidance on the concepts of materiality and
material discrepancy has been expanded. 


• C H A P T E R  1 1 : New chapter added on steps in setting a target
and tracking and reporting progress.


Frequently asked questions…  
Below is a list of frequently asked questions, with directions to the
relevant chapters. 


• What should I consider when setting out to 
account for and report emissions? C H A P T E R  2


• How do I deal with complex company structures 
and shared ownership? C H A P T E R  3


• What is the difference between direct and indirect 
emissions and what is their relevance? C H A P T E R  4


• Which indirect emissions should I report? C H A P T E R  4


• How do I account for and report outsourced and 
leased operations? C H A P T E R  4


• What is a base year and why do I need one? C H A P T E R  5


• My emissions change with acquisitions and 
divestitures. How do I account for these? C H A P T E R  5


• How do I identify my company’s emission sources? C H A P T E R  6


• What kinds of tools are there to help me 
calculate  emissions? C H A P T E R  6


• What data collection activities and data management
issues do my facilities have to deal with? C H A P T E R  6


• What determines the quality and credibility of my 
emissions information? C H A P T E R  7


• How should I account for and report GHG offsets 
that I sell or purchase? C H A P T E R  8


• What information should be included in a GHG 
public emissions report? C H A P T E R  9


• What data must be available to obtain external 
verification of the inventory data? C H A P T E R  10


• What is involved in setting an emissions target and 
how do I report performance in relation to my target? C H A P T E R  11


I N T R O D U C T I O N 5


N O T E S
1 GHG program is a generic term used to refer to any voluntary or mandatory


international, national, sub-national government or non-governmental
authority that registers, certifies, or regulates GHG emissions or removals. 


2 Throughout the rest of this document, the term “company” or “busi-
ness” is used as shorthand for companies, businesses and other types
of organizations. 


3 For example, WRI uses the GHG Protocol Corporate Standard to publicly
report its own emissions on an annual basis and to participate in the
Chicago Climate Exchange. 


4 Trading programs that operate at the level of facilities primarily use the
GHG Protocol Initiative calculation tools. 
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s with financial accounting and reporting, generally accepted GHG


accounting principles are intended to underpin and guide GHG


accounting and reporting to ensure that the reported information represents a


faithful, true, and fair account of a company’s GHG emissions. 
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GHG accounting and reporting shall be based on the following principles:


R E L E VA N C E Ensure the GHG inventory appropriately reflects the GHG emissions of the company and
serves the decision-making needs of users – both internal and external to the company.


C O M P L E T E N E S S Account for and report on all GHG emission sources and activities within the chosen 
inventory boundary. Disclose and justify any specific exclusions.


C O N S I S T E N C Y Use consistent methodologies to allow for meaningful comparisons of emissions over time.
Transparently document any changes to the data, inventory boundary, methods, or any other
relevant factors in the time series.


T R A N S P A R E N C Y Address all relevant issues in a factual and coherent manner, based on a clear audit trail.
Disclose any relevant assumptions and make appropriate references to the accounting and
calculation methodologies and data sources used.


A C C U R A C Y Ensure that the quantification of GHG emissions is systematically neither over nor under
actual emissions, as far as can be judged, and that uncertainties are reduced as far as 
practicable. Achieve sufficient accuracy to enable users to make decisions with reasonable
assurance as to the integrity of the reported information.
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GHG accounting and reporting practices are evolving and are new to many
businesses; however, the principles listed below are derived in part from
generally accepted financial accounting and reporting principles. They also
reflect the outcome of a collaborative process involving stakeholders from 
a wide range of technical, environmental, and accounting disciplines.
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GHG Accounting and Reporting Principles


hese principles are intended to underpin all aspects
of GHG accounting and reporting. Their application
will ensure that the GHG inventory constitutes a true


and fair representation of the company’s GHG emissions.
Their primary function is to guide the implementation of
the GHG Protocol Corporate Standard, particularly when
the application of the standards to specific issues or situa-
tions is ambiguous. 


Relevance
For an organization’s GHG report to be relevant means
that it contains the information that users—both
internal and external to the company—need for their
decision making. An important aspect of relevance is the
selection of an appropriate inventory boundary that
reflects the substance and economic reality of the
company’s business relationships, not merely its legal
form. The choice of the inventory boundary is dependent
on the characteristics of the company, the intended
purpose of information, and the needs of the users. When
choosing the inventory boundary, a number of factors
should be considered, such as: 


• Organizational structures: control (operational 
and financial), ownership, legal agreements, joint
ventures, etc.


• Operational boundaries: on-site and off-site activities,
processes, services, and impacts


• Business context: nature of activities, geographic loca-
tions, industry sector(s), purposes of information, and
users of information


More information on defining an appropriate inventory
boundary is provided in chapters 2, 3, and 4. 


Completeness
All relevant emissions sources within the chosen 
inventory boundary need to be accounted for so that a
comprehensive and meaningful inventory is compiled. 
In practice, a lack of data or the cost of gathering
data may be a limiting factor. Sometimes it is
tempting to define a minimum emissions accounting
threshold (often referred to as a materiality threshold)
stating that a source not exceeding a certain size 
can be omitted from the inventory. Technically, such a
threshold is simply a predefined and accepted negative


bias in estimates (i.e., an underestimate). Although it
appears useful in theory, the practical implementation of
such a threshold is not compatible with the completeness
principle of the GHG Protocol Corporate Standard. In order
to utilize a materiality specification, the emissions 
from a particular source or activity would have to be
quantified to ensure they were under the threshold.
However, once emissions are quantified, most of the
benefit of having a threshold is lost. 


A threshold is often used to determine whether an error
or omission is a material discrepancy or not. This is 
not the same as a de minimis for defining a complete 
inventory. Instead companies need to make a good faith
effort to provide a complete, accurate, and consistent
accounting of their GHG emissions. For cases where
emissions have not been estimated, or estimated at an
insufficient level of quality, it is important that this is
transparently documented and justified. Verifiers can
determine the potential impact and relevance of the exclu-
sion, or lack of quality, on the overall inventory report.


More information on completeness is provided in chap-
ters 7 and 10. 


Consistency
Users of GHG information will want to track and
compare GHG emissions information over time in order
to identify trends and to assess the performance of 
the reporting company. The consistent application of
accounting approaches, inventory boundary, and calcula-
tion methodologies is essential to producing comparable
GHG emissions data over time. The GHG information 
for all operations within an organization’s inventory
boundary needs to be compiled in a manner that ensures
that the aggregate information is internally consistent
and comparable over time. If there are changes in the
inventory boundary, methods, data or any other factors
affecting emission estimates, they need to be transpar-
ently documented and justified. 


More information on consistency is provided in 
chapters 5 and 9. 
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Transparency
Transparency relates to the degree to which information
on the processes, procedures, assumptions, and limita-
tions of the GHG inventory are disclosed in a clear,
factual, neutral, and understandable manner based on
clear documentation and archives (i.e., an audit trail).
Information needs to be recorded, compiled, and
analyzed in a way that enables internal reviewers and
external verifiers to attest to its credibility. Specific
exclusions or inclusions need to be clearly identified and
justified, assumptions disclosed, and appropriate refer-
ences provided for the methodologies applied and the
data sources used. The information should be sufficient
to enable a third party to derive the same results if
provided with the same source data. A “transparent”
report will provide a clear understanding of the issues in
the context of the reporting company and a meaningful
assessment of performance. An independent external
verification is a good way of ensuring transparency and
determining that an appropriate audit trail has been
established and documentation provided. 


More information on transparency is provided in chap-
ters 9 and 10. 


Accuracy
Data should be sufficiently precise to enable intended
users to make decisions with reasonable assurance that
the reported information is credible. GHG measure-
ments, estimates, or calculations should be systemically
neither over nor under the actual emissions value, as far
as can be judged, and that uncertainties are reduced as
far as practicable. The quantification process should be
conducted in a manner that minimizes uncertainty.
Reporting on measures taken to ensure accuracy in the
accounting of emissions can help promote credibility
while enhancing transparency. 


More information on accuracy is provided in chapter 7. 


As an international, values-driven retailer of skin, hair, body care,
and make-up products, the Body Shop operates nearly 2,000 loca-
tions, serving 51 countries in 29 languages. Achieving both
accuracy and completeness in the GHG inventory process for such
a large, disaggregated organization, is a challenge. Unavailable
data and costly measurement processes present significant
obstacles to improving emission data accuracy. For example, it is
difficult to disaggregate energy consumption information for
shops located within shopping centers. Estimates for these shops
are often inaccurate, but excluding sources due to inaccuracy
creates an incomplete inventory. 


The Body Shop, with help from the Business Leaders Initiative on
Climate Change (BLICC) program, approached this problem with
a two-tiered solution. First, stores were encouraged to actively
pursue direct consumption data through disaggregated data or
direct monitoring. Second, if unable to obtain direct consumption
data, stores were given standardized guidelines for estimating
emissions based on factors such as square footage, equipment
type, and usage hours. This system replaced the prior fragmentary
approach, provided greater accuracy, and provided a more
complete account of emissions by including facilities that previ-
ously were unable to calculate emissions. If such limitations in
the measurement processes are made transparent, users of the
information will understand the basis of the data and the trade -
off that has taken place. 


The Body Shop: Solving the trade-off 
between accuracy and completeness
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Volkswagen is a global auto manufacturer and the largest
automaker in Europe. While working on its GHG inventory,
Volkswagen realized that the structure of its emission sources had
undergone considerable changes over the last seven years.
Emissions from production processes, which were considered to be
irrelevant at a corporate level in 1996, today constitute almost 
20 percent of aggregated GHG emissions at the relevant plant
sites. Examples of growing emissions sources are new sites for
engine testing or the investment into magnesium die-casting
equipment at certain production sites. This example shows that
emissions sources have to be regularly re-assessed to maintain a
complete inventory over time.


Volkswagen:
Maintaining completeness over time
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mproving your understanding of your company’s GHG emissions by compiling


a GHG inventory makes good business sense. Companies frequently cite the


following five business goals as reasons for compiling a GHG inventory: 


• Managing GHG risks and identifying reduction opportunities 


• Public reporting and participation in voluntary GHG programs


• Participating in mandatory reporting programs


• Participating in GHG markets


• Recognition for early voluntary action


I


2 Business Goals and Inventory Design


G U I D A N C E


G
U


I
D


A
N


C
E







Companies generally want their GHG inventory to be
capable of serving multiple goals. It therefore makes
sense to design the process from the outset to provide
information for a variety of different users and 
uses—both current and future. The GHG Protocol
Corporate Standard has been designed as a comprehensive
GHG accounting and reporting framework to provide 
the information building blocks capable of serving most
business goals (see Box 1). Thus the inventory data
collected according to the GHG Protocol Corporate
Standard can be aggregated and disaggregated for
various organizational and operational boundaries and
for different business geographic scales (state, country,
Annex 1 countries, non-Annex 1 countries, facility,
business unit, company, etc.). 


Appendix C provides an overview of various GHG
programs—many of which are based on the GHG Protocol
Corporate Standard. The guidance sections of chapters 3
and 4 provide additional information on how to design
an inventory for different goals and uses.


Managing GHG risks 
and identifying reduction opportunities
Compiling a comprehensive GHG inventory improves 
a company’s understanding of its emissions profile 
and any potential GHG liability or “exposure.” A
company’s GHG exposure is increasingly becoming a
management issue in light of heightened scrutiny by the
insurance industry, shareholders, and the emergence of
environmental regulations/policies designed to reduce
GHG emissions. 


In the context of future GHG regulations, significant
GHG emissions in a company’s value chain may result in
increased costs (upstream) or reduced sales (down-
stream), even if the company itself is not directly subject
to regulations. Thus investors may view significant indi-
rect emissions upstream or downstream of a company’s
operations as potential liabilities that need to be
managed and reduced. A limited focus on direct emis-
sions from a company’s own operations may miss major
GHG risks and opportunities, while leading to a misin-
terpretation of the company’s actual GHG exposure. 


On a more positive note, what gets measured gets
managed. Accounting for emissions can help identify
the most effective reduction opportunities. This can
drive increased materials and energy efficiency as well
as the development of new products and services that
reduce the GHG impacts of customers or suppliers. This
in turn can reduce production costs and help differen-
tiate the company in an increasingly environmentally
conscious marketplace. Conducting a rigorous GHG
inventory is also a prerequisite for setting an internal
or public GHG target and for subsequently measuring
and reporting progress. 
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B O X  1 . Business goals served by GHG inventories


Managing GHG risks and identifying reduction opportunities 
• Identifying risks associated with GHG constraints in the future


• Identifying cost effective reduction opportunities


• Setting GHG targets, measuring and reporting progress


Public reporting and participation in voluntary GHG programs
• Voluntary stakeholder reporting of GHG emissions and progress


towards GHG targets


• Reporting to government and NGO reporting programs,
including GHG registries


• Eco-labelling and GHG certification


Participating in mandatory reporting programs
• Participating in government reporting programs at the national,


regional, or local level


Participating in GHG markets 
• Supporting internal GHG trading programs 


• Participating in external cap and trade allowance trading programs


• Calculating carbon/GHG taxes


Recognition for early voluntary action
• Providing information to support “baseline protection” and/or


credit for early action







Public reporting and participation 
in voluntary GHG programs
As concerns over climate change grow, NGOs, investors,
and other stakeholders are increasingly calling for
greater corporate disclosure of GHG information. They
are interested in the actions companies are taking and
in how the companies are positioned relative to their
competitors in the face of emerging regulations. In
response, a growing number of companies are preparing
stakeholder reports containing information on GHG
emissions. These may be stand-alone reports on GHG
emissions or broader environmental or sustainability
reports. For example, companies preparing sustainability
reports using the Global Reporting Initiative guidelines
should include information on GHG emissions in accor-
dance with the GHG Protocol Corporate Standard (GRI,
2002). Public reporting can also strengthen relation-
ships with other stakeholders. For instance, companies
can improve their standing with customers and with the
public by being recognized for participating in voluntary
GHG programs. 


Some countries and states have established GHG
registries where companies can report GHG emissions 
in a public database. Registries may be administered by
governments (e.g., U.S. Department of Energy 1605b
Voluntary Reporting Program), NGOs (e.g., California
Climate Action Registry), or industry groups (e.g., World
Economic Forum Global GHG Registry). Many GHG
programs also provide help to companies setting volun-
tary GHG targets. 


Most voluntary GHG programs permit or require the
reporting of direct emissions from operations (including
all six GHGs), as well as indirect GHG emissions from
purchased electricity. A GHG inventory prepared 
in accordance with the GHG Protocol Corporate Standard
will usually be compatible with most requirements
(Appendix C provides an overview of the reporting
requirements of some GHG programs). However, since
the accounting guidelines of many voluntary programs
are periodically updated, companies planning to partici-
pate are advised to contact the program administrator 
to check the current requirements. 
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Indirect emissions associated with the consumption of purchased
electricity are a required element of any company’s accounting and
reporting under the GHG Protocol Corporate Standard. Because
purchased electricity is a major source of GHG emissions for compa-
nies, it presents a significant reduction opportunity. IBM, a major
information technology company and a member of the WRI’s Green
Power Market Development Group, has systematically accounted for
these indirect emissions and thus identified the significant potential
to reduce them. The company has implemented a variety of strategies
that would reduce either their demand for purchased energy or the
GHG intensity of that purchased energy. One strategy has been to
pursue the renewable energy market to reduce the GHG intensity of its
purchased electricity. 


IBM succeeded in reducing its GHG emissions at its facility in
Austin, Texas, even as energy use stayed relatively constant, through
a contract for renewable electricity with the local utility company,
Austin Energy. Starting in 2001, this five-year contract is for 5.25
million kWhs of wind-power per year. This zero emission power
lowered the facility’s inventory by more than 4,100 tonnes of CO2


compared to the previous year and represents nearly 5% of the
facility’s total electricity consumption. Company-wide, IBM’s 2002
total renewable energy procurement was 66.2 million kWh, which
represented 1.3% of its electricity consumption worldwide and
31,550 tonnes of CO2 compared to the previous year. Worldwide, IBM
purchased a variety of sources of renewable energy including wind,
biomass and solar. 


By accounting for these indirect emissions and looking for associ-
ated reduction opportunities, IBM has successfully reduced an
important source of its overall GHG emissions. 


IBM: The role of renewable energy 
in reducing GHG emissions







Participating in mandatory reporting programs 
Some governments require GHG emitters to report their
emissions annually. These typically focus on direct emis-
sions from operations at operated or controlled facilities
in specific geographic jurisdictions. In Europe, facilities
falling under the requirements of the Integrated
Pollution Prevention and Control (IPPC) Directive must
report emissions exceeding a specified threshold for each
of the six GHGs. The reported emissions are included in
a European Pollutant Emissions Register (EPER), a
publicly accessible internet-based database that permits
comparisons of emissions from individual facilities or
industrial sectors in different countries (EC-DGE, 2000).
In Ontario, Ontario Regulation 127 requires the
reporting of GHG emissions (Ontario MOE, 2001). 


Participating in GHG markets 
Market-based approaches to reducing GHG emissions
are emerging in some parts of the world. In most
places, they take the form of emissions trading
programs, although there are a number of other
approaches adopted by countries, such as the taxation
approach used in Norway. Trading programs can be
implemented on a mandatory (e.g., the forthcoming 
EU ETS) or voluntary basis (e.g., CCX).


Although trading programs, which determine compliance
by comparing emissions with an emissions reduction
target or cap, typically require accounting only for
direct emissions, there are exceptions. The UK ETS, for
example, requires direct entry participants to account
for GHG emissions from the generation of purchased
electricity (DEFRA, 2003). The CCX allows its
members the option of counting indirect emissions asso-
ciated with electricity purchases as a supplemental
reduction commitment. Other types of indirect emissions
can be more difficult to verify and may present 
challenges in terms of avoiding double counting. To
facilitate independent verification, emissions trading
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may require participating companies to establish an
audit trail for GHG information (see chapter 10).


GHG trading programs are likely to impose additional
layers of accounting specificity relating to which
approach is used for setting organizational boundaries;
which GHGs and sources are addressed; how base
years are established; the type of calculation method-
ology used; the choice of emission factors; and the
monitoring and verification approaches employed. 
The broad participation and best practices incorporated
into the GHG Protocol Corporate Standard are likely 
to inform the accounting requirements of emerging
programs, and have indeed done so in the past. 


Recognition for early voluntary action 
A credible inventory may help ensure that a corpora-
tion’s early, voluntary emissions reductions are
recognized in future regulatory programs. To illustrate,
suppose that in 2000 a company started reducing its
GHG emissions by shifting its on-site powerhouse boiler
fuel from coal to landfill gas. If a mandatory GHG
reduction program is later established in 2005 and it
sets 2003 as the base against which reductions are to
be measured, the program might not allow the emissions
reductions achieved by the green power project prior to
2003 to count toward its target.


However, if a company’s voluntary emissions reductions
have been accounted for and registered, they are more
likely to be recognized and taken into account when
regulations requiring reductions go into effect. For
instance, the state of California has stated that it will
use its best efforts to ensure that organizations that
register certified emission results with the California
Climate Action Registry receive appropriate considera-
tion under any future international, federal, or state
regulatory program relating to GHG emissions.
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For Tata Steel, Asia’s first and India’s largest integrated private
sector steel company, reducing its GHG emissions through energy
efficiency is a key element of its primary business goal: the
acceptability of its product in international markets. Each year, in
pursuit of this goal, the company launches several energy effi-
ciency projects and introduces less-GHG-intensive processes. The
company is also actively pursuing GHG trading markets as a
means of further improving its GHG performance. To succeed in
these efforts and be eligible for emerging trading schemes, Tata
Steel must have an accurate GHG inventory that includes all
processes and activities, allows for meaningful benchmarking,
measures improvements, and promotes credible reporting. 


Tata Steel has developed the capacity to measure its progress in
reducing GHG emissions. Tata Steel’s managers have access to
on-line information on energy usage, material usage, waste and
byproduct generation, and other material streams. Using this
data and the GHG Protocol calculation tools, Tata Steel generates
two key long-term, strategic performance indicators: specific
energy consumption (Giga calorie / tonne of crude steel) and GHG
intensity (tonne of CO2equivalent / tonne of crude steel). These
indicators are key sustainability metrics in the steel sector world-
wide, and help ensure market acceptability and competitiveness.
Since the company adopted the GHG Protocol Corporate Standard,
tracking performance has become more structured and stream-
lined. This system allows Tata Steel quick and easy access to its
GHG inventory and helps the company maximize process and
material flow efficiencies. 


Tata Steel: Development of institutional
capacity in GHG accounting and reporting
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When Ford Motor Company, a global automaker, embarked on an
effort to understand and reduce its GHG impacts, it wanted to
track emissions with enough accuracy and detail to manage
them effectively. An internal cross-functional GHG inventory team
was formed to accomplish this goal. Although the company was
already reporting basic energy and carbon dioxide data at the
corporate level, a more detailed understanding of these emis-
sions was essential to set and measure progress against
performance targets and evaluate potential participation in
external trading schemes. 


For several weeks, the team worked on creating a more compre-
hensive inventory for stationary combustion sources, and quickly
found a pattern emerging. All too often team members left meet-
ings with as many questions as answers, and the same questions
kept coming up from one week to the next. How should they
draw boundaries? How do they account for acquisitions and


divestitures? What emission factors should be used? And
perhaps most importantly, how could their methodology be
deemed credible with stakeholders? Although the team had no
shortage of opinions, there also seemed to be no clearly right or
wrong answers.


The GHG Protocol Corporate Standard helped answer many of
these questions and the Ford Motor Company now has a more
robust GHG inventory that can be continually improved to fulfill
its rapidly emerging GHG management needs. Since adopting the
GHG Protocol Corporate Standard, Ford has expanded the
coverage of its public reporting to all of its brands globally; it now
includes direct emissions from sources it owns or controls and
indirect emissions resulting from the generation of purchased
electricity, heat, or steam. In addition, Ford is a founding member
of the Chicago Climate Exchange, which uses some of the GHG
Protocol calculation tools for emissions reporting purposes.


Ford Motor Company: Experiences 
using the GHG Protocol Corporate Standard
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usiness operations vary in their legal and organizational structures;


they include wholly owned operations, incorporated and non-incorporated


joint ventures, subsidiaries, and others. For the purposes of financial accounting,


they are treated according to established rules that depend on the structure of the


organization and the relationships among the parties involved. In setting organi-


zational boundaries, a company selects an approach for consolidating GHG


emissions and then consistently applies the selected approach to define those


businesses and operations that constitute the company for the purpose of


accounting and reporting GHG emissions. 


B


3 Setting Organizational Boundaries


G U I D A N C E


S T A N D A R D







For corporate reporting, two distinct approaches can be
used to consolidate GHG emissions: the equity share and
the control approaches. Companies shall account for and
report their consolidated GHG data according to either
the equity share or control approach as presented below.
If the reporting company wholly owns all its operations,
its organizational boundary will be the same whichever
approach is used.1 For companies with joint operations,
the organizational boundary and the resulting emissions
may differ depending on the approach used. In both
wholly owned and joint operations, the choice of
approach may change how emissions are categorized
when operational boundaries are set (see chapter 4). 


Equity share approach
Under the equity share approach, a company accounts for
GHG emissions from operations according to its share of
equity in the operation. The equity share reflects economic
interest, which is the extent of rights a company has to the
risks and rewards flowing from an operation. Typically, the
share of economic risks and rewards in an operation is
aligned with the company’s percentage ownership of that
operation, and equity share will normally be the same as
the ownership percentage. Where this is not the case, the
economic substance of the relationship the company has
with the operation always overrides the legal ownership
form to ensure that equity share reflects the percentage
of economic interest. The principle of economic
substance taking precedent over legal form is consistent
with international financial reporting standards. The
staff preparing the inventory may therefore need to
consult with the company’s accounting or legal staff to
ensure that the appropriate equity share percentage is
applied for each joint operation (see Table 1 for definitions
of financial accounting categories). 


Control approach
Under the control approach, a company accounts for 
100 percent of the GHG emissions from operations over
which it has control. It does not account for GHG emis-
sions from operations in which it owns an interest but
has no control. Control can be defined in either financial
or operational terms. When using the control approach
to consolidate GHG emissions, companies shall choose
between either the operational control or financial
control criteria. 


In most cases, whether an operation is controlled by the
company or not does not vary based on whether the finan-
cial control or operational control criterion is used. A
notable exception is the oil and gas industry, which often
has complex ownership / operatorship structures. Thus,
the choice of control criterion in the oil and gas industry
can have substantial consequences for a company’s GHG
inventory. In making this choice, companies should
take into account how GHG emissions accounting and
reporting can best be geared to the requirements of
emissions reporting and trading schemes, how it can be
aligned with financial and environmental reporting,
and which criterion best reflects the company’s actual
power of control. 


• Financial Control. The company has financial control
over the operation if the former has the ability to direct
the financial and operating policies of the latter with a
view to gaining economic benefits from its activities.2


For example, financial control usually exists if the
company has the right to the majority of benefits of the
operation, however these rights are conveyed. Similarly,
a company is considered to financially control an
operation if it retains the majority risks and rewards
of ownership of the operation’s assets. 


Under this criterion, the economic substance of the
relationship between the company and the operation
takes precedence over the legal ownership status, so
that the company may have financial control over the
operation even if it has less than a 50 percent interest
in that operation. In assessing the economic substance
of the relationship, the impact of potential voting
rights, including both those held by the company and
those held by other parties, is also taken into account.
This criterion is consistent with international financial
accounting standards; therefore, a company has finan-
cial control over an operation for GHG accounting
purposes if the operation is considered as a group
company or subsidiary for the purpose of financial
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consolidation, i.e., if the operation is fully consolidated
in financial accounts. If this criterion is chosen to
determine control, emissions from joint ventures where
partners have joint financial control are accounted for
based on the equity share approach (see Table 1 for
definitions of financial accounting categories). 


• Operational Control. A company has operational
control over an operation if the former or one of its
subsidiaries (see Table 1 for definitions of financial
accounting categories) has the full authority to 
introduce and implement its operating policies at the
operation. This criterion is consistent with the current
accounting and reporting practice of many compa-
nies that report on emissions from facilities, which
they operate (i.e., for which they hold the operating
license). It is expected that except in very rare
circumstances, if the company or one of its
subsidiaries is the operator of a facility, it will have
the full authority to introduce and implement its
operating policies and thus has operational control.


Under the operational control approach, a company
accounts for 100% of emissions from operations over
which it or one of its subsidiaries has operational control.


It should be emphasized that having operational
control does not mean that a company necessarily
has authority to make all decisions concerning an
operation. For example, big capital investments will
likely require the approval of all the partners that
have joint financial control. Operational control does
mean that a company has the authority to introduce
and implement its operating policies.


More information on the relevance and application
of the operational control criterion is provided in
petroleum industry guidelines for reporting GHG
emissions (IPIECA, 2003).


Sometimes a company can have joint financial control
over an operation, but not operational control. In such
cases, the company would need to look at the contractual
arrangements to determine whether any one of the part-
ners has the authority to introduce and implement its
operating policies at the operation and thus has the
responsibility to report emissions under operational
control. If the operation itself will introduce and imple-
ment its own operating policies, the partners with joint
financial control over the operation will not report any
emissions under operational control.


Table 2 in the guidance section of this chapter illustrates
the selection of a consolidation approach at the corpo-
rate level and the identification of which joint operations
will be in the organizational boundary depending on the
choice of the consolidation approach. 


Consolidation at multiple levels
The consolidation of GHG emissions data will only result
in consistent data if all levels of the organization follow
the same consolidation policy. In the first step, the
management of the parent company has to decide on a
consolidation approach (i.e., either the equity share or
the financial or operational control approach). Once a
corporate consolidation policy has been selected, it shall
be applied to all levels of the organization.


State-ownership
The rules provided in this chapter shall also be applied
to account for GHG emissions from industry joint
operations that involve state ownership or a mix of
private/ state ownership. 
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BP reports GHG emissions on an equity share basis, including
those operations where BP has an interest, but where BP is not the
operator. In determining the extent of the equity share reporting
boundary BP seeks to achieve close alignment with financial
accounting procedures. BP’s equity share boundary includes all
operations undertaken by BP and its subsidiaries, joint ventures
and associated undertakings as determined by their treatment in
the financial accounts. Fixed asset investments, i.e., where BP
has limited influence, are not included.


GHG emissions from facilities in which BP has an equity share 
are estimated according to the requirements of the BP Group
Reporting Guidelines for Environmental Performance (BP 2000).
In those facilities where BP has an equity share but is not the
operator, GHG emissions data may be obtained directly from the
operating company using a methodology consistent with the BP
Guidelines, or is calculated by BP using activity data provided by
the operator.


BP reports its equity share GHG emissions every year. Since 
2000, independent external auditors have expressed the opinion
that the reported total has been found to be free from material
misstatement when audited against the BP Guidelines.


BP: Reporting on the basis of equity share
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T A B L E  1 .  Financial accounting categories 


A C C O U N T I N G
C A T E G O R Y


Group companies /
subsidiaries


Associated / 
affiliated
companies


Non-incorporated
joint ventures /
partnerships /
operations where
partners have joint
financial control


Fixed asset 
investments


Franchises


F I N A N C I A L  A C C O U N T I N G  D E F I N I T I O N  


The parent company has the ability to direct the financial and
operating policies of the company with a view to gaining
economic benefits from its activities. Normally, this category
also includes incorporated and non-incorporated joint ventures
and partnerships over which the parent company has financial
control. Group companies/ subsidiaries are fully consolidated,
which implies that 100 percent of the subsidiary’s income,
expenses, assets, and liabilities are taken into the parent
company’s profit and loss account and balance sheet, respec-
tively. Where the parent’s interest does not equal 100 percent,
the consolidated profit and loss account and balance sheet
shows a deduction for the profits and net assets belonging to
minority owners. 


The parent company has significant influence over the operating
and financial policies of the company, but does not have finan-
cial control. Normally, this category also includes incorporated
and non-incorporated joint ventures and partnerships over which
the parent company has significant influence, but not financial
control. Financial accounting applies the equity share method 
to associated/ affiliated companies, which recognizes the parent
company’s share of the associate’s profits and net assets. 


Joint ventures/ partnerships/operations are proportionally
consolidated, i.e., each partner accounts for their propor-
tionate interest of the joint venture’s income, expenses, 
assets, and liabilities. 


The parent company has neither significant influence nor financial
control. This category also includes incorporated and non-
incorporated joint ventures and partnerships over which the parent
company has neither significant influence nor financial control.
Financial accounting applies the cost/ dividend method to fixed
asset investments. This implies that only dividends received are
recognized as income and the investment is carried at cost. 


Franchises are separate legal entities. In most cases, the fran-
chiser will not have equity rights or control over the franchise.
Therefore, franchises should not be included in consolidation of
GHG emissions data. However, if the franchiser does have equity
rights or operational/ financial control, then the same rules 
for consolidation under the equity or control approaches apply.


ACCOUNTING FOR GHG EMISSIONS ACCORDING TO
GHG PROTOCOL CORPORATE STANDARD


B A S E D  O N  
E Q U I T Y  S H A R E


Equity share of 
GHG emissions


Equity share of 
GHG emissions


Equity share of 
GHG emissions


0%


Equity share of 
GHG emissions


B A S E D  O N  
F I N A N C I A L  C O N T R O L


100% of 
GHG emissions


0% of 
GHG emissions


Equity share of 
GHG emissions 


0%


100% of 
GHG emissions
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NOTE: Table 1 is based on a comparison of UK, US, Netherlands and International Financial Reporting Standards (KPMG, 2000).







hen planning the consolidation of GHG data, it is
important to distinguish between GHG accounting
and GHG reporting. GHG accounting concerns the


recognition and consolidation of GHG emissions from 
operations in which a parent company holds an interest
(either control or equity) and linking the data to specific
operations, sites, geographic locations, business
processes, and owners. GHG reporting, on the other
hand, concerns the presentation of GHG data in formats
tailored to the needs of various reporting uses and users. 


Most companies have several goals for GHG reporting,
e.g., official government reporting requirements, emissions
trading programs, or public reporting (see chapter 2).
In developing a GHG accounting system, a fundamental
consideration is to ensure that the system is capable of
meeting a range of reporting requirements. Ensuring
that data are collected and recorded at a sufficiently
disaggregated level, and capable of being consolidated
in various forms, will provide companies with maximum
flexibility to meet a range of reporting requirements.


Double counting
When two or more companies hold interests in the same
joint operation and use different consolidation approaches
(e.g., Company A follows the equity share approach while
Company B uses the financial control approach), emissions
from that joint operation could be double counted. This
may not matter for voluntary corporate public reporting
as long as there is adequate disclosure from the company
on its consolidation approach. However, double counting
of emissions needs to be avoided in trading schemes and
certain mandatory government reporting programs.


Reporting goals and level of consolidation
Reporting requirements for GHG data exist at various
levels, from a specific local facility level to a more
aggregated corporate level. Examples of drivers for
various levels of reporting include: 


• Official government reporting programs or certain
emissions trading programs may require GHG data to
be reported at a facility level. In these cases, consoli-
dation of GHG data at a corporate level is not relevant 


• Government reporting and trading programs may
require that data be consolidated within certain
geographic and operational boundaries (e.g., the U.K.
Emissions Trading Scheme)


• To demonstrate the company’s account to wider stake-
holders, companies may engage in voluntary public
reporting, consolidating GHG data at a corporate level
in order to show the GHG emissions of their entire
business activities. 


Contracts that cover GHG emissions
To clarify ownership (rights) and responsibility (obliga-
tions) issues, companies involved in joint operations may
draw up contracts that specify how the ownership of
emissions or the responsibility for managing emissions
and associated risk is distributed between the parties.
Where such arrangements exist, companies may option-
ally provide a description of the contractual arrangement
and include information on allocation of CO2 related
risks and obligations (see Chapter 9).


Using the equity share or control approach
Different inventory reporting goals may require different
data sets. Thus companies may need to account for their
GHG emissions using both the equity share and the
control approaches. The GHG Protocol Corporate Standard
makes no recommendation as to whether voluntary
public GHG emissions reporting should be based on the
equity share or any of the two control approaches, but
encourages companies to account for their emissions
applying the equity share and a control approach sepa-
rately. Companies need to decide on the approach best
suited to their business activities and GHG accounting
and reporting requirements. Examples of how these may
drive the choice of approach include the following:


• Reflection of commercial reality. It can be argued that
a company that derives an economic profit from a
certain activity should take ownership for any GHG
emissions generated by the activity. This is achieved
by using the equity share approach, since this
approach assigns ownership for GHG emissions on the
basis of economic interest in a business activity. The
control approaches do not always reflect the full GHG
emissions portfolio of a company’s business activities,
but have the advantage that a company takes full
ownership of all GHG emissions that it can directly
influence and reduce.
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• Government reporting and emissions trading programs.
Government regulatory programs will always need to
monitor and enforce compliance. Since compliance
responsibility generally falls to the operator (not
equity holders or the group company that has financial
control), governments will usually require reporting
on the basis of operational control, either through a
facility level-based system or involving the consolida-
tion of data within certain geographical boundaries
(e.g. the EU ETS will allocate emission permits to the
operators of certain installations). 


• Liability and risk management. While reporting and
compliance with regulations will most likely continue
to be based directly on operational control, the ulti-
mate financial liability will often rest with the group
company that holds an equity share in the operation or
has financial control over it. Hence, for assessing risk,
GHG reporting on the basis of the equity share and
financial control approaches provides a more complete
picture. The equity share approach is likely to result in
the most comprehensive coverage of liability and risks.
In the future, companies might incur liabilities for
GHG emissions produced by joint operations in which
they have an interest, but over which they do not have
financial control. For example, a company that is an
equity shareholder in an operation but has no financial
control over it might face demands by the companies
with a controlling share to cover its requisite share of
GHG compliance costs. 


• Alignment with financial accounting. Future financial
accounting standards may treat GHG emissions as
liabilities and emissions allowances / credits as assets.
To assess the assets and liabilities a company creates
by its joint operations, the same consolidation rules
that are used in financial accounting should be applied
in GHG accounting. The equity share and financial
control approaches result in closer alignment between
GHG accounting and financial accounting. 


• Management information and performance tracking.
For the purpose of performance tracking, the control
approaches seem to be more appropriate since
managers can only be held accountable for activities
under their control.


• Cost of administration and data access. The equity
share approach can result in higher administrative
costs than the control approach, since it can be diffi-
cult and time consuming to collect GHG emissions
data from joint operations not under the control of the
reporting company. Companies are likely to have
better access to operational data and therefore greater
ability to ensure that it meets minimum quality 
standards when reporting on the basis of control. 


• Completeness of reporting. Companies might find it
difficult to demonstrate completeness of reporting
when the operational control criterion is adopted,
since there are unlikely to be any matching records or
lists of financial assets to verify the operations that
are included in the organizational boundary.
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In the oil and gas industry, ownership and control structures are
often complex. A group may own less than 50 percent of a
venture’s equity capital but have operational control over the
venture. On the other hand, in some situations, a group may hold
a majority interest in a venture without being able to exert opera-
tional control, for example, when a minority partner has a veto
vote at the board level. Because of these complex ownership and
control structures, Royal Dutch/Shell, a global group of energy
and petrochemical companies, has chosen to report its GHG emis-
sions on the basis of operational control. By reporting 100 percent
of GHG emissions from all ventures under its operational control,
irrespective of its share in the ventures’ equity capital, Royal
Dutch/Shell can ensure that GHG emissions reporting is in line
with its operational policy including its Health, Safety and
Environmental Performance Monitoring and Reporting Guidelines.
Using the operational control approach, the group generates data
that is consistent, reliable, and meets its quality standards. 


Royal Dutch/Shell: 
Reporting on the basis of operational control
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F I G U R E  1 .  Defining the organizational boundary of Holland Industries


HOLLAND
INDUSTRIES


HOLLAND
SWITZERLAND


HOLLAND
AMERICA


KAHUNA
CHEMICALS


BGB
(50% OWNED)


IRW
(75% OWNED)


QUICKFIX


NALLO


SYNTAL


100%
100%


100%


83%
100%


100%


33.3%
100%


33.3%


43%
100%


100%


56%
0%


0%


0%
0%


0%
Equity  share
Operat ional  control
Financial  control


41.5%
0%
50%


62.25%
100%
100%


A N  I L L U S T R AT I O N :   


T H E  E Q U I T Y  S H A R E  A N D  C O N T R O L  A P P R O A C H E S


Holland Industries is a chemicals group comprising 
a number of companies/joint ventures active in the
production and marketing of chemicals. Table 2 outlines
the organizational structure of Holland Industries and
shows how GHG emissions from the various wholly
owned and joint operations are accounted for under
both the equity share and control approaches.


In setting its organizational boundary, Holland
Industries first decides whether to use the equity or
control approach for consolidating GHG data at the


corporate level. It then determines which operations at
the corporate level meet its selected consolidation
approach. Based on the selected consolidation approach,
the consolidation process is repeated for each lower
operational level. In this process, GHG emissions are
first apportioned at the lower operational level
(subsidiaries, associate, joint ventures, etc.) before they
are consolidated at the corporate level. Figure 1 pres-
ents the organizational boundary of Holland Industries
based on the equity share and control approaches.
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In this example, Holland America (not Holland Industries) holds 
a 50 percent interest in BGB and a 75 percent interest in IRW. If
the activities of Holland Industries itself produce GHG emissions
(e.g., emissions associated with electricity use at the head office),
then these emissions should also be included in the consolidation
at 100 percent.


N O T E S
1 The term “operations” is used here as a generic term to denote any


kind of business activity, irrespective of its organizational, gover-
nance, or legal structures.


2 Financial accounting standards use the generic term “control” for what
is denoted as “financial control” in this chapter.


T A B L E  2 .  Holland Industries - organizational structure and GHG emissions accounting


WHOLLY
OWNED AND
JOINT
OPERATIONS
OF HOLLAND 


Holland
Switzerland


Holland
America


BGB


IRW


Kahuna
Chemicals


QuickFix


Nallo


Syntal


LEGAL
STRUCTURE


AND PARTNERS


Incorporated
company


Incorporated
company


Joint venture,
partners have
joint financial
control other
partner Rearden


Subsidiary of
Holland America


Non-incorporated
joint venture;
partners have
joint financial
control; two other
partners: ICT 
and BCSF


Incorporated joint
venture, other
partner Majox 


Incorporated joint
venture, other
partner Nagua Co.


Incorporated
company,
subsidiary of
Erewhon Co.


ECONOMIC
INTEREST
HELD BY
HOLLAND


INDUSTRIES


100%


83%


50% by 
Holland
America


75% by 
Holland
America


33.3%


43%


56%


1%


CONTROL
OF


OPERATING
POLICIES


Holland
Industries


Holland
Industries


Rearden


Holland
America


Holland
Industries


Holland
Industries


Nallo


Erewhon
Co.


TREATMENT IN 
HOLLAND INDUSTRIES’
FINANCIAL ACCOUNTS 


(SEE TABLE 1)


Wholly owned subsidiary


Subsidiary


via Holland America


via Holland America


Proportionally
consolidated joint venture 


Subsidiary


(Holland Industries has
financial control since 
it treats Quick Fix as a
subsidiary in its financial
accounts)


Associated company
(Holland Industries does
not have financial control
since it treats Nallo as an
Associated company in its
financial accounts)


Fixed asset investment


EMISSIONS ACCOUNTED FOR AND REPORTED
BY HOLLAND INDUSTRIES


EQUITY SHARE
APPROACH


100%


83%


41.5%
(83% x 50%)


62.25%


(83% x 75%)


33.3%


43%


56%


0%


CONTROL APPROACH


100% for 
operational control


100% for 
financial control


100% for 
operational control 


100% for 
financial control


0% for 
operational control 


50% for financial
control (50% x 100%)


100% for 
operational control 


100% for 
financial control


100% for 
operational control 


33.3% for 
financial control 


100% for 
operational control 


100% for 
financial control 


0% for 
operational control


0% for 
financial control 


0% for 
operational control 


0% for 
financial control







S
T


A
N


D
A


R
D


24


fter a company has determined its organizational boundaries in terms


of the operations that it owns or controls, it then sets its operational


boundaries. This involves identifying emissions associated with its operations,


categorizing them as direct and indirect emissions, and choosing the scope of


accounting and reporting for indirect emissions. 


A


4 Setting Operational Boundaries 


G U I D A N C E


S T A N D A R D







For effective and innovative GHG management, setting
operational boundaries that are comprehensive with
respect to direct and indirect emissions will help a
company better manage the full spectrum of GHG risks
and opportunities that exist along its value chain.


Direct GHG emissions are emissions from sources that
are owned or controlled by the company.1


Indirect GHG emissions are emissions that are a 
consequence of the activities of the company but occur
at sources owned or controlled by another company.


What is classified as direct and indirect emissions is
dependent on the consolidation approach (equity share
or control) selected for setting the organizational
boundary (see chapter 3). Figure 2 below shows the
relationship between the organizational and operational
boundaries of a company. 


Introducing the concept of “ scope”  
To help delineate direct and indirect emission sources,
improve transparency, and provide utility for different
types of organizations and different types of climate poli-
cies and business goals, three “scopes” (scope 1, scope
2, and scope 3) are defined for GHG accounting and
reporting purposes. Scopes 1 and 2 are carefully defined
in this standard to ensure that two or more companies
will not account for emissions in the same scope. This
makes the scopes amenable for use in GHG programs
where double counting matters.


Companies shall separately account for and report on
scopes 1 and 2 at a minimum.


Scope 1: Direct GHG emissions
Direct GHG emissions occur from sources that 
are owned or controlled by the company, for example,
emissions from combustion in owned or controlled
boilers, furnaces, vehicles, etc.; emissions from chemical
production in owned or controlled process equipment. 


Direct CO2 emissions from the combustion of biomass
shall not be included in scope 1 but reported separately
(see chapter 9). 


GHG emissions not covered by the Kyoto Protocol, e.g.
CFCs, NOx, etc. shall not be included in scope 1 but may
be reported separately (see chapter 9).


Scope 2: Electricity indirect GHG emissions
Scope 2 accounts for GHG emissions from the genera-
tion of purchased electricity2 consumed by the company.
Purchased electricity is defined as electricity that is
purchased or otherwise brought into the organizational
boundary of the company. Scope 2 emissions physically
occur at the facility where electricity is generated. 


Scope 3: Other indirect GHG emissions
Scope 3 is an optional reporting category that allows
for the treatment of all other indirect emissions. Scope
3 emissions are a consequence of the activities of the
company, but occur from sources not owned or
controlled by the company. Some examples of scope 3
activities are extraction and production of purchased
materials; transportation of purchased fuels; and use of
sold products and services. 
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F I G U R E  2 . Organizational and operational boundaries of a company


Parent  Company


Company A


Ship fleet


Leased building Direct and indirect emissions


Car fleetPower
generation unit


Leased factoryOwned/
Controlled
building


Owned/
Controlled
building


Company B Company C Company D
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n operational boundary defines the scope of direct
and indirect emissions for operations that fall within
a company’s established organizational boundary.


The operational boundary (scope 1, scope 2, scope 3) is
decided at the corporate level after setting the organiza-
tional boundary. The selected operational boundary is then
uniformly applied to identify and categorize direct and
indirect emissions at each operational level (see Box 2).
The established organizational and operational bound-
aries together constitute a company’s inventory boundary.


Accounting and reporting on scopes
Companies account for and report emissions from 
scope 1 and 2 separately. Companies may further
subdivide emissions data within scopes where this aids
transparency or facilitates comparability over time. 
For example, they may subdivide data by business
unit/facility, country, source type (stationary combustion,
process, fugitive, etc.), and activity type (production 
of electricity, consumption of electricity, generation or
purchased electricity that is sold to end users, etc.). 


In addition to the six Kyoto gases, companies may also
provide emissions data for other GHGs (e.g., Montreal
Protocol gases) to give context to changes in emission
levels of Kyoto Protocol gases. Switching from a CFC
to HFC, for example, will increase emissions of Kyoto
Protocol gases. Information on emissions of GHGs other
than the six Kyoto gases may be reported separately
from the scopes in a GHG public report.


Together the three scopes provide a comprehensive
accounting framework for managing and reducing
direct and indirect emissions. Figure 3 provides an
overview of the relationship between the scopes and 
the activities that generate direct and indirect emissions
along a company’s value chain. 


A company can benefit from efficiency gains throughout
the value chain. Even without any policy drivers,
accounting for GHG emissions along the value chain may
reveal potential for greater efficiency and lower costs
(e.g., the use of fly ash as a clinker substitute in the
manufacture of cement that reduces downstream emis-
sions from processing of waste fly ash, and upstream
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B O X  2 . Organizational and operational boundaries


Organization X is a parent company that has full ownership and
financial control of operations A and B, but only a 30% non-
operated interest and no financial control in operation C.


Setting Organizational Boundary: X would decide whether to
account for GHG emissions by equity share or financial control. If
the choice is equity share, X would include A and B, as well as 30%
of C’s emissions. If the approach chosen is financial control, X
would count only A and B’s emissions as relevant and subject to
consolidation. Once this has been decided, the organizational
boundary has been defined.


Setting Operational Boundary: Once the organizational boundary
is set, X then needs to decide, on the basis of its business goals,
whether to account only for scope 1 and scope 2, or whether to
include relevant scope 3 categories for its operations.


Operations A, B and C (if the equity approach is selected) account
for the GHG emissions in the scopes chosen by X, i.e., they apply the
corporate policy in drawing up their operational boundaries.


F I G U R E  3 . Overview of scopes and emissions across a value chain 
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emissions from producing clinker). Even if such “win-
win” options are not available, indirect emissions
reductions may still be more cost effective to accomplish
than scope 1 reductions. Thus accounting for indirect
emissions can help identify where to allocate limited
resources in a way that maximizes GHG reduction and
return on investment. 


Appendix D lists GHG sources and activities along the
value chain by scopes for various industry sectors.


Scope 1: Direct GHG emissions
Companies report GHG emissions from sources they own
or control as scope 1. Direct GHG emissions are princi-
pally the result of the following types of activities
undertaken by the company: 


• Generation of electricity, heat, or steam. These emis-
sions result from combustion of fuels in stationary
sources, e.g., boilers, furnaces, turbines


• Physical or chemical processing.3 Most of these emis-
sions result from manufacture or processing of chemicals
and materials, e.g., cement, aluminum, adipic acid,
ammonia manufacture, and waste processing


• Transportation of materials, products, waste, and
employees. These emissions result from the combus-
tion of fuels in company owned/controlled mobile
combustion sources (e.g., trucks, trains, ships,
airplanes, buses, and cars)


• Fugitive emissions. These emissions result from inten-
tional or unintentional releases, e.g., equipment leaks
from joints, seals, packing, and gaskets; methane
emissions from coal mines and venting; hydrofluoro-
carbon (HFC) emissions during the use of refrigeration
and air conditioning equipment; and methane leakages
from gas transport.


S A L E  O F  O W N - G E N E R AT E D  E L E C T R I C I T Y


Emissions associated with the sale of own-generated
electricity to another company are not deducted/netted
from scope 1. This treatment of sold electricity is consis-
tent with how other sold GHG intensive products are
accounted, e.g., emissions from the production of sold
clinker by a cement company or the production of scrap
steel by an iron and steel company are not subtracted
from their scope 1 emissions. Emissions associated with
the sale/transfer of own-generated electricity may be
reported in optional information (see chapter 9).


Scope 2: Electricity indirect GHG emissions 
Companies report the emissions from the generation of
purchased electricity that is consumed in its owned or
controlled equipment or operations as scope 2. Scope 2
emissions are a special category of indirect emissions. For
many companies, purchased electricity represents one of
the largest sources of GHG emissions and the most signifi-
cant opportunity to reduce these emissions. Accounting
for scope 2 emissions allows companies to assess the risks
and opportunities associated with changing electricity and
GHG emissions costs. Another important reason for
companies to track these emissions is that the information
may be needed for some GHG programs. 


Companies can reduce their use of electricity by investing
in energy efficient technologies and energy conservation.
Additionally, emerging green power markets4 provide
opportunities for some companies to switch to less GHG
intensive sources of electricity. Companies can also install
an efficient on site co-generation plant, particularly if it
replaces the purchase of more GHG intensive electricity
from the grid or electricity supplier. Reporting of scope 2
emissions allows transparent accounting of GHG emis-
sions and reductions associated with such opportunities.


I N D I R E C T  E M I S S I O N S  


A S S O C I AT E D  W I T H  T R A N S M I S S I O N  A N D  D I S T R I B U T I O N


Electric utility companies often purchase electricity from
independent power generators or the grid and resell it to
end-consumers through a transmission and distribution
(T&D) system.5 A portion of the electricity purchased 
by a utility company is consumed (T&D loss) during its
transmission and distribution to end-consumers (see Box 3). 


Consistent with the scope 2 definition, emissions from the
generation of purchased electricity that is consumed
during transmission and distribution are reported in
scope 2 by the company that owns or controls the T&D
operation. End consumers of the purchased electricity do
not report indirect emissions associated with T&D losses
in scope 2 because they do not own or control the T&D
operation where the electricity is consumed (T&D loss). 
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B O X  3 .  Electricity balance


Purchased electricity consumed
by the utility company during T&D


+
Purchased electricity consumed 


by end consumers


G E N E R AT E D  


E L E C T R I C I T Y
=







This approach ensures that there is no double counting
within scope 2 since only the T&D utility company will
account for indirect emissions associated with T&D
losses in scope 2. Another advantage of this approach is
that it adds simplicity to the reporting of scope 2 emis-
sions by allowing the use of commonly available emission
factors that in most cases do not include T&D losses.
End consumers may, however, report their indirect emis-
sions associated with T&D losses in scope 3 under the
category “generation of electricity consumed in a T&D
system.” Appendix A provides more guidance on
accounting for emissions associated with T&D losses.


O T H E R  E L E C T R I C I T Y- R E L AT E D  I N D I R E C T  E M I S S I O N S


Indirect emissions from activities upstream of a
company’s electricity provider (e.g., exploration, drilling,
flaring, transportation) are reported under scope 3.
Emissions from the generation of electricity that has been
purchased for resale to end-users are reported in scope 3
under the category “generation of electricity that is
purchased and then resold to end users.” Emissions from
the generation of purchased electricity for resale to non-
end-users (e.g., electricity traders) may be reported sepa-
rately from scope 3 in “optional information.” 


The following two examples illustrate how GHG emissions
are accounted for from the generation, sale, and
purchase of electricity.


Example one (Figure 4): Company A is an independent
power generator that owns a power generation plant.
The power plant produces 100 MWh of electricity and
releases 20 tonnes of emissions per year. Company B 
is an electricity trader and has a supply contract with
company A to purchase all its electricity. Company B re-
sells the purchased electricity (100 MWh) to company C,
a utility company that owns / controls the T&D system.
Company C consumes 5 MWh of electricity in its T&D
system and sells the remaining 95 MWh to company D.
Company D is an end user who consumes the purchased
electricity (95 MWh) in its own operations. Company A
reports its direct emissions from power generation 
under scope 1. Company B reports emissions from the
purchased electricity sold to a non-end-user as optional
information separately from scope 3. Company C reports
the indirect emissions from the generation of the part of
the purchased electricity that is sold to the end-user
under scope 3 and the part of the purchased electricity
that it consumes in its T&D system under scope 2. End-
user D reports the indirect emissions associated with its
own consumption of purchased electricity under scope 2
and can optionally report emissions associated with
upstream T&D losses in scope 3. Figure 4 shows the
accounting of emissions associated with these transactions.


Example two: Company D installs a co-generation unit
and sells surplus electricity to a neighboring company E
for its consumption. Company D reports all direct emis-
sions from the co-generation unit under scope 1. Indirect
emissions from the generation of electricity for export to
E are reported by D under optional information separately
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Seattle City Light (SCL), Seattle’s municipal utility company, sells
electricity to its end-use customers that is either produced at its
own hydropower facilities, purchased through long-term contracts,
or purchased on the short-term market. SCL used the first edition of
the GHG Protocol Corporate Standard to estimate its year 2000 and
year 2002 GHG emissions, and emissions associated with genera-
tion of net purchased electricity sold to end-users was an important
component of that inventory. SCL tracks and reports the amount of
electricity sold to end-users on a monthly and annual basis. 


SCL calculates net purchases from the market (brokers and other
utility companies) by subtracting sales to the market from
purchases from the market, measured in MWh. This allows a
complete accounting of all emissions impacts from its entire oper-
ation, including interactions with the market and end-users. On an
annual basis, SCL produces more electricity than there is end-use


demand, but the production does not match load in all months. So
SCL accounts for both purchases from the market and sales into the
market. SCL also includes the scope 3 upstream emissions from
natural gas production and delivery, operation of SCL facilities,
vehicle fuel use, and airline travel. 


SCL believes that sales to end-users are a critical part of the emis-
sions profile for an electric utility company. Utility companies need
to provide information on their emissions profile to educate end-
users and adequately represent the impact of their business, the
providing of electricity. End-use customers need to rely on their
utility company to provide electricity, and except in some instances
(green power programs), do not have a choice in where their elec-
tricity is purchased. SCL meets a customer need by providing
emissions information to customers who are doing their own emis-
sions inventory.


Seattle City Light: Accounting for the 
purchase of electricity sold to end users 







from scope 3. Company E reports indirect emissions
associated with the consumption of electricity purchased
from the company D’s co-generation unit under scope 2.


For more guidance, see Appendix A on accounting for
indirect emissions from purchased electricity. 


Scope 3: Other indirect GHG emissions
Scope 3 is optional, but it provides an opportunity to be
innovative in GHG management. Companies may want to
focus on accounting for and reporting those activities that
are relevant to their business and goals, and for which they
have reliable information. Since companies have discretion
over which categories they choose to report, scope 3 may
not lend itself well to comparisons across companies. This
section provides an indicative list of scope 3 categories
and includes case studies on some of the categories.


Some of these activities will be included under scope 1 if the
pertinent emission sources are owned or controlled by the
company (e.g., if the transportation of products is done in
vehicles owned or controlled by the company). To determine
if an activity falls within scope 1 or scope 3, the company
should refer to the selected consolidation approach (equity
or control) used in setting its organizational boundaries. 


• Extraction and production of purchased materials 
and fuels6


• Transport-related activities
• Transportation of purchased materials or goods
• Transportation of purchased fuels 
• Employee business travel 
• Employees commuting to and from work
• Transportation of sold products 
• Transportation of waste 


• Electricity-related activities not included in scope 2
(see Appendix A)
• Extraction, production, and transportation of fuels 


consumed in the generation of electricity (either 
purchased or own generated by the reporting company)


• Purchase of electricity that is sold to an end user 
(reported by utility company)


• Generation of electricity that is consumed in a T&D
system (reported by end-user)


• Leased assets, franchises, and outsourced activities—
emissions from such contractual arrangements are
only classified as scope 3 if the selected consolidation
approach (equity or control) does not apply to them.
Clarification on the classification of leased assets
should be obtained from the company accountant (see
section on leases below).


• Use of sold products and services


• Waste disposal
• Disposal of waste generated in operations
• Disposal of waste generated in the production of 


purchased materials and fuels
• Disposal of sold products at the end of their life


A C C O U N T I N G  F O R  S C O P E  3  E M I S S I O N S


Accounting for scope 3 emissions need not involve a
full-blown GHG life cycle analysis of all products and
operations. Usually it is valuable to focus on one or two
major GHG-generating activities. Although it is diffi-
cult to provide generic guidance on which scope 3
emissions to include in an inventory, some general steps
can be articulated: 
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D’s Scope 2 
emissions = 19t
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F I G U R E  4 . GHG accounting from the sale and purchase of electricity 







1. Describe the value chain. Because the assessment of
scope 3 emissions does not require a full life cycle
assessment, it is important, for the sake of transparency,
to provide a general description of the value chain and
the associated GHG sources. For this step, the scope 3
categories listed can be used as a checklist. Companies
usually face choices on how many levels up- and down-
stream to include in scope 3. Consideration of the
company’s inventory or business goals and relevance of
the various scope 3 categories will guide these choices. 


2. Determine which scope 3 categories are relevant. Only
some types of upstream or downstream emissions cate-
gories might be relevant to the company. They may be
relevant for several reasons: 
• They are large (or believed to be large) relative to the


company’s scope 1 and scope 2 emissions 


• They contribute to the company’s GHG risk exposure


• They are deemed critical by key stakeholders (e.g., 
feedback from customers, suppliers, investors, or 
civil society)


• There are potential emissions reductions that could be
undertaken or influenced by the company.


The following examples may help decide which scope 3
categories are relevant to the company.


• If fossil fuel or electricity is required to use the
company’s products, product use phase emissions may
be a relevant category to report. This may be espe-
cially important if the company can influence product
design attributes (e.g., energy efficiency) or customer
behavior in ways that reduce GHG emissions during
the use of the products. 
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F I G U R E  5 .  Accounting of emissions from leased assets


Parent  Company


Company A


Scope 1 Scope 1 Scope 2 Scope 3


Leased car fleet 
(selected consolidation 


criterion applies)


Leased building 
(selected consolidation 


criterion applies)


Leased car fleet 
(selected consolidation criterion


does not apply)


Company B
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As a major transportation and logistics company in northern Europe,
DHL Express Nordic serves large loads and special transport needs
as well as world wide express package and document deliveries and
offers courier, express, parcel, systemized and specialty business
services. Through participation in the Business Leaders Initiative on
Climate Change, the company found that 98 percent of its emissions
in Sweden originate from the transport of goods via outsourced
partner transportation firms. Each partner is required, as an element
of the subcontract payment scheme, to enter data on vehicles used,
distance traveled, fuel efficiency, and background data. This data is
used to calculate total emissions via a tailored calculation tool for
outsourced transportation which gives a detailed picture of its scope
3 emissions. Linking data to specific carriers allows the company to
screen individual carriers for environmental performance and affect
decisions based on each carrier’s emissions performance, which is
seen through scope 3 as DHL’s own performance.


By including scope 3 and promoting GHG reductions throughout the
value chain, DHL Express Nordic increased the relevance of its
emissions footprint, expanded opportunities for reducing its
impacts and improved its ability to recognize cost saving opportu-
nities. Without scope 3, DHL Express Nordic would have lacked
much of the information needed to be able to understand and effec-
tively manage its emissions.


S C O P E


Scope 1


Scope 2


Scope 3


Total


E M I S S I O N S  ( t C O 2 )


DHL Nordic Express: The business case for 
accounting for outsourced transportation services


7,265


52


327,634


334,951
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• Outsourced activities are often candidates for scope 3
emissions assessments. It may be particularly important
to include these when a previously outsourced activity
contributed significantly to a company’s scope 1 or
scope 2 emissions.


• If GHG-intensive materials represent a significant
fraction of the weight or composition of a product
used or manufactured (e.g., cement, aluminum),
companies may want to examine whether there are
opportunities to reduce their consumption of the
product or to substitute less GHG-intensive materials.


• Large manufacturing companies may have significant
emissions related to transporting purchased materials
to centralized production facilities. 


• Commodity and consumer product companies may
want to account for GHGs from transporting raw
materials, products, and waste.


• Service sector companies may want to report on emis-
sions from employee business travel; this emissions
source is not as likely to be significant for other kinds
of companies (e.g., manufacturing companies).


3. Identify partners along the value chain.
Identify any partners that contribute potentially
significant amounts of GHGs along the value chain
(e.g., customers /users, product designers /manufac-
turers, energy providers, etc.). This is important when
trying to identify sources, obtain relevant data, and
calculate emissions. 


4. Quantify scope 3 emissions. While data availability
and reliability may influence which scope 3 activities
are included in the inventory, it is accepted that data
accuracy may be lower. It may be more important 
to understand the relative magnitude of and possible
changes to scope 3 activities. Emission estimates are
acceptable as long as there is transparency with regard
to the estimation approach, and the data used for the
analysis are adequate to support the objectives of the
inventory. Verification of scope 3 emissions will often
be difficult and may only be considered if data is of
reliable quality.  


Leased assets, outsourcing, and franchises
The selected consolidation approach (equity share or one
of the control approaches) is also applied to account for
and categorize direct and indirect GHG emissions from
contractual arrangements such as leased assets,
outsourcing, and franchises. If the selected equity or
control approach does not apply, then the company may
account for emissions from the leased assets,
outsourcing, and franchises under scope 3. Specific guid-
ance on leased assets is provided below: 


• USING EQUITY  SHARE  OR F INANCIAL  CONTROL : The
lessee only accounts for emissions from leased assets
that are treated as wholly owned assets in financial
accounting and are recorded as such on the balance
sheet (i.e., finance or capital leases).


IKEA, an international home furniture and furnishings retailer,
decided to include scope 3 emissions from customer travel when
it became clear, through participation in the Business Leaders
Initiative on Climate Change (BLICC) program, that these emis-
sions were large relative its scope 1 and scope 2 emissions.
Furthermore, these emissions are particularly relevant to IKEA’s
store business model. Customer travel to its stores, often from
long distances, is directly affected by IKEA’s choice of store loca-
tion and the warehouse shopping concept. 


Customer transportation emission calculations were based on
customer surveys at selected stores. Customers were asked for
the distance they traveled to the store (based on home postal
code), the number of customers in their car, the number of other
stores they intended to visit at that shopping center that day, and
whether they had access to public transportation to the store.
Extrapolating this data to all IKEA stores and multiplying distance
by average vehicle efficiencies for each country, the company
calculated that 66 percent of its emissions inventory was from
scope 3 customer travel. Based on this information, IKEA will have
significant influence over future scope 3 emissions by considering
GHG emissions when developing public transportation options
and home delivery services for its existing and new stores.


IKEA: Customer transportation 
to and from its retail stores
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• U S I N G  O P E R AT I O N A L  C O N T R O L : The lessee only
accounts for emissions from leased assets that it oper-
ates (i.e., if the operational control criterion applies). 


Guidance on which leased assets are operating and
which are finance leases should be obtained from the
company accountant. In general, in a finance lease, an
organization assumes all rewards and risks from the
leased asset, and the asset is treated as wholly owned
and is recorded as such on the balance sheet. All
leased assets that do not meet those criteria are oper-
ating leases. Figure 5 illustrates the application of
consolidation criteria to account for emissions from
leased assets.


Double counting
Concern is often expressed that accounting for indirect
emissions will lead to double counting when two
different companies include the same emissions in their
respective inventories. Whether or not double counting
occurs depends on how consistently companies with
shared ownership or trading program administrators
choose the same approach (equity or control) to set the
organizational boundaries. Whether or not double
counting matters, depends on how the reported informa-
tion is used.


Double counting needs to be avoided when compiling
national (country) inventories under the Kyoto Protocol,
but these are usually compiled via a top-down exercise
using national economic data, rather than aggregation
of bottom-up company data. Compliance regimes are
more likely to focus on the “point of release” of emis-
sions (i.e., direct emissions) and/or indirect emissions
from use of electricity. For GHG risk management and
voluntary reporting, double counting is less important.


The World Resources Institute has a long-standing commitment to
reduce its annual GHG emissions to net zero through a combination
of internal reduction efforts and external offset purchases. WRI’s
emissions inventory includes scope 2 indirect emissions associ-
ated with the consumption of purchased electricity and scope 3
indirect emissions associated with business air travel, employee
commuting, and paper use. WRI has no scope 1 direct emissions.


Collecting employee commuting activity data from WRI’s 140 staff
can be challenging. The method used is to survey employees once
each year about their average commuting habits. In the first two
years of the initiative, WRI used an Excel spreadsheet accessible 
to all employees on a shared internal network, but only achieved 
a 48 percent participation rate. A simplified, web-based survey 
that downloaded into a spreadsheet improved participation to 
65 percent in the third year. Using feedback on the survey design,
WRI further simplified and refined survey questions, improved user
friendliness, and reduced the time needed to complete the survey to
less than a minute. Employee participation rate rose to 88 percent.


Designing a survey that was easily navigable and had clearly artic-
ulated questions significantly improved the completeness and
accuracy of the employee commuting activity data. An added


benefit was that employees felt a certain amount of pride at having
contributed to the inventory development process. The experience
also provided a positive internal communications opportunity.


WRI has developed a guide consistent with GHG Protocol Corporate
Standard to help office-based organizations understand how to
track and manage their emissions. Working 9 to 5 on Climate Change:
An Office Guide is accompanied by a suite of calculation tools,
including one for using a survey method to estimate employee
commuting emissions. The Guide and tools can be downloaded from
the GHG Protocol Initiative website (www.ghgprotocol.org). 


Transportation-related emissions are the fastest growing GHG
emissions category in the United States. This includes commercial,
business, and personal travel as well as commuting. By accounting
for commuting emissions, companies may find that several 
practical opportunities exist for reducing them. For example, when
WRI moved to new office space, it selected a building located close
to public transportation, reducing the need for employees to drive 
to work. In its lease, WRI also negotiated access to a locked bike
room for those employees who cycle to work. Finally, telework
programs significantly reduce commuting emissions by avoiding or
decreasing the need to travel. 


World Resources Institute: 
Innovations in estimating employee commuting emissions







For participating in GHG markets or obtaining GHG
credits, it would be unacceptable for two organizations
to claim ownership of the same emissions commodity
and it is therefore necessary to make sufficient
provisions to ensure that this does not occur between
participating companies (see chapter 11). 


S C O P E S  A N D  D O U B L E  C O U N T I N G


The GHG Protocol Corporate Standard is designed to
prevent double counting of emissions between different
companies within scope 1 and 2. For example, the
scope 1 emissions of company A (generator of 
electricity) can be counted as the scope 2 emissions of
company B (end-user of electricity) but company A’s
scope 1 emissions cannot be counted as scope 1 emis-
sions by company C (a partner organization of
company A) as long as company A and company C
consistently apply the same control or equity share
approach when consolidating emissions. 


Similarly, the definition of scope 2 does not allow double
counting of emissions within scope 2, i.e., two different
companies cannot both count scope 2 emissions from
the purchase of the same electricity. Avoiding this type
of double counting within scope 2 emissions makes it a
useful accounting category for GHG trading programs
that regulate end users of electricity.  


When used in external initiatives such as GHG trading,
the robustness of the scope 1 and 2 definitions combined
with the consistent application of either the control or
equity share approach for defining organizational bound-
aries allows only one company to exercise ownership of
scope 1 or scope 2 emissions.
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ABB, an energy and automation technology company based in
Switzerland, produces a variety of appliances and equipment,
such as circuit breakers and electrical drives, for industrial appli-
cations. ABB has a stated goal to issue Environmental Product
Declarations (EPDs) for all its core products based on life cycle
assessment. As a part of its committment, ABB reports both
manufacturing and product use phase GHG emissions for a
variety of its products using a standardized calculation method
and set of assumptions. For example, product use phase calcula-
tions for ABB’s 4 kW DriveIT Low Voltage AC drive are based on a
15-year expected lifetime and an average of 5,000 annual oper-
ating hours. This activity data is multiplied by the average
electricity emission factor for OECD countries to produce total
lifetime product use emissions. 


Compared with manufacturing emissions, product use phase
emissions account for about 99 percent of total life cycle emis-
sions for this type of drive. The magnitude of these emissions and
ABB’s control of the design and performance of this equipment
clearly give the company significant leverage on its customers’
emissions by improving product efficiency or helping customers
design better overall systems in which ABB’s products are
involved. By clearly defining and quantifying significant value
chain emissions, ABB has gained insight into and influence over
its emissions footprint.


ABB: Calculating product use phase 
emissions associated with electrical appliances


N O T E S
1 The terms “direct” and “indirect” as used in this document should not


be confused with their use in national GHG inventories where ‘direct’
refers to the six Kyoto gases and ‘indirect’ refers to the precursors NOx,
NMVOC, and CO. 


2 The term “electricity” is used in this chapter as shorthand for elec-
tricity, steam, and heating/cooling. 


3 For some integrated manufacturing processes, such as ammonia manu-
facture, it may not be possible to distinguish between GHG emissions from
the process and those from the production of electricity, heat, or steam. 


4 Green power includes renewable energy sources and specific clean energy
technologies that reduce GHG emissions relative to other sources of energy
that supply the electric grid, e.g., solar photovoltaic panels, geothermal
energy, landfill gas, and wind turbines.


5 A T&D system includes T&D lines and other T&D equipment 
(e.g., transformers).


6 “Purchased materials and fuels” is defined as material or fuel that is
purchased or otherwise brought into the organizational boundary of 
the company.
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ompanies often undergo significant structural changes such as


acquisitions, divestments, and mergers. These changes will alter a


company’s historical emission profile, making meaningful comparisons over


time difficult. In order to maintain consistency over time, or in other words,


to keep comparing “like with like”, historic emission data will have to 


be recalculated. 
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Companies may need to track emissions over time in
response to a variety of business goals, including:


• Public reporting


• Establishing GHG targets


• Managing risks and opportunities


• Addressing the needs of investors and other stakeholders


A meaningful and consistent comparison of emissions
over time requires that companies set a performance
datum with which to compare current emissions. This
performance datum is referred to as the base year1


emissions. For consistent tracking of emissions over
time, the base year emissions may need to be recalcu-
lated as companies undergo significant structural
changes such as acquisitions, divestments, and mergers. 


The first step in tracking emissions, however, is the selec-
tion of a base year. 


Choosing a base year
Companies shall choose and report a base year for which
verifiable emissions data are available and specify their
reasons for choosing that particular year. 


Most companies select a single year as their base year.
However, it is also possible to choose an average of
annual emissions over several consecutive years. For
example, the U.K. ETS specifies an average of 
1998–2000 emissions as the reference point for tracking
reductions. A multi-year average may help smooth out
unusual fluctuations in GHG emissions that would make
a single year’s data unrepresentative of the company’s
typical emissions profile. 


The inventory base year can also be used as a basis for
setting and tracking progress towards a GHG target in
which case it is referred to as a target base year (see
chapter 11).


Recalculating base year emissions 
Companies shall develop a base year emissions recalcu-
lation policy, and clearly articulate the basis and
context for any recalculations. If applicable, the policy
shall state any “significance threshold” applied for
deciding on historic emissions recalculation. “Significance
threshold” is a qualitative and/or quantitative criterion
used to define any significant change to the data, inven-
tory boundary, methods, or any other relevant factors.
It is the responsibility of the company to determine 
the “significance threshold” that triggers base year
emissions recalculation and to disclose it. It is the
responsibility of the verifier to confirm the company’s
adherence to its threshold policy. The following cases
shall trigger recalculation of base year emissions: 


• Structural changes in the reporting organization that
have a significant impact on the company’s base year
emissions. A structural change involves the transfer
of ownership or control of emissions-generating activ-
ities or operations from one company to another.
While a single structural change might not have a
significant impact on the base year emissions, the
cumulative effect of a number of minor structural
changes can result in a significant impact. Structural
changes include:


• Mergers, acquisitions, and divestments


• Outsourcing and insourcing of emitting activities


• Changes in calculation methodology or improvements
in the accuracy of emission factors or activity data
that result in a significant impact on the base year
emissions data


• Discovery of significant errors, or a number of cumu-
lative errors, that are collectively significant.


In summary, base year emissions shall be retroactively
recalculated to reflect changes in the company that
would otherwise compromise the consistency and rele-
vance of the reported GHG emissions information. Once
a company has determined its policy on how it will recal-
culate base year emissions, it shall apply this policy in a
consistent manner. For example, it shall recalculate for
both GHG emissions increases and decreases. 


C H A P T E R  5  Tracking Emissions Over Time 35
S


T
A


N
D


A
R


D







election and recalculation of a base year should 
relate to the business goals and the particular
context of the company:


• For the purpose of reporting progress towards volun-
tary public GHG targets, companies may follow the
standards and guidance in this chapter


• A company subject to an external GHG program may
face external rules governing the choice and recalcu-
lation of base year emissions


• For internal management goals, the company may
follow the rules and guidelines recommended in this
document, or it may develop its own approach, which
should be followed consistently.


Choosing a base year
Companies should choose as a base year the earliest rele-
vant point in time for which they have reliable data.
Some organizations have adopted 1990 as a base year in
order to be consistent with the Kyoto Protocol. However,
obtaining reliable and verifiable data for historical base
years such as 1990 can be very challenging. 


If a company continues to grow through acquisitions, it
may adopt a policy that shifts or “rolls” the base year
forward by a number of years at regular intervals.
Chapter 11 contains a description of such a “rolling
base year,” including a comparison with the fixed base
year approach described in this chapter. A fixed base
year has the advantage of allowing emissions data to be
compared on a like-with-like basis over a longer time
period than a rolling base year approach. Most emis-
sions trading and registry programs require a fixed base
year policy to be implemented.
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F I G U R E  6 . Base year emissions recalculation for an acquisition 


Base Year Increase in
Production


Gamma
Acquires C


1 2 3


Company Gamma consists of two business units (A and B). In its base year (year one), each business unit emits 25 tonnes CO2. In year two,
the company undergoes “organic growth,” leading to an increase in emissions to 30 tonnes CO2 per business unit, i.e., 60 tonnes CO2 in
total. The base year emissions are not recalculated in this case. At the beginning of year three, the company acquires production facility C
from another company. The annual emissions of facility C in year one were 15 tonnes CO2, and 20 tonnes CO2 in years two and three. The
total emission of company Gamma in year three, including facility C, are therefore 80 tonnes CO2. To maintain consistency over time, the
company recalculates its base year emissions to take into account the acquisition of facility C. The base year emissions increase by 
15 tonnes CO2—the quantity of emissions produced by facility C in Gamma’s base year. The recalculated base year emissions are 
65 tonnes CO2. Gamma also (optionally) reports 80 tonnes CO2 as the recalculated emissions for year two. 
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Significance thresholds for recalculations
Whether base year emissions are recalculated depends
on the significance of the changes. The determination of
a significant change may require taking into account the
cumulative effect on base year emissions of a number 
of small acquisitions or divestments. The GHG Protocol
Corporate Standard makes no specific recommenda-
tions as to what constitutes “significant.” However,
some GHG programs do specify numerical significance
thresholds, e.g., the California Climate Action
Registry, where the change threshold is 10 percent of
the base year emissions, determined on a cumulative
basis from the time the base year is established.


Base year emissions 
recalculation for structural changes
Structural changes trigger recalculation because they
merely transfer emissions from one company to another
without any change of emissions released to the atmos-


phere, for example, an acquisition or divestment only
transfers existing GHG emissions from one company’s
inventory to another. 


Figures 6 and 7 illustrate the effect of structural
changes and the application of this standard on recalcu-
lation of base year emissions. 


Timing of recalculations for structural changes
When significant structural changes occur during the
middle of the year, the base year emissions should be
recalculated for the entire year, rather than only for the
remainder of the reporting period after the structural
change occurred. This avoids having to recalculate base
year emissions again in the succeeding year. Similarly,
current year emissions should be recalculated for the
entire year to maintain consistency with the base year
recalculation. If it is not possible to make a recalcula-
tion in the year of the structural change (e.g., due to
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F I G U R E  7 . Base year emissions recalculation for a divestment 


Base Year Increase in
Production


Beta
Divests C


1 2 3
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Company Beta consists of three business units (A, B, and C). Each business unit emits 25 tonnes CO2 and the total emissions for the
company are 75 tonnes CO2 in the base year (year one). In year two, the output of the company grows, leading to an increase in emissions
to 30 tonnes CO2 per business unit, i.e., 90 tonnes CO2 in total. At the beginning of year three, Beta divests business unit C and its annual
emissions are now 60 tonnes, representing an apparent reduction of 15 tonnes relative to the base year emissions. However, to maintain
consistency over time, the company recalculates its base year emissions to take into account the divestment of business unit C. The base
year emissions are lowered by 25 tonnes CO2—the quantity of emissions produced by the business unit C in the base year. The recalcu-
lated base year emissions are 50 tonnes CO2, and the emissions of company Beta are seen to have risen by 10 tonnes CO2 over the three
years. Beta (optionally) reports 60 tonnes CO2 as the recalculated emissions for year two. 
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lack of data for an acquired company), the recalculation
may be carried out in the following year.2


Recalculations for changes in calculation
methodology or improvements in data accuracy
A company might report the same sources of GHG emis-
sions as in previous years, but measure or calculate
them differently. For example, a company might have
used a national electric power generation emissions
factor to estimate scope 2 emissions in year one of
reporting. In later years, it may obtain more accurate
utility-specific emission factors (for the current as well
as past years) that better reflect the GHG emissions
associated with the electricity that it has purchased. 
If the differences in emissions resulting from such a
change are significant, historic data is recalculated
applying the new data and/or methodology. 


Sometimes the more accurate data input may not reason-
ably be applied to all past years or new data points may
not be available for past years. The company may then
have to backcast these data points, or the change in data
source may simply be acknowledged without recalcula-
tion. This acknowledgement should be made in the report
each year in order to enhance transparency; otherwise,
new users of the report in the two or three years after the
change may make incorrect assumptions about the
performance of the company.


Any changes in emission factor or activity data that
reflect real changes in emissions (i.e., changes in fuel
type or technology) do not trigger a recalculation. 


Optional reporting for recalculations
Optional information that companies may report on
recalculations includes: 


• The recalculated GHG emissions data for all years
between the base year and the reporting year


• All actual emissions as reported in respective years in
the past, i.e., the figures that have not been recalcu-
lated. Reporting the original figures in addition to the
recalculated figures contributes to transparency since
it illustrates the evolution of the company’s structure
over time. 


No base year emissions recalculations 
for facilities that did not exist in the base year
Base year emissions are not recalculated if the company
makes an acquisition of (or insources) operations that
did not exist in its base year. There may only be a recal-
culation of historic data back to the year in which the
acquired company came into existence. The same applies
to cases where the company makes a divestment of (or
outsources) operations that did not exist in the base year. 


Figure 8 illustrates a situation where no recalculation of
base year emissions is required, since the acquired
facility came into existence after the base year was set. 


No recalculation for “ outsourcing/insourcing”  
if reported under scope 2 and/or scope 3
Structural changes due to “outsourcing” or “insourcing”
do not trigger base year emissions recalculation if the
company is reporting its indirect emissions from relevant
outsourced or insourced activities. For example,
outsourcing production of electricity, heat, or steam
does not trigger base year emissions recalculation, since
the GHG Protocol Corporate Standard requires scope 2
reporting. However, outsourcing/insourcing that shifts
significant emissions between scope 1 and scope 3 when
scope 3 is not reported does trigger a base year emis-
sions recalculation (e.g., when a company outsources
the transportation of products).


In case a company decides to track emissions over time
separately for different scopes, and has separate base
years for each scope, base year emissions recalculation
for outsourcing or insourcing is made. 
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The GHG Protocol Corporate Standard requires setting a base year for
comparing emissions over time. To be able to compare over time, the
base year emissions must be recalculated if any structural changes
occur in the company. In a deal completed January 2002, the
ENDESA Group, a power generation company based in Spain, sold its
87.5 percent holding in Viesgo, a part of its Spanish power genera-
tion business, to ENEL, an Italian power company. To account for this
structural change, historical emissions from the six power plants
included in the sale were no longer accounted for in the Endesa GHG
inventory and therefore removed from its base year emissions. This
recalculation provides ENDESA with a complete and comparable
picture of its historical emissions. 


ENDESA: Recalculation of base year 
emissions because of structural changes







No recalculation for organic growth or decline
Base year emissions and any historic data are not
recalculated for organic growth or decline. Organic 
growth/decline refers to increases or decreases in
production output, changes in product mix, and closures
and openings of operating units that are owned or
controlled by the company. The rationale for this is
that organic growth or decline results in a change of
emissions to the atmosphere and therefore needs to be
counted as an increase or decrease in the company’s
emissions profile over time. 
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F I G U R E  8 . Acquisition of a facility that came into existence after the base year was set 


Base Year Increase in
Production
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Company Teta consists of two business units (A and B). In its base year (year one), the company emits 50 tonnes CO2. In year two, the
company undergoes organic growth, leading to an increase in emissions to 30 tonnes CO2 per business unit, i.e., 60 tonnes CO2 in total.
The base year emissions are not recalculated in this case. At the beginning of year three, Teta acquires a production facility C from
another company. Facility C came into existence in year two, its emissions being 15 tonnes CO2 in year two and 20 tonnes CO2 in year
three. The total emissions of company Teta in year three, including facility C, are therefore 80 tonnes CO2. In this acquisition case, the
base year emissions of company Teta do not change because the acquired facility C did not exist in year one when the base year of Teta
was set. The base year emissions of Teta therefore remain at 50 tonnes CO2. Teta (optionally) reports 75 tonnes as the recalculated figure
for year two emissions.
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N O T E S
1 Terminology on this topic can be confusing. Base year emissions should


be differentiated from the term “baseline,” which is mostly used in the
context of project-based accounting. The term base year focuses on a
comparison of emissions over time, while a baseline is a hypothetical
scenario for what GHG emissions would have been in the absence of 
a GHG reduction project or activity.


2 For more information on the timing of base year emissions recalcula-
tions, see the guidance document “Base year recalculation
methodologies for structural changes” on the GHG Protocol website
(www.ghgprotocol.org). 
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nce the inventory boundary has been established, companies generally


calculate GHG emissions using the following steps:


1. Identify GHG emissions sources


2. Select a GHG emissions calculation approach


3. Collect activity data and choose emission factors


4. Apply calculation tools


5. Roll-up GHG emissions data to corporate level.


This chapter describes these steps and the calculation tools developed by the GHG


Protocol. The calculation tools are available on the GHG Protocol Initiative website


at www.ghgprotocol.org. 
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To create an accurate account of their emissions,
companies have found it useful to divide overall emis-
sions into specific categories. This allows a company
to use specifically developed methodologies to accu-
rately calculate the emissions from each sector and
source category. 


Identify GHG emissions sources 
The first of the five steps in identifying and calculating 
a company’s emissions as outlined in Figure 9 is to 
categorize the GHG sources within that company’s
boundaries. GHG emissions typically occur from the
following source categories:


• Stationary combustion: combustion of fuels in
stationary equipment such as boilers, furnaces,
burners, turbines, heaters, incinerators, engines,
flares, etc.


• Mobile combustion: combustion of fuels in trans-
portation devices such as automobiles, trucks, buses,
trains, airplanes, boats, ships, barges, vessels, etc.


• Process emissions: emissions from physical or chem-
ical processes such as CO2 from the calcination step 
in cement manufacturing, CO2 from catalytic cracking
in petrochemical processing, PFC emissions from
aluminum smelting, etc.


• Fugitive emissions: intentional and unintentional
releases such as equipment leaks from joints, seals,
packing, gaskets, as well as fugitive emissions from
coal piles, wastewater treatment, pits, cooling towers,
gas processing facilities, etc.


Every business has processes, products, or services that
generate direct and/or indirect emissions from one or
more of the above broad source categories. The GHG
Protocol calculation tools are organized based on these
categories. Appendix D provides an overview of direct
and indirect GHG emission sources organized by scopes
and industry sectors that may be used as an initial guide
to identify major GHG emission sources.


I D E N T I F Y  S C O P E  1  E M I S S I O N S


As a first step, a company should undertake an exer-
cise to identify its direct emission sources in each of
the four source categories listed above. Process emis-
sions are usually only relevant to certain industry
sectors like oil and gas, aluminum, cement, etc.
Manufacturing companies that generate process emis-


sions and own or control a power production facility will
likely have direct emissions from all the main source
categories. Office-based organizations may not have any
direct GHG emissions except in cases where they own or
operate a vehicle, combustion device, or refrigeration
and air-conditioning equipment. Often companies are
surprised to realize that significant emissions come
from sources that are not initially obvious (see United
Technologies case study). 


I D E N T I F Y  S C O P E  2  E M I S S I O N S


The next step is to identify indirect emission sources from
the consumption of purchased electricity, heat, or steam.
Almost all businesses generate indirect emissions due to the
purchase of electricity for use in their processes or services. 


I D E N T I F Y  S C O P E  3  E M I S S I O N S


This optional step involves identification of other indirect
emissions from a company’s upstream and downstream
activities as well as emissions associated with
outsourced/contract manufacturing, leases, or franchises
not included in scope 1 or scope 2. 


The inclusion of scope 3 emissions allows businesses to
expand their inventory boundary along their value chain
and to identify all relevant GHG emissions. This provides
a broad overview of various business linkages and
possible opportunities for significant GHG emission
reductions that may exist upstream or downstream of a
company’s immediate operations (see chapter 4 for an
overview of activities that can generate GHG emissions
along a company’s value chain).
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Steps in identifying and calculating GHG emissions


Identify Sources


Select Calculation Approach


Collect Data and Choose Emission Factors


Apply Calculation Tools


Roll-up Data to Corporate Level







Select a calculation approach
Direct measurement of GHG emissions by monitoring
concentration and flow rate is not common. More often,
emissions may be calculated based on a mass balance or
stoichiometric basis specific to a facility or process.
However, the most common approach for calculating
GHG emissions is through the application of documented
emission factors. These factors are calculated ratios
relating GHG emissions to a proxy measure of activity at
an emissions source. The IPCC guidelines (IPCC, 1996)
refer to a hierarchy of calculation approaches and tech-
niques ranging from the application of generic emission
factors to direct monitoring.


In many cases, particularly when direct monitoring is
either unavailable or prohibitively expensive, accurate
emission data can be calculated from fuel use data. Even
small users usually know both the amount of fuel
consumed and have access to data on the carbon content
of the fuel through default carbon content coefficients or
through more accurate periodic fuel sampling.
Companies should use the most accurate calculation
approach available to them and that is appropriate for
their reporting context. 


Collect activity data 
and choose emission factors
For most small to medium-sized companies and for many
larger companies, scope 1 GHG emissions will be calcu-
lated based on the purchased quantities of commercial
fuels (such as natural gas and heating oil) using
published emission factors. Scope 2 GHG emissions will
primarily be calculated from metered electricity
consumption and supplier-specific, local grid, or other
published emission factors. Scope 3 GHG emissions will
primarily be calculated from activity data such as fuel
use or passenger miles and published or third-party
emission factors. In most cases, if source- or facility-
specific emission factors are available, they are
preferable to more generic or general emission factors. 


Industrial companies may be faced with a wider range
of approaches and methodologies. They should seek
guidance from the sector-specific guidelines on the
GHG Protocol website (if available) or from their
industry associations (e.g., International Aluminum
Institute, International Iron and Steel Institute,
American Petroleum Institute, WBCSD Sustainable
Cement Initiative, International Petroleum Industry
Environmental Conservation Association).


Apply calculation tools 
This section provides an overview of the GHG calcula-
tion tools and guidance available on the GHG Protocol
Initiative website (www.ghgprotocol.org). Use of these
tools is encouraged as they have been peer reviewed 
by experts and industry leaders, are regularly updated,
and are believed to be the best available. The tools,
however, are optional. Companies may substitute their
own GHG calculation methods, provided they are 
more accurate than or are at least consistent with the
GHG Protocol Corporate Standards approaches.


There are two main categories of calculation tools:


• Cross-sector tools that can be applied to different
sectors. These include stationary combustion, mobile
combustion, HFC use in refrigeration and air condi-
tioning, and measurement and estimation uncertainty.   


• Sector-specific tools that are designed to calculate
emissions in specific sectors such as aluminum, iron
and steel, cement, oil and gas, pulp and paper, office-
based organizations.
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In 1996, United Technologies Corporation (UTC), a global aero-
space and building systems technology corporation, appointed a
team to set boundaries for the company’s new Natural Resource
Conservation, Energy and Water Use Reporting Program. The team
focused on what sources of energy should be included in the
program's annual report of energy consumption. The team
decided jet fuel needed to be reported in the annual report; jet fuel
was used by a number of UTC divisions for engine and flight hard-
ware testing and for test firing. Although the amount of jet fuel
used in any given year was subject to wide variation due to
changing test schedules, the total amount consumed in an
average year was believed to be large and potentially small
enough to be specifically excluded. However, jet fuel consumption
reports proved that initial belief incorrect. Jet fuel has accounted
for between 9 and 13 percent of the corporation's total annual use
of energy since the program commenced. Had UTC not included
the use of jet fuel in annual data collection efforts, a significant
emissions source would have been overlooked.


United Technologies Corporation: 
More than meets the eye 







Most companies will need to use more than one calcu-
lation tool to cover all their GHG emission sources. 
For example, to calculate GHG emissions from an
aluminum production facility, the company would use
the calculation tools for aluminum production,
stationary combustion (for any consumption of
purchased electricity, generation of energy on-site, etc),
mobile combustion (for transportation of materials and
products by train, vehicles employed on-site, employee
business travel, etc), and HFC use (for refrigeration,
etc). See Table 3 for the full list of tools. 


S T R U C T U R E  O F  G H G  P R O T O C O L C A L C U L AT I O N  T O O L S


Each of the cross-sector and sector-specific calculation
tools on the website share a common format and
include step-by-step guidance on measuring and calcu-
lating emissions data. Each tool consists of a guidance
section and automated worksheets with explanations on
how to use them. 


The guidance for each calculation tool includes the
following sections: 


• Overview: provides an overview of the purpose and
content of the tool, the calculation method used in the
tool, and a process description


• Choosing activity data and emission factors: provides
sector-specific good practice guidance and references
for default emission factors


• Calculation methods: describes different calculation
methods depending on the availability of site-specific
activity data and emission factors


• Quality control: provides good practice guidance 


• Internal reporting and documentation: provides
guidance on internal documentation to support 
emissions calculations.
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ChevronTexaco, a global energy company, has developed and imple-
mented energy utilization and GHG estimation and reporting
software consistent with the GHG Protocol Corporate Standard. This
software is available free of charge and makes it easier, more accu-
rate, and less costly to institute a corporate-wide GHG accounting
and reporting system in the oil and gas sector. Called the SANGEA™


Energy and Greenhouse Gas Emissions Estimating System, it is
currently in use at all ChevronTexaco facilities worldwide, comprising
more than 70 reporting entities. 


The system is an auditable, Excel-and-Visual-Basic-based tool for
estimating GHG emissions and energy utilization. It streamlines corpo-
rate-level data consolidation by allowing the inventory coordinator at
each facility to configure a spreadsheet, enter monthly data, and send
quarterly reports to a centralized database. 


In practice, the SANGEA™ system employs a variety of strategies to
ensure consistent calculation methods and ease company-wide
standardization:


•  Spreadsheet configuration and material input information for
specific facilities can be carried over from year to year. Inventory
specialists can easily modify configurations as a facility changes
(due to new construction, retirement of units, etc.). 


•  Updates are efficient. Methodologies for estimating emissions,
emission factors, and calculation equations are stored centrally in


the software, easing updates when methodologies or default
factors change. Updates to this central reference are automati-
cally applied to the existing configuration and input data.
Updates will mirror the timing and content of updates to the
American Petroleum Institute Compendium of GHG emission esti-
mating methodologies.


•  The system is auditable. The software requires detailed audit trail
information on data inputs and system users. There is docu-
mented accountability of who made any change to the system. 


•  Using one system saves money. Significant cost savings are
achieved by using the same system in all facilities, as compared
to conventional, disparate systems. 


ChevronTexaco’s one-off investment in developing the SANGEA™ system
has already shown results: A rough cost estimate for ChevronTexaco's
Richmond, California, refinery indicates savings of more than 70
percent over a five-year period compared with the conventional
approaches based on locally developed reporting systems. SANGEA™ is
expected to reduce the long term expenses of maintaining a legacy
system and hiring independent consultants. Employing a combination
of the GHG Protocol Corporate Standards and SANGEA™ calculation
software to replace a diverse and confusing set of accounting and
reporting templates yields significant efficiency and accuracy gains,
and allows the company to more accurately manage GHG emissions
and institute specific emissions improvements.


ChevronTexaco: The SANGEATM accounting and reporting system
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Stationary Combustion


Mobile Combustion


HFC from Air Conditioning 
and Refrigeration Use


Measurement and Estimation
Uncertainty for GHG Emissions 


Aluminum and other non-
Ferrous Metals Production


Iron and Steel


Nitric Acid Manufacture


Ammonia Manufacture


Adipic Acid Manufacture


Cement


Lime


HFC-23 from 
HCFC-22 Production 


Pulp and Paper


Semi-Conductor
Wafer Production


Guide for Small
Office-Based Organizations


• Calculates direct and indirect CO2 emissions from fuel combustion in stationary equipment


• Provides two options for allocating GHG emissions from a co-generation facility 


• Provides default fuel and national average electricity emission factors 


• Calculates direct and indirect CO2 emissions from fuel combustion in mobile sources


• Provides calculations and emission factors for road, air, water, and rail transport


• Calculates direct HFC emissions during manufacture, use and disposal of refrigeration and air-
conditioning equipment in commercial applications


• Provides three calculation methodologies: a sales-based approach, a life cycle stage based
approach, and an emission factor based approach


• Introduces the fundamentals of uncertainty analysis and quantification


• Calculates statistical parameter uncertainties due to random errors related to calculation of
GHG emissions


• Automates the aggregation steps involved in developing a basic uncertainty assessment for GHG
inventory data


• Calculates direct GHG emissions from aluminum production (CO2 from anode oxidation, PFC emis-
sions from the “anode effect,” and SF6 used in non-ferrous metals production as a cover gas)


• Calculates direct GHG emissions (CO2) from oxidation of the reducing agent, from the calcination
of the flux used in steel production, and from the removal of carbon from the iron ore and scrap
steel used


• Calculates direct GHG emissions (N2O) from the production of nitric acid


• Calculates direct GHG emissions (CO2) from ammonia production. This is for the removal of
carbon from the feedstock stream only; combustion emissions are calculated with the stationary
combustion module


• Calculates direct GHG emissions (N2O) from adipic acid production


• Calculates direct CO2 emissions from the calcination process in cement manufacturing (WBCSD
tool also calculates combustion emissions)


• Provides two calculation methodologies: the cement-based approach and the clinker-based approach


• Calculates direct GHG emissions from lime manufacturing (CO2 from the calcination process)


• Calculates direct HFC-23 emissions from production of HCFC-22


• Calculates direct CO2, CH4, and N2O emissions from production of pulp and paper. This includes
calculation of direct and indirect CO2 emissions from combustion of fossil fuels, bio-fuels, and
waste products in stationary equipment


• Calculates PFC emission from the production of semi-conductor wafers


• Calculates direct CO2 emissions from fuel use, indirect CO2 emissions from electricity 
consumption, and other indirect CO2 emissions from business travel and commuting


T A B L E  3 .   Overview of GHG calculation tools available on the GHG Protocol website 
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In the automated worksheet section, it is only necessary
to insert activity data into the worksheets and to select
an appropriate emission factor or factors. Default emis-
sion factors are provided for the sectors covered, but it is
also possible to insert customized emission factors that
are more representative of the reporting company’s oper-
ations. The emissions of each GHG (CO2, CH4, N2O, etc.)
are calculated separately and then converted to CO2


equivalents on the basis of their global warming potential.


Some tools, such as the iron and steel sector tool and the
HFC cross-sector tool, take a tiered approach, offering a
choice between a simple and a more advanced calculation
methodology. The more advanced methods are expected
to produce more accurate emissions estimates but usually
require collection of more detailed data and a more
thorough understanding of a company’s technologies.


Roll-up GHG emissions data to corporate level
To report a corporation’s total GHG emissions, compa-
nies will usually need to gather and summarize data
from multiple facilities, possibly in different countries
and business divisions. It is important to plan this
process carefully to minimize the reporting burden,
reduce the risk of errors that might occur while
compiling data, and ensure that all facilities are
collecting information on an approved, consistent basis.
Ideally, corporations will integrate GHG reporting with
their existing reporting tools and processes, and take
advantage of any relevant data already collected and
reported by facilities to division or corporate offices,
regulators or other stakeholders.


The tools and processes chosen to report data will
depend upon the information and communication infra-
structure already in place (i.e., how easy is it to include
new data categories in corporate databases). It will also
depend upon the amount of detail that corporate head-
quarters wishes to be reported from facilities. Data
collection and management tools could include:


• Secure databases available over the company intranet
or internet, for direct data entry by facilities


• Spreadsheet templates filled out and e-mailed to a corpo-
rate or division office, where data is processed further


• Paper reporting forms faxed to a corporate or division
office where data is re-entered in a corporate data-
base. However, this method may increase the
likelihood of errors if there are not sufficient checks in
place to ensure the accurate transfer of the data.


For internal reporting up to the corporate level, it is
recommended that standardized reporting formats 
be used to ensure that data received from different
business units and facilities is comparable, and that
internal reporting rules are observed (see BP case
study). Standardized formats can significantly reduce
the risk of errors.
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BP, a global energy company, has been collecting GHG data from
the different parts of its operations since 1997 and has consoli-
dated its internal reporting processes into one central database
system. The responsibility for reporting environmental emissions
lies with about 320 individual BP facilities and business depart-
ments, which are termed “reporting units.” All reporting units have
to complete a standard Excel pro-forma spreadsheet every quarter,
stating actual emissions for the preceding three months and
updates to forecasts for the current year and the next two years. In
addition, reporting units are asked to account for all significant
variances, including sustainable reductions. The reporting units all
use the same BP GHG Reporting Guidelines “Protocol” (BP, 2000)
for quantifying their emissions of carbon dioxide and methane.


All pro-forma spreadsheets are e-mailed automatically by the
central database to the reporting units, and the completed e-mail
returns are uploaded into the database by a corporate team, who
check the quality of the incoming data. The data are then compiled,
by the end of the month following each quarter end, to provide the
total emission inventory and forecasts for analysis against BP’s
GHG target. Finally, the inventory is reviewed by a team of inde-
pendent external auditors to provide assurance on the quality and
accuracy of the data.


BP: A standardized system 
for internal reporting of GHGs







Approaches for rolling up 
GHG emissions data to corporate level
There are two basic approaches for gathering data on GHG
emissions from a corporation’s facilities (Figure 10):


• Centralized: individual facilities report activity/fuel
use data (such as quantity of fuel used) to the corpo-
rate level, where GHG emissions are calculated.


• Decentralized: individual facilities collect activity/fuel
use data, directly calculate their GHG emissions
using approved methods, and report this data to the
corporate level.


The difference between these two approaches is in where
the emissions calculations occur (i.e., where activity data
is multiplied by the appropriate emission factors) and in
what type of quality management procedures must be put
in place at each level of the corporation. Facility-level
staff is generally responsible for initial data collection
under both approaches. 


Under both approaches, staff at corporate and lower
levels of consolidation should take care to identify and
exclude any scope 2 or 3 emissions that are also
accounted for as scope 1 emissions by other facilities,
business units, or companies included in the emissions
inventory consolidation. 


C E N T R A L I Z E D  A P P R O A C H :  


IND IV IDUAL  FAC IL I T IES  REPORT  ACT IV I TY /FUEL  USE  DATA


This approach may be particularly suitable for office-
based organizations. Requesting that facilities report
their activity/fuel use data may be the preferred option if:


• The staff at the corporate or division level can calcu-
late emissions data in a straightforward manner on
the basis of activity/fuel use data; and


• Emissions calculations are standard across a number 
of facilities.


D E C E N T R A L I Z E D  A P P R O A C H :  


IND IV IDUAL  FAC IL I T IES  CALCULATE  GHG  EMISS IONS  DATA


Asking facilities to calculate GHG emissions themselves
will help to increase their awareness and understanding
of the issue. However, it may also lead to resistance,
increased training needs, an increase in calculation
errors, and a greater need for auditing of calculations.
Requesting that facilities calculate GHG emissions
themselves may be the preferred option if:


• GHG emission calculations require detailed knowledge
of the kind of equipment being used at facilities;


• GHG emission calculation methods vary across a
number of facilities;


• Process emissions (in contrast to emissions from
burning fossil fuels) make up an important share of
total GHG emissions;


• Resources are available to train facility staff to
conduct these calculations and to audit them;


• A user-friendly tool is available to simplify the calcu-
lation and reporting task for facility-level staff; or 


• Local regulations require reporting of GHG emissions
at a facility level.


The choice of collection approach depends on the needs
and characteristics of the reporting company. For
example, United Technologies Corporation uses the
centralized approach, leaving the choice of emission
factors and calculations to corporate staff, while BP uses
the decentralized approach and follows up with audits to
ensure calculations are correct, documented, and follow
approved methods. To maximize accuracy and minimize
reporting burdens, some companies use a combination of
the two approaches. Complex facilities with process
emissions calculate their emissions at the facility level,
while facilities with uniform emissions from standard
sources only report fuel use, electricity consumption, and
travel activity. The corporate database or reporting tool
then calculates total GHG emissions for each of these
standard activities.


The two approaches are not mutually exclusive and
should produce the same result. Thus companies
desiring a consistency check on facility-level calcula-
tions can follow both approaches and compare the
results. Even when facilities calculate their own GHG
emissions, corporate staff may still wish to gather
activity/fuel use data to double-check calculations and
explore opportunities for emissions reductions. These
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Activity data


Activity data x
emission factor 


=
GHG emissions


Sites report GHG emissions


Sites report activity data 
(GHG emissions calculated at 
corporate level: activity data x


emissions factor = GHG emissions)
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F I G U R E  1 0 . Approaches to gathering data
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data should be available and transparent to staff at all
corporate levels. Corporate staff should also verify that
facility-reported data are based on well defined, consis-
tent, and approved inventory boundaries, reporting
periods, calculation methodologies, etc. 


Common guidance on reporting to corporate level
Reports from facility level to corporate or division
offices should include all relevant information as speci-
fied in chapter 9. Some reporting categories are
common to both the centralized and decentralized
approaches and should be reported by facilities to their
corporate offices. These include:


• A brief description of the emission sources


• A list and justification of specific exclusion or inclu-
sion of sources


• Comparative information from previous years


• The reporting period covered


• Any trends evident in the data


• Progress towards any business targets


• A discussion of uncertainties in activity/fuel use or
emissions data reported, their likely cause, and recom-
mendations for how data can be improved


• A description of events and changes that have an impact
on reported data (acquisitions, divestitures, closures,
technology upgrades, changes of reporting boundaries
or calculation methodologies applied, etc.). 


R E P O R T I N G  F O R  T H E  C E N T R A L I Z E D  A P P R O A C H


In addition to the activity/fuel use data and aforemen-
tioned common categories of reporting data, facilities
following the centralized approach by reporting
activity/fuel use data to the corporate level should also
report the following: 


• Activity data for freight and passenger transport
activities (e.g., freight transport in tonne-kilometers)


• Activity data for process emissions (e.g., tonnes of
fertilizer produced, tonnes of waste in landfills)


• Clear records of any calculations undertaken to derive
activity/fuel use data


• Local emission factors necessary to translate fuel use
and/or electricity consumption into CO2 emissions.


R E P O R T I N G  F O R  T H E  D E C E N T R A L I Z E D  A P P R O A C H


In addition to the GHG emissions data and aforemen-
tioned common categories of reporting data, individual
facilities following the decentralized approach by
reporting calculated GHG emissions to the corporate
level should also report the following: 


• A description of GHG calculation methodologies and
any changes made to those methodologies relative to
previous reporting periods


• Ratio indicators (see chapter 9)


• Details on any data references used for the calculations,
in particular information on emission factors used.


Clear records of calculations undertaken to derive 
emissions data should be kept for any future internal or
external verification.







ompanies have different reasons for managing the quality of their


GHG emissions inventory, ranging from identifying opportunities for


improvement to stakeholder demand to preparation for regulation. The GHG


Protocol Corporate Standard recognizes that these reasons are a function of a


company’s goals and its expectations for the future. A company’s goals for and


vision of the evolution of the GHG emissions issue should guide the design of


its corporate inventory, the implementation of a quality management system,


and the treatment of uncertainty within its inventory. 
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A corporate GHG inventory program includes all institu-
tional, managerial, and technical arrangements made for
the collection of data, preparation of the inventory, and
implementation of steps to manage the quality of the
inventory.1 The guidance in this chapter is intended to
help companies develop and implement a quality
management system for their inventory.


Given an uncertain future, high quality information will
have greater value and more uses, while low quality
information may have little or no value or use and may
even incur penalties. For example, a company may
currently be focusing on a voluntary GHG program but
also want its inventory data to meet the anticipated
requirements of a future when emissions may have
monetary value. A quality management system 
is essential to ensuring that an inventory continues 
to meet the principles of the GHG Protocol Corporate
Standard and anticipates the requirements of future
GHG emissions programs.


Even if a company is not anticipating a future regulatory
mechanism, internal and external stakeholders will
demand high quality inventory information. Therefore,
the implementation of some type of quality management
system is important. However, the GHG Protocol Corporate
Standard recognizes that companies do not have unlim-
ited resources, and, unlike financial accounting,
corporate GHG inventories involve a level of scientific
and engineering complexity. Therefore, companies should
develop their inventory program and quality manage-
ment system as a cumulative effort in keeping with their
resources, the broader evolution of policy, and their own
corporate vision.


A quality management system provides a systematic
process for preventing and correcting errors, and 
identifies areas where investments will likely lead to
the greatest improvement in overall inventory quality.
However, the primary objective of quality management 
is ensuring the credibility of a company’s GHG inven-
tory information. The first step towards achieving this
objective is defining inventory quality.


Defining inventory quality
The GHG Protocol Corporate Standard outlines five
accounting principles that set an implicit standard for
the faithful representation of a company’s GHG emission
through its technical, accounting, and reporting efforts
(see chapter 1). Putting these principles into practice
will result in a credible and unbiased treatment and pres-
entation of issues and data. For a company to follow
these principles, quality management needs to be an
integral part of its corporate inventory program. The
goal of a quality management system is to ensure that
these principles are put into practice.
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KPMG, a global services company, found that a key factor in the
derivation of reliable, verifiable GHG data is the integration of
GHG data management and reporting mechanisms with compa-
nies’ core operational management and assurance processes.
This is because:


• It is more efficient to widen the scope of existing embedded
management and assurance processes than to develop a separate
function responsible for generating and reporting GHG information.


• As GHG information becomes increasingly monetized, it will
attract the same attention as other key performance indicators
of businesses. Therefore, management will need to ensure
adequate procedures are in place to report reliable data. These
procedures can most effectively be implemented by functions
within the organization that oversee corporate governance,
internal audit, IT, and company reporting.


Another factor that is often not given sufficient emphasis is
training of personnel and communication of GHG objectives. Data
generation and reporting systems are only as reliable as the
people who operate them. Many well-designed systems fail
because the precise reporting needs of the company are not
adequately explained to the people who have to interpret a
reporting standard and calculation tools. Given the complexity of
accounting boundaries and an element of subjectivity that must
accompany source inclusion and equity share, inconsistent inter-
pretation of reporting requirements is a real risk. It is also
important that those responsible for supplying input data are
aware of its use. The only way to minimize this risk is through
clear communication, adequate training and knowledge sharing.


KPMG:  The value of integrating 
GHG management with existing systems







An inventory program framework
A practical framework is needed to help companies
conceptualize and design a quality management system
and to help plan for future improvements. This frame-
work focuses on the following institutional, managerial,
and technical components of an inventory (Figure 11): 


M E T H O D S : These are the technical aspects of inventory
preparation. Companies should select or develop method-
ologies for estimating emissions that accurately represent
the characteristics of their source categories. The GHG
Protocol provides many default methods and calculation
tools to help with this effort. The design of an inventory
program and quality management system should provide
for the selection, application, and updating of inventory
methodologies as new research becomes available,
changes are made to business operations, or the impor-
tance of inventory reporting is elevated.


D AT A :  This is the basic information on activity levels,
emission factors, processes, and operations. Although
methodologies need to be appropriately rigorous and
detailed, data quality is more important. No method-
ology can compensate for poor quality input data. The
design of a corporate inventory program should facilitate
the collection of high quality inventory data and the
maintenance and improvement of collection procedures.


I N V E N T O R Y  P R O C E S S E S  A N D  S Y S T E M S : These are the
institutional, managerial, and technical procedures for
preparing GHG inventories. They include the team and
processes charged with the goal of producing a high
quality inventory. To streamline GHG inventory quality 


management, these processes and systems may be inte-
grated, where appropriate, with other corporate
processes related to quality. 


D O C U M E N T AT I O N : This is the record of methods, data,
processes, systems, assumptions, and estimates used to
prepare an inventory. It includes everything employees
need to prepare and improve a company’s inventory.
Since estimating GHG emissions is inherently technical
(involving engineering and science), high quality, trans-
parent documentation is particularly important to
credibility. If information is not credible, or fails to be
effectively communicated to either internal or external
stakeholders, it will not have value. 


Companies should seek to ensure the quality of these
components at every level of their inventory design. 


Implementing an 
inventory quality management system
A quality management system for a company’s inventory
program should address all four of the inventory compo-
nents described above. To implement the system, a
company should take the following steps: 


1. Establish an inventory quality team. This team should
be responsible for implementing a quality manage-
ment system, and continually improving inventory
quality. The team or manager should coordinate
interactions between relevant business units, 
facilities and external entities such as government
agency programs, research institutions, verifiers, or
consulting firms. 
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F I G U R E  1 1 : Inventory quality management system


7. Report, Document, and Archive 2. Develop Quality Management Plan


6. Institutionalize Formal Feedback Loops 3. Perform Generic Quality Checks


5. Review Final Inventory Estimates and Reports 4. Perform Source-Specific Quality Checks➡


➡
➡


➡


➡
➡
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D AT A


M E T H O D S


S Y S T E M S


D O C U M E N T AT I O N


1. Establish Inventory Quality Team


I N V E N T O R Y  Q U A L I T Y  M A N A G E M E N T  S Y S T E M


F E E D B A C K
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2. Develop a quality management plan. This plan
describes the steps a company is taking to implement
its quality management system, which should be
incorporated into the design of its inventory program
from the beginning, although further rigor and
coverage of certain procedures may be phased in
over multiple years. The plan should include proce-
dures for all organizational levels and inventory
development processes—from initial data collection
to final reporting of accounts. For efficiency and
comprehensiveness, companies should integrate (and
extend as appropriate) existing quality systems to
cover GHG management and reporting, such as any


ISO procedures. To ensure accuracy, the bulk of the
plan should focus on practical measures for imple-
menting the quality management system, as
described in steps three and four. 


3. Perform generic quality checks. These apply to data
and processes across the entire inventory, focusing on
appropriately rigorous quality checks on data handling,
documentation, and emission calculation activities
(e.g., ensuring that correct unit conversions are used).
Guidance on quality checking procedures is provided
in the section on implementation below (see table 4).
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T A B L E  4 .   Generic quality management measures


D AT A  G AT H E R I N G ,  I N P U T,  A N D  H A N D L I N G  A C T I V I T I E S


• Check a sample of input data for transcription errors


• Identify spreadsheet modifications that could provide additional controls or checks on quality


• Ensure that adequate version control procedures for electronic files have been implemented


• Others


D A T A  D O C U M E N T A T I O N


• Confirm that bibliographical data references are included in spreadsheets for all primary data


• Check that copies of cited references have been archived


• Check that assumptions and criteria for selection of boundaries, base years, methods, activity data, emission factors, and other
parameters are documented


• Check that changes in data or methodology are documented


• Others


C A L C U L A T I N G  E M I S S I O N S  A N D  C H E C K I N G  C A L C U L A T I O N S


• Check whether emission units, parameters, and conversion factors are appropriately labeled


• Check if units are properly labeled and correctly carried through from beginning to end of calculations


• Check that conversion factors are correct


• Check the data processing steps (e.g., equations) in the spreadsheets


• Check that spreadsheet input data and calculated data are clearly differentiated


• Check a representative sample of calculations, by hand or electronically


• Check some calculations with abbreviated calculations (i.e., back of the envelope calculations)


• Check the aggregation of data across source categories, business units, etc.


• Check consistency of time series inputs and calculations


• Others







4. Perform source-category-specific quality checks. This
includes more rigorous investigations into the appro-
priate application of boundaries, recalculation
procedures, and adherence to accounting and
reporting principles for specific source categories, as
well as the quality of the data input used (e.g.,
whether electricity bills or meter readings are the best
source of consumption data) and a qualitative descrip-
tion of the major causes of uncertainty in the data.
The information from these investigations can also be
used to support a quantitative assessment of uncer-
tainty. Guidance on these investigations is provided in
the section on implementation below.


5. Review final inventory estimates and reports. After
the inventory is completed, an internal technical
review should focus on its engineering, scientific,
and other technical aspects. Subsequently, an
internal managerial review should focus on securing
official corporate approval of and support for the
inventory.  A third type of review involving experts
external to the company’s inventory program is
addressed in chapter 10. 


6. Institutionalize formal feedback loops. The results of
the reviews in step five, as well as the results of every
other component of a company’s quality management
system, should be fed back via formal feedback proce-
dures to the person or team identified in step one.
Errors should be corrected and improvements imple-
mented based on this feedback.


7. Establish reporting, documentation, and archiving
procedures. The system should contain record keeping
procedures that specify what information will be docu-
mented for internal purposes, how that information
should be archived, and what information is to be
reported for external stakeholders. Like internal and
external reviews, these record keeping procedures
include formal feedback mechanisms. 


A company’s quality management system and overall
inventory program should be treated as evolving, in
keeping with a company’s reasons for preparing an
inventory. The plan should address the company’s
strategy for a multi-year implementation (i.e., recognize
that inventories are a long-term effort), including steps
to ensure that all quality control findings from previous
years are adequately addressed. 


Practical measures for implementation
Although principles and broad program design guidelines
are important, any guidance on quality management
would be incomplete without a discussion of practical
inventory quality measures. A company should imple-
ment these measures at multiple levels within the company,
from the point of primary data collection to the final
corporate inventory approval process. It is important to
implement these measures at points in the inventory
program where errors are mostly likely to occur, such as
the initial data collection phase and during calculation and
data aggregation. While corporate level inventory quality
may initially be emphasized, it is important to ensure
quality measures are implemented at all levels of disaggre-
gation (e.g., facility, process, geographical, according to a
particular scope, etc) to be better prepared for GHG
markets or regulatory rules in the future.


Companies also need to ensure the quality of their histor-
ical emission estimates and trend data. They can achieve
this by employing inventory quality measures to mini-
mize biases that can arise from changes in the
characteristics of the data or methods used to calculate
historical emission estimates, and by following the stan-
dards and guidance of chapter 5. 


The third step of a quality management system, as
described above, is to implement generic quality
checking measures. These measures apply to all source
categories and all levels of inventory preparation.
Table 4 provides a sample list of such measures. 


The fourth step of a quality management system is
source category-specific data quality investigations. The
information gathered from these investigations can also
be used for the quantitative and qualitative assessment
of data uncertainty (see section on uncertainty).
Addressed below are the types of source-specific quality
measures that can be employed for emission factors,
activity data, and emission estimates.
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E M I S S I O N  FA C T O R S  A N D  O T H E R  P A R A M E T E R S


For a particular source category, emissions calculations
will generally rely on emission factors and other parame-
ters (e.g., utilization factors, oxidation rates, methane
conversion factors).2 These factors and parameters may
be published or default factors, based on company-
specific data, site-specific data, or direct emission or
other measurements. For fuel consumption, published
emission factors based on fuel energy content are gener-
ally more accurate than those based on mass or volume,
except when mass or volume based factors have been
measured at the company- or site-specific level. Quality
investigations need to assess the representativeness and
applicability of emission factors and other parameters to
the specific characteristics of a company. Differences
between measured and default values need to be qualita-
tively explained and justified based upon the company’s
operational characteristics.


A C T I V I T Y  D AT A


The collection of high quality activity data will often be
the most significant limitation for corporate GHG inven-
tories. Therefore, establishing robust data collection
procedures needs to be a priority in the design of any
company’s inventory program. The following are useful
measures for ensuring the quality of activity data: 


• Develop data collection procedures that allow the same
data to be efficiently collected in future years.


• Convert fuel consumption data to energy units before
applying carbon content emission factors, which may be
better correlated to a fuel’s energy content than its mass.


• Compare current year data with historical trends. If
data do not exhibit relatively consistent changes from
year to year then the causes for these patterns should
be investigated (e.g., changes of over 10 percent from
year to year may warrant further investigation).


• Compare activity data from multiple reference sources
(e.g., government survey data or data compiled by
trade associations) with corporate data when possible.
Such checks can ensure that consistent data is being
reported to all parties. Data can also be compared
among facilities within a company.


• Investigate activity data that is generated for purposes
other than preparing a GHG inventory. In doing so,
companies will need to check the applicability of this
data to inventory purposes, including completeness,
consistency with the source category definition, and
consistency with the emission factors used. For
example, data from different facilities may be exam-
ined for inconsistent measurement techniques,
operating conditions, or technologies. Quality control
measures (e.g., ISO) may have already been conducted
during the data’s original preparation. These measures
can be integrated with the company’s inventory quality
management system.


• Check that base year recalculation procedures have
been followed consistently and correctly (see chapter 5).


• Check that operational and organizational boundary
decisions have been applied correctly and consistently
to the collection of activity data (see chapters 3 and 4). 
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Interface, Inc., is the world’s largest manufacturer of carpet tiles
and upholstery fabrics for commercial interiors. The company has
established an environmental data system that mirrors its corpo-
rate financial data reporting. The Interface EcoMetrics system is
designed to provide activity and material flow data from business
units in a number of countries (the United States, Canada,
Australia, the United Kingdom, Thailand and throughout Europe)
and provides metrics for measuring progress on environmental
issues such as GHG emissions. Using company-wide accounting
guidelines and standards, energy and material input data are
reported to a central database each quarter and made available
to sustainability personnel. These data are the foundation of
Interface’s annual inventory and enable data comparison over
time in the pursuit of improved quality. 


Basing emissions data systems on financial reporting helps
Interface improve its data quality. Just as financial data need to
be documented and defensible, Interface’s emissions data are
held to standards that promote an increasingly transparent,
accurate, and high-quality inventory. Integrating its financial and
emissions data systems has made Interface’s GHG accounting
and reporting more useful as it strives to be a “completely
sustainable company” by 2020.


Interface: Integration of emissions
and business data systems







• Investigate whether biases or other characteristics that
could affect data quality have been previously identi-
fied (e.g., by communicating with experts at a
particular facility or elsewhere). For example, a bias
could be the unintentional exclusion of operations at
smaller facilities or data that do not correspond
exactly with the company’s organizational boundaries.


• Extend quality management measures to cover any
additional data (sales, production, etc.) used to esti-
mate emission intensities or other ratios.


E M I S S I O N  E S T I M AT E S


Estimated emissions for a source category can be
compared with historical data or other estimates to
ensure they fall within a reasonable range. Potentially
unreasonable estimates provide cause for checking
emission factors or activity data and determining
whether changes in methodology, market forces, or
other events are sufficient reasons for the change. In
situations where actual emission monitoring occurs
(e.g., power plant CO2 emissions), the data from moni-
tors can be compared with calculated emissions using
activity data and emission factors.


If any of the above emission factor, activity data, emis-
sion estimate, or other parameter checks indicate a
problem, more detailed investigations into the accuracy
of the data or appropriateness of the methods may be
required. These more detailed investigations can also 
be utilized to better assess the quality of data. One
potential measure of data quality is a quantitative and
qualitative assessment of their uncertainty.


Inventory quality and inventory uncertainty
Preparing a GHG inventory is inherently both an
accounting and a scientific exercise. Most applications
for company-level emissions and removal estimates
require that these data be reported in a format similar to
financial accounting data. In financial accounting, it is
standard practice to report individual point estimates
(i.e., single value versus a range of possible values). In
contrast, the standard practice for most scientific studies
of GHG and other emissions is to report quantitative
data with estimated error bounds (i.e., uncertainty). Just
like financial figures in a profit and loss or bank account
statement, point estimates in a corporate emission inven-
tory have obvious uses. However, how would or should
the addition of some quantitative measure of uncertainty
to an emission inventory be used?


In an ideal situation, in which a company had perfect
quantitative information on the uncertainty of its emis-
sion estimates at all levels, the primary use of this
information would almost certainly be comparative.
Such comparisons might be made across companies,
across business units, across source categories, or
through time. In this situation, inventory estimates could
even be rated or discounted based on their quality
before they were used, with uncertainty being the objec-
tive quantitative metric for quality. Unfortunately, such
objective uncertainty estimates rarely exist. 


T Y P E S  O F  U N C E R T A I N T I E S


Uncertainties associated with GHG inventories can 
be broadly categorized into scientific uncertainty and
estimation uncertainty. Scientific uncertainty arises
when the science of the actual emission and/or removal
process is not completely understood. For example, 
many direct and indirect factors associated with global
warming potential (GWP) values that are used to
combine emission estimates for various GHGs involve
significant scientific uncertainty. Analyzing and quanti-
fying such scientific uncertainty is extremely problematic
and is likely to be beyond the capacity of most company
inventory programs.
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The experience of the U.K. automotive manufacturer Vauxhal
Motors illustrates the importance of attention to detail in
setting up GHG information collection systems. The company
wished to calculate GHG emissions from staff air travel.
However, when determining the impact of flight travel, it is
important to make sure that the round trip distance is used
when calculating emissions. Fortunately, Vauxhall’s review of
its assumptions and calculation methodologies revealed this
fact and avoided reporting emissions that were 50 percent
lower than the actual value.


Vauxhall Motors:
The importance of accuracy checks







Estimation uncertainty arises any time GHG emissions
are quantified. Therefore all emissions or removal esti-
mates are associated with estimation uncertainty.
Estimation uncertainty can be further classified into two
types: model uncertainty and parameter uncertainty.3


Model uncertainty refers to the uncertainty associated
with the mathematical equations (i.e., models) used to
characterize the relationships between various parame-
ters and emission processes. For example, model
uncertainty may arise either due to the use of an incor-
rect mathematical model or inappropriate input into
the model. As with scientific uncertainty, estimating
model uncertainty is likely to be beyond most
company’s inventory efforts; however, some companies
may wish to utilize their unique scientific and engi-
neering expertise to evaluate the uncertainty in their
emission estimation models.


Parameter uncertainty refers to the uncertainty associ-
ated with quantifying the parameters used as inputs
(e.g., activity data and emission factors) into estima-
tion models. Parameter uncertainties can be evaluated
through statistical analysis, measurement equipment
precision determinations, and expert judgment.
Quantifying parameter uncertainties and then esti-
mating source category uncertainties based on these
parameter uncertainties will be the primary focus of
companies that choose to investigate the uncertainty in
their emission inventories.


L I M I T AT I O N S  O F  U N C E R T A I N T Y  E S T I M AT E S


Given that only parameter uncertainties are within the
feasible scope of most companies, uncertainty estimates
for corporate GHG inventories will, of necessity, be
imperfect. Complete and robust sample data will not
always be available to assess the statistical uncertainty4


in every parameter. For most parameters (e.g., liters of
gasoline purchased or tonnes of limestone consumed),
only a single data point may be available. In some
cases, companies can utilize instrument precision or
calibration information to inform their assessment of
statistical uncertainty. However, to quantify some of the
systematic uncertainties5 associated with parameters
and to supplement statistical 


uncertainty estimates, companies will usually have 
to rely on expert judgment.6 The problem with expert
judgment, though, is that it is difficult to obtain in a
comparable (i.e., unbiased) and consistent manner
across parameters, source categories, or companies.
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For these reasons, almost all comprehensive estimates of
uncertainty for GHG inventories will be not only imper-
fect but also have a subjective component and, despite
the most thorough efforts, are themselves considered
highly uncertain. In most cases, uncertainty estimates
cannot be interpreted as an objective measure of quality.
Nor can they be used to compare the quality of emission
estimates between source categories or companies. 


Exceptions to this include the following cases in which it
is assumed that either statistical or instrument precision
data are available to objectively estimate each para-
meter’s statistical uncertainty (i.e., expert judgment is
not needed):


• When two operationally similar facilities use identical
emission estimation methodologies, the differences in
scientific or model uncertainties can, for the most
part, be ignored. Then quantified estimates of statis-
tical uncertainty can be treated as being comparable
between facilities. This type of comparability is what is
aimed for in some trading programs that prescribe
specific monitoring, estimation, and measurement
requirements. However, even in this situation, the
degree of comparability depends on the flexibility that
participants are given for estimating emissions, the
homogeneity across facilities, as well as the level of
enforcement and review of the methodologies used.


• Similarly, when a single facility uses the same estima-
tion methodology each year, the systematic parameter
uncertainties—in addition to scientific and model
uncertainties—in a source’s emission estimates for
two years are, for the most part, identical.7 Because
the systematic parameter uncertainties then cancel
out, the uncertainty in an emission trend (e.g., the
difference between the estimates for two years) is
generally less than the uncertainty in total emissions
for a single year. In such a situation, quantified uncer-
tainty estimates can be treated as being comparable
over time and used to track relative changes in the
quality of a facility’s emission estimates for that
source category. Such estimates of uncertainty in
emission trends can also be used as a guide to setting
a facility’s emissions reduction target. Trend uncer-
tainty estimates are likely to be less useful for setting
broader (e.g., company-wide) targets (see chapter 11)
because of the general problems with comparability
between uncertainty estimates across gases, sources,
and facilities.


Given these limitations, the role of qualitative and quan-
titative uncertainty assessments in developing GHG
inventories include: 


• Promoting a broader learning and quality 
feedback process.


• Supporting efforts to qualitatively understand and
document the causes of uncertainty and help identify
ways of improving inventory quality. For example,
collecting the information needed to determine the
statistical properties of activity data and emission
factors forces one to ask hard questions and to care-
fully and systematically investigate data quality.


• Establishing lines of communication and feedback
with data suppliers to identify specific opportunities 
to improve quality of the data and methods used.


• Providing valuable information to reviewers, verifiers,
and managers for setting priorities for investments
into improving data sources and methodologies.


The GHG Protocol Corporate Standard has developed a
supplementary guidance document on uncertainty assess-
ments (“Guidance on uncertainty assessment in GHG
inventories and calculating statistical parameter uncer-
tainty”) along with an uncertainty calculation tool, both
of which are available on the GHG Protocol website. The
guidance document describes how to use the calculation
tool in aggregating uncertainties. It also discusses in
more depth different types of uncertainties, the limita-
tions of quantitative uncertainty assessment, and how
uncertainty estimates should be properly interpreted.


Additional guidance and information on assessing
uncertainty—including optional approaches to devel-
oping quantitative uncertainty estimates and eliciting 
judgments from experts— can also be found in EPA's
Emissions Inventory Improvement Program, Volume VI:
Quality Assurance/Quality Control (1999) and in 
chapter 6 of the IPCC’s Good Practice Guidance (2000a).
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N O T E S
1 Although the term “emissions inventory” is used throughout this chapter,


the guidance equally applies to estimates of removals due to sink cate-
gories (e.g., forest carbon sequestration).


2 Some emission estimates may be derived using mass or energy
balances, engineering calculations, or computer simulation models. In
addition to investigating the input data to these models, companies
should also consider whether the internal assumptions (including
assumed parameters in the model) are appropriate to the nature of the
company’s operations.


3 Emissions estimated from direct emissions monitoring will generally only
involve parameter uncertainty (e.g., equipment measurement error).


4 Statistical uncertainty results from natural variations (e.g., random
human errors in the measurement process and fluctuations in measure-
ment equipment). Statistical uncertainty can be detected through
repeated experiments or sampling of data.


5 Systematic parameter uncertainty occurs if data are systematically
biased. In other words, the average of the measured or estimated value is
always less or greater than the true value. Biases arise, for example,
because emission factors are constructed from non-representative
samples, all relevant source activities or categories have not been identi-
fied, or incorrect or incomplete estimation methods or faulty measurement
equipment have been used. Because the true value is unknown, such
systematic biases cannot be detected through repeated experiments and,
therefore, cannot be quantified through statistical analysis. However, it is
possible to identify biases and, sometimes, to quantify them through data
quality investigations and expert judgments.


6 The role of expert judgment can be twofold: First, it can provide the data
necessary to estimate the parameter. Second, it can help (in combination
with data quality investigations) identify, explain, and quantify both
statistical and systematic uncertainties.


7 It should be recognized, however, that biases may not be constant from
year to year but instead may exhibit a pattern over time (e.g., may be
growing or falling). For example, a company that continues to disinvest in
collecting high quality data may create a situation in which the biases in
its data get worse each year. These types of data quality issues are
extremely problematic because of the effect they can have on calculated
emission trends. In such cases, systematic parameter uncertainties
cannot be ignored.
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s voluntary reporting, external GHG programs, and emission trading


systems evolve, it is becoming more and more essential for compa-


nies to understand the implications of accounting for GHG emissions changes


over time on the one hand, and, on the other hand, accounting for offsets or


credits that result from GHG reduction projects. This chapter elaborates on the


different issues associated with the term “GHG reductions.”


A


8 Accounting for GHG Reductions


G U I D A N C E







The GHG Protocol Corporate Standard focuses on
accounting and reporting for GHG emissions at the
company or organizational level. Reductions in corpo-
rate emissions are calculated by comparing changes 
in the company’s actual emissions inventory over time
relative to a base year. Focusing on overall corporate
or organizational level emissions has the advantage of
helping companies manage their aggregate GHG risks
and opportunities more effectively. It also helps focus
resources on activities that result in the most cost-
effective GHG reductions. 


In contrast to corporate accounting, the forthcoming
GHG Protocol Project Quantification Standard focuses on
the quantification of GHG reductions from GHG miti-
gation projects that will be used as offsets. Offsets are
discrete GHG reductions used to compensate for (i.e.,
offset) GHG emissions elsewhere, for example to meet
a voluntary or mandatory GHG target or cap. Offsets
are calculated relative to a baseline that represents a 
hypothetical scenario for what emissions would have
been in the absence of the project. 


Corporate GHG reductions 
at facility or country level
From the perspective of the earth's atmosphere, it does not
matter where GHG emissions or reductions occur. From
the perspective of national and international policymakers
addressing global warming, the location where GHG
reductions are achieved is relevant, since policies usually
focus on achieving reductions within specific countries
or regions, as spelled out, for example, in the Kyoto
Protocol. Thus companies with global operations will
have to respond to an array of state, national, or regional
regulations and requirements that address GHGs from
operations or facilities within a specific geographic area. 


The GHG Protocol Corporate Standard calculates GHG
emissions using a bottom-up approach. This involves
calculating emissions at the level of an individual source
or facility and then rolling this up to the corporate level.
Thus a company’s overall emissions may decrease, even
if increases occur at specific sources, facilities, or opera-
tions and vice-versa. This bottom-up approach enables
companies to report GHG emissions information at
different scales, e.g., by individual sources or facilities,
or by a collection of facilities within a given country.
Companies can meet an array of government require-
ments or voluntary commitments by comparing actual
emissions over time for the relevant scale. On a corpo-


rate-wide scale, this information can also be used when
setting and reporting progress towards a corporate-wide
GHG target (see chapter 11).


In order to track and explain changes in GHG emissions
over time, companies may find it useful to provide 
information on the nature of these changes. For
example, BP asks each of its reporting units to provide
such information in an accounting movement format
using the following categories (BP 2000):


• Acquisitions and divestments


• Closure


• Real reductions (e.g., efficiency improvements, 
material or fuel substitution)


• Change in production level 


• Changes in estimation methodology


• Other


This type of information can be summarized at the
corporate level to provide an overview of the company’s
performance over time.  


Reductions in indirect emissions
Reductions in indirect emissions (changes in scope 2 or 3
emissions over time) may not always capture the actual
emissions reduction accurately. This is because there is
not always a direct cause-effect relationship between the
activity of the reporting company and the resulting GHG
emissions. For example, a reduction in air travel would
reduce a company’s scope 3 emissions. This reduction is
usually quantified based on an average emission factor
of fuel use per passenger. However, how this reduction
actually translates into a change in GHG emissions to
the atmosphere would depend on a number of factors,
including whether another person takes the “empty seat”
or whether this unused seat contributes to reduced air
traffic over the longer term. Similarly, reductions 
in scope 2 emissions calculated with an average grid
emissions factor may over- or underestimate the actual
reduction depending on the nature of the grid. 


Generally, as long as the accounting of indirect emissions
over time recognizes activities that in aggregate change
global emissions, any such concerns over accuracy
should not inhibit companies from reporting their indi-
rect emissions. In cases where accuracy is more
important, it may be appropriate to undertake a more
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detailed assessment of the actual reduction using a
project quantification methodology. 


Project based reductions and offsets/credits
Project reductions that are to be used as offsets should
be quantified using a project quantification method, such
as the forthcoming GHG Protocol Project Quantification
Standard, that addresses the following accounting issues:


•   SELECTION OF A BASELINE SCENARIO AND EMISSION.


The baseline scenario represents what would have
happened in the absence of the project. Baseline
emissions are the hypothetical emissions associated
with this scenario. The selection of a baseline
scenario always involves uncertainty because it
represents a hypothetical scenario for what would
have happened without the project. The project
reduction is calculated as the difference between 
the baseline and project emissions. This differs from
the way corporate or organizational reductions are
measured in this document, i.e., in relation to an
actual historical base year.


•   D E M O N S T R AT I O N  O F  A D D I T I O N A L I T Y.  This relates to
whether the project has resulted in emission reductions
or removals in addition to what would have happened in
the absence of the project. If the project reduction is
used as an offset, the quantification procedure should
address additionality and demonstrate that the project
itself is not the baseline and that project emissions are
less than baseline emissions. Additionality ensures the
integrity of the fixed cap or target for which the offset is
used. Each reduction unit from a project used as an
offset allows the organization or facility with a cap or
target one additional unit of emissions. If the project
were going to happen anyway (i.e., is non-additional),
global emissions will be higher by the number of reduc-
tion units issued to the project. 


•   I D E N T I F I C AT I O N  A N D  Q U A N T I F I C AT I O N  O F  R E L E VA N T


S E C O N D A R Y  E F F E C T S . These are GHG emissions
changes resulting from the project not captured by the
primary effect(s).1 Secondary effects are typically the
small, unintended GHG consequences of a project and
include leakage (changes in the availability or quan-
tity of a product or service that results in changes in
GHG emissions elsewhere) as well as changes in GHG
emissions up- and downstream of the project. If rele-
vant, secondary effects should be incorporated into
the calculation of the project reduction. 


•   C O N S I D E R AT I O N  O F  R E V E R S I B I L I T Y. Some projects
achieve reductions in atmospheric carbon dioxide
levels by capturing, removing and/or storing carbon
or GHGs in biological or non-biological sinks (e.g.,
forestry, land use management, underground reser-
voirs). These reductions may be temporary in that
the removed carbon dioxide may be returned to the
atmosphere at some point in the future through
intentional activities or accidental occurrences—
such as harvesting of forestland or forest fires, etc.2


The risk of reversibility should be assessed, together
with any mitigation or compensation measures
included in the project design. 


•   AV O I D A N C E  O F  D O U B L E  C O U N T I N G .  To avoid double
counting, the reductions giving rise to the offset must
occur at sources or sinks not included in the target or
cap for which the offset is used. Also, if the reductions
occur at sources or sinks owned or controlled by
someone other than the parties to the project (i.e.,
they are indirect), the ownership of the reduction
should be clarified to avoid double counting.


Offsets may be converted into credits when used to meet
an externally imposed target. Credits are convertible and
transferable instruments usually bestowed by an external
GHG program. They are typically generated from an
activity such as an emissions reduction project and then
used to meet a target in an otherwise closed system, such
as a group of facilities with an absolute emissions cap
placed across them. Although a credit is usually based on
the underlying reduction calculation, the conversion of an
offset into a credit is usually subject to strict rules, which
may differ from program to program. For example, a
Certified Emission Reduction (CER) is a credit issued by
the Kyoto Protocol Clean Development Mechanism. Once
issued, this credit can be traded and ultimately used to
meet Kyoto Protocol targets. Experience from the “pre-
compliance” market in GHG credits highlights the
importance of delineating project reductions that are to
be used as offsets with a credible quantification method
capable of providing verifiable data.


Reporting project based reductions
It is important for companies to report their physical
inventory emissions for their chosen inventory bound-
aries separately and independently of any GHG trades
they undertake. GHG trades3 should be reported in its
public GHG report under optional information—either
in relation to a target (see chapter 11) or corporate
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inventory (see chapter 9). Appropriate information
addressing the credibility of purchased or sold offsets or
credits should be included. 


When companies implement internal projects that reduce
GHGs from their operations, the resulting reductions are
usually captured in their inventory’s boundaries. These
reductions need not be reported separately unless they are
sold, traded externally, or otherwise used as an offset or
credit. However, some companies may be able to make
changes to their own operations that result in GHG 
emissions changes at sources not included in their own
inventory boundary, or not captured by comparing 
emissions changes over time. For example:


• Substituting fossil fuel with waste-derived fuel that
might otherwise be used as landfill or incinerated
without energy recovery. Such substitution may have
no direct effect on (or may even increase) a
company’s own GHG emissions. However, it could
result in emissions reductions elsewhere by another
organization, e.g., through avoiding landfill gas and
fossil fuel use. 


• Installing an on-site power generation plant (e.g., a
combined heat and power, or CHP, plant) that
provides surplus electricity to other companies may
increase a company’s direct emissions, while
displacing the consumption of grid electricity by the
companies supplied. Any resulting emissions reduc-
tions at the plants where this electricity would have
otherwise been produced will not be captured in the
inventory of the company installing the on-site plant. 


• Substituting purchased grid electricity with an on-site
power generation plant (e.g., CHP) may increase a
company’s direct GHG emissions, while reducing the
GHG emissions associated with the generation of grid
electricity. Depending on the GHG intensity and the
supply structure of the electricity grid, this reduction
may be over- or underestimated when merely
comparing scope 2 emissions over time, if the latter
are quantified using an average grid emission factor. 


These reductions may be separately quantified, for
example using the GHG Protocol Project Quantification
Standard, and reported in a company’s public GHG
report under optional information in the same way as
GHG trades described above. 
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Alcoa, a global manufacturer of aluminum, is implementing a
variety of strategies to reduce its GHG emissions. One approach
has been to purchase renewable energy certificates, or RECs, to
offset some of the company’s GHG emissions. RECs, which repre-
sent the environmental benefits of renewable energy unbundled
from the actual flow of electrons, are an innovative method of
providing renewable energy to individual customers. RECs repre-
sent the unbundled environmental benefits, such as avoided CO2


emissions, generated by producing electricity from renewable
rather than fossil sources. RECs can be sold bundled with the
electricity (as green power) or separately to customers interested
in supporting renewable energy. 


Alcoa found that RECs offer a variety of advantages, including
direct access to the benefits of renewable energy for facilities that
may have limited renewable energy procurement options. In
October 2003, Alcoa began purchasing RECs equivalent to 100%
of the electricity used annually at four corporate offices in Tennessee,
Pennsylvania, and New York. The RECs Alcoa is purchasing effec-
tively mean that the four corporate centers are now operating on
electricity generated by projects that produce electricity from land-
fill gas, avoiding the emission of more than 6.3 million kilograms
(13.9 million pounds) of carbon dioxide annually. Alcoa chose
RECs in part because the supplier was able to provide RECs to all
four facilities through one contract. This flexibility lowered the
administrative cost of purchasing renewable energy for multiple
facilities that are served by different utilities. 


For more information on RECs, see the Green Power Market
Development Group’s Corporate Guide to Green Power Markets:
Installment #5 (WRI, 2003).


Alcoa: Taking advantage 
of renewable energy certificates 


N O T E S
1 Primary effects are the specific GHG reducing elements or activities


(reducing GHG emissions, carbon storage, or enhancing GHG removals)
that the project is intended to achieve.


2 This problem with the temporary nature of GHG reductions is sometimes
referred to as the “permanence” issue. 


3 The term “GHG trades” refers to all purchases or sales of allowances,
offsets, and credits.
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credible GHG emissions report presents relevant information that 


is complete, consistent, accurate and transparent. While it takes


time to develop a rigorous and complete corporate inventory of GHG emissions, 


knowledge will improve with experience in calculating and reporting data. It is


therefore recommended that a public GHG report:


• Be based on the best data available at the time of publication, while being


transparent about its limitations


• Communicate any material discrepancies identified in previous years


• Include the company’s gross emissions for its chosen inventory boundary


separate from and independent of any GHG trades it might engage in. 


A


Reporting GHG Emissions


G U I D A N C E


S T A N D A R D


S
T


A
N


D
A


R
D


9







Reported information shall be “relevant, complete,
consistent, transparent and accurate.” The GHG Protocol
Corporate Standard requires reporting a minimum of
scope 1 and scope 2 emissions. 


Required information
A public GHG emissions report that is in accordance
with the GHG Protocol Corporate Standard shall include
the following information:


DESCRIPTION OF THE COMPANY AND INVENTORY BOUNDARY


• An outline of the organizational boundaries chosen,
including the chosen consolidation approach.


• An outline of the operational boundaries chosen, and if
scope 3 is included, a list specifying which types of
activities are covered.


• The reporting period covered.


I N F O R M AT I O N  O N  E M I S S I O N S


• Total scope 1 and 2 emissions independent of any 
GHG trades such as sales, purchases, transfers, or
banking of allowances.


• Emissions data separately for each scope.


• Emissions data for all six GHGs separately (CO2, CH4,
N2O, HFCs, PFCs, SF6) in metric tonnes and in tonnes
of CO2 equivalent.


• Year chosen as base year, and an emissions profile over
time that is consistent with and clarifies the chosen
policy for making base year emissions recalculations.


• Appropriate context for any significant emissions
changes that trigger base year emissions recalculation
(acquisitions/divestitures, outsourcing/insourcing,
changes in reporting boundaries or calculation
methodologies, etc.).


• Emissions data for direct CO2 emissions from biologi-
cally sequestered carbon (e.g., CO2 from burning
biomass/biofuels), reported separately from the scopes.


• Methodologies used to calculate or measure emissions,
providing a reference or link to any calculation tools used. 


• Any specific exclusions of sources, facilities, 
and / or operations.


Optional information 
A public GHG emissions report should include, when
applicable, the following additional information:


I N F O R M AT I O N  O N  E M I S S I O N S  A N D  P E R F O R M A N C E  


• Emissions data from relevant scope 3 emissions activi-
ties for which reliable data can be obtained.


• Emissions data further subdivided, where this aids
transparency, by business units/facilities, country,
source types (stationary combustion, process, fugitive,
etc.), and activity types (production of electricity,
transportation, generation of purchased electricity
that is sold to end users, etc.).


• Emissions attributable to own generation of elec-
tricity, heat, or steam that is sold or transferred to
another organization (see chapter 4). 


• Emissions attributable to the generation of electricity,
heat or steam that is purchased for re-sale to non-end
users (see chapter 4).


• A description of performance measured against
internal and external benchmarks.


• Emissions from GHGs not covered by the Kyoto
Protocol (e.g., CFCs, NOx,), reported separately 
from scopes.


• Relevant ratio performance indicators (e.g. emissions
per kilowatt-hour generated, tonne of material
production, or sales).


• An outline of any GHG management/reduction
programs or strategies.


• Information on any contractual provisions addressing
GHG-related risks and obligations.


• An outline of any external assurance provided and a
copy of any verification statement, if applicable, of the
reported emissions data.
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• Information on the causes of emissions changes that
did not trigger a base year emissions recalculation
(e.g., process changes, efficiency improvements, 
plant closures).


• GHG emissions data for all years between the base
year and the reporting year (including details of and
reasons for recalculations, if appropriate)


• Information on the quality of the inventory (e.g., infor-
mation on the causes and magnitude of uncertainties
in emission estimates) and an outline of policies in
place to improve inventory quality. (see chapter 7). 


• Information on any GHG sequestration.


• A list of facilities included in the inventory. 


• A contact person.


I N F O R M AT I O N  O N  O F F S E T S


• Information on offsets that have been purchased or
developed outside the inventory boundary, subdivided
by GHG storage/removals and emissions reduction
projects. Specify if the offsets are verified/certified
(see chapter 8) and/or approved by an external GHG
program (e.g., the Clean Development Mechanism,
Joint Implementation).


• Information on reductions at sources inside the inven-
tory boundary that have been sold/transferred as
offsets to a third party. Specify if the reduction has
been verified/certified and/or approved by an external
GHG program (see chapter 8). 
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y following the GHG Protocol Corporate Standard
reporting requirements, users adopt a compre-
hensive standard with the necessary detail and


transparency for credible public reporting. The 
appropriate level of reporting of optional information
categories can be determined by the objectives and
intended audience for the report. For national or 
voluntary GHG programs, or for internal management
purposes, reporting requirements may vary (Appendix C
summarizes the requirements of various GHG programs).


For public reporting, it is important to differentiate
between a summary of a public report that is, for
example, published on the Internet or in Sustainability/
Corporate Social Responsibility reporting (e.g., 
Global Reporting Initiative) and a full public report
that contains all the necessary data as specified by the
reporting standard spelled out in this volume. Not
every circulated report must contain all information 
as specified by this standard, but a link or reference
needs to be made to a publicly available full report
where all information is available. 


For some companies, providing emissions data for
specific GHGs or facilities /business units, or reporting
ratio indicators, may compromise business confiden-
tiality. If this is the case, the data need not be publicly
reported, but can be made available to those auditing the
GHG emissions data, assuming confidentiality is secured. 


Companies should strive to create a report that is as
transparent, accurate, consistent and complete as
possible. Structurally, this may be achieved by adopting
the reporting categories of the standard (e.g., required
description of the company and inventory boundary,
required information on corporate emissions, optional
information on emissions and performance, and
optional information on offsets) as a basis of the report.
Qualitatively, including a discussion of the reporting
company’s strategy and goals for GHG accounting,
any particular challenges or tradeoffs faced, the
context of decisions on boundaries and other accounting
parameters, and an analysis of emissions trends 
may help provide a complete picture of the company’s
inventory efforts. 


Double Counting
Companies should take care to identify and exclude from
reporting any scope 2 or scope 3 emissions that are 
also reported as scope 1 emissions by other facilities,
business units, or companies included in the emissions
inventory consolidation (see chapter 6).


Use of ratio indicators 
Two principal aspects of GHG performance are of
interest to management and stakeholders. One concerns
the overall GHG impact of a company—that is the
absolute quantity of GHG emissions released to the
atmosphere. The other concerns the company’s GHG
emissions normalized by some business metric that
results in a ratio indicator. The GHG Protocol Corporate
Standard requires reporting of absolute emissions;
reporting of ratio indicators is optional.


Ratio indicators provide information on performance
relative to a business type and can facilitate compar-
isons between similar products and processes over time.
Companies may choose to report GHG ratio indicators
in order to: 


• Evaluate performance over time (e.g., relate figures
from different years, identify trends in the data, and
show performance in relation to targets and base
years (see chapter 11).


• Establish a relationship between data from different
categories. For example, a company may want to
establish a relationship between the value that an
action provides (e.g., price of a tonne of product) and
its impact on society or on the environment (e.g.,
emissions from product manufacturing).


• Improve comparability between different sizes of busi-
ness and operations by normalizing figures (e.g., by
assessing the impact of different sized businesses on
the same scale).


It is important to recognize that the inherent diversity
of businesses and the circumstances of individual
companies can result in misleading indicators.
Apparently minor differences in process, product, or
location can be significant in terms of environmental
effect. Therefore, it is necessary to know the business
context in order to be able to design and interpret
ratio indicators correctly.
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Companies may develop ratios that make most sense
for their business and are relevant to their decision-
making needs. They may select ratios for external
reporting that improve the understanding and clarify
the interpretation of their performance for their
stakeholders. It is important to provide some perspec-
tive on issues such as scale and limitations of
indicators in a way that users understand the nature
of the information provided. Companies should
consider what ratio indicators best capture the bene-
fits and impacts of their business, i.e., its operations,
its products, and its effects on the marketplace and on
the entire economy. Some examples of different ratio
indicators are provided here.


P R O D U C T I V I T Y / E F F I C I E N C Y  R AT I O S .  


Productivity/efficiency ratios express the value or
achievement of a business divided by its GHG impact.
Increasing efficiency ratios reflect a positive perform-
ance improvement. Examples of productivity/efficiency
ratios include resource productivity (e.g., sales per
GHG) and process eco-efficiency (e.g., production
volume per amount of GHG).
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MidAmerican Energy Holdings Company, an energy company
based in Iowa, wanted a method to track a power plant’s GHG
intensity, while also being able to roll individual plant results 
into a corporate “generation portfolio” GHG intensity indicator.
MidAmerican also wanted to be able to take into account the GHG
benefits from planned renewable generation, as well as measure
the impacts of other changes to its generation portfolio over time
(e.g., unit retirements or new construction). The company adopted
a GHG intensity indicator that specifically measures pounds of
direct emissions over total megawatt hours generated (lbs/MWh).


To measure its direct emissions, the company leverages data
currently gathered to satisfy existing regulatory requirements
and, where gaps might exist, uses fuel calculations. For coal-
fired units, that means mainly using continuous emissions
monitoring (CEM) data and the U.S. Environmental Protection
Agency’s emission factors for natural gas- and fuel oil-fired
units. Using the GHG Protocol Corporate Standard, the company
completes an annual emission inventory for each of its fossil-
fired plants, gathering together a) fuel volume and heat input
data, b) megawatt production data, c) CEMs data, and d) fuel
calculations using appropriate emission factors. 


For example, in 2001, using CEM data and fuel calculations, the
company’s Iowa utility business emitted roughly 23 million tonnes
of CO2, while generating approximately 21 million megawatt hours.
Its 2001 GHG intensity indicator calculates to approximately
2,177 lbs/MWh of CO2, reflecting the Iowa utility company’s reliance
on traditional coal-fired generation.


By 2008, the Iowa utility company will have constructed a new
790 MW coal-fueled plant, a 540 MW combined-cycle natural gas
plant, and a 310 MW wind-turbine farm and added them to its
generation portfolio. The utility company’s overall CO2 emissions
will increase, but so will its megawatt production. The combined
emissions from the new coal- and gas-fired plants will be added
to the GHG intensity indicator’s numerator, while the megawatt
production data from all three facilities will be added to the indi-
cator’s denominator. More importantly, and the ratio indicator
illustrates this, over time MidAmerican’s GHG intensity will
decline as more efficient generation is brought online and older
power plants are used less or retired altogether.


MidAmerican:
Setting ratio indicators for a utility company 







I N T E N S I T Y  R AT I O S . Intensity ratios express GHG
impact per unit of physical activity or unit of economic
output.  A physical intensity ratio is suitable when aggre-
gating or comparing across businesses that have similar
products. An economic intensity ratio is suitable when
aggregating or comparing across businesses that
produce different products.  A declining intensity ratio
reflects a positive performance improvement. Many
companies historically tracked environmental perform-
ance with intensity ratios. Intensity ratios are often
called “normalized” environmental impact data.
Examples of intensity ratios include product emission
intensity (e.g., tonnes of CO2 emissions per electricity
generated); service intensity (e.g., GHG emissions per
function or per service); and sales intensity (e.g., emis-
sions per sales).


P E R C E N T A G E S .  A percentage indicator is a ratio
between two similar issues (with the same physical unit
in the numerator and the denominator). Examples of
percentages that can be meaningful in performance
reports include current GHG emissions expressed as a
percentage of base year GHG emissions. 


For further guidance on ratio indicators refer to CCAR,
2003; GRI, 2002; Verfaillie and Bidwell, 2000. 
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erification is an objective assessment of the accuracy and completeness


of reported GHG information and the conformity of this information to


pre-established GHG accounting and reporting principles. Although the practice


of verifying corporate GHG inventories is still evolving the emergence of widely


accepted standards, such as the GHG Protocol Corporate Standard and the forth-


coming GHG Protocol Project Quantification Standard, should help GHG verification


become more uniform, credible, and widely accepted. 


V


10 Verification of GHG Emissions 
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This chapter provides an overview of the key elements of
a GHG verification process. It is relevant to companies
who are developing GHG inventories and have planned
for, or are considering, obtaining an independent verifi-
cation of their results and systems. Furthermore, as the
process of developing a verifiable inventory is largely the
same as that for obtaining reliable and defensible data,
this chapter is also relevant to all companies regardless
of any intention to commission a GHG verification. 


Verification involves an assessment of the risks of mate-
rial discrepancies in reported data. Discrepancies relate
to differences between reported data and data generated
from the proper application of the relevant standards
and methodologies. In practice, verification involves the
prioritization of effort by the verifier towards the data
and associated systems that have the greatest impact on
overall data quality. 


Relevance of GHG principles 
The primary aim of verification is to provide confidence
to users that the reported information and associated
statements represent a faithful, true, and fair account of
a company’s GHG emissions. Ensuring transparency and
verifiability of the inventory data is crucial for verifica-
tion. The more transparent, well controlled and well
documented a company’s emissions data and systems
are, the more efficient it will be to verify. As outlined in
chapter 1, there are a number of GHG accounting and
reporting principles that need to be adhered to when
compiling a GHG inventory. Adherence to these princi-
ples and the presence of a transparent, well-documented
system (sometimes referred to as an audit trail) is the
basis of a successful verification.


Goals
Before commissioning an independent verification, a
company should clearly define its goals and decide
whether they are best met by an external verification.
Common reasons for undertaking a verification include: 


• Increased credibility of publicly reported emissions
information and progress towards GHG targets,
leading to enhanced stakeholder trust


• Increased senior management confidence in reported
information on which to base investment and target-
setting decisions


• Improvement of internal accounting and reporting
practices (e.g., calculation, recording and internal
reporting systems, and the application of GHG
accounting and reporting principles), and facilitating
learning and knowledge transfer within the company


• Preparation for mandatory verification requirements
of GHG programs.


Internal assurance
While verification is often undertaken by an independent,
external third party, this may not always be the case.
Many companies interested in improving their GHG
inventories may subject their information to internal
verification by personnel who are independent of 
the GHG accounting and reporting process. Both
internal and external verification should follow similar 
procedures and processes. For external stakeholders,
external third part verification is likely to significantly
increase the credibility of the GHG inventory. However,
independent internal verifications can also provide
valuable assurance over the reliability of information.


Internal verification can be a worthwhile learning expe-
rience for a company prior to commissioning an external
verification by a third party. It can also provide external
verifiers with useful information to begin their work.


The concept of materiality
The concept of “materiality” is essential to understanding
the process of verification. Chapter 1 provides a useful
interpretation of the relationship between the principle of
completeness and the concept of materiality. Information
is considered to be material if, by its inclusion or exclu-
sion, it can be seen to influence any decisions or actions
taken by users of it. A material discrepancy is an error
(for example, from an oversight, omission or miscalcula-
tion) that results in a reported quantity or statement
being significantly different to the true value or meaning.
In order to express an opinion on data or information, a
verifier would need to form a view on the materiality of
all identified errors or uncertainties. 


While the concept of materiality involves a value judg-
ment, the point at which a discrepancy becomes material
(materiality threshold) is usually pre-defined. As a rule of
thumb, an error is considered to be materially misleading 
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if its value exceeds 5% of the total inventory for the part
of the organization being verified. 


The verifier needs to assess an error or omission in the
full context within which information is presented. For
example, if a 2% error prevents a company from
achieving its corporate target then this would most likely
be considered material. Understanding how verifiers
apply a materiality threshold will enable companies to
more readily establish whether the omissions of an indi-
vidual source or activity from their inventory is likely to
raise questions of materiality.


Materiality thresholds may also be outlined in the
requirements of a specific GHG program or determined
by a national verification standard, depending on who
is requiring the verification and for what reasons. A
materiality threshold provides guidance to verifiers on
what may be an immaterial discrepancy so that they can
concentrate their work on areas that are more likely 
to lead to materially misleading errors. A materiality
threshold is not the same as de minimis emissions, or 
a permissible quantity of emissions that a company can
leave out of its inventory.


Assessing the risk of material discrepancy
Verifiers need to assess the risk of material discrepancy
of each component of the GHG information collection and
reporting process. This assessment is used to plan and
direct the verification process. In assessing this risk, they
will consider a number of factors, including:


• The structure of the organization and the approach
used to assign responsibility for monitoring and
reporting GHG emissions


• The approach and commitment of management to
GHG monitoring and reporting


• Development and implementation of policies and
processes for monitoring and reporting (including
documented methods explaining how data is generated
and evaluated)


• Processes used to check and review calculation
methodologies


• Complexity and nature of operations 


• Complexity of the computer information system used
to process the information


• The state of calibration and maintenance of meters
used, and the types of meters used


• Reliability and availability of input data 


• Assumptions and estimations applied


• Aggregation of data from different sources


• Other assurance processes to which the systems and
data are subjected (e.g., internal audit, external
reviews and certifications).


Establishing the verification parameters
The scope of an independent verification and the level of
assurance it provides will be influenced by the company's
goals and/or any specific jurisdictional requirements. It
is possible to verify the entire GHG inventory or specific
parts of it. Discrete parts may be specified in terms of
geographic location, business units, facilities, and type of
emissions. The verification process may also examine
more general managerial issues, such as quality manage-
ment procedures, managerial awareness, availability of
resources, clearly defined responsibilities, segregation of
duties, and internal review procedures. 


The company and verifier should reach an agreement up-
front on the scope, level and objective of the verification.
This agreement (often referred to as the scope of work) will
address issues such as which information is to be included
in the verification (e.g., head office consolidation only or
information from all sites), the level of scrutiny to which
selected data will be subjected (e.g., desk top review or 
on-site review), and the intended use of the results of the
verification). The materiality threshold is another item to
be considered in the scope of work. It will be of key consid-
eration for both the verifier and the company, and is linked
to the objectives of the verification. 


The scope of work is influenced by what the verifier actu-
ally finds once the verification commences and, as a result,
the scope of work must remain sufficiently flexible to
enable the verifier to adequately complete the verification. 


A clearly defined scope of work is not only important
to the company and verifier, but also for external
stakeholders to be able to make informed and appro-
priate decisions. Verifiers will ensure that specific
exclusions have not been made solely to improve the
company’s performance. To enhance transparency and
credibility companies should make the scope of work
publicly available. 
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Site visits
Depending on the level of assurance required from 
verification, verifiers may need to visit a number of sites
to enable them to obtain sufficient, appropriate evidence
over the completeness, accuracy and reliability of
reported information. The sites visited should be repre-
sentative of the organization as a whole. The selection of
sites to be visited will be based on consideration of a
number of factors, including:


• Nature of the operations and GHG sources at each site


• Complexity of the emissions data collection and 
calculation process


• Percentage contribution to total GHG emissions from
each site


• The risk that the data from sites will be 
materially misstated 


• Competencies and training of key personnel 


• Results of previous reviews, verifications, and 
uncertainty analyses.


Timing of the verification
The engagement of a verifier can occur at various points
during the GHG preparation and reporting process.
Some companies may establish a semi-permanent
internal verification team to ensure that GHG data stan-
dards are being met and improved on an on-going basis. 


Verification that occurs during a reporting period allows
for any reporting deficiencies or data issues to be
addressed before the final report is prepared. This may
be particularly useful for companies preparing high
profile public reports. However, some GHG programs
may require, often on a random selection basis, an inde-
pendent verification of the GHG inventory following the
submission of a report (e.g., World Economic Forum
Global GHG Registry, Greenhouse Challenge program in
Australia, EU ETS). In both cases the verification
cannot be closed out until the final data for the period
has been submitted. 
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PricewaterhouseCoopers (PwC), a global services company, has
been conducting GHG emissions verifications for the past 10 years
in various sectors, including energy, chemicals, metals, semicon-
ductors, and pulp and paper. PwC’s verification process involves
two key steps:


1. An evaluation of whether the GHG accounting and reporting
methodology (e.g., GHG Protocol Corporate Standard) has been
correctly implemented


2. Identification of any material discrepancies.


The GHG Protocol Corporate Standard has been crucial in helping
PwC to design an effective GHG verification methodology. Since the
publication of the first edition, PwC has witnessed rapid improve-
ments in the quality and verifiability of GHG data reported. In
particular the quantification on non-CO2 GHGs and combustion
emissions has dramatically improved. Cement sector emissions
verification has been made easier by the release of the WBCSD
cement sector tool. GHG emissions from purchased electricity are


also easy to verify since most companies have reliable data on MWh
consumed and emission factors are publicly available. 


However, experience has shown that for most companies, GHG data
for 1990 is too unreliable to provide a verifiable base year for the
purposes of tracking emissions over time or setting a GHG target.
Challenges also remain in auditing GHG emissions embedded in
waste fuels, co-generation, passenger travel, and shipping. 


Over the past 3 years PwC has noticed a gradual evolution of 
GHG verification practices from “customized” and “voluntary” to 
“standardized” and “mandatory.” The California Climate Action
Registry, World Economic Forum Global GHG Registry and the
forthcoming EU ETS (covering 12,000 industrial sites in Europe)
require some form of emissions verification. In the EU ETS GHG
verifiers will likely have to be accredited by a national body. GHG
verifier accreditation processes have already been established in
the UK for its domestic trading scheme, and in California for regis-
tering emissions in the CCAR.


PricewaterhouseCoopers:
GHG inventory verification — lessons from the field







Selecting a verifier
Some factors to consider when selecting a verifier
include their: 


• previous experience and competence in undertaking
GHG verifications


• understanding of GHG issues including calculation
methodologies


• understanding of the company’s operations and
industry 


• objectivity, credibility, and independence. 


It is important to recognize that the knowledge and qual-
ifications of the individual(s) conducting the verification
can be more important than those of the organization(s)
they come from. Companies should select organizations
based on the knowledge and qualifications of their actual
verifiers and ensure that the lead verifier assigned to
them is appropriately experienced. Effective verification
of GHG inventories often requires a mix of specialized
skills, not only at a technical level (e.g., engineering
experience, industry specialists) but also at a business
level (e.g., verification and industry specialists).


Preparing for a GHG verification 
The internal processes described in chapter 7 are likely
to be similar to those followed by an independent veri-
fier. Therefore, the materials that the verifiers need are
similar. Information required by an external verifier is
likely to include the following:


• Information about the company's main activities and
GHG emissions (types of GHG produced, description
of activity that causes GHG emissions)


• Information about the company/groups/organiza-
tion (list of subsidiaries and their geographic
location, ownership structure, financial entities
within the organization)


• Details of any changes to the company’s organiza-
tional boundaries or processes during the period,
including justification for the effects of these changes
on emissions data


• Details of joint venture agreements, outsourcing and
contractor agreements, production sharing agree-
ments, emissions rights and other legal or contractual
documents that determine the organizational and
operational boundaries


• Documented procedures for identifying sources of
emissions within the organizational and operational
boundaries


• Information on other assurance processes to which the
systems and data are subjected (e.g. internal audit,
external reviews and certifications)


• Data used for calculating GHG emissions. This might,
for example, include:


• Energy consumption data (invoices, delivery notes,
weigh-bridge tickets, meter readings:  electricity,
gas pipes, steam, and hot water, etc.)


• Production data (tonnes of material produced, kWh
of electricity produced, etc.)


• Raw material consumption data for mass balance
calculations (invoices, delivery notes, weighbridge
tickets, etc.)


• Emission factors (laboratory analysis etc.).


• Description of how GHG emissions data have 
been calculated:


• Emission factors and other parameters used and
their justification


• Assumptions on which estimations are based


• Information on the measurement accuracy of
meters and weigh-bridges (e.g., calibration records),
and other measurement techniques


• Equity share allocations and their alignment with
financial reporting


• Documentation on what, if any, GHG sources or
activities are excluded due to, for example, tech-
nical or cost reasons.


• Information gathering process:


• Description of the procedures and systems used to
collect, document and process GHG emissions data
at the facility and corporate level


• Description of quality control procedures applied
(internal audits, comparison with last year’s data,
recalculation by second person, etc.).
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• Other information:


• Selected consolidation approach as defined in
chapter 3


• list of (and access to) persons responsible for
collecting GHG emissions data at each site and at
the corporate level (name, title, e-mail, and tele-
phone numbers)


• information on uncertainties, qualitative and if
available, quantitative.


Appropriate documentation needs to be available to
support the GHG inventory being subjected to external
verification. Statements made by management for which
there is no available supporting documentation cannot be
verified. Where a reporting company has not yet imple-
mented systems for routinely accounting and recording
GHG emissions data, an external verification will be
difficult and may result in the verifier being unable to
issue an opinion. Under these circumstances, the veri-
fiers may make recommendations on how current data
collection and collation process should be improved so
that an opinion can be obtained in future years. 


Companies are responsible for ensuring the existence,
quality and retention of documentation so as to create
an audit trail of how the inventory was compiled. If 
a company issues a specific base year against which it
assesses its GHG performance, it should retain all 
relevant historical records to support the base year data.
These issues should be born in mind when designing and
implementing GHG data processes and procedures.


Using the verification findings
Before the verifiers will verify that an inventory has met
the relevant quality standard, they may require the
company to adjust any material errors that they identi-
fied during the course of the verification. If the verifiers
and the company cannot come to an agreement
regarding adjustments, then the verifier may not be able
to provide the company with an unqualified opinion. All
material errors (individually or in aggregate) need to be
amended prior to the final verification sign off.


As well as issuing an opinion on whether the reported
information is free from material discrepancy, the veri-
fiers may, depending on the agreed scope of work, also
issue a verification report containing a number of recom-
mendations for future improvements. The process of
verification should be viewed as a valuable input to the
process of continual improvement. Whether verification
is undertaken for the purposes of internal review, public
reporting or to certify compliance with a particular
GHG program, it will likely contain useful information
and guidance on how to improve and enhance a
company’s GHG accounting and reporting system.


Similar to the process of selecting a verifier, those
selected to be responsible for assessing and imple-
menting responses to the verification findings should
also have the appropriate skills and understanding of
GHG accounting and reporting issues. 
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etting targets is a routine business practice that helps ensure that


an issue is kept on senior management’s “radar screen” and factored


into relevant decisions about what products and services to provide and what


materials and technologies to use. Often, a corporate GHG emission reduction


target is the logical follow-up to developing a GHG inventory. 


S


11 Setting a GHG Target
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This chapter provides guidance on the process of setting
and reporting on a corporate GHG target. Although 
the chapter focuses on emissions, many of the consid-
erations equally apply to GHG sequestration (see 
Appendix B). It is not the purpose of this chapter to
prescribe what a company’s target should be, rather the
focus is on the steps involved, the choices to be made,
and the implications of those choices. 


Why Set a GHG Target? 
Any robust business strategy requires setting targets for
revenues, sales, and other core business indicators, as
well as tracking performance against those targets.
Likewise, effective GHG management involves setting 
a GHG target. As companies develop strategies to reduce
the GHG emissions of their products and operations,
corporate-wide GHG targets are often key elements of
these efforts, even if some parts of the company are 
or will be subject to mandatory GHG limits. Common
drivers for setting a GHG target include: 


• M I N I M I Z I N G  A N D  M A N A G I N G  G H G  R I S K S  


While developing a GHG inventory is an important
step towards identifying GHG risks and opportunities,
a GHG target is a planning tool that can actually drive
GHG reductions. A GHG target will help raise internal
awareness about the risks and opportunities presented
by climate change and ensure the issue is on the busi-
ness agenda. This can serve to minimize and more
effectively manage the business risks associated with
climate change.


• A C H I E V I N G  C O S T  S AV I N G S  


A N D  S T I M U L AT I N G  I N N O VAT I O N


Implementing a GHG target can result in cost savings
by driving improvements in process innovation and
resource efficiency. Targets that apply to products can
drive R&D, which in turn creates products and serv-
ices that can increase market share and reduce
emissions associated with the use of products.


• P R E P A R I N G  F O R  F U T U R E  R E G U L AT I O N S


Internal accountability and incentive mechanisms that
are established to support a target’s implementation
can also equip companies to respond more effectively
to future GHG regulations. For example, some compa-
nies have found that experimenting with internal GHG
trading programs has allowed them to better under-
stand the possible impacts of future trading programs
on the company. 
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➡


F I G U R E  1 2 . Steps in setting a GHG target


➡
➡


➡
➡


➡
➡


·
➡


1. Obtain senior management commitment


2. Decide on the target type
Set an absolute or intensity target?


3. Decide on the target boundary
Which GHGs to include?


Which direct and indirect emissions?
Which geographical operations?
Treat business types separately?


4. Choose the target base year 
Use a fixed or rolling approach?


Use a single or multi-year approach?


5. Define the target completion date
Set a long- or short-term target?


6. Define the length of the target commitment period
Set a one-year or multi-year commitment period?


7. Decide on the use of offsets or credits


8. Establish a target double counting policy
How to deal with double counting of reductions across companies?


How does GHG trading affect target performance? 


9. Decide on the target level
What is business-as-usual? How far to go beyond that?


How do all the above steps influence the decision?


10. Track and report progress 
Make regular performance checks


Report information in relation to the target







• D E M O N S T R AT I N G  L E A D E R S H I P  


A N D  C O R P O R AT E  R E S P O N S I B I L I T Y  


With the emergence of GHG regulations in many parts
of the world, as well as growing concern about the
effects of climate change, a commitment such as
setting a public corporate GHG target demonstrates
leadership and corporate responsibility. This can
improve a company’s standing with customers,
employees, investors, business partners, and the public,
and enhance brand reputation. 


• P A R T I C I P AT I N G  I N  V O L U N T A R Y  P R O G R A M S


A growing number of voluntary GHG programs are
emerging to encourage and assist companies in
setting, implementing, and tracking progress toward
GHG targets. Participation in voluntary programs
can result in public recognition, may facilitate recog-
nition of early action by future regulations, and
enhance a company’s  GHG accounting and reporting
capacity and understanding.


Steps in Setting a Target
Setting a GHG target involves making choices among
various strategies for defining and achieving a GHG
reduction. The business goals, any relevant policy
context, and stakeholder discussions should inform
these choices.


The following sections outline the ten steps involved.
Although presented sequentially, in practice target
setting involves cycling back and forth between the steps.
It is assumed that the company has developed a GHG
inventory before implementing these steps. Figure 12
summarizes the steps.


1. Obtain senior management commitment 
As with any corporate wide target, senior management
buy-in and commitment particularly at the board/CEO
level is a prerequisite for a successful GHG reduction
program. Implementing a reduction target is likely to
necessitate changes in behavior and decision-making
throughout the organization. It also requires estab-
lishing an internal accountability and incentive system
and providing adequate resources to achieve the target.
This will be difficult, if not impossible, without senior
management commitment. 
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B O X  4 . Comparing absolute and intensity targets


A B S O L U T E  T A R G E T S reduce absolute emissions over time
(Example: reduce CO2 by 25 percent below 1994 levels by 2010)


Advantages
• Designed to achieve a reduction in a specified quantity of GHGs


emitted to the atmosphere


• Environmentally robust as it entails a commitment to reduce GHGs by
a specified amount


• Transparently addresses potential stakeholder concerns about
the need to manage absolute emissions


Disadvantages
• Target base year recalculations for significant structural changes


to the organization add complexity to tracking progress over time 


• Does not allow comparisons of GHG intensity/efficiency 


• Recognizes a company for reducing GHGs by decreasing produc-
tion or output (organic decline, see chapter 5) 


• May be difficult to achieve if the company grows unexpectedly
and growth is linked to GHG emissions


I N T E N S I T Y  T A R G E T S reduce the ratio of emissions relative to
a business metric over time (Example:  reduce CO2 by 12 percent per
tonne of clinker between 2000 and 2008) 


Advantages
• Reflects GHG performance improvements independent of organic


growth or decline 


• Target base year recalculations for structural changes are
usually not required (see step 4) 


• May increase the comparability of GHG performance among companies


Disadvantages
• No guarantee that GHG emissions to the atmosphere will be


reduced—absolute emissions may rise even if intensity goes
down and output increases


• Companies with diverse operations may find it difficult to define
a single common business metric 


• If a monetary variable is used for the business metric, such as
dollar of revenue or sales, it must be recalculated for changes in
product prices and product mix, as well as inflation, adding
complexity to the tracking process







T Y P E  O F  T A R G E T


Reduce absolute emissions


MP: not normally constrained


Reduce GHG intensity


Improve BPE 
(efficiency)


Improve PE
(efficiency)


L E V E L  O F  D E C I S I O N - M A K I N G  
( I N  G E N E R A L  A N D  O N  T A R G E T )


Corporate


All levels depending on scale 
(e.g. new venture, new plant, operational)


Business in consultation with corporate


Business


Business


Facility, supported by Shell Global Solutions EnergiseTM
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The Royal Dutch/Shell Group, a global energy corporation, discovered when implementing its voluntary GHG reduction target that one of
the biggest challenges was to cascade the target down to the actions of all employees who influence target performance. It was concluded
that successful implementation required different targets at different levels of the company. This is because each of the components that
underlie absolute GHG emissions is influenced by decision-making at various management levels (from the corporate level down to indi-
vidual businesses and facilities). 


Absolute GHG emissions at a plant (tonnes of CO2-e.)  =  Function (MP x  BPE x PE)


MP Quantity of product manufactured by a facility. This is fundamental to the need to grow and is therefore controlled at corporate
level. GHG emissions are typically not managed by limiting this component.


BPE Best process energy use per tonne. The optimal (or theoretical) energy consumed (translates to emissions) by a particular
design of plant. The type of plant built is a business-level decision. Significant capital decisions may be involved in building a
new plant incorporating new technology. For existing plants, BPE is improved by significant design change and retrofitting. This
could also involve large capital expenditure.


PE Plant efficiency index. An index that indicates how the plant is actually performing relative to BPE. PE is a result of day-to-day
decisions taken by plant operators and technicians. It is improved also by the Shell Global Solutions EnergiseTM programme,
which typically requires low capital expenditure to implement.


Royal Dutch/Shell found that while this model is probably an oversimplification when it comes to exploration and production facilities, it
is suitable for manufacturing facilities (e.g., refineries and chemical plants). It illustrates that an absolute target could only be set at the
corporate level, while lower levels require intensity or efficiency targets. 


Royal Dutch/Shell: The target cascade


A C T I O N S  T H AT  
R E D U C E  E M I S S I O N S  


See below


--------


See below


Building new plants 
with new technology


Retrofitting and changing
design of plants


Increase plant 
operating efficiency


2.  Decide on the target type
There are two broad types of GHG targets: absolute and
intensity-based. An absolute target is usually expressed
in terms of a reduction over time in a specified quantity
of GHG emissions to the atmosphere, the unit typically
being tonnes of CO2-e. An intensity target is usually
expressed as a reduction in the ratio of GHG emissions
relative to another business metric.1 The comparative
metric should be carefully selected. It can be the output
of the company (e.g. tonne CO2-e per tonne product, per
kWh, per tonne mileage) or some other metric such as
sales, revenues or office space. To facilitate transparency,
companies using an intensity target should also report the
absolute emissions from sources covered by the target.


Box 4 summarizes the advantages and disadvantages
of each type of target. Some companies have both an
absolute and an intensity target. Box 5 provides exam-
ples of corporate GHG targets. The Royal Dutch/Shell
case study illustrates how a corporate wide absolute
target can be implemented by formulating a combina-
tion of intensity targets at lower levels of
decision-making within the company. 


3.  Decide on the target boundary
The target boundary defines which GHGs, geographic oper-
ations, sources, and activities are covered by the target.
The target and inventory boundary can be identical, or







the target may address a specified subset of the sources
included in the company inventory. The quality of the GHG
inventory should be a key factor informing this choice. The
questions to be addressed in this step include the following:


• W H I C H  G H G S ? Targets usually include one or more of
the six major GHGs covered by the Kyoto Protocol.
For companies with significant non-CO2 GHG sources
it usually makes sense to include these to increase the
range of reduction opportunities. However, practical
monitoring limitations may apply to smaller sources. 


• W H I C H  G E O G R A P H I C A L  O P E R AT I O N S ?  Only country
or regional operations with reliable GHG inventory
data should be included in the target. For companies
with global operations, it makes sense to limit the
target’s geographical scope until a robust and reli-
able inventory has been developed for all operations.
Companies that participate in GHG programs
involving trading2 will need to decide whether or not 
to include the emissions sources covered in the trading
program in their corporate target. If common sources
are included, i.e., if there is overlap in sources covered
between the corporate target and the trading program,
companies should consider how they will address 
any double counting resulting from the trading of
GHG reductions in the trading program (see step 8).


• W H I C H  D I R E C T  A N D  I N D I R E C T  E M I S S I O N  S O U R C E S ?


Including indirect GHG emissions in a target will
facilitate more cost-effective reductions by increasing
the reduction opportunities available. However, 
indirect emissions are generally harder to measure
accurately and verify than direct emissions although
some categories, such as scope 2 emissions from
purchased electricity, may be amenable to accurate
measurement and verification. Including indirect
emissions can raise issues with regard to ownership
and double counting of reductions, as indirect emis-
sions are by definition someone else’s direct emissions
(see step 8).


• SEPARATE TARGETS FOR DIFFERENT TYPES OF BUSINESSES?


For companies with diverse operations it may make
more sense to define separate GHG targets for
different core businesses, especially when using an
intensity target, where the most meaningful business
metric for defining the target varies across business
units (e.g., GHGs per tonne of cement produced or
barrel of oil refined).
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B O X  5 . Selected corporate GHG targets 


A B S O L U T E  T A R G E T S


• ABB Reduce GHGs by 1 percent each year from 1998 through 2005


• Alcoa Reduce GHGs by 25 percent from 1990 levels by 2010, and
50 percent from 1990 levels over same period, if inert anode tech-
nology succeeds


• BP Hold net GHGs stable at 1990 levels through 2012


• Dupont Reduce GHGs by 65 percent from 1990 levels by 2010


• Entergy Stabilize CO2 from U.S. generating facilities at 2000
levels through 2005


• Ford Reduce CO2 by 4 percent over 2003-2006 timeframe 
based upon average 1998-2001 baseline as part of Chicago
Climate Exchange 


• Intel Reduce PFCs by 10 percent from 1995 levels by 2010


• Johnson & Johnson Reduce GHGs by 7 percent from 1990 levels by
2010, with interim goal of 4 percent below 1990 levels by 2005


• Polaroid Reduce CO2 emissions 20 percent below its 1994
emissions by year-end 2005; 25 percent by 2010


• Royal Dutch/Shell Manage GHG emissions so that they are still 
5 percent or more below the 1990 baseline by 2010, even while
growing the business


• Transalta Reduce GHGs to 1990 levels by 2000. Achieve zero net
GHGs from Canadian operations by 2024


I N T E N S I T Y  T A R G E T S


• Holcim Ltd. Reduce by the year 2010 the Group average specific3


net CO2 emissions by 20 percent from the reference year 1990


• Kansai Electric Power Company Reduce CO2 emissions per kWh
sold in fiscal 2010 to approx. 0.34 kg-CO2/kWh


• Miller Brewing Company Reduce GHGs by 18 percent per barrel
of production from 2001 to 2006


• National Renewable Energy Laboratory Reduce GHGs by 10
percent per square foot from 2000 to 2005


C O M B I N E D  A B S O L U T E  &  I N T E N S I T Y  T A R G E T S


• SC Johnson GHG emissions intensity reduction of 23 percent 
by 2005, which represents an absolute or actual GHG reduction
of 8 percent


• Lafarge Reduce absolute gross CO2 emissions in Annex I countries
10 percent below 1990 levels by the year 2010. Reduce worldwide
average specific net CO2 emissions 20 percent below 1990 levels
by the year 20103







4. Choose the target base year 
For a target to be credible, it has to be transparent how
target emissions are defined in relation to past emissions.
Two general approaches are available: a fixed target base
year or a rolling target base year. 


• U S I N G  A  F I X E D  T A R G E T  B A S E  Y E A R .  Most GHG
targets are defined as a percentage reduction in emis-
sions below a fixed target base year (e.g., reduce CO2


emissions 25 percent below 1994 levels by 2010).
Chapter 5 describes how companies should track emis-
sions in their inventory over time in reference to a
fixed base year. Although it is possible to use different
years for the inventory base year and the target base
year, to streamline the inventory and target reporting
process, it usually makes sense to use the same year
for both. As with the inventory base year, it is impor-
tant to ensure that the emissions data for the target
base year are reliable and verifiable. It is possible to
use a multi-year average target base year. The same


considerations as described for multi-year average
base years in chapter 5 apply. 


Chapter 5 provides standards on when and how to
recalculate base year emissions in order to ensure
like-with-like comparisons over time when structural
changes (e.g., acquisitions/divestitures) or changes in
measurement and calculation methodologies alter the
emissions profile over time. In most cases, this will
also be an appropriate approach for recalculating data
for a fixed target base year.


• U S I N G  A  R O L L I N G  T A R G E T  B A S E  Y E A R .  Companies
may consider using a rolling target base year if
obtaining and maintaining reliable and verifiable data
for a fixed target base year is likely to be challenging
(for example, due to frequent acquisitions). With a
rolling target base year, the base year rolls forward at
regular time intervals, usually one year, so that emis-
sions are always compared against the previous year.4


However, emission reductions can still be collectively
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T A B L E  5 . Comparing targets with rolling and fixed base years


How might the target be stated?


What is the target base year?


How far back is like-with-like
comparison possible?


What is the basis for comparing
emissions between the target
base year and completion year? 
(see also Figure 14) 


How far back are
recalculations made?


How reliable are the target 
base year emissions?


When are recalculations made?


F I X E D  T A R G E T  B A S E  Y E A R  


A target might take the form “we will
emit X% less in year B than in year A”


A fixed reference year in the past


The time series of absolute emissions
will compare like with like 


The comparison over time is based on
what is owned/controlled by the company
in the target completion year.


Emissions are recalculated for all years
back to the fixed target base year


If a company with a target acquires a
company that did not have reliable GHG
data in the target base year; back-
casting of emissions becomes necessary,
reducing the reliability of the base year 


R O L L I N G  T A R G E T  B A S E  Y E A R  


A target might take the form of “over the next X
years we will reduce emissions every year by Y%
compared to the previous year”5


The previous year 


If there have been significant structural changes the
time series of absolute emissions will not compare
like with like over more than two years at a time 


The comparison over time is based on what was
owned/controlled by the company in the years the
information was reported6


Emissions are recalculated only for the year prior 
to the structural change, or ex-post for the year 
of the structural change which then becomes the
base year. 


Data from an acquired company’s GHG emissions
are only necessary for the year before the acquisi-
tion (or even only from the acquisition onwards),
reducing or eliminating the need for back-casting


The circumstances which trigger recalculations for structural changes etc. (see chapter 5) are
the same under both approaches 







stated over several years. An example would be “from
2001 through 2012, emissions will be reduced by one
percent every year, compared to the previous year.”
When structural or methodological changes occur,
recalculations only need to be made to the previous
year.7 As a result, like-with-like comparisons of
emissions in the “target starting year” (2001 in the
example) and “target completion year” (2012)
cannot be made because emissions are not recalcu-
lated for all years back to the target starting year. 


The definition of what triggers a base-year emissions
recalculation is the same as under the fixed base year
approach. The difference lies in how far back emissions
are recalculated. Table 5 compares targets using the
rolling and fixed base year approaches while Figure 14
illustrates one of the key differences.


R E C A L C U L AT I O N S  U N D E R  I N T E N S I T Y  T A R G E T S


While the standard in chapter 5 applies to absolute
inventory emissions of companies using intensity
targets, recalculations for structural changes for the
purposes of the target are not usually needed unless the
structural change results in a significant change in the
GHG intensity. However, if recalculations for structural
changes are made for the purposes of the target, they
should be made for both the absolute emissions and the
business metric. If the target business metric becomes
irrelevant through a structural change, a reformulation
of the target might be needed (e.g., when a company
refocuses on a different industry but had used an
industry-specific business metric before).  


5.  Define the target completion date
The target completion date determines whether the
target is relatively short- or long-term. Long-term
targets (e.g., with a completion year ten years from the
time the target is set) facilitate long-term planning for
large capital investments with GHG benefits. However,
they might encourage later phase-outs of less efficient
equipment. Generally, long-term targets depend on
uncertain future developments, which can have opportu-
nities as well as risks, which is illustrated in Figure 13.
A five-year target period may be more practical for
organizations with shorter planning cycles.


6. Define the length of the commitment period
The target commitment period is the period of time
during which emissions performance is actually measured
against the target. It ends with the target completion
date. Many companies use single-year commitment
periods, whereas the Kyoto Protocol, for example, speci-
fies a multi-year “first commitment period” of five years
(2008 –2012). The length of the target commitment
period is an important factor in determining a company’s
level of commitment. Generally, the longer the target
commitment period, the longer the period during which
emissions performance counts towards the target. 


• E X A M P L E  O F  A  S I N G L E  Y E A R  C O M M I T M E N T  P E R I O D .


Company Beta has a target of reducing emissions by
10 percent compared to its target base year 2000, by
the commitment year 2010. For Beta to meet its target,
it is sufficient for its emissions to be, in the year 2010,
no more than 90 percent of year 2000 emissions.


• E X A M P L E  O F  A  M U L T I - Y E A R  C O M M I T M E N T  P E R I O D .


Company Gamma has a target of reducing emissions
by 10 percent, compared to its target base year 2000,
by the commitment period 2008–2012. For Gamma
to meet its target, its sum total emissions from
2008–2012 must not exceed 90 percent of year
2000 emissions times five (number of years in the
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F I G U R E  1 3 .  Defining the target completion date


Short-term


Long-term


Uncertainty range
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FIGURE 14. Comparing a stabilization target under the fixed and rolling target base year approach 


Company
B


Company
A


A aquires B at
the start of year 3


1 2 3


➡


Company A


N O  C H A N G E


N O  C H A N G E


I N C R E A S E


Company A


Fixed base year


Rolling base year


1 2 3


1 2 2 3


➡


➡


A stabilization target is one that aims to keep emissions constant over time. In this example, company A acquires company B, which has
experienced organic GHG growth since the target base year (or “starting” year). Under the rolling approach, emissions growth in the
acquired company (B) from year 1 to year 2 does not appear as an emissions increase in relation to the target of the acquiring company
(A). Thus company A would meet its stabilization target when using the rolling approach but not when using the fixed approach. In parallel
to the example in chapter 5, past GHG growth or decline in divested facilities (GHG changes before the divestment) would affect the target
performance under the rolling approach, while it would not be counted under the fixed approach. 


commitment period). In other words, its average
emissions over those five years must not exceed 
90 percent of year 2000 emissions. 


Target commitment periods longer than one year can
be used to mitigate the risk of unpredictable events in
one particular year influencing performance against
the target. Figure 15 shows that the length of the
target commitment period determines how many emis-
sions are actually relevant for target performance. 


For a target using a rolling base year, the commitment
period applies throughout: emission performance is
continuously being measured against the target every
year from when the target is set until the target
completion date. 


7. Decide on the use of GHG offsets or credits8


A GHG target can be met entirely from internal reduc-
tions at sources included in the target boundary or
through additionally using offsets that are generated
from GHG reduction projects that reduce emissions at
sources (or enhance sinks) external to the target
boundary.9 The use of offsets may be appropriate when 


F I G U R E  1 5 .  Short vs. long commitment periods
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the cost of internal reductions is high, opportunities for
reductions limited, or the company is unable to meet its
target because of unexpected circumstances. When
reporting on the target, it should be specified whether
offsets are used and how much of the target reduction
was achieved using them. 


C R E D I B I L I T Y  O F  O F F S E T S  A N D  T R A N S P A R E N C Y


There are currently no generally accepted methodologies
for quantifying GHG offsets. The uncertainties that
surround GHG project accounting make it difficult to
establish that an offset is equivalent in magnitude to the
internal emissions it is offsetting.10 This is why compa-
nies should always report their own internal emissions
in separate accounts from offsets used to meet the
target, rather than providing a net figure (see step 10).
It is also important to carefully assess the credibility of
offsets used to meet a target and to specify the origin
and nature of the offsets when reporting. Information
needed includes:
• the type of project


• geographic and organizational origin


• how offsets have been quantified


• whether they have been recognized by external
programs (CDM, JI, etc.)


One important way to ensure the credibility of offsets is
to demonstrate that the quantification methodology
adequately addresses all of the key project accounting
challenges in chapter 8. Taking these challenges into
account, the forthcoming GHG Protocol Project
Quantification Standard aims to improve the consistency,
credibility, and rigor of project accounting. 


Additionally, it is important to check that offsets have
not also been counted towards another organization’s
GHG target. This might involve a contract between the
buyer and seller that transfers ownership of the offset.
Step 8 provides more information on accounting for
GHG trades in relation to a corporate target, including
establishing a policy on double counting.


O F F S E T S  A N D  I N T E N S I T Y  T A R G E T S


When using offsets under intensity targets, all the above
considerations apply. In order to determine compliance
with the target, the offsets can be subtracted from the
figure used for absolute emissions (the numerator); the


resulting difference is then divided by the corresponding
metric. It is important, however, that absolute emissions
are still reported separately both from offsets and the
business metric (see step 9 below). 


8. Establish a target double counting policy
This step addresses double counting of GHG reductions
and offsets, as well as allowances issued by external
trading programs. It applies only to companies that
engage in trading (sale or purchase) of GHG offsets or
whose corporate target boundaries interface with other
companies’ targets or external programs.  


Given that there is currently no consensus on how such
double counting issues should be addressed, companies
should develop their own “Target Double Counting
Policy.” This should specify how reductions and trades
related to other targets and programs will be reconciled
with their corporate target, and accordingly which types
of double counting situations are regarded as relevant.
Listed here are some examples of double counting that
might need to be addressed in the policy. 


• D O U B L E  C O U N T I N G  O F  O F F S E T S .  This can occur when
a GHG offset is counted towards the target by both the
selling and purchasing organizations. For example,
company A undertakes an internal reduction project
that reduces GHGs at sources included in its own
target. Company A then sells this project reduction to
company B to use as an offset towards its target, while
still counting it toward its own target. In this case,
reductions are counted by two different organizations
against targets that cover different emissions sources.
Trading programs address this by using registries that
allocate a serial number to all traded offsets or credits
and ensuring the serial numbers are retired once
they are used. In the absence of registries this could
be addressed by a contract between seller and buyer. 


• D O U B L E  C O U N T I N G  D U E  T O  T A R G E T  O V E R L A P.11


This can occur when sources included under a
company’s corporate target are also subject to limits
by an external program or another company’s target.
Two examples:  


• Company A has a corporate target that includes
GHG sources that are also regulated under a trading
program. In this case, reductions at the common
sources are used by company A to meet both its
corporate target and the trading program target. 
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• Company B has a corporate target to reduce its
direct emissions from the generation of electricity.12


Company C who purchases electricity directly from
company B also has a corporate target that
includes indirect emissions from the purchase of
electricity (scope 2). Company C undertakes energy
efficiency measures to reduce its indirect emissions
from the use of the electricity. These will usually
show up as reductions in both companies’ targets.13


These two examples illustrate that double counting is
inherent when the GHG sources where the reductions occur
are included in more than one target of the same or
different organizations. Without limiting the scope of
targets it may be difficult to avoid this type of double
counting and it probably does not matter if the double
counting is restricted to the organizations sharing the same
sources in their targets (i.e., when the two targets overlap). 


• D O U B L E  C O U N T I N G  O F  A L L O WA N C E S  T R A D E D  I N


E X T E R N A L  P R O G R A M S . This occurs when a corporate
target overlaps with an external trading program and
allowances that cover the common sources are sold in
the trading program for use by another organization
and reconciled with the regulatory target, but not
reconciled with the corporate target. This example
differs from the previous example in that double
counting occurs across two targets that are not over-
lapping (i.e., they do not cover the same sources).
This type of double counting could be avoided if the
company selling the allowances reconciles the trade
with its corporate target (see Holcim case study).
Whatever the company decides to do in this situation,
in order to maintain credibility, it should address
buying and selling of allowances in trading programs
in a consistent way. For example, if it decides not to
reconcile allowances that it sells in a trading program
with its corporate target, it should also not count any
allowances of the same type that it purchases to meet
its corporate target.


Ideally a company should try to avoid double counting in
its corporate target if this undermines the environmental
integrity of the target. Also, any prevented double
counting between two organizations provides an addi-
tional incentive for one of these companies to further
reduce emissions. However, in practice the avoidance of
double counting can be quite challenging, particularly
for companies subject to multiple external programs and
when indirect GHG emissions are included in the target.
Companies should therefore be transparent about their


double counting policy and state any reasons for
choosing not to address some double counting situations. 


The Holcim case study describes how one company has
chosen to track performance towards its target and
address double counting issues.


9. Decide on the target level
The decision on setting the target level should be
informed by all the previous steps. Other considerations
to take into account include: 


• Understanding the key drivers affecting GHG emis-
sions by examining the relationship between GHG
emissions and other business metrics, such as produc-
tion, square footage of manufacturing space, number
of employees, sales, revenue, etc.


• Developing different reduction strategies based on the
major reduction opportunities available and examining
their effects on total GHG emissions. Investigate how
emissions projections change with different mitigation
strategies.


• Looking at the future of the company as it relates to
GHG emissions.


• Factoring in relevant growth factors such as production
plans, revenue or sales targets, and Return on Investment
(ROI) of other criteria that drive investment strategy.
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Holcim: Using a GHG balance sheet
to track performance towards the target


Holcim, a global cement producer, tracks its performance in
relation to its voluntary corporate target using a GHG balance
sheet. This balance sheet shows, for each commitment period
and for each country business, on one side the actual GHG
emissions and on the other side the GHG “assets” and
“instruments.” These assets and instruments consist of the
voluntary GHG target itself (the “voluntary cap”; in other
words, the allowances that Holcim provides for itself), a regu-
latory target (“cap”) if applicable, plus the CDM credits
purchased (added) or sold (subtracted), and any regulatory
emissions trading allowances purchased (added) or sold
(subtracted). Thus if any country business sells CDM credits
(generated at sources inside the voluntary target boundary), it
is ensured that only the buying organization counts the credit
(see first example of double counting in step 8).


At the end of the commitment period, every country business
must demonstrate a neutral or positive balance towards Holcim’s


target. Those companies whose voluntary cap overlaps with a
regulatory cap (e.g., in Europe) must also demonstrate a
neutral or positive balance towards the regulatory cap. GHG
reductions in Europe are thus reported towards both targets
(see second example of double counting in step 8).


Both sides of the country business balance sheets are consoli-
dated to group level. Credits and allowances traded within the
group simply cancel out in the asset column of the consoli-
dated corporate level GHG balance sheet. Any credits or
allowances traded externally are reconciled with both the
voluntary and regulatory caps at the bottom line of the asset
column of the balance sheet. This ensures that any sold
allowance is only counted by the buying organization (when
Holcim’s target and that of the buying organization do not
overlap). A purchased allowance or credit is counted towards
both the voluntary and regulatory targets of the European busi-
ness (these two targets overlap). 


G H G  A S S E T S  &  I N S T R U M E N T S


Voluntary cap (direct emissions)


Regulatory cap (direct emissions)


Reg. allowances purchased (+) or sold (-) 


CDM credits purchased (+) or sold (-)


Sum of voluntary cap, reg. allowances & credits


Sum of regulatory cap, reg. allowances & credits


Voluntary cap


CDM credits purchased (+) or sold (-)


Sum of voluntary cap & credits


Sum of voluntary cap, reg. allowances & credits


G H G  E M I S S I O N S


Emissions, direct, indirect + biomass


Sum of direct emissions


Sum of direct emissions, according to EU ETS


Emissions, direct, indirect + biomass


Sum of direct emissions


Sum of direct emissions


Holcim Group


Holcim (country A in Europe)


Holcim (country X in Latin America)


GHG balance sheet (All values in tonnes CO2-e/year)







• Considering whether there are any existing environmental
or energy plans, capital investments, product/service
changes, or targets that will affect GHG emissions.
Are there plans already in place for fuel switching, 
on site power generation, and/or renewable energy
investments that affect the future GHG trajectory?


• Benchmarking GHG emissions with similar 
organizations. Generally, organizations that have
not previously invested in energy and other GHG 
reductions should be capable of meeting more aggres-
sive reduction levels because they would have more
cost-effective reduction opportunities. 


10. Track and report progress 
Once the target has been set, it is necessary to track
performance against it in order to check compliance,
and also—in order to maintain credibility—to report
emissions and any external reductions in a consistent,
complete and transparent manner. 


• CARRY  OUT  REGULAR  PERFORMANCE  CHECKS . In order
to track performance against a target, it is important
to link the target to the annual GHG inventory process
and make regular checks of emissions in relation to
the target. Some companies use interim targets for
this purpose (a target using a rolling target base year
automatically includes interim targets every year).


• R E P O R T  I N F O R M AT I O N  I N  R E L AT I O N  T O  T H E  T A R G E T.


Companies should include the following information when
setting and reporting progress in relation to a target:


1. Description of the target 
• Provide an outline of the target boundaries chosen 
• Specify target type, target base year, target 


completion date, and length of commitment period
• Specify whether offsets can be used to meet the     


target; if yes, specify the type and amount
• Describe the target double counting policy 
• Specify target level. 


2. Information on emissions and performance in rela-
tion to the target
• Report emissions from sources inside the target 


boundary separately from any GHG trades
• If using an intensity target, report absolute emis-


sions from within the target boundary separately, 
both from any GHG trades and the business metric


• Report GHG trades that are relevant to 
compliance with the target (including how many 
offsets were used to meet the target)


• Report any internal project reductions sold or 
transferred to another organization for use as 
an offset


• Report overall performance in relation to 
the target.
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1 Some companies may formulate GHG efficiency targets by formulating
this ratio the other way around. 


2 Examples include the U.K. ETS, the CCX, and the EU ETS.


3 Holcim’s and Lafarge’s target have been formulated using the termi-
nology of the WBCSD Cement CO2 Protocol (WBCSD, 2001), which
uses“specific” to denote emissions per tonne of cement produced.


4 It is possible to use an interval other than one year. However, the longer
the interval at which the base year rolls forward, the more this approach
becomes like a fixed target base year. This discussion is based on a
rolling target base year that moves forward at annual intervals.


5 Note that simply adding the yearly emissions changes under the rolling
base year yields a different result from the comparison over time made
with a fixed base year, even without structural changes. In absolute
terms, an X% reduction every year over 5 years (compared to the
previous year) is not the same as an (X times 5) reduction in year 5
compared to year 1. 


6 Depending on which recalculation methodology is used when applying
the rolling base year, the comparison over time can include emissions
that occurred when the company did not own or control the emission
sources. However, the inclusion of this type of information is mini-
mized. See also the guidance document “Base year recalculation
methodologies for structural changes” on the GHG Protocol website
(www.ghgprotocol.org).


7 For further details on different recalculation methodologies, see the
guidance document “Base year recalculation methodologies for struc-
tural changes” on the GHG Protocol website (www.ghgprotocol.org).


8 As noted in chapter 8, offsets can be converted to credits. Credits are
thus understood to be a subset of offsets. This chapter uses the term
offsets as a generic term. 


9 For the purposes of this chapter, the terms “internal” and “external”
refer to whether the reductions occur at sources inside (internal) or
outside (external) the target boundary. 


10 This equivalence is sometimes referred to as “fungibility.” However,
“fungibility” can also refer to equivalence in terms of the value in
meeting a target (two fungible offsets have the same value in meeting
a target, i.e., they can both be applied to the same target). 


11 Overlap here refers to a situation when two or more targets include the
same sources in their target boundaries.


12 Similarly, company A in this example could be subject to a mandatory
cap on its direct emissions under a trading program and engage in
trading allowances covering the common sources it shares with
company B.  In this case, the example in the section “Double counting
of allowances traded in external programs” is more relevant.


13 The energy efficiency measures implemented by company C may not
always result in an actual reduction of company B’s emissions. See
chapter 8 for further details on reductions in indirect emissions. 
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his appendix provides guidance on how to account
for and report indirect emissions associated with
the purchase of electricity. Figure A–1 provides


an overview of the transactions associated with
purchased electricity and the corresponding emissions.  


Purchased electricity for own consumption
Emissions associated with the generation of purchased
electricity that is consumed by the reporting company
are reported in scope 2. Scope 2 only accounts for the
portion of the direct emissions from generating elec-
tricity that is actually consumed by the company. A
company that purchases electricity and transports it in a
transmission and distribution (T&D) system that it owns
or controls reports the emissions associated with T&D
losses under scope 2. However, if the reporting company
owns or controls the T&D system but generates (rather
than purchases) the electricity transmitted through its
wires, the emissions associated with T&D losses are
not reported under scope 2, as they would already be
accounted for under scope 1. This is the case when
generation, transmission, and distribution systems are
vertically integrated and owned or controlled by the
same company. 


Purchased electricity for resale to end-users
Emissions from the generation of purchased electricity
for resale to end-users, for example purchases by a
utility company, may be reported under scope 3 in the
category “generation of purchased electricity that is
sold to end-users.” This reporting category is particu-
larly relevant for utility companies that purchase
wholesale electricity supplied by independent power
producers for resale to their customers. Since utility


companies and electricity suppliers often exercise
choice over where they purchase electricity, this
provides them with an important 


GHG reduction opportunity (see Seattle City Light case
study in chapter 4). Since scope 3 is optional, companies
that are unable to track their electricity sales in terms of
end users and non-end users can choose not to report
these emissions in scope 3. Instead, they can report the
total emissions associated with purchased electricity that
is sold to both end- and non-end-users under optional
information in the category “generation of purchased
electricity, heat, or steam for re-sale to non-end users.”


Purchased electricity for resale to intermediaries
Emissions associated with the generation of purchased
electricity that is resold to an intermediary (e.g.,
trading transactions) may be reported under optional
information under the category “Generation of
purchased electricity, heat, or steam for re-sale to non-
end users.” Examples of trading transactions include
brokerage/trading room transactions involving purchased
electricity or any other transaction in which electricity is
purchased directly from one source or the spot market
and then resold to an intermediary (e.g., a non-end user).
These emissions are reported under optional information
separately from scope 3 because there could be a
number of trading transactions before the electricity
finally reaches the end-user. This may cause duplicative
reporting of indirect emissions from a series of electricity
trading transactions for the same electricity. 
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Own consumption


Resale to end-users


Resale to 
intermediaries


Scope 2
Indirect emissions from own consumption of purchased electricity


Scope 3
Indirect emissions from purchased electricity sold to end users


Optional Information
Emissions from purchased electricity sold to non end users
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GHG emissions upstream 
of the generation of electricity
Emissions associated with the extraction and production
of fuels consumed in the generation of purchased 
electricity may be reported in scope 3 under the cate-
gory “extraction, production, and transportation of
fuels consumed in the generation of electricity.” These 
emissions occur upstream of the generation of electricity.
Examples include emissions from mining of coal,
refining of gasoline, extraction of natural gas, and
production of hydrogen (if used as a fuel). 


Choosing electricity emission factors
To quantify scope 2 emissions, the GHG Protocol
Corporate Standard recommends that companies obtain
source/supplier specific emission factors for the elec-
tricity purchased. If these are not available, regional 
or grid emission factors should be used. For more
information on choosing emission factors, see the 
relevant GHG Protocol calculation tools available 
on the GHG Protocol website (www.ghgprotocol.org). 


GHG emissions associated 
with the consumption of electricity in T&D
Emissions from the generation of electricity that is
consumed in a T&D system may be reported in scope 3
under the category “generation of electricity that is
consumed in a T&D system” by end-users. Published
electricity grid emission factors do not usually include
T&D losses. To calculate these emissions, it may be
necessary to apply supplier or location specific T&D loss
factors. Companies that purchase electricity and trans-
port it in their own T&D systems would report the
portion of electricity consumed in T&D under scope 2. 


Accounting for indirect emissions 
associated with T&D losses
There are two types of electricity emission factors:
Emission factor at generation (EFG) and Emissions
factor at consumption (EFC). EFG is calculated from
CO2 emissions from generation of electricity divided 
by amount of electricity generated. EFC is calculated
from CO2 emissions from generation divided by amount
of electricity consumed. 


EFC and EFG are related as shown below. 


As these equations indicate, EFC multiplied by the amount
of consumed electricity yields the sum of emissions attrib-
utable to electricity consumed during end use and
transmission and distribution. In contrast, EFG multiplied
by the amount of consumed electricity yields emissions
attributable to electricity consumed during end use only. 


Consistent with the scope 2 definition (see chapter 4),
the GHG Protocol Corporate Standard requires the use 
of EFG to calculate scope 2 emissions. The use of
EFG ensures internal consistency in the treatment of
electricity related upstream emissions categories and
avoids double counting in scope 2. Additionally, there
are several other advantages in using EFG: 


1)  It is simpler to calculate and widely available in
published regional, national, and international sources. 


2)  It is based on a commonly used approach to calculate
emissions intensity, i.e., emissions per unit of produc-
tion output.


3)  It ensures transparency in reporting of indirect emis-
sions from T&D losses. 


The formula to account for emissions associated with
T&D losses is the following: 


In some countries such as Japan, local regulations may
require utility companies to provide both EFG and EFC to
its consumers, and consumers may be required to use EFC
to calculate indirect emissions from the consumption of
purchased electricity. In this case, a company still needs to
use EFG to report its scope 2 emissions for a GHG report
prepared in accordance with GHG Protocol Corporate Standard.


A
P


P
E


N
D


I
X


 
A


EFC x ELECTRICITY CONSUMED
=


EFG x ( E L E C T R I C I T Y  C O N S U M E D  + T & D  L O S S E S )


T & D  L O S S E S


ELECTRICITY CONSUMED


EFG =


EFC =


T O T A L  C O 2 E M I S S I O N S FROM GENERATION 


ELECTRICITY GENERATED


T O T A L  C O 2 E M I S S I O N S FROM GENERATION  


ELECTRICITY CONSUMED


(                  )


INDIRECT EMISSIONS 
FROM CONSUMPTION OF 


ELECTRICITY DURING T&D


EFG x
ELECTRICITY CONSUMED 


DURING T&D
=


E F C = E F G x 1 +







key purpose of the GHG Protocol Corporate Standard
is to provide companies with guidance on how to
develop inventories that provide an accurate and


complete picture of their GHG emissions both from
their direct operations as well as those along the value
chain.1 For some types of companies, this is not
possible without addressing the company’s impacts on
sequestered atmospheric carbon.2


Sequestered atmospheric carbon
During photosynthesis, plants remove carbon (as CO2)
from the atmosphere and store it in plant tissue. Until
this carbon is cycled back into the atmosphere, it
resides in one of a number of “carbon pools.” These
pools include (a) above ground biomass (e.g., vegeta-
tion) in forests, farmland, and other terrestrial
environments, (b) below ground biomass (e.g., roots),
and (c) biomass-based products (e.g., wood products)
both while in use and when stored in a landfill. 


Carbon can remain in some of these pools for long
periods of time, sometimes for centuries. An increase in
the stock of sequestered carbon stored in these pools
represents a net removal of carbon from the atmos-
phere; a decrease in the stock represents a net addition
of carbon to the atmosphere.


Why include impacts on sequestered carbon
in corporate GHG inventories?
It is generally recognized that changes in stocks of
sequestered carbon and the associated exchanges of
carbon with the atmosphere are important to national
level GHG emissions inventories, and consequently, these
impacts on sequestered carbon are commonly addressed
in national inventories (UNFCCC, 2000). Similarly, for
companies in biomass-based industries, such as the forest
products industry, some of the most significant aspects of
a company’s overall impact on atmospheric CO2 levels
will occur as a result of impacts on sequestered carbon in
their direct operations as well as along their value chain.
Some forest product companies have begun to address
this aspect of their GHG footprint within their corporate
GHG inventories (Georgia Pacific, 2002). Moreover,
WBCSD’s Sustainable Forest Products Industry Working
Group—which represents a significant cluster of inte-
grated forestry companies operating internationally—is
developing a project that will further investigate carbon
measurement, accounting, reporting, and ownership
issues associated with the forest products value chain.


Information on a company’s impacts on sequestered
atmospheric carbon can be used for strategic planning, for
educating stakeholders, and for identifying opportunities
for improving the company’s GHG profile. Opportunities
may also exist to create value from reductions created
along the value chain by companies acting alone or in
partnership with raw material providers or customers.


Accounting for sequestered carbon in the
context of the GHG Protocol Corporate Standard
Consensus methods have yet to be developed under the
GHG Protocol Corporate Standard for accounting of
sequestered atmospheric carbon as it moves through the
value chain of biomass-based industries. Nonetheless,
some issues that would need to be addressed when
addressing impacts on sequestered carbon in corporate
inventories can be examined in the context of existing
guidance provided by the GHG Protocol Corporate
Standard as highlighted below.


S E T T I N G  O R G A N I Z AT I O N A L  B O U N D A R I E S   


The GHG Protocol Corporate Standard outlines two
approaches for consolidating GHG data—the equity share
approach and the control approach. In some cases, it
may be possible to apply these approaches directly to
emissions/removals associated with sequestered atmos-
pheric carbon. Among the issues that may need to be
examined is the ownership of sequestered carbon under
the different types of contractual arrangements
involving land and wood ownership, harvesting rights,
and control of land management and harvesting deci-
sions. The transfer of ownership as carbon moves
through the value chain may also need to be addressed.
In some cases, as part of a risk management program
for instance, companies may be interested in performing
value chain assessments of sequestered carbon without
regard to ownership or control just as they might do for
scope 2 and 3 emissions.


S E T T I N G  O P E R AT I O N A L  B O U N D A R I E S


As with GHG emissions accounting, setting operational
boundaries for sequestered carbon inventories would help
companies transparently report their impacts on
sequestered carbon along their value chain. Companies
may, for example, provide a description of the value
chain capturing impacts that are material to the results
of the analysis. This should include which pools are
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included in the analysis, which are not, and the
rationale for the selections. Until consensus methods
are developed for characterizing impacts on
sequestered atmospheric carbon along the value chain,
this information can be included in the “optional
information” section of a GHG inventory compiled
using the GHG Protocol Corporate Standard.


T R A C K I N G  R E M O VA L S  O V E R  T I M E


As is sometimes the case with accounting for GHG emis-
sions, base year data for impacts on sequestered carbon
may need to be averaged over multiple years to accom-
modate the year-to-year variability expected of these
systems. The temporal scale used in sequestered carbon
accounting will often be closely tied to the spatial scale
over which the accounting is done. The question of how
to recalculate base years to account for land acquisition
and divestment, land use changes, and other activities
also needs to be addressed.


I D E N T I F Y I N G  A N D  C A L C U L AT I N G  G H G  R E M O VA L S


The GHG Protocol Corporate Standard does not include
consensus methods for sequestered carbon quantifica-
tion. Companies should, therefore, explain the methods
used. In some instances, quantification methods used
in national inventories can be adapted for corporate-
level quantification of sequestered carbon. IPCC
(1997; 2000b) provides useful information on how to
do this.  In 2004, IPCC is expected to issue Good
Practice Guidance for Land Use, Land Use Change
and Forestry, with information on methods for quan-
tification of sequestered carbon in forests and forest
products.  Companies may also find it useful to consult
the methods used to prepare national inventories for
those countries where significant parts of their
company’s value chain reside. 


In addition, although corporate inventory accounting
differs from project-based accounting (as discussed
below), it may be possible to use some of the calculation
and monitoring methods derived from project level
accounting of sequestration projects. 


A C C O U N T I N G  F O R  R E M O VA L  E N H A N C E M E N T S


A corporate inventory can be used to account for yearly
removals within the corporate inventory boundary. 
In contrast, the forthcoming GHG Protocol Project 


Quantification Standard is designed to calculate project
reductions that will be used as offsets, relative to a hypo-
thetical baseline scenario for what would have happened
without the project. In the forestry sector, projects take the
form of removal enhancements.


Chapter 8 in this document addresses some of the issues
that must be addressed when accounting for offsets
from GHG reduction projects. Much of this guidance is
also applicable to removal enhancement projects. One
example is the issue of reversibility of removals — also
briefly described in chapter 8.


R E P O R T I N G  G H G  R E M O VA L S  


Until consensus methods are developed for character-
izing impacts on sequestered atmospheric carbon along
the value chain, this information can be included in 
the “optional information” section of the inventory (See
chapter 9). Information on sequestered carbon in the
company’s inventory boundary should be kept separate
from project-based reductions at sources that are not in
the inventory boundary. Where removal enhancement
projects take place within a company’s inventory
boundary they would normally show up as an increase in
carbon removals over time, but can also be reported in
optional information. However, they should also be iden-
tified separately to ensure that they are not double
counted. This is especially important when they are sold
as offsets or credits to a third party. 


As companies develop experience using various
methods for characterizing impacts on sequestered
carbon, more information will become available on the
level of accuracy to expect from these methods. In the
early stages of developing this experience, however,
companies may find it difficult to assess the uncer-
tainty associated with the estimates and therefore may
need to give special care to how the estimates are
represented to stakeholders. 
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N O T E S
1 In this Appendix, “value chain” means a series of operations and 


entities, starting with the forest and extending through end-of-life
management, that (a) supply or add value to raw materials and inter-
mediate products to produce final products for the marketplace and (b)
are involved in the use and end-of-life management of these products. 


2 In this Appendix the term “sequestered atmospheric carbon” refers
exclusively to sequestration by biological sinks.







F O C U S
(Organization,


project, facility)


Organization
(Projects possible
in 2004)


Organization


Organization


Organization


Facility


Facility


Organization
and project


Organization


G A S E S  C O V E R E D


Organizations report
CO2 for first three
years of participa-
tion, all six 
GHGs thereafter. 


Six


CO2


Six


Six


Six Kyoto gases 
as well as other
pollutants


Six


Six


O R G A N I Z AT I O N A L
P R O J E C T  B O U N D A R I E S


Equity share or control for
California or US operations


Equity share or control 
for US operations 
at a minimum


Equity share or control 
for worldwide operations


Equity share or control for
worldwide operations


Facilities in 
selected sectors 


Facilities that fall under
EU IPPC directive


Equity share


Equity share or control for
worldwide operations
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C Overview of GHG Programs Overview of GHG Programs 


N A M E  O F  P R O G R A M


California Climate Action Registry 
www.climateregisty.org


US EPA Climate Leaders
www.epa.gov/climateleaders


WWF Climate Savers
www.worldwildlife.org/climatesavers


World Economic Forum 
Global GHG Register
www.weforum.org


EU GHG Emissions Allowance 
Trading Scheme
www.europa.eu.int/comm/environment/


European Pollutant 
Emission Registry
www.europa.eu.int/comm/environ-
ment/ippc/eper/index.htm


Chicago Climate Exchange
www.chicagoclimateexchange.com


Respect Europe BLICC
www.respecteurope.com/rt2/blicc/


T Y P E  O F  P R O G R A M


Voluntary registry


Voluntary reduction
program


Voluntary registry


Voluntary registry


Mandatory allowance
trading scheme


Mandatory  registry 
for large industrial
facilities


Voluntary allowance
trading scheme


Voluntary reduction
program







O P E R AT I O N A L
B O U N D A R I E S


Scope 1 and 2
required, scope 3
to be decided


Scope 1 and 2
required, scope 3
optional


Scope 1 and 2
required, scope 3
optional


Scope 1 and 2
required, scope 3
optional


Scope 1


Scope 1 required


Direct combustion
and process emis-
sion sources and
indirect emissions
optional.


Scope 1 and 2
required, scope 3
strongly
encouraged


N AT U R E / P U R P O S E  
O F  P R O G R A M


Baseline protection,
public reporting,
possible future targets


Public recognition, 
assistance setting
targets and 
achieving reductions


Achieve targets, 
public recognition,
expert assistance


Baseline protection,
public reporting,
targets encouraged 
but optional


Achieve annual caps
through tradable
allowance market,
initial period from 
2005 to 2007


Permit individual 
industrial facilities 


Achieve annual 
targets through trad-
able allowance market


Achieve targets,
public recognition,
expert assistance


B A S E  Y E A R


Specific to each 
organization, recalculation
consistent with GHG Protocol
Corporate Standard required


Year that organization joins
program, recalculation
consistent with GHG Protocol
Corporate Standard required


Chosen year since 1990, specific
to each organization, recalcula-
tion consistent with GHG Protocol
Corporate Standard required


Chosen year since 1990, specific
to each organization, recalcula-
tion consistent with GHG Protocol
Corporate Standard required


Determined by member country
for allowance allocation 


Not applicable


Average of 1998 through 2001 


Specific to each 
organization, recalculation
consistent with GHG Protocol
Corporate Standard required


T A R G E T


Encouraged but optional


Required, specific to 
each organization


Required, specific to 
each organization


Encouraged but optional


Annual compliance with
allocated and traded
allowances, EU
committed to 8% overall
reduction  below 1990


Not applicable


1% below its baseline in
2003, 2% below baseline
in 2004, 3% below base-
line in 2005 and 4%
below baseline in 2006


Mandatory, specific to
each organization


V E R I F I C AT I O N


Required through certi-
fied third party verifier


Optional, provides 
guidance and checklist
of components that
should be included 
if undertaken 


Third party verifier


Third party verifier 
or spot checks 
by WEF 


Third party verifier


Local permitting
authority


Third party verifier


Third party verifier
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SCOPE 1 EMISSION SOURCES


• Stationary combustion (boilers and turbines used 
in the production of electricity, heat or  steam, fuel
pumps, fuel cells, flaring)


• Mobile combustion (trucks, barges and trains for
transportation of fuels)


• Fugitive emissions (CH4 leakage from transmission
and storage facilities, HFC emissions from LPG storage
facilities, SF6 emissions from transmission and distri-
bution equipment)


• Stationary combustion (process heaters, engines,
turbines, flares, incinerators, oxidizers, production of
electricity, heat and steam)


• Process emissions (process vents, equipment vents,
maintenance/turnaround activities, non-routine activities)


• Mobile combustion (transportation of raw
materials/products/waste; company owned vehicles)


• Fugitive emissions (leaks from pressurized equipment,
wastewater treatment, surface impoundments)


• Stationary combustion (methane flaring and use, use
of explosives, mine  fires)


• Mobile combustion (mining equipment, transportation
of coal)


• Fugitive emissions (CH4 emissions from coal mines
and coal piles)


• Stationary combustion (bauxite to aluminum processing,
coke baking, lime, soda ash and fuel use, on-site CHP)


• Process emissions (carbon anode oxidation, electrol-
ysis, PFC)


• Mobile combustion (pre- and post-smelting trans-
portation, ore haulers) 


• Fugitive emissions (fuel line CH4, HFC and PFC, SF6
cover gas)


• Stationary combustion (coke, coal and carbonate
fluxes, boilers, flares)


• Process emissions (crude iron oxidation, consumption of
reducing agent, carbon content of crude iron/ferroalloys)


• Mobile combustion (on-site transportation)


• Fugitive emission (CH4, N2O)


• Stationary combustion (boilers, flaring, reductive
furnaces, flame reactors, steam reformers)


• Process emissions (oxidation/reduction of substrates,
impurity removal, N2O byproducts, catalytic cracking,
myriad other emissions individual to each process)


• Mobile combustion (transportation of raw
materials/products/waste)


• Fugitive emissions (HFC use, storage tank leakage)


SCOPE 2 
EMISSION SOURCES


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam) 


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


SCOPE 3 EMISSION SOURCES 1


• Stationary combustion (mining and extraction of fuels,
energy for refining or processing fuels) 


• Process emissions (production of fuels, SF6 emissions2)


• Mobile combustion (transportation of fuels/waste,
employee business travel, employee commuting) 


• Fugitive emissions (CH4 and CO2 from waste landfills,
pipelines, SF6 emissions)


• Stationary combustion (product use as fuel or combus-
tion for the production of purchased materials)


• Mobile combustion (transportation of raw
materials/products/waste, employee business travel,
employee commuting, product use as fuel)


• Process emissions (product use as feedstock or emis-
sions from the production of purchased materials)


• Fugitive emissions (CH4 and CO2 from waste landfills 
or from the production of purchased materials)


• Stationary combustion (product use as fuel)


• Mobile combustion (transportation of coal/waste,
employee business travel, employee commuting) 


• Process emissions (gasification)


• Stationary combustion (raw material processing and
coke production by second party suppliers, manufacture
of production line machinery)


• Mobile combustion (transportation services, business
travel, employee commuting)


• Process emissions (during production of purchased
materials)


• Fugitive emissions (mining and landfill CH4 and CO2,
outsourced process emissions)


• Stationary combustion (mining equipment, production 
of purchased materials) 


• Process emissions (production of ferroalloys)


• Mobile combustion (transportation of raw
materials/products/waste and intermediate products) 


• Fugitive emissions (CH4 and CO2 from waste landfills)


• Stationary combustion (production of purchased mate-
rials, waste combustion) 


• Process emissions (production of purchased materials)


• Mobile combustion (transportation of raw
materials/products/waste, employee business travel,
employee commuting)


• Fugitive emissions (CH4 and CO2 from waste landfills
and pipelines)


S E C T O R


E N E R G Y


Energy
Generation


Oil and Gas3


Coal Mining


M E T A L S


Aluminum4


Iron and Steel5


CHEMICALS


Nitric acid,
Ammonia, Adipic
acid, Urea, and
Petrochemicals
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SCOPE 1 EMISSION SOURCES


• Process emissions (calcination of limestone)


• Stationary combustion (clinker kiln, drying of 
raw materials, production of electricity)


• Mobile combustion (quarry operations, 
on-site transportation)


• Stationary combustion (incinerators, boilers, flaring)


• Process emissions (sewage treatment, nitrogen loading)


• Fugitive emissions (CH4 and CO2 emissions from 
waste and animal product decomposition)


• Mobile combustion (transportation of waste/products)


• Stationary combustion (production of steam and elec-
tricity, fossil fuel-derived emissions from calcination 
of calcium carbonate in lime kilns, drying products with
infrared driers fired with fossil fuels)


• Mobile combustion (transportation of raw materials, prod-
ucts, and wastes, operation of harvesting equipment)


• Fugitive emissions (CH4 and CO2 from waste)


• Stationary combustion(production of electricity, 
heat or steam)


• Process emissions (HFC venting)


• Mobile combustion (transportation of raw
materials/products/waste)


• Fugitive emissions (HFC use)


• Process emissions (C2F6, CH4, CHF3, SF6, NF3, C3F8,
C4F8, N2O used in wafer fabrication, CF4 created from
C2F6 and C3F8 processing)


• Stationary combustion (oxidation of volatile organic
waste, production of electricity, heat or steam)


• Fugitive emissions (process gas storage leaks,
container remainders/heel leakage)


• Mobile combustion (transportation of raw
materials/products/waste)


• Stationary combustion (production of electricity, heat or steam)


• Mobile combustion (transportation of raw
materials/waste)


• Fugitive emissions (mainly HFC emissions during use
of refrigeration and air-conditioning equipment)


SCOPE 2 
EMISSION SOURCES


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


• Stationary combustion
(consumption of
purchased electricity,
heat or  steam)


SCOPE 3 EMISSION SOURCES 


• Stationary combustion (production of purchased mate-
rials, waste combustion) 


• Process emissions (production of purchased clinker and lime)


• Mobile combustion (transportation of raw
materials/products/waste, employee business travel,
employee commuting) 


• Fugitive emissions (mining and landfill CH4 and CO2,
outsourced process emissions) 


• Stationary combustion(recycled waste used as a fuel)


• Process emissions (recycled waste used as a feedstock)


• Mobile combustion (transportation of waste/products,
employee business travel, employee commuting)


• Stationary combustion (production of purchased mate-
rials, waste combustion) 


• Process emissions (production of purchased materials)


• Mobile combustion (transportation of raw
materials/products/waste, employee business travel,
employee commuting)


• Fugitive emissions (landfill CH4 and CO2 emissions)


HFC, PFC, SF6 & HCFC 22 production 


• Stationary combustion (production of purchased materials)


• Process emissions (production of purchased materials)


• Mobile combustion (transportation of raw materials/prod-
ucts/waste, employee business travel, employee commuting)


• Fugitive emissions(fugitive leaks in product use, CH4
and CO2 from waste landfills)


• Stationary combustion (production of imported mate-
rials, waste combustion, upstream T&D losses of
purchased electricity) 


• Process emissions (production of purchased materials,
outsourced disposal of returned process gases and
container remainder/heel)


• Mobile combustion (transportation of raw materials/prod-
ucts/waste, employee business travel, employee commuting)


• Fugitive emissions (landfill CH4 and CO2 emissions, down-
stream process gas container remainder / heel  leakage)


Other Sectors 


• Stationary combustion (production of purchased materials)


• Process emissions (production of purchased materials)


• Mobile combustion (transportation of raw 
materials/ products/  waste, employee business travel,
employee commuting)


S E C T O R


M I N E R A L S


Cement and
Lime6


WASTE 7


Landfills, Waste
combustion,
Water services


PULP & PAPER


Pulp and Paper8


HCFC 22 
production


Semiconductor
production


Service sector/
Office based
organizations10


H F C ,  P F C ,  S F6 &  H C F C  2 2  P R O D U C T I O N 9


S E M I C O N D U C T O R  P R O D U C T I O N


O T H E R  S E C T O R S 10







Appendix D


94


1 Scope 3 activities of outsourcing, contract manufacturing, and fran-
chises are not addressed in this table because the inclusion of specific
GHG sources will depend on the nature of the outsourcing. 


2 Guidelines on unintentional SF6 process emissions are to be developed.


3 The American Petroleum Institute’s Compendium of Greenhouse Gas
Emissions Methodologies for the Oil and Gas Industry (2004) provides
guidelines and calculation methodology for calculating GHG emissions
from the oil and gas sector. 


4 The International Aluminum Institute’s Aluminum Sector Greenhouse
Gas Protocol (2003), in cooperation with WRI and WBCSD, provides
guidelines and tools for calculating GHG emissions from the
aluminum sector. 


5 The International Iron and Steel Institute's Iron and Steel sector guide-
lines, in cooperation with WRI and WBCSD, are under development.


6 The WBCSD Working Group Cement: Toward a Sustainable Cement
Industry has developed The Cement CO2 Protocol: CO2 Emissions
Monitoring and Reporting Protocol for the Cement Industry (2002),
which includes guidelines and tools to calculate GHG emissions from
the cement sector.


7 Guidelines for waste sector are to be developed.


8 The Climate Change Working Group of the International Council of
Forest and Paper Associations has developed Calculation Tools  for
Estimating Greenhouse Gas Emissions from Pulp and Paper Mills
(2002), which includes guidelines and tools to calculate GHG emissions
from the pulp and paper sector. 


9 Guidelines for PFC and SF6 production are to be developed. 


10 Businesses in “other sectors” can estimate GHG emissions using 
cross-sectoral estimation tools—stationary combustion, mobile
(transportation) combustion, HFC use, measurement and estimation
uncertainty, and waste.


11 WRI has developed Working 9 to 5 on Climate Change: An Office
Guide (2002) and www.Safeclimate.net, which include guidelines 
and calculation tools for calculating GHG emissions from office-
based organizations.
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Acronyms


C D M Clean Development Mechanism


C E M Continuous Emission Monitoring


C H 4 Methane


C E R Certified Emission Reduction 


C C A R California Climate Action Registry


C C X Chicago Climate Exchange


C O 2 Carbon Dioxide


C O 2- e Carbon Dioxide Equivalent


E P E R European Pollutant Emission Register


E U  E T S European Union Emissions Allowance Trading Scheme


G H G Greenhouse Gas


G A A P Generally Accepted Accounting Principles


H F C s Hydrofluorocarbons


I P C C Intergovernmental Panel on Climate Change


I P I E C A International Petroleum Industry 
Environmental Conservation Association 


I S O International Standards Organization 


J I Joint Implementation 


N 4O Nitrous Oxide


N G O Non-Governmental Organization


P F C s Perfluorocarbons


S F 6 Sulfur Hexafluoride


T & D Transmission and Distribution


U K  E T S United Kingdom Emission Trading Scheme


W B C S D World Business Council 
for Sustainable Development


W R I World Resources Institute







Absolute target A target defined by reduction in absolute emissions over time e.g., reduces CO2 emissions by 25%
below 1994 levels by 2010. (Chapter 11)


Additionality A criterion for assessing whether a project has resulted in GHG emission reductions or removals in
addition to what would have occurred in its absence. This is an important criterion when the goal of
the project is to offset emissions elsewhere. (Chapter 8)


Allowance A commodity giving its holder the right to emit a certain quantity of GHG. (Chapter 11)


Annex 1 countries Defined in the International Climate Change Convention as those countries taking on emissions
reduction obligations: Australia; Austria; Belgium; Belarus; Bulgaria; Canada; Croatia; Czech
Republic; Denmark; Estonia; Finland; France; Germany; Greece; Hungary; Iceland; Ireland; Italy; Japan;
Latvia; Liechtenstein; Lithuania; Luxembourg; Monaco; Netherlands; New Zealand; Norway; Poland;
Portugal; Romania; Russian Federation; Slovakia; Slovenia; Spain; Sweden; Switzerland; Ukraine;
United Kingdom; USA.


Associated/affiliated company The parent company has significant influence over the operating and financial policies of the 
associated/affiliated company, but not financial control. (Chapter 3)


Audit Trail Well organized and transparent historical records documenting how an inventory was compiled.


Baseline A hypothetical scenario for what GHG emissions, removals or storage would have been in the absence
of the GHG project or project activity. (Chapter 8)


Base year A historic datum (a specific year or an average over multiple years) against which a company’s 
emissions are tracked over time. (Chapter 5)


Base year emissions GHG emissions in the base year. (Chapter 5)


Base year emissions recalculation Recalculation of emissions in the base year to reflect a change in the structure of the company, or 
to reflect a change in the accounting methodology used. This ensures data consistency over time, i.e.,
comparisons of like with like over time. (Chapter 5, 11)


Biofuels Fuel made from plant material, e.g. wood, straw and ethanol from plant matter (Chapter 4, 9, Appendix B)


Boundaries GHG accounting and reporting boundaries can have several dimensions, i.e. organizational, opera-
tional, geographic, business unit, and target boundaries. The inventory boundary determines which
emissions are accounted and reported by the company. (Chapter 3, 4, 11)


Cap and trade system A system that sets an overall emissions limit, allocates emissions allowances to participants, and
allows them to trade allowances and emission credits with each other. (Chapter 2, 8, 11)


Capital Lease A lease which transfers substantially all the risks and rewards of ownership to the lessee and is
accounted for as an asset on the balance sheet of the lessee. Also known as a Financial or Finance
Lease. Leases other than Capital/Financial/Finance leases are Operating leases. Consult an
accountant for further detail as definitions of lease types differ between various accepted financial
standards. (Chapter 4)


Carbon sequestration The uptake of CO2 and storage of carbon in biological sinks.


Clean Development Mechanism A mechanism established by Article 12 of the Kyoto Protocol for project-based emission reduction
(CDM) activities in developing countries. The CDM is designed to meet two main objectives: to address the


sustainability needs of the host country and to increase the opportunities available to Annex 1 Parties
to meet their GHG reduction commitments. The CDM allows for the creation, acquisition and transfer
of CERs from climate change mitigation projects undertaken in non-Annex 1 countries.
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Certified Emission Reductions A unit of emission reduction generated by a CDM project. CERs are tradable commodities that can be
(CERs) used by Annex 1 countries to meet their commitments under the Kyoto Protocol. 


Co-generation unit/Combined A facility producing both electricity and steam/heat using the same fuel supply. (Chapter 3)
heat and power (CHP)


Consolidation Combination of GHG emissions data from separate operations that form part of one company or group
of companies. (Chapter 3, 4)


Control The ability of a company to direct the policies of another operation. More specifically, it is defined as
either operational control (the organization or one of its subsidiaries has the full authority to introduce
and implement its operating policies at the operation) or financial control (the organization has the
ability to direct the financial and operating policies of the operation with a view to gaining economic
benefits from its activities). (Chapter 3)


Corporate inventory program A program to produce annual corporate inventories that are in keeping with the principles, standards,
and guidance of the GHG Protocol Corporate Standard. This includes all institutional, managerial and
technical arrangements made for the collection of data, preparation of a GHG inventory, and imple-
mentation of the steps taken to manage the quality of their emission inventory. 


CO2 equivalent (CO2-e) The universal unit of measurement to indicate the global warming potential (GWP) of each of the six
greenhouse gases, expressed in terms of the GWP of one unit of carbon dioxide. It is used to evaluate
releasing (or avoiding releasing) different greenhouse gases against a common basis. 


Cross-sector calculation tool A GHG Protocol calculation tool that addresses GHG sources common to various sectors, e.g. 
emissions from stationary or mobile combustion. See also GHG Protocol calculation tools
(www.ghgprotocol.org).


Direct GHG emissions Emissions from sources that are owned or controlled by the reporting company. (Chapter 4)


Direct monitoring Direct monitoring of exhaust stream contents in the form of continuous emissions monitoring (CEM) 
or periodic sampling. (Chapter 6)


Double counting Two or more reporting companies take ownership of the same emissions or reductions. (Chapter 3, 4, 8, 11)


Emissions The release of GHG into the atmosphere.


Emission factor A factor allowing GHG emissions to be estimated from a unit of available activity data (e.g. tonnes of
fuel consumed, tonnes of product produced) and absolute GHG emissions. (Chapter 6)


Emission Reduction Unit (ERU) A unit of emission reduction generated by a Joint Implementation (JI) project. ERUs are tradable
commodities which can be used by Annex 1 countries to help them meet their commitment under the
Kyoto Protocol. 


Equity share The equity share reflects economic interest, which is the extent of rights a company has to the risks
and rewards flowing from an operation. Typically, the share of economic risks and rewards in an oper-
ation is aligned with the company's percentage ownership of that operation, and equity share will
normally be the same as the ownership percentage. (Chapter 3)


Estimation uncertainty Uncertainty that arises whenever GHG emissions are quantified, due to uncertainty in data inputs and
calculation methodologies used to quantify GHG emissions. (Chapter 7)


Finance lease A lease which transfers substantially all the risks and rewards of ownership to the lessee and is
accounted for as an asset on the balance sheet of the lessee. Also known as a Capital or Financial
Lease. Leases other than Capital/Financial/Finance leases are Operating leases. Consult an
accountant for further detail as definitions of lease types differ between various accepted accounting
principles. (Chapter 4)
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Fixed asset investment Equipment, land, stocks, property, incorporated and non-incorporated joint ventures, and partnerships
over which the parent company has neither significant influence nor control. (Chapter 3)


Fugitive emissions Emissions that are not physically controlled but result from the intentional or unintentional releases
of GHGs. They commonly arise from the production, processing transmission storage and use of fuels
and other chemicals, often through joints, seals, packing, gaskets, etc. (Chapter 4, 6) 


Green power A generic term for renewable energy sources and specific clean energy technologies that emit fewer
GHG emissions relative to other sources of energy that supply the electric grid. Includes solar 
photovoltaic panels, solar thermal energy, geothermal energy, landfill gas, low-impact hydropower,
and wind turbines. (Chapter 4) 


Greenhouse gases (GHG) For the purposes of this standard, GHGs are the six gases listed in the Kyoto Protocol: carbon dioxide
(CO2); methane (CH4); nitrous oxide (N2O); hydrofluorocarbons (HFCs); perfluorocarbons (PFCs); and
sulphur hexafluoride (SF6).


GHG capture Collection of GHG emissions from a GHG source for storage in a sink.


GHG credit GHG offsets can be converted into GHG credits when used to meet an externally imposed target. 
A GHG credit is a convertible and transferable instrument usually bestowed by a GHG program.
(Chapter 8, 11)


GHG offset Offsets are discrete GHG reductions used to compensate for (i.e., offset) GHG emissions elsewhere, for
example to meet a voluntary or mandatory GHG target or cap. Offsets are calculated relative to a
baseline that represents a hypothetical scenario for what emissions would have been in the absence
of the mitigation project that generates the offsets. To avoid double counting, the reduction giving
rise to the offset must occur at sources or sinks not included in the target or cap for which it is used.


GHG program A generic term used to refer to any voluntary or mandatory international, national, sub-national,
government or non-governmental authority that registers, certifies, or regulates GHG emissions or
removals outside the company. e.g. CDM, EU ETS, CCX, and CCAR.


GHG project A specific project or activity designed to achieve GHG emission reductions, storage of carbon, or
enhancement of GHG removals from the atmosphere. GHG projects may be stand-alone projects, 
or specific activities or elements within a larger non-GHG related project. (Chapter 8, 11)


GHG Protocol calculation tools A number of cross-sector and sector-specific tools that calculate GHG emissions on the basis of
activity data and emission factors (available at www.ghgprotocol.org).


GHG Protocol Initiative A multi-stakeholder collaboration convened by the World Resources Institute and World Business Council
for Sustainable Development to design, develop and promote the use of accounting and reporting 
standards for business. It comprises of two separate but linked standards—the GHG Protocol Corporate
Accounting and Reporting Standard and the GHG Protocol Project Quantification Standard.


GHG Protocol Project An additional module of the GHG Protocol Initiative addressing the quantification of GHG
Quantification Standard reduction projects. This includes projects that will be used to offset emissions elsewhere and/or


generate credits. More information available at www.ghgprotocol.org. (Chapter 8, 11)


GHG Protocol sector specific A GHG calculation tool that addresses GHG sources that are unique to certain sectors, e.g., process
calculation tools emissions from aluminum production. (see also GHG Protocol Calculation tools)


GHG public report Provides, among other details, the reporting company’s physical emissions for its chosen inventory
boundary. (Chapter 9)
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GHG registry A public database of organizational GHG emissions and/or project reductions. For example, the US
Department of Energy 1605b Voluntary GHG Reporting Program, CCAR, World Economic Forum’s Global
GHG Registry. Each registry has its own rules regarding what and how information is reported.
(Introduction, Chapter 2, 5, 8, 10)


GHG removal Absorbtion or sequestration of GHGs from the atmosphere.


GHG sink Any physical unit or process that stores GHGs; usually refers to forests and underground/deep sea
reservoirs of CO2.


GHG source Any physical unit or process which releases GHG into the atmosphere.


GHG trades All purchases or sales of GHG emission allowances, offsets, and credits.


Global Warming Potential (GWP) A factor describing the radiative forcing impact (degree of harm to the atmosphere) of one unit of a
given GHG relative to one unit of CO2.


Group company / subsidiary The parent company has the ability to direct the financial and operating policies of a group
company/subsidiary with a view to gaining economic benefits from its activities. (Chapter 3)


Heating value The amount of energy released when a fuel is burned completely. Care must be taken not to confuse
higher heating values (HHVs), used in the US and Canada, and lower heating values, used in all other
countries (for further details refer to the calculation tool for stationary combustion available at
www.ghgprotocol.org).


Indirect GHG emissions Emissions that are a consequence of the operations of the reporting company, but occur at sources
owned or controlled by another company. (Chapter 4) 


Insourcing The administration of ancillary business activities, formally performed outside of the company, using
resources within a company. (Chapter 3, 4, 5, 9)


Intensity ratios Ratios that express GHG impact per unit of physical activity or unit of economic value (e.g. tonnes of
CO2 emissions per unit of electricity generated). Intensity ratios are the inverse of productivity/effi-
ciency ratios. (Chapter 9, 11)


Intensity target A target defined by reduction in the ratio of emissions and a business metric over time e.g., reduce
CO2 per tonne of cement by 12% between 2000 and 2008. (Chapter 11)


Intergovernmental Panel on International body of climate change scientists. The role of the IPCC is to assess the scientific, 
Climate Change (IPCC) technical and socio-economic information relevant to the understanding of the risk of human-induced


climate change (www.ipcc.ch).


Inventory A quantified list of an organization’s GHG emissions and sources.


Inventory boundary An imaginary line that encompasses the direct and indirect emissions that are included in the inven-
tory. It results from the chosen organizational and operational boundaries. (Chapter 3, 4)


Inventory quality The extent to which an inventory provides a faithful, true and fair account of an organization’s GHG
emissions. (Chapter 7)


Joint Implementation (JI) The JI mechanism was established in Article 6 of the Kyoto Protocol and refers to climate change miti-
gation projects implemented between two Annex 1 countries. JI allows for the creation, acquisition
and transfer of “emission reduction units” (ERUs).


Kyoto Protocol A protocol to the United Nations Framework Convention on Climate Change (UNFCCC). Once entered
into force it will require countries listed in its Annex B (developed nations) to meet reduction targets
of GHG emissions relative to their 1990 levels during the period of 2008–12.
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Leakage (Secondary effect) Leakage occurs when a project changes the availability or quantity of a product or service that results
in changes in GHG emissions elsewhere. (Chapter 8)


Life Cycle Analysis Assessment of the sum of a product’s effects (e.g. GHG emissions) at each step in its life cycle,
including resource extraction, production, use and waste disposal. (Chapter 4)


Material discrepancy An error (for example from an oversight, omission, or miscalculation) that results in the reported
quantity being significantly different to the true value to an extent that will influence performance or
decisions. Also known as material misstatement.(Chapter 10)


Materiality threshold A concept employed in the process of verification. It is often used to determine whether an error or
omission is a material discrepancy or not. It should not be viewed as a de minimus for defining a
complete inventory. (Chapter 10)


Mobile combustion Burning of fuels by transportation devices such as cars, trucks, trains, airplanes, ships etc. (Chapter 6)


Model uncertainty GHG quantification uncertainty associated with mathematical equations used to characterize the
relationship between various parameters and emission processes. (Chapter 7)


Non-Annex 1 countries Countries that have ratified or acceded to the UNFCC but are not listed under Annex 1 and are there-
fore not under any emission reduction obligation (see also Annex 1 countries).


Operation A generic term used to denote any kind of business, irrespective of its organizational, governance, or
legal structures. An operation can be a facility, subsidiary, affiliated company or other form of joint
venture. (Chapter 3, 4)


Operating lease A lease which does not transfer the risks and rewards of ownership to the lessee and is not recorded
as an asset in the balance sheet of the lessee. Leases other than Operating leases are
Capital/Financial/Finance leases. Consult an accountant for further detail as definitions of lease
types differ between various accepted financial standards. (Chapter 4)


Operational boundaries The boundaries that determine the direct and indirect emissions associated with operations owned or
controlled by the reporting company. This assessment allows a company to establish which operations
and sources cause direct and indirect emissions, and to decide which indirect emissions to include
that are a consequence of its operations. (Chapter 4)


Organic growth/decline Increases or decreases in GHG emissions as a result of changes in production output, product mix,
plant closures and the opening of new plants. (Chapter 5)


Organizational boundaries The boundaries that determine the operations owned or controlled by the reporting company,
depending on the consolidation approach taken (equity or control approach). (Chapter 3)


Outsourcing The contracting out of activities to other businesses. (Chapter 3, 4, 5)


Parameter uncertainty GHG quantification uncertainty associated with quantifying the parameters used as inputs to estima-
tion models. (Chapter 7)


Primary effects The specific GHG reducing elements or activities (reducing GHG emissions, carbon storage, or
enhancing GHG removals) that the project is intended to achieve. (Chapter 8)


Process emissions Emissions generated from manufacturing processes, such as the CO2 that is arises from the break-
down of calcium carbonate (CaCO3) during cement manufacture. (Chapter 4, Appendix D)


Productivity/efficiency ratios Ratios that express the value or achievement of a business divided by its GHG impact. Increasing effi-
ciency ratios reflect a positive performance improvement. e.g. resource productivity(sales per tonne
GHG). Productivity/efficiency ratios are the inverse of intensity ratios. (Chapter 9)


Ratio indicator Indicators providing information on relative performance such as intensity ratios or productivity/effi-
ciency ratios. (Chapter 9)







Renewable energy Energy taken from sources that are inexhaustible, e.g. wind, water, solar, geothermal energy, and biofuels.


Reporting Presenting data to internal management and external users such as regulators, shareholders, the
general public or specific stakeholder groups. (Chapter 9)


Reversibility of reductions This occurs when reductions are temporary, or where removed or stored carbon may be returned to the
atmosphere at some point in the future. (Chapter 8)


Rolling base year The process of shifting or rolling the base year forward by  a certain number of years at regular inter-
vals of time. (Chapter 5, 11)


Scientific Uncertainty Uncertainty that arises when the science of the actual emission and/or removal process is not
completely understood. (Chapter 7)


Scope Defines the operational boundaries in relation to indirect and direct GHG emissions. (Chapter 4)


Scope 1 inventory A reporting organization’s direct GHG emissions. (Chapter 4)


Scope 2 inventory A reporting organization’s emissions associated with the generation of electricity, heating/ cooling, or
steam purchased for own consumption. (Chapter 4)


Scope 3 inventory A reporting organization’s indirect emissions other than those covered in scope 2. (Chapter 4)


Scope of works An up-front specification that indicates the type of verification to be undertaken and the level of
assurance to be provided between the reporting company and the verifier during the verification
process. (Chapter 10)


Secondary effects (Leakage) GHG emissions changes resulting from the project not captured by the primary effect(s). These are 
typically the small, unintended GHG consequences of a project. (Chapter 8)


Sequestered atmospheric carbon Carbon removed from the atmosphere by biological sinks and stored in plant tissue. Sequestered
atmospheric carbon does not include GHGs captured through carbon capture and storage.


Significance threshold A qualitative or quantitative criteria used to define a significant structural change. It is the responsi-
bility of the company/ verifier to determine the “significance threshold” for considering base year
emissions recalculation. In most cases the “significance threshold” depends on the use of the infor-
mation, the characteristics of the company, and the features of structural changes. (Chapter 5)


Stationary Combustion Burning of fuels to generate electricity, steam, heat, or power in stationary equipment such as boilers,
furnaces etc.


Structural change A change in the organizational or operational boundaries of a company that result in the transfer of
ownership or control of emissions from one company to another. Structural changes usually result
from a transfer of ownership of emissions, such as mergers, acquisitions, divestitures, but can also
include outsourcing/ insourcing. (Chapter 5)


Target base year The base year used for defining a GHG target, e.g. to reduce CO2 emissions 25% below the target base
year levels by the target base year 2000 by the year 2010. (Chapter 11)


Target boundary The boundary that defines which GHG’s, geographic operations, sources and activities are covered by
the target. (Chapter 11)


Target commitment period The period of time during which emissions performance is actually measured against the target. It
ends with the target completion date. (Chapter 11)


Target completion date The date that defines the end of the target commitment period and determines whether the target is
relatively short- or long-term. (Chapter 11)
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Target double counting policy A policy that determines how double counting of GHG reductions or other instruments, such as
allowances issued by external trading programs, is dealt with under a GHG target. It applies only to
companies that engage in trading (sale or purchase) of offsets or whose corporate target boundaries
interface with other companies’ targets or external programs. (Chapter 11)


Uncertainty 1. Statistical definition: A parameter associated with the result of a measurement that characterizes
the dispersion of the values that could be reasonably attributed to the measured quantity. (e.g., the
sample variance or coefficient of variation). (Chapter 7)


2. Inventory definition: A general and imprecise term which refers to the lack of certainty in emissions-
related data resulting from any causal factor, such as the application of non-representative factors or
methods, incomplete data on sources and sinks, lack of transparency etc. Reported uncertainty 
information typically specifies a quantitative estimates of the likely or perceived difference between 
a reported value and a qualitative description of the likely causes of the difference. (Chapter 7).


United Nations Framework Signed in 1992 at the Rio Earth Summit, the UNFCCC is a milestone Convention on Climate Change 
Convention on Climate Change treaty that provides an overall framework for international efforts to (UNFCCC) mitigate climate 
(UNFCCC) change. The Kyoto Protocol is a protocol to the UNFCCC.


Value chain emissions Emissions from the upstream and downstream activities associated with the operations of the
reporting company. (Chapter 4)


Verification An independent assessment of the reliability (considering completeness and accuracy) of a GHG
inventory. (Chapter 10) 
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Disclaimer
This document, designed to promote best practice GHG
accounting and reporting, has been developed through a
unique multi-stakeholder consultative process involving
representatives of reporters and report-users from around
the world. While WBCSD and WRI encourage use of the
GHG Protocol Corporate Standard by all corporations
and organizations, the preparation and publication of
reports based fully or partially on the GHG Protocol is the
full responsibility of those producing them. Neither the
WBCSD and WRI, nor other individuals who contributed
to this standard assume responsibility for any conse-
quences or damages resulting directly or indirectly from
its use in the preparation of reports or the use of reports
based on the GHG Protocol Corporate Standard.
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INTRODUCTION  
Since the beginning of the last decade, companies looking for a robust response to climate change have 


often embraced carbon neutrality because of the simplicity of the concept. Carbon neutral means just that: 


no net carbon impact. It’s an approach that consumers can understand, and is a useful way for companies to 


differentiate themselves and prove their long-standing environmental commitment. 


After a number of high profile green wash cases in 2008, the concept began to suffer a crisis of confidence. 


Companies looking to approach carbon neutrality had no standard to follow that would ensure that their 


endeavours were robust against criticism, and consumers were unsure which carbon neutral claims they 


could trust. PAS 2060 was the response to this, developed by the British Standard Institution (BSi) to provide 


best-practice guidelines on how to achieve carbon neutrality in a way that is transparent and effective. 


We hope this white paper will be useful for organisations considering carbon neutrality as a corporate 


response to climate change. 


 


THE CONCEPT OF CARBON NEUTRALITY 


Carbon offsetting provides a mechanism where greenhouse emissions produced in one place are offset by 


emission reductions in another. These emission reductions are achieved by preventing emissions that would 


otherwise have been released in a ‘business as usual’ scenario, for example through the implementation of 


energy efficient technology, or where emissions are removed from the atmosphere through the plantation 


of new forests.  


+The term carbon neutrality in its proper use indicates that the organisation or product to which it is 


referring to has contributed no net green house emissions to the atmosphere, i.e. its impact on climate 


change is zero. This is achieved by offsetting the emissions that cannot be reduced, as illustrated below: 
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THE JOURNEY TO STANDARD 


Since the term carbon neutrality has been in use, organisations have employed a range of methodologies to 


claim it. For example, some have measured a wide range of emissions including those from their supply 


chain (scope 3), while others have chosen a narrower focus. There is also the distinction between those 


organisations that work to reduce their emissions and offset the net amount, and those that choose 100% 


offsetting with no internal reductions. 


Prior to PAS 2060, the absence of regulation or a common standard outlining organisational boundaries, 


methodology, internal reduction requirements and type of offsets made it difficult for consumers to judge 


the credibility of carbon neutrality claims. This threatened to devalue the concept and in turn reduce 


incentives to organisations wishing to develop a carbon neutral approach. 


Organisations were also finding the question “how best can I become carbon neutral?” difficult to answer. 


Clearly the concept of carbon neutrality had reached maturity and an independent standard was needed to 


provide this guidance, increase consumer confidence and lend support to carbon neutral endeavours. 


Responding to this need, the BSi started the development of a Publicly Available Specification for the 


demonstration of carbon neutrality in 2009. It was introduced in April 2010 as PAS 2060 after a series of 


consultations with the private, public and third sectors. 
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The perils of ‘green wash’ 
 


In the past many companies have learnt the hard way that green marketing is only 


effective if you have robust data to back your claims up. 


Easy Jet told their customers that it was greener to fly with them than travel in a Toyota 


Prius and were subsequently ridiculed in the mainstream media. They calculated using 


atypical assumptions that the Prius would have just one passenger and that the flight was 


full. Following the criticism they removed the claim from their website. 


Ryman’s carbon neutral claim also suffered public scrutiny and outrage from 


environmental groups as a result of an incomplete scope for measuring the product 


footprint (only production and transportation were included), and the fact that uncertified 


carbon offset credits were being used to support carbon neutrality. 


Fiji Water marketed their bottled water on the basis that it was carbon negative, claiming 


more carbon was sequestered than emitted during production and consumption. As a 


result of using non-best practice ‘forward’ offsetting (where offset credits are used that 


have not yet been produced and certified) the company has been taken to court in 


California by claimants seeking restitution for ‘“the false claims from which [Fiji Water 


Company has] richly profited”. The case will be heard in 2011. 


Eurostar and BSkyB were both reported to the Advertising Standards Authority in 2008 


over their TV and newspaper ads claiming carbon neutral status. Because they could show 


that they had measured and reduced their impact and offset with verifiable schemes, the 


ASA concluded that their ads were not misleading and that companies had substantiated 


their claims about carbon neutrality. 


 


The benefit of using PAS 2060 is that it combines internationally recognised methodology 


with transparent reporting, protecting the organisation from unfair criticism. 
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BENEFITS OF CARBON NEUTRALITY  
The benefits of carbon neutrality are both commercial and reputational. Being carbon neutral demonstrates 


environmental integrity, reduces risk, creates competitive advantage and, through emissions reductions, can 


help organisations to cut costs.  


 


The fact that the specification was developed following recommendations from a wide range of industry and 


public sector players helps ensure that it is both robust and relevant. The focus is on both reductions and 


offsets, refuting criticism that offsetting alone is an insufficient corporate response to the threat of climate 


change. 
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PAS 2060 BASIC PRINCIPLES 
The specification defines a consistent set of measures and requirements for entities (e.g. organisations, 


governments, communities, families, individuals) to demonstrate carbon neutrality for a product, service, 


organisation, community, event or building.   


The standard requires the following four stages: 


 


 
 


Measurement 


The first step of the process is to undertake a carbon footprint of the product or organisation, using one of 


the allowed methodologies. For organisations the footprint standard should be either ISO14064-1 or GHG 


Corporate Protocol, and for products and services it should be a PAS 2050 life-cycle assessment. 


The footprint measurements should include 100% of Scope 1 and Scope 2 emissions plus all Scope 3 


emissions that contribute more than 1% of the total footprint. The Scopes can be defined as follows: 


• Scope 1 - Direct Emissions; emissions from greenhouse gas sources owned or controlled by the 


organisation 


• Scope 2 - Energy Indirect Emissions; emissions from the generation of imported electricity, heat or steam 


consumed by the organisation 


• Scope 3 - Other Indirect Emissions; emissions which are consequences of an organisation’s activities but 


arise from sources that are owned or controlled by other organisations. This includes the consumption of 


the product or service, and the disposal of the product at the end of use.  


This can be demonstrated in the diagram overleaf: 


Measurement Reduction


Offsetting Document 
and Validate
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It should be noted however that while the standard requires a robust footprint measurement process, it 


does provide flexibility by recognizing that it might not be technically feasible or economically viable to 


establish accurate emissions from all sources. In such cases, these sources can be excluded from the scope of 


the footprint as long as the removal is justified, well documented and reported. 


 


Reduction  


The next step is to reduce the emissions associated with the organisation or product/service. The entity 


must develop a Carbon Management Plan which contains a public commitment to carbon neutrality and 


outlines the following major aspects of the reduction strategy: a time scale, specific targets for reductions, 


the planned means of achieving reductions and how residual emissions will be offset. 


Successful implementation of the plan should lead to carbon emission reductions, either a reduction in the 


total amount of carbon emitted (in absolute terms) or a reduction in carbon intensity (in relative terms), for 


example carbon emissions per unit output or per £ of turnover. If in relative terms, the reduction must be 


greater than the economic growth rate for the region in which the entity operates. 


 


Offsetting  


PAS 2060 requires that the total amount of carbon emissions at the end of a reduction period be offset by 


high-quality, certified carbon credits which meet the following criteria:  


Scope 1: 
Direct


Scope 2: 
Energy indirect


Scope 3: 
Other indirect
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• From one of the PAS 2060 approved schemes (for example the Clean Development Mechanism, Joint 


Implementation or Voluntary Carbon Standard) 


• Genuinely additional (i.e. reductions that would not have happened anyway) 


• Verified by an independent third party to ensure that emission reductions are permanent, avoid 


leakage (so that emissions are not increased in another area as a result of the project reductions) 


and are not double counted 


• Retired after a maximum of 12 months to a credible registry. 


 
Documentation & Verification 


The final stage is documentation and verification of carbon neutrality. This requires a standard-compliant 


declaration of achievement of neutrality through a set of statements known as Qualifying Explanatory 


Statements (QES). An example Declaration of Achievement is as follows: 


“Carbon Neutrality of business activities achieved by Company A in accordance with 


PAS 2060 at [date] for the period commencing [date], ‘Validating Body’ certified” 


To promote transparency, the standard requires public disclosure of all the documentation that supports the 


carbon neutrality claim. In practice this means evidence of emission reductions and retired offset credits, 


and a summary of the Carbon Footprint Report, Carbon Management Plan and QES. 


The standard stipulates three types of validation of the achievement of neutrality: self validation, other party 


validation and third party independent validation. 


Self-validation is simply a case of an entity validating its own carbon footprint and reduction achievements. If 


an organisation lacks internal expertise however it should consider the risks involved and the implications of 


a poorly measured or reported footprint.   


Other party validation ensures that the methodology and data has been audited and verified, and is 


recommended for organisations who wish to market their carbon neutral status. This approach is superior to 


self-validation as it protects the organisation from criticism of a lack of robustness, and will strengthen 


confidence in the carbon neutrality claim as a result. 


Third party independent validation can only be provided by certification agencies and is an option that will 


evolve as organisations gain registration with UKAS (not available for PAS 2060 at time of writing). 
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HOW TO ACHIEVE PAS 2060 
There are three main routes for implementation of PAS 2060 which organisations can select from, depending 


on their past experience with carbon management and reduction achievements, and the date from which 


they wish to declare neutrality. 


Route 1 


This route allows the organisation to make a declaration of commitment to carbon neutrality at the outset, 


and then the declaration of achievement at the end of the first year once a footprint management plan has 


been implemented and reductions achieved. The same cycle is followed for all subsequent commitment 


years throughout which carbon neutrality is maintained. 


Route 2 
The second route is ideal for organisations that have implemented carbon management measures in the 


past and wish to gain recognition for these reductions as part of their carbon neutrality status. Declaration of 


achievement is possible from the outset with the residual emissions for the first year offset by the end of the 


period. 
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Route 3 


This route allows organisations with no historical carbon emissions to declare carbon neutrality in year 1 


through 100% offsetting. The requirement to demonstrate carbon reductions applies from Year 2 onwards. 


 
 


 


 


 


 


 


 


 


The choice of route will largely depend on the time frame in which the organisation wishes to make the 


carbon neutrality declaration and the availability of proof of historical reductions.   
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Case Studies 


Here are a few examples of how Carbon Clear’s clients have chosen which implementation route to 


take for the first year of PAS 2060 carbon neutrality, and some of the results they achieved: 


 


Citrica is a London-based commercial cleaning company with a 


long history of low-carbon performance, recognised as both a ‘Best 


Green Company’ by The Sunday Times and an official London 


Green500 supplier. When PAS 2060 was launched it was an ideal way for Citrica to message 


its impressive carbon reduction achievements (a 52% reduction in absolute terms in 2009) 


and its offsetting commitment. 


Because a carbon management plan had been in place for more than 12 months prior, they 


were able to follow Route 2 to recognize historic carbon measurement and reduction. By 


becoming the first organisation in the world to achieve PAS 2060, Citrica cemented its 


reputation as a leading environmentally-focused business, helping their corporate clients 


meet their own green supply chain commitments. 


 


 


UKFast are a hosting company regularly featured in the 


media and awarded a position in both the 2009 ‘Sunday 


Times Tech Track 100 List’ and ‘Sunday Times Best Companies to Work For’. They decided 


to make both their organisation and their hosting products carbon neutral from October 


2010 via Route 3, using Voluntary Carbon Standard offsets from a Brazilian hydro project to 


offset 100% of their Year 1 emissions.  


After announcing their carbon neutral status they gained significant media coverage in 


both national and industry press for becoming the first carbon neutral hosting company in 


the UK. 
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TEP is a leading environmental consultancy based Cheshire. 


Acknowledging the sustainability expectations of its customers 


and wanting to fulfil the company's low-carbon ethos, it became 


the first organisation in its field to achieve PAS 2060. The 


company received positive media coverage and was featured in the industry publication 


“The Environmentalist”, setting the standard for other organisations in the sector.  


PAS 2060 was an excellent starting point for TEP’s carbon management plan; within 2 


months the company went from very little experience of measuring its impact to having 


undertaken a baseline carbon footprint, conducted a carbon reduction workshop, and 


developed a management plan. 
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CARBON CLEAR’S PAS 2060 SERVICE 
Carbon Clear is an expert in the field of carbon management, having helped 


hundreds of companies to manage their carbon impact – including Eurostar, 


Aviva and PwC. 


In addition to validation services, we provide a full advisory service for PAS 


2060. We can assist with any aspect of achieving carbon neutrality, from a 


footprint assessment to developing a reduction plan and sourcing offsetting 


credits that meets the requirements of PAS 2060 and supports your 


commercial objectives. 


In recognition of our market-leading carbon management expertise, 


Carbon Clear was a member of the steering committee developing the 


PAS 2060 standard. Applying our knowledge and experience, we’ll 


work with your organisation to ensure that achieving carbon neutrality 


status is cost-effective and strengthens your business.  


For more information on how to achieve the standard, or to download a copy of our PAS 2060 Service 


brochure, please visit: http://www.carbon-clear.com or call our team on 0845 838 7564. 
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2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Produced by AEA for the Department of Energy and Climate Change (DECC) 


and the Department for Environment, Food and Rural Affairs (Defra)


Status: Final


Version: 1.2


Updated: 19/08/2011


Key: Data fields:


light blue = Data entry field


purple = Fixed factors used in calculations


yellow = Calculation results


Reporting Scope:


Scope 1 =


Scope 2 =


Scope 3 =


All Scopes =


Outside of Scopes =


Scope 1 OR Scope 3 =


Scope 2, 3 = Includes emissions resulting from electricity supplied to the consumer that are counted in both 


Scope 2 (electricity GENERATED and supplied to the national grid) and Scope 3 (due to 


LOSSES in transmission and distribution of electricity through the national grid to the 


consumer), as defined by the GHG Protocol 


Emissions can fall into either Scope 1 or Scope 3 as defined by the GHG Protocol (e.g. 


depends on ownership of vehicle stock for transport)


Emissions fall into Scope 1 as defined by the GHG Protocol


Emissions fall into Scope 2 as defined by the GHG Protocol


Emissions fall into Scope 3 as defined by the GHG Protocol


All emissions from Scope 1 or 2 and Scope 3 as defined by the GHG Protocol


Emissions fall outside of the Scopes 1,2 or 3 as defined by the GHG Protocol (e.g. direct 


emissions of CO2 from burning biomass/biofuels)
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2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Introduction
Last updated: Aug-11


What are the major changes and updates from the 2010 version?


Major changes and updates from the 2010 version are as follows:


iv. All other updates are essentially revisions of the previous year's data based on new/improved data using 


existing calculation methodologies (i.e. similar methodological approach as for the 2010 update).


v. A supporting methodological paper to explain how all of the emission factors have been derived is being 


produced.  This methodological paper is expected to be available by end August 2011 and will be made 


available here: http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


Note: Care should be taken to use emission factors consistent with each other for comparability of 


results - i.e. DO NOT mix the use of direct and indirect emission factors or emission factors for 


different GHG Protocol Scopes (see 'What is the difference between direct and indirect emissions?' 


below for more information).


ii. New emission factors have been provided in Annex 1, Annex 6 and Annex 7 for fuels supplied at public 


refuelling stations with the national average proportion of biofuel blended into them.  These emission factors 


are intended to supplement the existing emission factors for 100% conventional petrol and diesel (i.e. 


refined from crude oil).


iii. The lifecycle emissions factors and calculations for waste in Annex 9 have been expanded (as well as 


updated /amended) to include a wider range of materials and also products, based on information on new 


analysis provided by WRAP.


General Introduction


Greenhouse Gases (GHGs) can be measured by recording emissions at source by continuous emissions 


monitoring or by estimating the amount emitted by multiplying activity data (such as the amount of fuel used) 


by relevant emissions conversion factors.


What are Greenhouse Gas Conversion Factors?


These conversion factors allow activity data (e.g. litres of fuel used, number of miles driven, tonnes of waste 


sent to landfill) to be converted into kilograms of carbon dioxide equivalent (CO2e). CO2e is  a universal unit 


of measurement that allows the global warming potential of different GHGs to be compared.  


Values for CH4 and N2O are presented as CO2 equivalents (CO2e) using Global Warming Potential (GWP) 


factors*, consistent with reporting under the Kyoto Protocol and the second assessment report of the 


Intergovernmental Panel on Climate Change (IPCC).


i. In previous years, the UK electricity emission factors in Annex 3 have been calculated based solely on UK 


electricity generation - i.e. excluding imported electricity via the electricity grid interconnects with Ireland and 


France.  


Following a review of this methodology it has been decided to revise it to factor in electricity imports in this 


2011 update for the full time series.  In general the UK is a net electricity exporter to Ireland and a net 


electricity importer from France.  Because France has significantly lower emission factors for electricity 


generation (as electricity is predominantly produced from nuclear power) this has resulted in a reduction in 


the UK grid average emission factors across the time-series.  The degree to which these have changed 


varies by year according to the relative proportion of electricity imported.


Who should use these factors?


These factors are publicly available for use by organisations and individuals within the UK. We do not 


recommend that they are used by organisations or individuals overseas as the emission factors are specific 


to the UK and many will vary to a very significant degree for other countries. For example, average factors for 


transport are based on the composition of the UK fleet and UK-specific occupancy/loading factors where 


relevant. If your organisation would like to report overseas electricity emissions, you should consult Annex 10. 
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N/A


new 2009* 2008*2010


etc.


2007 new 2007


In most cases (except for natural gas, and perhaps bioenergy due to changing sources) the fuel emission 


factors in general are unlikely to vary very significantly between different years. However, specific transport 


factors generally do  change on an annual basis and the new factors should only be used for the most 


relevant/recent year of reporting. Earlier versions of the conversion factors from previous updates may 


therefore be used for older data as necessary/appropriate.


2007


* This is the most recent year for which an emission factor is available for the reporting year


(b)  Other emission factors: The other factors provided in the annexes are figures produced generally for 


the most recent year available . In the majority of cases this is 2 years behind the update year (i.e. based on 


2009 data for the current 2011 update). A company should not generally recalculate their emissions for all 


previous years using the newer factors. The most recent factors should only be applied for reporting on years 


up to 2 years prior to the most recent dataset.


2006new 20062006


etc. etc.


For reporting emissions under Climate Change Agreements, please refer to: 


http://www.decc.gov.uk/en/content/cms/what_we_do/change_energy/tackling_clima/ccas/ccas.aspx


What should I use these factors for?


These conversion factors should be used to measure and report GHG emissions for:


1. Your organisation - Organisations that wish to calculate the greenhouse gas emissions they are 


responsible for should make use of these conversion factors. Refer to Defra's website for guidance on how 


to measure and report GHG emissions in a clear and consistent manner:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


2. Your personal carbon footprint - Individuals who wish to calculate the carbon footprint from their day-to-


day activity may be interested in the Government's Act on CO2 Calculator: 


http://carboncalculator.direct.gov.uk/index.html


For reporting emissions under the EU Emissions Trading Scheme, please refer to: http://www.environment-


agency.gov.uk/business/topics/pollution/32232.aspx 


Do I need to update all my earlier calculations using the new conversion factors each year?


Policymakers in National, Regional and Local Government should consult the document Greenhouse Gas 


Policy Evaluation and Appraisal in Government Departments  available at: 


http://www.decc.gov.uk/en/content/cms/about/ec_social_res/iag_guidance/iag_guidance.aspx


These factors are not for use with EU ETS, CCAs or CRC - see links below for details relevant to these 


schemes.


Electricity consumption year:


2011


2009


3. Other reasons such as project planning and greenhouse gas emission reductions projects.


What should I not use the factors for?


EF to use reporting in 2011:


For reporting emissions under the new CRC Energy Efficiency Scheme (CRC), please refer to: 


http://www.environment-agency.gov.uk/business/topics/pollution/126698.aspx


EF used in 2010 reporting:


new 2009*


new 2009*


2008*


Only in certain cases will you need to update previous calculations due to the release of the annual update to 


the GHG conversion factors. The conversion factors provided in these annexes provide broadly two types of 


data:


(a)  Emission factors provided in a time-series (e.g. Annex 3 - Electricity Factors): These should be 


updated for historical reporting with each annual update  - i.e. you should recalculate emissions from 


previous years using the latest time-series dataset. This is because there can be revisions to earlier emission 


factor data due to improvements in the calculation methodology or UK GHG inventory datasets they are 


based upon.  For example in this 2011 update:


2008 new 2008 2008
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Units


What is the difference between direct and indirect emissions?


The definition used in used in the GHG Protocol for direct and indirect emissions is slightly different than for 


these Annexes (which are consistent also with the Government's Act on CO2 Calculator and Carbon 


Offsetting Accreditation Scheme). In these Annexes direct and indirect emissions are defined as follows:


● To calculate emissions associated with Freight Transport, see Annex 7


● To calculate life-cycle emissions from the use of Water, Biomass and Biofuels, and from Waste Disposal, 


see Annex 9


● To calculate emissions from the use of Overseas Electricity, see Annex 10


● For the typical Calorific Values and Densities of UK Fuels, see Annex 11


In most cases (except for natural gas, and perhaps bioenergy due to changing sources) the fuel emission 


factors in general are unlikely to vary very significantly between different years. However, specific transport 


factors generally do  change on an annual basis and the new factors should only be used for the most 


relevant/recent year of reporting. Earlier versions of the conversion factors from previous updates may 


therefore be used for older data as necessary/appropriate.


In summary, you should only recalculate previous year's emissions using the new factors in the following 


cases:


● To convert between common units of energy, volume, mass and distance, see Annex 12


● To calculate emissions from Combined Heat and Power (CHP), see Annex 2


Direct GHG emissions  are emissions from sources that are owned or controlled by the reporting entity.


● To calculate emissions from the use of Electricity, see Annex 3


● To understand which industrial processes lead to GHG emissions, see Annex 4


Indirect GHG emissions  are those emissions emitted prior to the use of a fuel/energy carrier (or in the case 


of electricity, prior to the point of generation), i.e. as a result of extracting and transforming the primary energy 


source (e.g. crude oil) into the energy carrier (e.g. petrol). Emissions from the production of vehicles or 


infrastructure are not considered.


● To estimate emissions from your supply chain, see Annex 13


All emissions factors are given in units of kg (kilograms) of carbon dioxide (CO2) equivalent. GHG emissions 


are sometimes quoted in figures of mass of Carbon equivalent , rather than Carbon Dioxide equivalent . To 


convert carbon equivalents into carbon dioxide equivalents (CO2e), multiply by 44/12.


To convert emissions of greenhouse gases to carbon dioxide equivalent units, see Annex 5. For other unit 


conversions see Annexes 11 and 12.


Direct GHG emissions  are those emissions emitted at the point of use of a fuel/energy carrier (or in the case 


of electricity, at the point of generation).


The GHG Protocol defines direct and indirect emissions slightly differently as follows:


B.  When recalculating emissions for a year consistent with the data basis of the new update (other than 


electricity or water emission factor data). For example, if you are now reporting emissions for 2009-10, you 


should also recalculate the 2008-9 emissions using the 2010 update data, as these are for the most part 


based on 2008 datasets. Figures reported for 2007 should use emission factors from the 2009 update, which 


are mostly based on 2007 data.


Which Conversion Factors should I use?


● To calculate emissions from the use of Fuels, see Annex 1


● To calculate emissions from the use of Refrigeration and Air Conditioning Equipment, see Annex 8


A.  When calculating emissions from use of electricity or water (both of which are time series emission 


factors). In this case the updated emission factor time series should be checked to see if they have changed 


for relevant previous years and time series data updated as necessary in reporting.


● To convert greenhouse gases into carbon dioxide equivalents, see Annex 5


● To calculate emissions associated with Passenger Transport, see Annex 6
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How do I use this document?


If you require GHG conversion factors that you cannot find here, or this guidance is unclear, or you have 


additional questions, please send us an email at ghgreporting@defra.gsi.gov.uk. We cannot undertake to 


provide all the conversion factors.


This document provides GHG emissions conversion factors for a variety of activities. You can directly input 


your activity data into the spreadsheet which will then calculate your emissions. Alternatively you can use the 


emissions factors provided for use in your own spreadsheet or programme. 


Missing factors and additional guidance


If you are using this document in order to calculate your organisation's GHG footprint, you must first read the 


Defra/DECC 'Guidance on how to measure and report on your greenhouse gas emissions' which is available 


at http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Indirect GHG emissions  are emissions that are a consequence of the activities of the reporting entity, but 


occur at sources owned or controlled by another entity.


Summary of the main types of emissions to be reported under each scope


Where applicable, each Annex has a section called Scopes & Boundaries which gives a brief outline of what 


the different emissions factors include. Where possible, links to more detailed source information are also 


provided in each Annex.
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The Department for Transport provides guidance to help companies report their work-related travel: 


http://www.dft.gov.uk/pgr/sustainable/greenhousegasemissions


Changes since Version 1.0 (11/07/11):


Version 1.1:


(08/08/10)


Version 1.2:


(19/08/10)


Annex 10 - correction to emissions due to losses from transmission and distribution of 


electricity in Table 10b.


Annex 10 - correction to footnotes for Tables 10a, 10b and 10c to correct IEA source.


Useful links:


The Government's Act on CO2 Calculator may be used to calculate individual's personal carbon footprint from 


their day-to-day activity. It is available at: http://carboncalculator.direct.gov.uk/index.html


The Carbon Trust also provides information about carbon footprinting for companies including a carbon 


footprint calculator available at http://www.carbontrust.co.uk/cut-carbon-reduce-costs/calculate/carbon-


footprinting/pages/carbon-footprinting.aspx


Defra publishes guidance for businesses on how to measure and report their GHG emissions:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


The Publicly Available Specification (PAS): 2050 provides a method for measuring the lifecycle greenhouse 


gas emissions from goods and services. It is available at http://www.bsigroup.com/en/Standards-and-


Publications/Industry-Sectors/Energy/PAS-2050/


Annex 9 - added missing calculation formulae for 2010/11 in Table 9a.


Page 6 of 50



http://www.dft.gov.uk/pgr/sustainable/greenhousegasemissions

http://carboncalculator.direct.gov.uk/index.html

http://carboncalculator.direct.gov.uk/index.html

http://carboncalculator.direct.gov.uk/index.html

http://carboncalculator.direct.gov.uk/index.html

http://carboncalculator.direct.gov.uk/index.html

http://www.carbontrust.co.uk/footprinting

http://www.carbontrust.co.uk/footprinting

http://www.carbontrust.co.uk/footprinting

http://www.bsigroup.com/en/Standards-and-Publications/Industry-Sectors/Energy/PAS-2050/

http://www.bsigroup.com/en/Standards-and-Publications/Industry-Sectors/Energy/PAS-2050/

http://www.bsigroup.com/en/Standards-and-Publications/Industry-Sectors/Energy/PAS-2050/

http://www.bsigroup.com/en/Standards-and-Publications/Industry-Sectors/Energy/PAS-2050/





2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Annex 1 - Converting from fuel use to carbon dioxide equivalent emissions
Last updated: Jun-11


How to use this Annex 


Scope 1:  Direct emissions of CO2, CH4 and N2O from the combustion of fuel.


Table 1a Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG


Fuel Type Amount used per 


year


Units x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per unit kg CO2e per unit kg CO2e per unit Total kg 


CO2


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Aviation Spirit tonnes x 3127.9 32.1 31.0 3191.1 563.8 3754.9


Aviation Turbine Fuel
 1


tonnes x 3149.7 1.5 31.0 3182.2 585.7 3767.9


Biofuels See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Burning Oil
1


tonnes x 3149.7 6.7 8.6 3165.0 585.3 3750.3


CNG 
2


tonnes x 2702.0 4.0 1.6 2707.6 398.8 3106.4


Coal (industrial)
3


tonnes x 2339.0 1.4 42.7 2383.1 381.2 2764.3


Coal (electricity generation)
4


tonnes x 2238.3 0.4 19.5 2258.2 369.3 2627.5


Coal (domestic)
5


tonnes x 2506.3 329.7 37.8 2873.8 450.6 3324.4


Coking Coal tonnes x 2955.4 30.4 70.7 3056.4 481.6 3538.0


Diesel (retail station biofuel blend)
11


tonnes x 3043.9 1.5 21.8 3067.2 637.5 3704.7


Diesel (100% mineral diesel)
11


tonnes x 3164.3 1.5 22.0 3187.8 607.6 3795.4


Fuel Oil 
6


tonnes x 3212.5 2.8 13.0 3228.3 545.1 3773.4


Gas Oil 
7


tonnes x 3190.0 3.5 334.1 3527.6 607.6 4135.2


LNG 
8


tonnes x 2702.0 4.0 1.6 2707.6 954.5 3662.1


Lubricants tonnes x 3171.1 1.9 8.5 3181.5 386.2 3567.7


Naphtha tonnes x 3131.3 2.7 8.0 3142.1 441.7 3583.8


Other Petroleum Gas tonnes x 2621.4 3.3 69.3 2694.0 319.3 3013.3


Petrol (retail station biofuel blend)
12


tonnes x 3037.1 4.5 8.8 3050.4 573.5 3623.9


Petrol (100% mineral petrol)
12


tonnes x 3135.0 4.6 8.9 3148.5 559.8 3708.3


Petroleum Coke tonnes x 3089.9 2.3 70.3 3162.4 376.4 3538.8


Wood See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Total 0 0 0 0 0 0


1) Identify the amount of fuel used for each fuel type


2) Identify the units.  Are you measuring fuel use in terms of mass, volume or energy? 


3) If you are measuring fuel use in terms of energy is your unit of measurement net energy or gross energy? (Please see paragraph below on net and gross energy. In the event that this is unclear you 


should contact your fuel supplier).  


4) Identify the appropriate conversion factor that matches the unit you are using.  If you cannot find a factor for that unit, Annex 12 gives guidance on converting between different units of mass, volume, 


length and energy. 


5) Multiply the amount of fuel used by the conversion factor to get total emissions in kilograms of carbon dioxide equivalent (kg CO2e).  The excel spreadsheet calculates this automatically following your 


entry of the amount of fuel used into the appropriate box. 


Four tables are presented here, the first of which provides emission factors by unit mass, and the second by unit volume. Tables 1c and 1d provide emission factors for energy on a Gross and Net CV 


basis respectively; emission factors on a Net CV basis are higher (see definition of Gross CV and Net CV in italics  below). It is important to use the correct emission factor, otherwise emissions 


calculations will over- or under-estimate the results.  If you are making calculations based on energy use, you must check (e.g. with your fuel supplier) whether these values were calculated on a Gross CV 


or Net CV basis and use the appropriate factor.  Natural Gas consumption figures quoted in kWh by suppliers in the UK are generally calculated (from the volume of gas used) on a Gross CV basis - see 


Transco website: http://www.transco.co.uk/services/cvalue/cvinfo.htm.  Therefore the emission factor in Table 1c (Gross CV basis) should be used by default for calculation of emissions from Natural Gas 


in kWh, unless your supplier specifically states they have used Net CV basis in their calculations instead.


Converting fuel types by unit mass


Scope 1


Annex 1 Scopes & Boundaries:


Further information on scopes is available from Defra's website in the guidance on reporting at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Gross CV or higher heating value (HHV) is the CV under laboratory conditions.  Net CV or 'lower heating value (LHV) is the useful calorific value in typical real world conditions (e.g. boiler plant). The 


difference is essentially the latent heat of the water vapour produced (which can be recovered in laboratory conditions).


Note:  In the UK biofuels are added to virtually all of the transport fuel sold by filling stations (and by most fuel wholesalers) and this has the effect of slightly reducing the greenhouse gas emissions of the 


fuel. This is reflected in the emission factors given below. For fuel purchased at filling stations you should use the factor labelled "retail station biofuel blend". If you are purchasing pure petrol or diesel 


which you know has not  been blended with biofuels then you should use the factor labelled "100% mineral fuel".


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


http://ies.jrc.ec.europa.eu/jec-research-collaboration/downloads-jec.html


How were these factors calculated?


http://www.ghgprotocol.org/standards/corporate-standard


Scope 3:  Indirect emissions associated with the extraction and transport of primary fuels as well as the refining, distribution, storage and retail of finished fuels.  


Emission factors are based on data from the JEC Well-To-Wheels study, for further information see the following links:


http://ies.jrc.ec.europa.eu/jec-research-collaboration/activities-jec/jec-well-to-wheels-analyses-wtw.html


OR from the Greenhouse Gas Protocol's website at:


Scope 1
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Annex 1 - Converting from fuel use to carbon dioxide equivalent emissions
Last updated: Jun-11


Table 1b Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG


Fuel Type Amount used per 


year


Units x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per unit kg CO2e per unit kg CO2e per unit Total kg 


CO2


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Aviation Spirit litres x 2.2121 0.0227 0.0219 2.2568 0.3988 2.6556


Aviation Turbine Fuel
 1


litres x 2.5218 0.0012 0.0248 2.5478 0.4690 3.0168


Biofuels See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Burning Oil
1


litres x 2.5299 0.0054 0.0069 2.5421 0.4701 3.0122


CNG 
2


litres x 0.4728 0.0007 0.0003 0.4738 0.0698 0.5436


Diesel (retail station biofuel blend)
11


litres x 2.5530 0.0012 0.0183 2.5725 0.5348 3.1073


Diesel (100% mineral diesel)
11


litres x 2.6480 0.0012 0.0184 2.6676 0.5085 3.1761


Gas Oil 
7


litres x 2.7667 0.0030 0.2898 3.0595 0.5270 3.5865


LNG 
8


litres x 1.2226 0.0018 0.0007 1.2251 0.4319 1.6570


LPG litres x 1.4884 0.0010 0.0023 1.4918 0.1868 1.6786


Natural Gas cubic metre x 2.0154 0.0030 0.0012 2.0196 0.1974 2.2170


Petrol (retail station biofuel blend)
12


litres x 2.2352 0.0034 0.0064 2.2450 0.4220 2.6670


Petrol (100% mineral petrol)
12


litres x 2.3018 0.0034 0.0065 2.3117 0.4110 2.7227


Wood See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Total 0 0 0 0 0 0


Table 1c Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG


Fuel Type Amount used per 


year


Units x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per unit kg CO2e per unit kg CO2e per unit Total kg 


CO2


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Aviation Spirit kWh x 0.23735 0.00244 0.00235 0.24214 0.04278 0.28492


Aviation Turbine Fuel
 1


kWh x 0.24542 0.00012 0.00242 0.24795 0.04564 0.29359


Biofuels See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Burning Oil
1


kWh x 0.24562 0.00052 0.00067 0.24681 0.04564 0.29245


CNG 
2


kWh x 0.18322 0.00027 0.00011 0.18360 0.02704 0.21064


Coal (industrial)
3


kWh x 0.32637 0.00019 0.00596 0.33253 0.05265 0.38518


Coal (electricity generation)
4


kWh x 0.32232 0.00006 0.00280 0.32518 0.05318 0.37836


Coal (domestic)
5


kWh x 0.29582 0.03892 0.00446 0.33920 0.05318 0.39238


Coking Coal kWh x 0.32636 0.00335 0.00781 0.33752 0.05318 0.39070


Diesel (retail station biofuel blend)
11


kWh x 0.24160 0.00010 0.00170 0.24340 0.05040 0.29380


Diesel (100% mineral diesel)
11


kWh x 0.24989 0.00012 0.00173 0.25174 0.04798 0.29972


Electricity See Annex 3 See Annex 3 See Annex 3 See Annex 3 See Annex 3 See Annex 3


Fuel Oil 
6


kWh x 0.26613 0.00023 0.00108 0.26744 0.04516 0.31260


Gas Oil 
7


kWh x 0.25191 0.00027 0.02639 0.27857 0.04798 0.32655


LNG 
8


kWh x 0.18322 0.00027 0.00011 0.18360 0.06473 0.24833


LPG kWh x 0.21419 0.00015 0.00033 0.21467 0.02689 0.24156


therms x 6.2773 0.0044 0.0098 6.2915 0.78801 7.07951


Lubricants kWh x 0.26270 0.00016 0.00070 0.26356 0.03200 0.29556


Naphtha kWh x 0.23717 0.00021 0.00061 0.23798 0.03346 0.27144


Natural Gas kWh x 0.18322 0.00027 0.00011 0.18360 0.01795 0.20155


therms x 5.3697 0.0079 0.0033 5.3808 0.52593 5.9067


Other Petroleum Gas kWh x 0.18630 0.00024 0.00493 0.19146 0.02269 0.21415


Petrol (retail station biofuel blend)
12


kWh x 0.23510 0.00030 0.00070 0.23610 0.04430 0.28040


Petrol (100% mineral petrol)
12


kWh x 0.23963 0.00035 0.00068 0.24066 0.04279 0.28345


Petroleum Coke kWh x 0.31106 0.00023 0.00708 0.31837 0.03789 0.35626


Refinery Miscellaneous kWh x 0.24512 0.00023 0.00067 0.24602 0.02986 0.27588


therms x 7.1839 0.0066 0.0196 7.2102 0.87502 8.0852


Wood See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Total 0 0 0 0 0 0


Converting fuel types on an energy, Gross CV basis 
9


Converting fuel types by unit volume


Scope 1Scope 1


Scope 1 Scope 1
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Annex 1 - Converting from fuel use to carbon dioxide equivalent emissions
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Table 1d Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG CO2 CH4 N2O Total Direct GHG Total Indirect GHG Grand Total GHG


Fuel Type Amount used per 


year


Units x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per unit kg CO2e per unit kg CO2e per unit Total kg 


CO2


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Aviation Spirit kWh x 0.24985 0.00257 0.00248 0.25489 0.04504 0.29993


Aviation Turbine Fuel
 1


kWh x 0.25834 0.00012 0.00254 0.26100 0.04804 0.30904


Biofuels See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Burning Oil
1


kWh x 0.25854 0.00055 0.00071 0.25980 0.04804 0.30784


CNG 
2


kWh x 0.20381 0.00030 0.00012 0.20423 0.03008 0.23431


Coal (industrial)
3


kWh x 0.34355 0.00020 0.00628 0.35003 0.05542 0.40545


Coal (electricity generation)
4


kWh x 0.33929 0.00006 0.00295 0.34230 0.05598 0.39828


Coal (domestic)
5


kWh x 0.31139 0.04096 0.00470 0.35705 0.05598 0.41303


Coking Coal kWh x 0.34354 0.00353 0.00822 0.35529 0.05598 0.41127


Diesel (retail station biofuel blend)
11


kWh x 0.25700 0.00010 0.00180 0.25890 0.05380 0.31270


Diesel (100% mineral diesel)
11


kWh x 0.26584 0.00013 0.00184 0.26781 0.05105 0.31886


Electricity See Annex 3 See Annex 3 See Annex 3 See Annex 3 See Annex 3 See Annex 3


Fuel Oil 
6


kWh x 0.28312 0.00024 0.00115 0.28451 0.04804 0.33255


Gas Oil 
7


kWh x 0.26799 0.00029 0.02807 0.29635 0.05105 0.34740


LNG 
8


kWh x 0.20381 0.00030 0.00012 0.20423 0.07200 0.27623


LPG kWh x 0.22942 0.00016 0.00036 0.22994 0.02880 0.25874


therms x 6.7237 0.0047 0.0105 6.7389 0.84405 7.58295


Lubricants kWh x 0.27947 0.00017 0.00075 0.28038 0.03404 0.31442


Naphtha kWh x 0.24965 0.00022 0.00064 0.25051 0.03522 0.28573


Natural Gas kWh x 0.20381 0.00030 0.00012 0.20423 0.01996 0.22419


therms x 5.9730 0.0087 0.0036 5.9854 0.58502 6.57042


Other Petroleum Gas kWh x 0.20250 0.00026 0.00536 0.20811 0.02467 0.23278


Petrol (retail station biofuel blend)
12


kWh x 0.24750 0.00040 0.00070 0.24860 0.04670 0.29530


Petrol (100% mineral petrol)
12


kWh x 0.25224 0.00037 0.00072 0.25333 0.04504 0.29837


Petroleum Coke kWh x 0.32743 0.00024 0.00745 0.33512 0.03988 0.37500


Refinery Miscellaneous kWh x 0.25802 0.00024 0.00071 0.25897 0.03143 0.29040


therms x 7.5620 0.0070 0.0207 7.5896 0.92107 8.51067


Wood See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9 See Annex 9


Total 0 0 0 0 0 0


Sources


Notes
1


2


3


4


5


6


7


8


9


10


11


12


Emission factors calculated on a Net Calorific Value basis. 


Emission factors calculated on a Gross Calorific Value basis


UK Greenhouse Gas Inventory for 2009 (AEA), available at: http://naei.defra.gov.uk


Digest of UK Energy Statistics 2010 (DECC), available at: http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx


Emission factors calculated for diesel supplied at public refuelling stations, factoring in the biodiesel supplied in the UK as a proportion of


the total supply of diesel+biodiesel (3.6% by unit volume, 3.3% by unit energy). These estimates have been made based on the most


recently available reports on the Renewable Transport Fuel Obligation (RTFO). For more information see:


http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels


Scope 1


Converting fuel types on an energy, Net CV basis 
10


Burning oil is also known as kerosene or paraffin used for heating systems. Aviation Turbine fuel is a similar kerosene fuel specifically


refined to a higher quality for aviation.


Average emission factor for coal used in sources other than power stations and domestic, i.e. industry sources including collieries, Iron &


Steel, Autogeneration, Cement production, Lime production, Other industry, Miscellaneous, Public Sector, Stationary combustion - railways


and Agriculture. Users who wish to use coal factors for types of coal used in specific industry applications should use the factors given in


the UK ETS.


This emission factor should only be used for coal supplied for domestic purposes. Coal supplied to power stations or for industrial


purposes have different emission factors.


Fuel oil is used for stationary power generation.  Also use these emission factors for similar marine fuel oils.


Scope 1


Gas oil is used for stationary power generation, by off-road and agricultural vehicles (for which use it is known as 'red diesel') and 'diesel'


rail in the UK.  Also use these emission factors for similar marine diesel oil and marine gas oil fuels.


This emission factor should only be used for coal supplied for electricity generation (power stations). Coal supplied for domestic or


industrial purposes have different emission factors.


Emission factors calculated for petrol supplied at public refuelling stations, factoring in the bioethanol supplied in the UK as a proportion of


the total supply of petrol+bioethanol (= 2.9% by unit volume, 1.9% by unit energy). These estimates have been made based on the most


recently available reports on the Renewable Transport Fuel Obligation (RTFO). For more information see:


http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels


LNG = Liquefied Natural Gas, usually shipped into the UK by tankers. LNG is usually used within the UK gas grid, however it can also be


used as an alternative transport fuel.


CNG = Compressed Natural Gas is usually stored at 200 bar in the UK for use as an alternative transport fuel.


Page 9 of 50



http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels

http://naei.defra.gov.uk/

http://naei.defra.gov.uk/





2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Annex 2 - Combined Heat and Power - Imports and Exports
Last updated: Jun-09


How to use this Annex 


Table 2a


Total emissions 


(kg CO2e)


Total electricity 


produced


Total heat 


produced


kg CO2e/kWh 


electricity


Table 2b


Total emissions 


(kg CO2e)


Total electricity 


produced


Total heat 


produced


kgCO2e/kWh 


heat


I buy my electricity from a producer/plant that I know is CHP. Which factor should I use?


If you purchase electricity for own consumption from a CHP plant, you should use the 'Grid Rolling Average' factor in Annex 3. 


How were these factors calculated?


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


total emissions (in kgCO2e)


If you use all the output of a Combined Heat and Power (CHP) plant to meet the energy needs of your business (i.e. you are not exporting any of the


electricity or heat for others to use), there is no need for you to attribute the emissions from the CHP plant between the electricity and heat output in your


reporting. This is because you are in this case responsible for the full emissions resulting from the fuel used for CHP. You can calculate the total CHP


plant emissions from the fuel used with the standard conversion factors at Annex 1.


If the heat user and the electricity user are different individuals/installations, greenhouse gas emissions should be calculated as per Annex 1 (i.e.


calculate fuel consumption then apply the appropriate conversion factor for that fuel) and then divided between the heat user  and the electricity user .


It is typically roughly twice as efficient to generate heat from fossil fuels as it is to generate electricity. Therefore you can attribute the greenhouse gas


emissions from the CHP plant in the ratio 1:2 respectively per kWh of heat and electricity generated. Emissions per kWh of heat or electricity produced by


the CHP plant may be calculated in this way using the appropriate formula below:


Calculate emissions per kWh electricity


Calculate emissions per kWh heat


2 x total electricity produced + total heat produced (in kWh)
Emissions (in kgCO2e) per kWh heat = 


Emissions (in kgCO2e) per kWh electricity =   
2 x total electricity produced + total heat produced (in kWh)


2 x total emissions (in kgCO2e)
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Annex 3 - Converting from purchased electricity use to carbon dioxide equivalent emissions
Last updated: Jun-11


How to use this Annex


To calculate emissions of carbon dioxide associated with use of UK grid electricity :


1) Identify the amount electricity used, in units of kWh;


Annex 3 Scopes & Boundaries:


How are the factors calculated?


I generate my electricity onsite. How do I calculate emissions from this?


How should I report the carbon emissions from my use of green tariffs?


How should I report the carbon emissions from my use of CHP-backed tariff?


You should account for all electricity purchased for own consumption from the national grid or a third party using the 'Grid Rolling Average' factor 


(irrespective of the source of the electricity).


Do I need to update all my calculations using the new conversion factors each year?


How were these factors calculated?


The factors presented in the three tables below are a timeseries of electricity CO2 emission factors per kWh GENERATED (Table 3a, i.e. 


before losses in transmission/distribution), electricity CO2 emission factors per kWh LOSSES in transmission/distribution (Table 3b) and per 


kWh CONSUMED (Table 3c, i.e. for the final consumer, including transmission/distribution losses).


2) Multiply this value by the conversion factor for UK Grid Rolling Average electricity. Use Table 3c for calculating GHG emissions resulting from 


electricity provided from the national/local grid.


The electricity conversion factors given in Table 3c represent the average carbon dioxide emission from the UK national grid per kWh of 


electricity used at the point of final consumption (i.e. electricity grid transmission and distribution losses are included), factoring in net imports 


of electricity via the interconnects with Ireland and France*. This represents a combination of the emissions directly resulting from electricity 


generation (Table 3a) and from electricity grid losses (Table 3b).  The Direct GHG emission factors include only carbon dioxide, methane and 


nitrous oxide emissions at UK power stations (plus those from the proportion of imported electricity), with the Indirect GHG emission factors 


including the emissions resulting from production and delivery of fuel to these power stations (i.e. from gas rigs, refineries and collieries, etc).


If you generate electricity from 'owned or controlled' renewable sources backed by Renewable Energy Guarantee of Origin (REGOs) within the 


UK, you should account for these emissions using the 'Renewables' factor. Please see Annex G in Defra's Guidance on how to measure and 


report your GHG emissions for an explanation of how to report on-site generated renewable energy:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Scope 2 : Direct emissions of CO2, CH4 and N2O from the combustion of fuel in power stations to generate electricity (Table 3a Direct GHG, 


i.e. excludes losses in transmission and distribution).


Further information on scopes is available from Defra's website in the guidance on reporting at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


OR from the Greenhouse Gas Protocol's website at:


http://www.ghgprotocol.org/standards/corporate-standard


This factor changes from year to year, as the fuel mix consumed in UK power stations changes, and the proportion of net imported electricity 


also changes*. Because these annual changes can be large (the factor depends very heavily on the relative prices of coal and natural gas as 


well as fluctuations in peak demand and renewables), and to assist companies with year to year comparability, a 'grid rolling average' factor is 


presented which is the average  of the grid Conversion factor over the last 5 years. This factor is updated annually.


Direct GHG emissions given in Table 3c are a combination of (Scope 2) Direct GHG emissions from Table 3a and (Scope 3) Direct GHG emissions from 


Table 3b.


Scope 3: In electricity generation, this includes indirect GHG emissions associated with the extraction and transport of primary fuels as well as the 


refining, distribution and storage of finished fuels (Table 3a, 3b and 3c).  The Greenhouse Gas Protocol also attributes direct GHG emissions associated 


with losses from electricity transmission and distribution (Table 3b) to Scope 3.


In the majority of cases, the 'Grid Rolling Average' factor from Table 3c should be used. Tables 3a and 3b are included to assist companies 


reporting in a manner consistent with the Greenhouse Gas Protocol format.


You should account for all electricity purchased for own consumption from the national grid or a third party using the 'Grid Rolling Average' factor 


(irrespective of the source of the electricity). Please refer to Annex G of the Defra Guidance for further guidance on reporting green tariffs:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Emission factors for electricity are provided in time-series (e.g. for grid electricity) and should be updated for historical reporting with the annual update. 


This is because there can be revisions for earlier data due to the improvements in the calculation methodology or UK GHG inventory datasets they are 


based upon. Please refer to the general introduction for further details. 


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper 


available here: http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


NOTE: Please use EITHER Table 3a + Table 3b, OR Table 3c to calculate emissions to avoid double-counting. 


(More information is also provided on the use of these tables in the introduction to the Annex.)


* NEW: this is a methodology change from the 2010 update (and earlier updates), where imported electricity was not factored into calculations.  


The UK is a net importer of electricity from the interconnect with France, and a net exporter of electricity to Ireland according to DUKES 


(2010).  More details on the change in methodology, its impacts and the rational will be provided in the methodology paper for the 2011 


update, which will be made available on Defra's website (anticipated early September 2011) at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/
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Annex 3 - Converting from purchased electricity use to carbon dioxide equivalent emissions
Table 3a Scope 3 All Scopes Scope 3 All Scopes


Electricity emission factors from 1990 to 


2009 per kWh (electricity GENERATED): CO2 CH4 N2O Total GHG


Grid Rolling 


Average 
1
: CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


UK Grid Electricity Year kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


Amount USED 


per year, kWh


kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e


1990 0.68505 0.00018 0.00561 0.69084 0.68505 0.00018 0.00561 0.69084 0.09843 0.78927 8.1% 3.8%


1991 0.65916 0.00017 0.00542 0.66475 0.67210 0.00018 0.00552 0.67780 0.09657 0.77437 8.3% 5.2%


1992 0.61845 0.00016 0.00509 0.62370 0.65422 0.00017 0.00537 0.65977 0.09400 0.75377 7.5% 5.3%


1993 0.54915 0.00016 0.00420 0.55352 0.62795 0.00017 0.00508 0.63320 0.09023 0.72343 7.2% 5.2%


1994 0.52665 0.00017 0.00394 0.53076 0.60769 0.00017 0.00485 0.61271 0.08732 0.70003 9.6% 5.2%


1995 0.50519 0.00017 0.00370 0.50906 0.57172 0.00017 0.00447 0.57636 0.08215 0.65851 9.1% 5.0%


1996 0.49909 0.00017 0.00340 0.50265 0.53971 0.00017 0.00406 0.54394 0.07755 0.62149 8.4% 4.8%


1997 0.46253 0.00017 0.00292 0.46562 0.50852 0.00017 0.00363 0.51232 0.07248 0.58480 7.8% 4.8%


1998 0.46984 0.00018 0.00297 0.47298 0.49266 0.00017 0.00338 0.49622 0.06953 0.56575 8.4% 3.5%


1999 0.43933 0.00018 0.00254 0.44205 0.47520 0.00017 0.00310 0.47847 0.06594 0.54441 8.3% 3.9%


2000 0.46543 0.00019 0.00280 0.46842 0.46724 0.00018 0.00292 0.47035 0.06378 0.53413 8.4% 3.8%


2001 0.48355 0.00020 0.00300 0.48675 0.46414 0.00018 0.00284 0.46716 0.06248 0.52964 8.6% 2.8%


2002 0.47103 0.00020 0.00283 0.47406 0.46584 0.00019 0.00283 0.46885 0.06230 0.53115 8.3% 2.2%


2003 0.49230 0.00020 0.00306 0.49557 0.47033 0.00019 0.00284 0.47337 0.06272 0.53609 8.5% 0.6%


2004 0.48714 0.00020 0.00294 0.49028 0.47989 0.00020 0.00292 0.48301 0.06414 0.54715 8.7% 2.0%


2005 0.47943 0.00021 0.00302 0.48267 0.48269 0.00020 0.00297 0.48586 0.06465 0.55051 7.2% 2.2%


2006 0.50674 0.00022 0.00333 0.51030 0.48733 0.00021 0.00304 0.49057 0.06547 0.55604 7.2% 2.0%


2007 0.49892 0.00023 0.00311 0.50225 0.49291 0.00021 0.00309 0.49621 0.06625 0.56246 7.1% 1.4%


2008 0.48548 0.00024 0.00290 0.48862 0.49154 0.00022 0.00306 0.49482 0.06573 0.56055 7.4% 2.9%


2009 0.44550 0.00025 0.00261 0.44837 0.48322 0.00023 0.00299 0.48644 0.06425 0.55069 7.5% 0.8%


Other electricity factor


Renewables
 2 0 0 0 0 0 0 0 0 0 0


Total 0 0 0 0 0 0


Table 3b Scope 3 All Scopes Scope 3 All Scopes


Electricity emission factors from 1990 to 


2009 per kWh (electricity LOSSES): CO2 CH4 N2O Total GHG


Grid Rolling 


Average 
1
: CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


UK Grid Electricity Year kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


Amount USED 


per year, kWh


kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e


1990 0.06019 0.00002 0.00049 0.06070 0.06019 0.00002 0.00049 0.06070 0.00795 0.06865 8.1% 3.8%


1991 0.05942 0.00002 0.00049 0.05993 0.05981 0.00002 0.00049 0.06031 0.00799 0.06830 8.3% 5.2%


1992 0.05048 0.00001 0.00042 0.05091 0.05670 0.00001 0.00047 0.05718 0.00709 0.06427 7.5% 5.3%


1993 0.04241 0.00001 0.00032 0.04275 0.05313 0.00001 0.00043 0.05357 0.00647 0.06004 7.2% 5.2%


1994 0.05575 0.00002 0.00042 0.05619 0.05365 0.00001 0.00043 0.05409 0.00836 0.06245 9.6% 5.2%


1995 0.05040 0.00002 0.00037 0.05079 0.05169 0.00002 0.00040 0.05211 0.00745 0.05956 9.1% 5.0%


1996 0.04579 0.00002 0.00031 0.04611 0.04897 0.00002 0.00037 0.04935 0.00652 0.05587 8.4% 4.8%


1997 0.03910 0.00001 0.00025 0.03936 0.04669 0.00002 0.00033 0.04704 0.00565 0.05269 7.8% 4.8%


1998 0.04306 0.00002 0.00027 0.04335 0.04682 0.00002 0.00032 0.04716 0.00584 0.05300 8.4% 3.5%


1999 0.03951 0.00002 0.00023 0.03975 0.04357 0.00002 0.00029 0.04387 0.00544 0.04931 8.3% 3.9%


2000 0.04260 0.00002 0.00026 0.04287 0.04201 0.00002 0.00026 0.04229 0.00535 0.04764 8.4% 3.8%


2001 0.04528 0.00002 0.00028 0.04557 0.04191 0.00002 0.00026 0.04218 0.00535 0.04753 8.6% 2.8%


2002 0.04238 0.00002 0.00025 0.04266 0.04257 0.00002 0.00026 0.04284 0.00514 0.04798 8.3% 2.2%


2003 0.04555 0.00002 0.00028 0.04585 0.04306 0.00002 0.00026 0.04334 0.00531 0.04865 8.5% 0.6%


2004 0.04648 0.00002 0.00028 0.04678 0.04446 0.00002 0.00027 0.04475 0.00559 0.05034 8.7% 2.0%


2005 0.03745 0.00002 0.00024 0.03770 0.04343 0.00002 0.00027 0.04371 0.00468 0.04839 7.2% 2.2%


2006 0.03942 0.00002 0.00026 0.03969 0.04226 0.00002 0.00026 0.04254 0.00473 0.04727 7.2% 2.0%


2007 0.03801 0.00002 0.00024 0.03826 0.04138 0.00002 0.00026 0.04166 0.00469 0.04635 7.1% 1.4%


2008 0.03872 0.00002 0.00023 0.03897 0.04001 0.00002 0.00025 0.04028 0.00485 0.04513 7.4% 2.9%


2009 0.03602 0.00002 0.00021 0.03625 0.03792 0.00002 0.00023 0.03817 0.00481 0.04298 7.5% 0.8%


Other electricity factor


Renewables
 2 0 0 0 0 0 0 0 0 0 0


Total 0 0 0 0 0 0


Scope 3


Scope 2


% Transmission 


and Distribution 


Losses


Scope 2


Scope 3


% Transmission 


and Distribution 


Losses


% Net 


Imports of 


Electricity


% Net 


Imports of 


Electricity
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Annex 3 - Converting from purchased electricity use to carbon dioxide equivalent emissions


Table 3c Scope 3 All Scopes Scope 3 All Scopes


Electricity emission factors from 1990 to 


2009 per kWh (electricity CONSUMED): CO2 CH4 N2O Total GHG


Grid Rolling 


Average 
1
: CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


UK Grid Electricity Year kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


Amount USED 


per year, kWh


kg CO2 


per kWh


kg CO2e 


per kWh


kg CO2e 


per kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


kg CO2e per 


kWh


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e


1990 0.74524 0.00020 0.00610 0.75154 0.74524 0.00020 0.00610 0.75154 0.10638 0.85792 8.1% 3.8%


1991 0.71858 0.00018 0.00591 0.72468 0.73191 0.00019 0.00601 0.73811 0.10456 0.84267 8.3% 5.2%


1992 0.66894 0.00018 0.00550 0.67461 0.71092 0.00019 0.00584 0.71695 0.10109 0.81804 7.5% 5.3%


1993 0.59156 0.00017 0.00453 0.59626 0.68108 0.00018 0.00551 0.68677 0.09670 0.78347 7.2% 5.2%


1994 0.58241 0.00019 0.00435 0.58695 0.66135 0.00018 0.00528 0.66681 0.09568 0.76249 9.6% 5.2%


1995 0.55559 0.00019 0.00407 0.55984 0.62342 0.00018 0.00487 0.62847 0.08960 0.71807 9.1% 5.0%


1996 0.54487 0.00019 0.00371 0.54877 0.58867 0.00018 0.00443 0.59329 0.08407 0.67736 8.4% 4.8%


1997 0.50163 0.00018 0.00317 0.50498 0.55521 0.00018 0.00396 0.55936 0.07813 0.63749 7.8% 4.8%


1998 0.51290 0.00020 0.00324 0.51633 0.53948 0.00019 0.00371 0.54337 0.07537 0.61874 8.4% 3.5%


1999 0.47884 0.00020 0.00277 0.48180 0.51877 0.00019 0.00339 0.52235 0.07138 0.59373 8.3% 3.9%


2000 0.50803 0.00020 0.00305 0.51129 0.50925 0.00019 0.00319 0.51263 0.06913 0.58176 8.4% 3.8%


2001 0.52883 0.00022 0.00328 0.53232 0.50605 0.00020 0.00310 0.50934 0.06783 0.57717 8.6% 2.8%


2002 0.51341 0.00022 0.00308 0.51671 0.50840 0.00020 0.00308 0.51169 0.06744 0.57913 8.3% 2.2%


2003 0.53785 0.00022 0.00335 0.54142 0.51339 0.00021 0.00311 0.51671 0.06803 0.58474 8.5% 0.6%


2004 0.53362 0.00022 0.00322 0.53706 0.52435 0.00021 0.00320 0.52776 0.06973 0.59749 8.7% 2.0%


2005 0.51688 0.00023 0.00326 0.52037 0.52612 0.00022 0.00324 0.52958 0.06933 0.59891 7.2% 2.2%


2006 0.54616 0.00024 0.00359 0.54999 0.52958 0.00023 0.00330 0.53311 0.07020 0.60331 7.2% 2.0%


2007 0.53692 0.00025 0.00335 0.54051 0.53429 0.00023 0.00335 0.53787 0.07094 0.60881 7.1% 1.4%


2008 0.52420 0.00026 0.00313 0.52759 0.53156 0.00024 0.00331 0.53510 0.07058 0.60568 7.4% 2.9%


2009 0.48152 0.00027 0.00283 0.48462 0.52114 0.00025 0.00323 0.52462 0.06906 0.59368 7.5% 0.8%


Other electricity factor


Renewables
 2 0 0 0 0 0 0 0 0 0 0


Total 0 0 0 0 0 0


Sources


Notes


1


2


3


Scope 2, 3
3


Includes both Direct GHG emissions per kWh (electricity GENERATED), which are counted as Scope 2, as well as Direct GHG emissions per 


kWh (electricity LOSSES), which are counted as Scope 3.  This does not include indirect GHG emissions, which are different and accounted 


separately, but also fall into Scope 3 for reporting.


Organisations should only use the 'Renewables' factor for reporting emissions from electricity generated from owned or controlled renewable sources 


backed by Renewable Energy Guarantee of Origin (REGOs) certificates. Please refer to Annex G of the Defra Guidance for further guidance on reporting 


renewable energy:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Table 5.6, available at: http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx 


This factor changes from year to year, as the fuel mix consumed in UK power stations changes (as well as the % of net electricity imports via 


interconnectors). Because these annual changes can be large (the factor depends very heavily on the relative prices of coal and natural gas as 


well as fluctuations in peak demand and renewables), and to assist companies with year to year comparability, the factor presented is the grid 


rolling average of the grid conversion factor over the previous 5 years. This factor is updated annually.


The electricity conversion factors given represent the average carbon dioxide emission from the UK national grid (plus net imports) per kWh of 


electricity generated (supplied to grid) in Table 3a, and in Table 3c for kWh electricity used at the point of final consumption (i.e. transmission 


and distribution losses are included, from Table 3b). These factors include only direct carbon dioxide (CO2), methane (CH4) and nitrous oxide 


(N2O) emissions at UK power stations (similarly for imported electricity from other countries) and do not include emissions resulting from 


production and delivery of fuel to these power stations (i.e. from gas rigs, refineries and collieries, etc.).


Scope 2, 3
3


Based on UK Greenhouse Gas Inventory for 2009 (AEA) (available at http://naei.defra.gov.uk) according to the amount of CO2, CH4 and N2O 


emitted from major power stations per unit of electricity consumed from the DECC's Digest of UK Energy Statistics (DUKES) 2010


Emission Factor (Electricity CONSUMED) = Emission Factor (Electricity GENERATED) + Emission Factor (Electricity LOSSES)


% Net 


Imports of 


Electricity


% Transmission 


and Distribution 


Losses
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Carbon Dioxide CO2


Methane CH4


Nitrous oxide N2O


Perfluorocarbons PFC


Sulphur Hexafluoride SF6


Hydrofluorocarbons HFC


Table 4


1


CO2 CH4 N2O PFC SF6 HFC


Cement Production


Lime Production


Limestone Use
 2


Soda Ash Production and Use


Fletton Brick Manufacture
 3


Ammonia


Nitric Acid


Adpic Acid


Urea


Carbides


Caprolactam


Petrochemicals


Iron, Steel and Ferroalloys


Aluminium


Magnesium


Other Metals


Coal mining


Solid fuel transformation


Oil production


Gas production and distribution


Venting and flaring from oil/gas production


Production of Halocarbons


Use of Halocarbons and SF6


Organic waste management


Sources


Notes
1


2


3 This is specific to Fletton brick manufacture at the mineral processing stage, a


process that uses clay with high organic content. Other types of brick manufacturing in


the UK do not release Greenhouse Gases during the processing stage.


adapted for UK processes by AEA


Other


Greenhouse Gas Inventory Reference Manual, Revised 1996 IPCC Guidelines for 


National Greenhouse Gas Inventories (IPCC, 1997)


These process related emissions refer to the types of processes that are used


specifically in the UK. Process emissions might be slightly different for processes


operated in other countries.


If you have identified process emissions of greenhouse gases other than those 


covered in this Annex these may be converted to carbon dioxide equivalents by using 


the factors provided in Annex 5.


For use of limestone in Flue Gas Desulphurisation (FGD) and processes such as


those in the glass industry. Not all uses of limestone release CO2.


Energy 


Industry


Process


How to use this Annex


Process related emissions
 1


Mineral 


Products


Emission


Chemical 


Industry


Metal 


Production


Below is a table that highlights the gases that are likely to be produced by a variety of 


the industries in the UK that are most likely to have a significant impact on climate 


change. The dark areas represent the gases that are likely to be produced.


The Kyoto protocol seeks to reduce emissions of the following six greenhouse gases.
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How to use this Annex


 CFCs and HCFCs


 Mixed/Blended gases


How were these factors calculated?


Table 5a


2


Emission Chemical formula Amount 


Emitted per 


Year in tonnes


x Conversion 


Factor 


(GWP)


x Unit 


conversion 


tonnes to kg


Total kg CO2e


Carbon Dioxide CO2 x 1 x 1,000


Methane CH4 x 21 x 1,000


Nitrous Oxide N2O x 310 x 1,000


HFC-23 CHF3 x 11,700 x 1,000


HFC-32 CH2F2 x 650 x 1,000


HFC-41 CH3F x 150 x 1,000


HFC-125 CHF2CF3 x 2,800 x 1,000


HFC-134 CHF2CHF2 x 1,000 x 1,000


HFC-134a CH2FCF3 x 1,300 x 1,000


HFC-143 CH3CF3 x 300 x 1,000


HFC-143a CH3CHF2 x 3,800 x 1,000


HFC-152a CF3CHFCF3 x 140 x 1,000


HFC-227ea CF3CH2CF3 x 2,900 x 1,000


HFC-236fa CHF2CH2CF3 x 6,300 x 1,000


HFC-245fa CH3CF2CH2CF3 x 560 x 1,000


HFC-43-I0mee CF3CHFCHFCF2CF3 x 1,300 x 1,000


Perfluoromethane (PFC-14) CF4 x 6,500 x 1,000


Perfluoroethane (PFC-116) C2F6 x 9,200 x 1,000


Perfluoropropane (PFC-218) C3F8 x 7,000 x 1,000


Perfluorocyclobutane (PFC-318) c-C4F8 x 8,700 x 1,000


Perfluorobutane (PFC-3-1-10) C4F10 x 7,000 x 1,000


Perfluoropentane (PFC-4-1-12) C5F12 x 7,500 x 1,000


Perfluorohexane (PFC-5-1-14) C6F14 x 7,400 x 1,000


 Sulphur hexafluoride SF6 x 23,900 x 1,000


Blends


R404A 52:44:4 blend of HFC-143a, -125 and -134a x 3,260 x 1,000


R407C 23:25:52 blend of HFC-32, -125 and -134a x 1,526 x 1,000


R408A 47:7:46 blend HCFC-22, HFC-125 and HFC-143a x 2,795 x 1,000


R410A 50:50 blend of HFC-32 and -125 x 1,725 x 1,000


R507 50:50 blend of HFC-125 and HFC-143a x 3,300 x 1,000


R508B 46:54 blend of HFC-23 and PFC-116 x 10,350 x 1,000


Total 0


1 
Over the period of one century. The length of time a GWP is referenced to is important. 100 year GWPs were adopted for use under the UNFCCC and Kyoto 


Protocol.


Factors for Process Emissions - Greenhouse Gases Listed in the Kyoto Protocol


Revised GWP values have since been published by the IPCC in the Fourth Assessment Report (2007) but current UNFCCC Guidelines on 


Reporting and Review, adopted before the publication of the Fourth Assessment Report, require emission estimates to be based on the GWPs 


in the IPCC Second Assessment Report. A second table, Table 5b, includes other greenhouse gases not listed in the Kyoto protocol or 


covered by reporting under UNFCCC. These GWP conversion factors have been taken from the IPCC's Fourth Assessment Report (2007).


Not all refrigerants in use are classified as greenhouse gases for the purposes of the UNFCCC and Kyoto Protocol (e.g. CFCs, HCFCs). 


These gases are controlled under the Montreal Protocol and as such GWP values are listed in Table 5b


GWP values for refrigerant blends should be calculated on the basis of the percentage blend composition (e.g. the GWP for R404a that 


comprises is 44% HFC125, 52% HFC143a and 4% HFC134a is [2800 x 0.44] + [3800 x 0.52] + [1300 x 0.04] = 3260). A limited selection of 


common blends is presented in Tables 5a and 5b.


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper 


available here: http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Annex 5 - Emission Factors for converting Greenhouse Gas Emissions into Carbon Dioxide Equivalents


(including emissions from refrigerants and air conditioning systems)


Global Warming Potentials (GWPs) are used to compare the impact of the emission of equivalent masses of different GHGs relative to carbon 


dioxide. For example, it is estimated that the emission of 1 kilogram of methane will have the same warming impact
 1
 as 21 kilograms of carbon 


dioxide. Therefore the GWP of methane is 21. The GWP of carbon dioxide is, by definition, 1.


The conversion factors in Table 5a incorporate (GWP) values relevant to reporting under UNFCCC, as published by the IPCC in its Second 


Assessment Report, Climate Change 1995. The Science of Climate Change. Contribution of Working Group I to the Second Assessment 


Report of the Intergovernmental Panel on Climate Change. (Eds. J. T Houghton et al, 1996) .
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Annex 5 - Emission Factors for converting Greenhouse Gas Emissions into Carbon Dioxide Equivalents


(including emissions from refrigerants and air conditioning systems)


Table 5b


Emission Amount 


Emitted per 


Year in tonnes


x Conversion 


Factor 


(GWP)


x Unit 


conversion 


tonnes to kg


Total kg CO2e


CFC-11/R11 = Trichlorofluoromethane CCl3F x 4,750 x 1,000


CFC-12/R12 = Dichlorodifluoromethane CCl2F2 x 10,900 x 1,000


CFC-13 CClF3 x 14,400 x 1,000


CFC-113 CCl2FCClF2 x 6,130 x 1,000


CFC-114 CClF2CClF2 x 10,000 x 1,000


CFC-115 CClF2CF3 x 7,370 x 1,000


Halon-1211 CBrClF2 x 1,890 x 1,000


Halon-1301 CBrF3 x 7,140 x 1,000


Halon-2402 CBrF2CBrF2 x 1,640 x 1,000


Carbon tetrachloride CCl4 x 1,400 x 1,000


Methyl bromide CH3Br x 5 x 1,000


Methyl chloroform CH3CCl3 x 146 x 1,000


HCFC-22/R22 = Chlorodifluoromethane CHClF2 x 1,810 x 1,000


HCFC-123 CHCl2CF3 x 77 x 1,000


HCFC-124 CHClFCF3 x 609 x 1,000


HCFC-141b CH3CCl2F x 725 x 1,000


HCFC-142b CH3CClF2 x 2,310 x 1,000


HCFC-225ca  CHCl2CF2CF3 x 122 x 1,000


HCFC-225cb  CHClFCF2CClF2 x 595 x 1,000


Nitrogen trifluoride  NF3 x 17,200 x 1,000


PFC-4-1-12  C5F12 x 9,160 x 1,000


PFC-9-1-18  C10F18 x 7,500 x 1,000


trifluoromethyl sulphur pentafluoride  SF5CF3 x 17,700 x 1,000


HFE-125 CHF2OCF3 x 14,900 x 1,000


HFE-134 CHF2OCHF2 x 6,320 x 1,000


HFE-143a CH3OCF3 x 756 x 1,000


HCFE-235da2 CHF2OCHClCF3 x 350 x 1,000


HFE-245cb2 CH3OCF2CHF2 x 708 x 1,000


HFE-245fa2 CHF2OCH2CF3 x 659 x 1,000


HFE-254cb2 CH3OCF2CHF2 x 359 x 1,000


HFE-347mcc3 CH3OCF2CF2CF3 x 575 x 1,000


HFE-347pcf2 CHF2CF2OCH2CF3 x 580 x 1,000


HFE-356pcc3 CH3OCF2CF2CHF2 x 110 x 1,000


HFE-449sl (HFE-7100) C4F9OCH3 x 297 x 1,000


HFE-569sf2 (HFE-7200) C4F9OC2H5 x 59 x 1,000


HFE-43-10pccc124 (H-Galden1040x) CHF2OCF2OC2F4OCHF2 x 1,870 x 1,000


HFE-236ca12 (HG-10) CHF2OCF2OCHF2 x 2,800 x 1,000


HFE-338pcc13 (HG-01) CHF2OCF2CF2OCHF2 x 1,500 x 1,000


PFPMIE  CF3OCF(CF3)CF2OCF2OCF3 x 10,300 x 1,000


Dimethylether  CH3OCH3 x 1 x 1,000


Methylene chloride  CH2Cl2 x 8.7 x 1,000


Methyl chloride  CH3Cl x 13 x 1,000


R290 = Propane C3H8 x 3.3 x 1,000


R600A = Isobutane C4H10 x 0.001 x 1,000


R406A 55:41:4 blend of HCFC-22, HCFC-142b and R600A x 1,943 x 1,000


R409A 60:25:15 blend of HCFC-22, HCFC-124 and HCFC-142b x 1,585 x 1,000


R502 48.8:51.2 blend of HCFC-22 and CFC-115 x 4,657 x 1,000


Total 0


Sources


Notes


The conversion factors in Table 4a above incorporate global warming potential (GWP) values published by the IPCC in its Second Assessment Report (Climate


Change 1995. The Science of Climate Change. Contribution of Working Group I to the Second Assessment Report of the Intergovernmental Panel on Climate


Change. (Eds. J.T Houghton et al). Published for the Intergovernmental Panel on Climate Change by Cambridge University Press 1996). Revised GWP values


have since been published by the IPCC in the Third Assessment Report (2001) and Fourth Assessment Report (2007) but current UNFCCC Guidelines on


Reporting and Review, adopted before the publication of the Third and Fourth Assessment Report, require emission estimates to be based on the GWPs in the


IPCC Second Assessment Report.


Factors for Process Emissions - Other Greenhouse Gases (e.g. other refrigerants)


Substances controlled by the Montreal Protocol


Other Perfluorinated compounds


Others


The conversion factors in Table 5b above incorporate (GWP) values published by the IPCC in its Fourth Assessment Report (Working Group I Report "The


Physical Science Basis", 2007, available at: http://www.ipcc.ch/ipccreports/ar4-wg1.htm).


Not all refrigerants in use are classified as greenhouse gases for the purposes of the Climate Change Programme (e.g. CFCs, HCFCs, other substances listed in


Table 5b). GWP values for refrigerant HFC blends should be calculated on the basis of the percentage blend composition. For example, the GWP for R404A


that comprises is 44% HFC125, 52% HFC143a and 4% HFC134a is 2800 x 0.44 + 3800 x 0.52 + 1300 x 0.04 = 3260. Similarly R407C is a blend of 23% of R32,


25% of R125 and 52% of R134a = 650 x 0.23 + 2800 x 0.25 + 1300 x 0.52 = 1526. 


Fluorinated ethers


Blends
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How to use this Annex


Annex 6 Scopes & Boundaries:


How do I determine UK rail travel distances (in miles) where start and destination stations are known? 


4. In the timetable, refer to the 'Miles' columns on the left to determine mileage between your starting and destination stations.


How were these factors calculated?


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


OR from the Greenhouse Gas Protocol's website at:


http://www.ghgprotocol.org/standards/corporate-standard


Emissions can be calculated either  from fuel use (see Table 6a), which is the most accurate method of calculation, or estimated from distance  travelled using 


UK average emission factors for different modes of transport (other Tables 6b - 6j). For public transport (Tables 6k and 6l) emissions are presented per 


passenger, rather than per vehicle. Therefore enter passenger kilometres travelled  to calculate emissions (e.g. if one person travels 500km, then passenger 


kilometres travelled  are 500. If three people travel the same distance passenger kilometres travelled  are 1500).


3. Use your mouse cursor to click on the appropriate train route in the 'Table' column that matches your starting and destination stations. This should open a 


corresponding timetable with rail distances. 


Simply multiply activity (either fuel used, kilometres travelled or passenger kilometres travelled) by the appropriate conversion factor. An excel spreadsheet is 


provided for ease of use at http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


Scope 1:  Direct emissions of CO2, CH4 and N2O from the combustion of fuel from owned/controlled transport.


Scope 3: Indirect emissions associated with the extraction and transport of primary fuels as well as the refining, distribution, storage and retail of finished 


fuels. Emission factors are based on data from the JEC Well-To-Wheels study, for further information see: 


http://ies.jrc.ec.europa.eu/jec-research-collaboration/about-jec.html


Further information on scopes, control and leased assets is available in the introduction to these Annexes, and from Defra's website in the guidance on 


reporting at: 


Scope 1 OR Scope 3:  Direct emissions from transport can fall into either Scope 1 or Scope 3, depending on the vehicle ownership/level of control.  For 


vehicles owned or directly controlled by a reporting company, direct emissions should be reported under Scope 1.  However, emissions resulting from 


transport-related activities in vehicles not owned or controlled by the reporting entity should be reported under Scope 3.  Examples of direct emissions from 


passenger transport that would be reported under Scope 3 include:


- Employees commuting to and from work;


A further consideration is the treatment of leased assets (e.g. vehicles), which depends on the organisational boundaries set and the control approach.


- Employee business travel by non-owned means, i.e. public transport such as: bus, rail, ferry and taxi and air travel (except for the companies actually 


owning/controlling the fleet / operating the services);


In general it is recommended that the 'control' approach is used in order to decide whether to report emissions as Scope 1 or Scope 3. The control approach 


is itself divided into two methods – financial and operational (where the financial control approach is the one most commonly recommended). 


- A company has financial control over an operation if the company has the ability to direct the financial and operating policies of the operation with a view to 


gaining economic benefits from its activities.


- A company has operational control over an operation if the company or one of its subsidiaries has the full authority to introduce and implement its operating 


policies at the operation.


In the transport sector, ‘open book accounts’ provide a very good illustration of the financial and operational control methods. In the case of an open book 


account, a transport operator provides vehicles to a customer, but the customer pays the fuel bill for those vehicles directly, rather than simply paying the 


transport operator for the logistics service.


In the open book situation, the customer has financial control, but the transport operator has operational control. The customer and the transport operator will 


have to decide whether the emissions resulting from these transport operations are the customer’s or the transport operator’s Scope 1. Whichever method is 


used, it is very important that it is clearly stated in all reporting, and that it is consistently applied by both organisations.


1. Click on web link: http://www.networkrail.co.uk/aspx/3828.aspx


2. Select the Route Index under Train Timetables
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Table 6a Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units used x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Petrol (retail station biofuel blend) 2.2352 0.0034 0.0064 2.2450 0.4220 2.6670


2.3018 0.0034 0.0065 2.3117 0.4110 2.7227


Diesel (retail station biofuel blend) 2.5530 0.0012 0.0183 2.5725 0.5348 3.1073


2.6480 0.0012 0.0184 2.6676 0.5085 3.1761


2.7020 0.0040 0.0016 2.7076 0.3988 3.1064


1.4884 0.0010 0.0023 1.4918 0.1868 1.6786


0 0 0 0 0 0


Sources


Notes


Table 6b Scope 3 All Scopes Scope 3 All Scopes


1 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.27378 0.00026 0.00135 0.27539 0.04888 0.32427


x 0.17012 0.00016 0.00084 0.17112 0.03037 0.20149


x 0.33972 0.00026 0.00135 0.34133 0.06066 0.40199


x 0.21109 0.00016 0.00084 0.21209 0.03769 0.24978


x 0.47970 0.00026 0.00135 0.48131 0.08563 0.56694


x 0.29807 0.00016 0.00084 0.29907 0.05321 0.35228


x 0.33416 0.00026 0.00135 0.33577 0.05966 0.39543


x 0.20764 0.00016 0.00084 0.20864 0.03707 0.24571


0 0 0 0 0 0


Table 6c Scope 3 All Scopes Scope 3 All Scopes


1 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.23064 0.00008 0.00269 0.23340 0.04424 0.27764


x 0.14331 0.00005 0.00167 0.14503 0.02749 0.17252


x 0.28844 0.00008 0.00269 0.29121 0.05535 0.34656


x 0.17923 0.00005 0.00167 0.18095 0.03439 0.21534


x 0.38877 0.00008 0.00269 0.39154 0.07459 0.46613


x 0.24157 0.00005 0.00167 0.24329 0.04635 0.28964


x 0.30870 0.00008 0.00269 0.31147 0.05922 0.37069


x 0.19182 0.00005 0.00167 0.19354 0.03680 0.23034


0 0 0 0 0 0


* Note: In the UK biofuels are added to virtually all of the transport fuel sold by filling stations (and by most fuel wholesalers) and this has the effect of slightly reducing the


greenhouse gas emissions of the fuel. This is reflected in the emission factors above. For fuel purchased at filling stations you should use the factor labelled "retail station


biofuel blend". If you are purchasing pure petrol or diesel which you know has not  been blended with biofuels then you should use the factor labelled "100% mineral fuel".


litres


litres


Scope 1 OR Scope 3


Scope 1 OR Scope 3 Scope 1 OR Scope 3


UK Greenhouse Gas Inventory for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Units


Average petrol car


km


Units


Scope 1 OR Scope 3


Small diesel car, up to 1.7 litre or under


Size of car


Average diesel car


Scope 1 OR Scope 3


Passenger Road Transport Conversion Factors: Diesel Cars


miles


miles


Large diesel car, over 2.0 litre


Digest of UK Energy Statistics 2010 (DECC), available at: 


http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx


Carbon factors for fuels (UKPIA, 2004)


km


Small petrol car, up to 1.4 litre engine


Passenger Road Transport Conversion Factors: Petrol Cars


Large petrol cars, above 2.0 litres


Medium petrol car, from 1.4 - 2.0 litres


1 imperial gallon (UK) = 4.546 litres


km


Size of car


km


miles


Units


miles


km


miles


Petrol (100% mineral petrol)


Diesel (100% mineral diesel)


Compressed Natural Gas (CNG)


Liquid Petroleum Gas (LPG)


Total


kg


litres


litres


litres


Scope 1 OR Scope 3


Standard Road Transport Fuel Conversion Factors


Fuel used*


Total for diesel cars


Medium diesel car, from 1.7 to 2.0 litre


Emission factors for petrol and diesel from public refuelling stations have been estimated based on information from the most recent


reporting on the Renewable Transport Fuels Obligation (RTFO). See Annex 1 for more detailed information.


Total for petrol cars


miles


km


miles


km


miles


km
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Table 6d Scope 3 All Scopes Scope 3 All Scopes


1 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.18870 0.00014 0.00135 0.19019 0.03370 0.22389


x 0.11725 0.00009 0.00084 0.11818 0.02094 0.13912


x 0.33722 0.00018 0.00135 0.33875 0.06021 0.39896


x 0.20954 0.00011 0.00084 0.21049 0.03741 0.24790


x 0.22217 0.00017 0.00135 0.22370 0.03967 0.26337


x 0.13805 0.00011 0.00084 0.13900 0.02465 0.16365


x 0.30574 0.00055 0.00185 0.30814 0.03829 0.34643


x 0.18998 0.00034 0.00115 0.19147 0.02379 0.21526


x 0.43172 0.00055 0.00185 0.43412 0.05406 0.48818


x 0.26826 0.00034 0.00115 0.26975 0.03359 0.30334


x 0.34049 0.00055 0.00185 0.34289 0.04263 0.38552


x 0.21157 0.00034 0.00115 0.21306 0.02649 0.23955


x 0.27177 0.00129 0.00185 0.27491 0.03985 0.31476


x 0.16887 0.00080 0.00115 0.17082 0.02476 0.19558


x 0.38375 0.00129 0.00185 0.38689 0.05626 0.44315


x 0.23845 0.00080 0.00115 0.24040 0.03496 0.27536


x 0.30265 0.00129 0.00185 0.30579 0.04437 0.35016


x 0.18806 0.00080 0.00115 0.19001 0.02757 0.21758


0 0 0 0 0 0


Table 6e Scope 3 All Scopes Scope 3 All Scopes


1 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.26659 0.00023 0.00166 0.26847 0.04781 0.31628


x 0.16565 0.00014 0.00103 0.16682 0.02971 0.19653


x 0.32224 0.00019 0.00187 0.32430 0.05863 0.38293


x 0.20023 0.00012 0.00116 0.20151 0.03643 0.23794


x 0.43129 0.00016 0.00211 0.43356 0.07936 0.51292


x 0.26799 0.00010 0.00131 0.26940 0.04931 0.31871


x 0.32721 0.00019 0.00185 0.32926 0.05950 0.38876


x 0.20332 0.00012 0.00115 0.20459 0.03697 0.24156


0 0 0 0 0 0


Sources


Notes


Type of alternative fuel car


Passenger Road Transport Conversion Factors: Alternative Fuel Cars


Average petrol hybrid car km


Large petrol hybrid car


Average LPG or CNG car


Medium LPG or CNG car


Large CNG car


miles


miles


Average CNG car


Large LPG or CNG car


km


Size of car


Scope 1 OR Scope 3


Total for alternative fuel cars


Passenger Road Transport Conversion Factors: Cars (unknown fuel)


Medium CNG car


Medium LPG car miles


Medium LPG or CNG car km


Large LPG car


Units


Large petrol hybrid car


miles


Medium petrol hybrid car


km


miles


km


Average LPG car


Average petrol hybrid car


Scope 1 OR Scope 3 Scope 1 OR Scope 3


More accurate calculation of emissions can be made using the actual fuel consumed, where available, and the emission factors in Table 6a. Alternatively if a


figure for a specific car's fuel consumption (e.g. in miles per gallon, mpg) is known, then the CO2 can be calculated from the total mileage and the Table 6a


factors.


Units


miles


km


miles


km


Average small car (unknown fuel)


Large LPG or CNG car km


miles


km


Medium petrol hybrid car


miles


km


miles


miles


km


km


miles


Factors developed by AEA and agreed with Department for Transport (2011)


Total for average cars


According to the Energy Saving Trust (EST), LPG and CNG cars results in 10-15% reduction in CO2 relative to petrol cars, similar to diesel vehicles. New


factors for LPG and CNG cars were calculated based on an average 12.5% reduction in CO2 emissions relative to the emission factors for petrol cars from


Table 6b.  Due to the significant size and weight of the LPG and CNG fuel tanks only medium and large sized vehicles are available.


Scope 1 OR Scope 3


Real world effects not covered in regular test cycles include use of accessories (air conditioning, lights, heaters, etc), vehicle payload (only driver +25kg is


considered in tests, no passengers or further luggage), poor maintenance (tyre under inflation, maladjusted tracking, etc), gradients (tests effectively assume


a level road), weather, harsher driving style, etc.


miles


Average LPG or CNG car km


These factors are estimated average values for the UK car fleet in 2010 travelling on average trips in the UK. They are calculated based on data from SMMT


on new car CO2 emissions from 1998 to 2010 combined with factors from TRL as functions of average speed of vehicle derived from test data under real


world testing cycles and an uplift of 15% agreed with DfT to take into account further real-world driving effects on emissions relative to test-cycle based data.


Further work is ongoing to understand this uplift in more detail and revise it if necessary in the future.


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Average car (unknown fuel)


Average medium car (unknown fuel)


Average large car (unknown fuel)
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Table 6f Scope 3 All Scopes Scope 3 All Scopes


2 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.25233 0.00026 0.00135 0.25394 0.04506 0.29900


x 0.15679 0.00016 0.00084 0.15779 0.02800 0.18579


x 0.27357 0.00026 0.00135 0.27518 0.04884 0.32403


x 0.16999 0.00016 0.00084 0.17099 0.03035 0.20134


x 0.32272 0.00026 0.00135 0.32433 0.05763 0.38196


x 0.20053 0.00016 0.00084 0.20153 0.03581 0.23734


x 0.36799 0.00026 0.00135 0.36960 0.06571 0.43531


x 0.22866 0.00016 0.00084 0.22966 0.04083 0.27049


x 0.43559 0.00026 0.00135 0.43719 0.07778 0.51497


x 0.27066 0.00016 0.00084 0.27166 0.04833 0.31999


x 0.55593 0.00026 0.00135 0.55754 0.09926 0.65681


x 0.34544 0.00016 0.00084 0.34644 0.06168 0.40812


x 0.40950 0.00026 0.00135 0.41111 0.07311 0.48422


x 0.25445 0.00016 0.00084 0.25545 0.04543 0.30088


x 0.46006 0.00026 0.00135 0.46167 0.08214 0.54381


x 0.28587 0.00016 0.00084 0.28687 0.05104 0.33791


x 0.37091 0.00026 0.00135 0.37251 0.06622 0.43874


x 0.23047 0.00016 0.00084 0.23147 0.04115 0.27262


0 0 0 0 0 0


Table 6g Scope 3 All Scopes Scope 3 All Scopes


2 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.16620 0.00008 0.00269 0.16897 0.03191 0.20088


x 0.10327 0.00005 0.00167 0.10499 0.01983 0.12482


x 0.22845 0.00008 0.00269 0.23121 0.04387 0.27509


x 0.14195 0.00005 0.00167 0.14367 0.02726 0.17093


x 0.26207 0.00008 0.00269 0.26483 0.05032 0.31516


x 0.16284 0.00005 0.00167 0.16456 0.03127 0.19583


x 0.28868 0.00008 0.00269 0.29145 0.05544 0.34689


x 0.17938 0.00005 0.00167 0.18110 0.03445 0.21555


x 0.33993 0.00008 0.00269 0.34269 0.06527 0.40797


x 0.21122 0.00005 0.00167 0.21294 0.04056 0.25350


x 0.40069 0.00008 0.00269 0.40346 0.07694 0.48041


x 0.24898 0.00005 0.00167 0.25070 0.04781 0.29851


x 0.27933 0.00008 0.00269 0.28210 0.05364 0.33574


x 0.17357 0.00005 0.00167 0.17529 0.03333 0.20862


x 0.42467 0.00008 0.00269 0.42744 0.08155 0.50899


x 0.26388 0.00005 0.00167 0.26560 0.05067 0.31627


x 0.32932 0.00008 0.00269 0.33209 0.06325 0.39534


x 0.20463 0.00005 0.00167 0.20635 0.03930 0.24565


0 0 0 0 0 0


Passenger Road Transport Conversion Factors: Petrol Cars by Market Segment


miles


Total for diesel cars


km


km


miles


km


miles


H. Dual Purpose 4x4


G. Sports


G. Sports


H. Dual Purpose 4x4


E. Executive


F. Luxury


miles


km


miles


I. MPV


I. MPV


F. Luxury


Scope 1 OR Scope 3 Scope 1 OR Scope 3


I. MPV


F. Luxury


G. Sports


G. Sports


H. Dual Purpose 4x4


km


km


miles


km


Scope 1 OR Scope 3


A. Mini km


Market segment of car


A. Mini


B. Supermini


A. Mini


Units


miles


km


miles


I. MPV


Total for petrol cars


Passenger Road Transport Conversion Factors: Diesel Cars by Market Segment


km


miles


km


miles


km


B. Supermini


C. Lower Medium


E. Executive


B. Supermini


km


miles


miles


miles


miles


Market segment of car


E. Executive


km


miles


km


miles


km


C. Lower Medium


D. Upper Medium


D. Upper Medium


A. Mini


Units


miles


H. Dual Purpose 4x4


D. Upper Medium


D. Upper Medium


km


miles


E. Executive


F. Luxury


Scope 1 OR Scope 3


C. Lower Medium


C. Lower Medium


B. Supermini km
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Table 6h Scope 3 All Scopes Scope 3 All Scopes


2 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.25112 0.00024 0.00145 0.25281 0.04406 0.29688


x 0.15604 0.00015 0.00090 0.15709 0.02738 0.18447


x 0.26866 0.00023 0.00166 0.27055 0.04772 0.31826


x 0.16694 0.00014 0.00103 0.16811 0.02965 0.19776


x 0.30397 0.00021 0.00175 0.30594 0.05539 0.36133


x 0.18888 0.00013 0.00109 0.19010 0.03442 0.22452


x 0.33143 0.00019 0.00187 0.33349 0.06177 0.39525


x 0.20594 0.00012 0.00116 0.20722 0.03838 0.24560


x 0.38945 0.00016 0.00211 0.39171 0.07068 0.46240


x 0.24199 0.00010 0.00131 0.24340 0.04392 0.28732


x 0.51336 0.00016 0.00211 0.51563 0.08658 0.60222


x 0.31899 0.00010 0.00131 0.32040 0.05380 0.37420


x 0.40472 0.00016 0.00211 0.40699 0.06206 0.46904


x 0.25148 0.00010 0.00131 0.25289 0.03856 0.29145


x 0.43787 0.00016 0.00211 0.44014 0.08180 0.52194


x 0.27208 0.00010 0.00131 0.27349 0.05083 0.32432


x 0.34828 0.00018 0.00198 0.35043 0.06481 0.41524


x 0.21641 0.00011 0.00123 0.21775 0.04027 0.25802


0 0 0 0 0 0


Sources


Notes


km


km


miles


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


km


miles


km


miles


km


miles


Total for cars (unknown fuel)


miles


H. Dual Purpose 4x4


I. MPV


km


I. MPV


Units


miles


km


miles


F. Luxury


B. Supermini


km


miles


km


miles


E. Executive


F. Luxury


B. Supermini


C. Lower Medium


C. Lower Medium


D. Upper Medium


D. Upper Medium


E. Executive


Passenger Road Transport Conversion Factors: Cars (unknown fuel) by Market 


Segment


More accurate calculation of emissions can be made using the actual fuel consumed, where available, and the emission factors in Table 6a. Alternatively if a


figure for a specific car's fuel consumption (e.g. in miles per gallon, mpg) is known, then the CO2 can be calculated from the total mileage and the Table 6a


factors.


The market segment categories are the standard segments as defined by SMMT (UK Society of Motor Manufacturers and Traders). These factors are


estimated average values for the UK car fleet in 2010 travelling on average trips in the UK. They are calculated based on data from SMMT on new car CO2 


emissions from 1998 to 2010 by SMMT. An uplift of 15% agreed with DfT to take into account further real-world driving effects on emissions relative to test-


cycle based data (as under Tables 6b-6e).  Further work is ongoing to understand this uplift in more detail and revise it if necessary in the future.


There is a substantial variation in emission factors across market classes due to significant variations in engine size and vehicle weight. The Department for


Transport considers the emission factors by fuel and engine size to often be a closer match to actual emissions. It is preferable to use the emission factors by


engine size provided in Tables 6b and 6c over the market class based factors where possible.


Scope 1 OR Scope 3Scope 1 OR Scope 3


Factors developed by AEA and agreed with Department for Transport (2011)


Market segment of car


A. Mini


A. Mini


G. Sports


G. Sports


H. Dual Purpose 4x4
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Table 6i Scope 3 All Scopes Scope 3 All Scopes


3 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.32292 0.00052 0.00204 0.32548 0.06251 0.38799


x 0.20065 0.00032 0.00127 0.20225 0.03884 0.24109


x 0.33980 0.00052 0.00204 0.34236 0.06574 0.40810


x 0.21114 0.00032 0.00127 0.21273 0.04085 0.25358


x 0.41326 0.00057 0.00458 0.41842 0.08035 0.49877


x 0.25679 0.00035 0.00285 0.25999 0.04993 0.30992


x 0.34287 0.00052 0.00237 0.34577 0.06640 0.41217


x 0.21305 0.00033 0.00148 0.21485 0.04126 0.25611


x 0.25049 0.00009 0.00173 0.25232 0.04846 0.30078


x 0.15565 0.00006 0.00108 0.15678 0.03011 0.18689


x 0.36201 0.00009 0.00250 0.36460 0.07002 0.43462


x 0.22494 0.00006 0.00155 0.22655 0.04351 0.27006


x 0.43163 0.00009 0.00298 0.43470 0.08348 0.51818


x 0.26820 0.00006 0.00185 0.27011 0.05187 0.32198


x 0.40252 0.00009 0.00278 0.40539 0.07784 0.48323


x 0.25011 0.00006 0.00173 0.25190 0.04837 0.30027


x 0.42265 0.00111 0.00325 0.42701 0.05359 0.48060


x 0.26262 0.00069 0.00202 0.26533 0.03330 0.29863


x 0.38239 0.00262 0.00325 0.38826 0.05731 0.44557


x 0.23761 0.00163 0.00202 0.24126 0.03561 0.27687


x 0.39882 0.00012 0.00276 0.40169 0.07714 0.47883


x 0.24781 0.00007 0.00171 0.24960 0.04793 0.29753


0 0 0 0 0 0


Sources


Notes


Table 6j Scope 3 All Scopes Scope 3 All Scopes


4 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units travelled x kg CO2 


per unit


kg CO2e 


per unit


kg CO2e 


per unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.13678 0.00393 0.00058 0.14128 0.02443 0.16571


x 0.08499 0.00244 0.00036 0.08779 0.01518 0.10297


x 0.16602 0.00436 0.00100 0.17138 0.02964 0.20102


x 0.10316 0.00271 0.00062 0.10649 0.01842 0.12491


x 0.22087 0.00332 0.00100 0.22518 0.03945 0.26463


x 0.13724 0.00206 0.00062 0.13992 0.02451 0.16443


x 0.18678 0.00396 0.00097 0.19171 0.03335 0.22506


x 0.11606 0.00246 0.00060 0.11912 0.02072 0.13984


0 0 0 0 0 0


Sources


Notes


miles


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Passenger Road Transport Conversion Factors: Vans (Light Commercial Vehicles)


miles


miles


km


miles


Average petrol motorbike 


(unknown engine size)


Total for motorcycles


km


miles


Size of motorcycle


km


miles


km


miles


km


Passenger Road Transport Conversion Factors: Motorcycles


Medium petrol motorbike 


(125-500cc)


LPG or CNG van up to 3.5 tonne


Average van up to 3.5 tonne


miles


km


These factors are based on calculations of average emissions data by size category, based data provided by Clear (http://www.clear-offset.com) of almost


1200 datapoints, over 300 different bikes from 50-1500cc, and from 25 manufacturers from a mix of magazine road test reports and user reported data.


More accurate calculation of emissions can be made using the actual fuel consumed, where available, and the emission factors in Table 5a. Alternatively if a


figure for a specific motorbike's fuel consumption (e.g. in miles per gallon, mpg) is known, then the CO2 can be calculated from the total mileage and the Table


6a factors.


Small petrol motorbike 


(mopeds/scooters up to 125cc)


Diesel van up to 3.5 tonne


km


miles


km


Units


miles


km


miles


Large petrol motorbike 


(over 500cc)


km


km


miles


Petrol van (Class I), up to 1.305 tonne


Petrol van up to 3.5 tonne


Diesel van (Class I), up to 1.305 tonne


Petrol van (Class III), 1.74 to 3.5 tonne


Petrol van up to 3.5 tonne


km


miles


km


Type of van


Scope 1 OR Scope 3


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


km


Petrol van (Class II), 1.305 to 1.74 tonne


Units


miles


Scope 1 OR Scope 3 Scope 1 OR Scope 3


Factors developed by AEA and agreed with Department for Transport (2011)


Factors developed by AEA and agreed with Department for Transport (2011)


Emission factors for petrol and diesel light good vehicles (vans up to 3.5 tonnes) were calculated based on the new emission factors used in the National


Atmospheric Emissions Inventory (NAEI) and Greenhouse Gas Inventory for 2009 (AEA, 2011). These test cycle based emission factors were then uplifted by


15% to represent ‘real-world’ emissions, consistent with the approach used for cars agreed with DfT. Emission factors for LPG and CNG vans were estimated


to be similar to diesel vehicles, as indicated by EST for cars. The average van emission factor was calculated on the basis of the relative NAEI vehicle km for


petrol and diesel LGVs for 2009.


Average van up to 3.5 tonne


Total for vans


CNG van up to 3.5 tonne


Diesel van (Class III), 1.74 to 3.5 tonne


Scope 1 OR Scope 3


Diesel van up to 3.5 tonne


LPG van up to 3.5 tonne miles


LPG or CNG van up to 3.5 tonne km


Diesel van (Class II), 1.305 to 1.74 tonne
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2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Annex 6 - Passenger Transport Conversion Tables
Last updated: Jun-11


Table 6k Scope 3 All Scopes Scope 3 All Scopes


5 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Method of travel Vehicle km 


travelled (vkm)
1


x kg CO2 


per vkm
1


kg CO2e 


per vkm
1


kg CO2e 


per vkm
1


kg CO2e per 


vkm
1


kg CO2e per 


vkm
1


kg CO2e per 


vkm
1


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.21040 0.00005 0.00167 0.21212 0.02431 0.23643


x 0.24157 0.00005 0.00167 0.24329 0.04639 0.28968


Method of travel Passenger km 


travelled (pkm)


x kg CO2 


per pkm


kg CO2e 


per pkm


kg CO2e 


per pkm


kg CO2e per 


pkm


kg CO2e per 


pkm


kg CO2e per 


pkm


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


x 0.15029 0.00004 0.00119 0.15151 0.02886 0.18038


x 0.19871 0.00011 0.00056 0.19938 0.03548 0.23486


x 0.18433 0.00020 0.00135 0.18588 0.03540 0.22128


x 0.08566 0.00008 0.00056 0.08630 0.01645 0.10275


x 0.14754 0.00016 0.00107 0.14877 0.02833 0.17710


x 0.03000 0.00007 0.00057 0.03064 0.00576 0.03641


x 0.05340 0.00006 0.00303 0.05649 0.00815 0.06464


x 0.01502 0.00001 0.00009 0.01512 0.00200 0.01712


x 0.07101 0.00003 0.00044 0.07148 0.00944 0.08092


x 0.07313 0.00003 0.00045 0.07361 0.00972 0.08333


x 0.01912 0.00001 0.00015 0.01928 0.00324 0.02252


x 0.13216 0.00004 0.00102 0.13322 0.02243 0.15565


x 0.11516 0.00004 0.00088 0.11608 0.01954 0.13562


0 0 0 0 0 0


Sources


Notes
1


2


3


4


5


6


7


8


9


10


All:


The factor for local buses was calculated based on actual fuel consumption data submitted by bus operators to the DfT as part of their Bus Service Operators


Grant (BSOG) claims and DfT bus statistics.


Total


Average local bus


National rail 
6


International rail (Eurostar) 
7


Light rail and tram 
8


Ferry (Large RoPax) 
10


Foot passengers


vkm (vehicle-km) is a measure of vehicle activity, representing the movement of a vehicle over a distance; pkm (passenger-km) is a measure of the total


distance travelled by passengers on a vehicle and is calculated by multiplying the number of passengers by the vehicle-km.


Regular taxi


Local bus (not London) 
3


Black cab


Rail


Average (all passengers)


Car passengers


Local London bus 
4


Taxi 
2


Bus


London Underground 
9


Coach 
5


Regular taxi


Black cab


Taxi, Bus, Rail and Ferry Passenger Transport Conversion Factors


Scope 3


Emission factors for taxis were estimated on the basis of an average of the emission factors of medium and large cars from Table 6c and occupancy of 1.4


(CfIT, 2002). The emission factors for black cabs are based on the large car emission factor (consistent with the VCA dataset for London Taxis International


vehicles) and an average passenger occupancy of 1.5 (average 2.5 people per cab from LTI website, 2008).


The London bus factor is calculated using the same methodology as for other local buses using DfT's BSOG dataset and statistics.


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


The London Underground rail factor is recalculated using the updated 2009 grid rolling average from figures in the Transport for London 2010 environmental


report available at: http://www.tfl.gov.uk/corporate/about-tfl/publications/1478.aspx


The factors for RoPax ferries (Roll-on Roll-off ferries with additional passenger capacity) are based on data provided by Best Foot Forward from work for the


Passenger Shipping Association (PSA) carried out in 2007/8. The calculated figure is based on ferry service operator provided data on fuel consumption and


passengers transported, but does not include any data for passenger only ferry services, which would be expected to have significantly higher emission


factors per passenger km. 


The emission factor for coach transport is the figure from the National Express Group's Corporate Responsibility Report, available at: 


http://www.nationalexpressgroup.com/nx1/corporate/environment/climate. National Express are responsible for the majority of long-distance coach services in 


the UK, so this figure is expected to be broadly representative of the overall average.


The emission factor for international rail is based on electricity grid average emission factors. Eurostar's published figures differ from the figure quoted in the


table above as they are calculated using the individual conversion factors as specified by each electricity supplier across each network section upon which


they operate. For further information please visit: 


http://www.eurostar.com/UK/uk/leisure/about_eurostar/environment/greener_than_flying.jsp


The light rail and tram factors were based on an average of factors for the Docklands Light Rail (DLR) service, the Manchester Metrolink, Tyne and Wear


Metro, Glasgow Underground, Supertram, Midland Metro and the Croydon Tramlink. The factors for the Tyne and Wear, Glasgow, Midland, Supertram and


Manchester tram and light rail systems were based on annual electricity consumption and passenger km data provided by the network operators in 2008


(referring mostly to consumption in 2007/08) and a CO2 emission factor for grid rolling average electricity from Table 3c. DLR and Croydon Tramlink figures


were recalculated using the updated 2009 grid rolling average from those available in the Transport for London 2010 environmental report available at:


http://www.tfl.gov.uk/corporate/about-tfl/publications/1478.aspx


Department for Transport, Transport for London and AEA (2011)


Scope 3


Taxi 
2


The national rail factor refers to an average emission per passenger kilometre for diesel and electric trains in 2007/08. The CO2 value for passenger rail is


based on currently available information on CO2 emissions by diesel and electric passenger trains in the UK in 2007/08 produced by ORR (Office of the Rail


Regulator) and is available in Chapter 9 of National Rail Trends at http://www.rail-reg.gov.uk/server/show/nav.2026


Emission factors for freight rail (from the same source) are provided in Annex 7, Table 7f.
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Table 6l Scope 3 All Scopes Scope 3 All Scopes


6 CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Method of travel Passenger km 


travelled (pkm)


x km uplift factor 
12 x kg CO2 


per pkm 
13


kg CO2e 


per pkm


kg CO2e 


per pkm


kg CO2e per 


pkm


kg CO2e per 


pkm


kg CO2e per 


pkm


Total kg CO2 Total kg 


CO2e


Total kg 


CO2e


Total kg CO2e Total kg CO2e Total kg CO2e


Flight type
14 Cabin class 


11


Domestic
14


Average x 109% x 0.16313 0.00010 0.00161 0.16484 0.03034 0.19518


Short-haul international
14


Average x 109% x 0.09589 0.00001 0.00094 0.09684 0.01783 0.11467


Economy class x 109% x 0.09138 0.00001 0.00090 0.09229 0.01699 0.10928


Business class x 109% x 0.13707 0.00001 0.00135 0.13843 0.02549 0.16392


Long-haul international
14


Average x 109% x 0.11037 0.00001 0.00109 0.11146 0.02053 0.13199


Economy class x 109% x 0.08057 0.00000 0.00079 0.08137 0.01498 0.09635


Premium economy class x 109% x 0.12891 0.00001 0.00127 0.13019 0.02397 0.15416


Business class x 109% x 0.23365 0.00001 0.00230 0.23596 0.04345 0.27941


First class x 109% x 0.32227 0.00002 0.00317 0.32546 0.05994 0.38540


0 0 0 0 0 0


Source


Notes


10


11


12


13


14


Scope 3


These indicative factors will be updated as further evidence comes to light on how these factors could more accurately be estimated. There are several ways 


in which these factors could be estimated, which will be kept under review.


These emissions factors are intended to be an aggregate representation of the typical emissions per passenger km from illustrative types of aircraft for the 3 


types of air services. Actual emissions will vary significantly according to the type of aircraft in use, the load, cabin class, specific conditions of the flight route, 


etc. 


The long haul estimate is based on a flight length from the EMEP/EEA Guidebook of 6482 km, short haul 1108km and domestic 463km. Actual flight 


distances do however vary significantly, as demonstrated in the examples in the following tables.  Domestic flights are between UK airports, short haul 


international flights are typically to Europe (up to 3700km distance), and long haul international flights are typically to non-European destinations (or all other 


international flights over 3700km distance).


The emission factors refer to aviation's direct carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emissions only. There is currently uncertainty over 


the other non-CO2 climate change effects of aviation (including water vapour, contrails, NOx etc) which may indicatively be accounted for by applying a 


multiplier. The appropriate factor to apply is subject to uncertainty but was estimated by the IPCC in 1999 to be in the range 2-4, with current best scientific 


evidence suggesting a factor of 1.9. This factor is derived from Table 1 of Aviation radiative forcing in 2000: and update on IPCC (1999), Sausen R. et al 


(2005): http://elib.dlr.de/19906/1/s13.pdf


If used, this factor would be applied to the emissions factor for CO2 set out here.


The indicative emissions factors by passenger seating class have been produced to allow passengers to build an understanding of how emissions per 


passenger km are affected by load factors and seat configurations. This is in response to feedback on the previous version of the Act on CO 2 calculator. 


Emission factors by passenger seating class were developed on the basis of detailed analysis of the seating configurations of 24 aircraft model variants from 


16 major airlines providing services within/to/from the UK.  Indicative emission factors were calculated via the relative area on the aircraft occupied by different 


seating classes compared to an economy class equivalent per passenger.  Figures are only indicative averages and will vary considerably between different 


specific airline and aircraft configurations.


Scope 3


Total


The 9% uplift factor comes from the IPCC Aviation and the global Atmosphere 8.2.2.3 , which states that 9-10% should be added to take into account non-


direct routes (i.e. not along the straight line great circle distances between destinations) and delays/circling:  


http://www.ipcc.ch/ipccreports/sres/aviation/121.htm#8223


Airline industry representatives have indicated that the percentage uplift for short-haul flights will be higher and for long-haul flights will be lower, however 


specific data is not currently available to provide separate factors.  This is under investigation for future versions of these guidelines.


These emissions are based on bunker fuel consumption and are closely related to fuel on departing flights. This uplift is therefore based on comparisons of 


national aviation fuel consumption from this reported inventory, with detailed bottom up calculations in DfT modelling along with the similar NAEI approach, 


which both use detailed UK activity data (by aircraft and route) from CAA, and the CORINAIR fuel consumption approach. Therefore for this version of the 


Defra CO2 emission factors an uplift of 10% is applied to the emissions from the Cruise, Climb and Decent of the aircraft based on provisional evidence.  The 


CORINAIR uplift is in addition to the assumption that Great Circle Distances are increased by 9% to allow for sub-optimal routing and stacking at airports 


during periods of heavy congestion.  It should be noted that work will continue to determine a more robust reconciliation and this will be accounted for in future 


versions of these factors.


Air Passenger Transport Conversion Factors
10


Civil Aviation Authority (2010)


Developed by AEA (2011) using the methodology developed in discussion with the Department for Transport and the airline industry, 2009.


EMEP/EEA air pollutant emission inventory guidebook 2009 (EEA, 2009) 


The emissions factors are based on typical aircraft fuel burn over illustrative trip distances listed in the EMEP/EEA air pollutant emission inventory guidebook 


2009 (EEA, 2009) – available at the EEA website at: http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009.  This information 


is combined with data from the Civil Aviation Authority (CAA) on average aircraft seating capacity, loading factors, and annual passenger-km and aircraft-km 


for 2007 (most recent full-year data available). The provisional evidence to date suggests an uplift in the region of 10-12% to climb/cruise/descent factors  


derived in the EEA publication is appropriate in order to ensure consistency with estimated UK aviation emissions as reported in line with the UN Framework 


on Climate Change, covering UK domestic flights and departing international flights. This uplift has already been included in these emissions factors.
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Illustrative long haul flight distances


Area


North Africa


Southern Africa


Middle East


North America


North America


South America


Indian sub-continent


Far East


Australasia


Source


Illustrative short haul flight distances


Area


Europe


Europe


Europe


Europe


Source


Abu Simbel/Sharm El Sheikh, Egypt 3300


Airport


9000


Hong Kong


Johannesburg/Pretoria, South Africa


New York (JFK), USA


9400Sao Paulo, Brazil


Dubai, UAE


1500


From London to:


9700


Bombay/Mumbai, India


Malaga, Spain 1700


400


17000


Distance (km)


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Distances based on International Passenger Survey (Office for National Statistics) calculations using airport geographic information.


Distances based on International Passenger Survey (Office for National Statistics) calculations using airport geographic information.


7200


Athens, Greece


Amsterdam, Netherlands


1000Prague (Ruzyne), Czech Rep


Sydney, Australia


Airport


5500


5600


8900Los Angeles California, USA


Distance (km)


From London to:
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How to use this Annex


If you know how much of a particular fuel type is consumed, emissions can be calculated using Table 7a. This is the most accurate way to calculate emissions.


Table 7b gives emissions for distance travelled for vans and small trucks


Annex 7 Scopes & Boundaries:


How do I determine UK rail travel distances (in miles) where start and destination stations are known? 


Table 7d gives emissions  per vehicle kilometre travelled  for a range of HGV sizes with a range of different loads. Use this table if you know the distance the  vehicle  has travelled. If you 


do not know the load capacity of your vehicle, apply the UK average load  which is given for a range of vehicle classes.


Table 7c gives emissions  per tonne freight carried for vans and small trucks. Emission factors for vans in tonne km were calculated from the emission factors per vehicle km provided in 


Table 6i (Annex 6) and an average load factor of 40%. The average cargo capacity was taken to be 0.6 tonnes for vans up to 1.305 tonnes vehicle reference weight, 1 tonne for vans 


between 1.305-1.740 tonnes vehicle reference weight and 2 tonnes for vans up to 3.5 tonnes vehicle reference weight. Reference weight is equivalent to the vehicle kerb weight plus 


60kg.


A further consideration is the treatment of leased assets (e.g. vehicles), which depends on the organisational boundaries set and the control approach.


OR from the Greenhouse Gas Protocol's website at:


2. Select the Route Index under Train Timetables


A tonne-km is a measure of transported goods representing the movement of one tonne over one km. To use the tables below you will need to multiply the weight of goods (in tonnes) by 


the distance travelled by that mode (in km).


In general it is recommended that the 'control' approach is used in order to decide whether to report emissions as Scope 1 or Scope 3. The control approach is itself divided into two 


methods – financial and operational ( where the financial control approach is the one most commonly recommended). 


- A company has financial control  over an operation if the company has the ability to direct the financial and operating policies of the operation with a view to gaining economic benefits 


from its activities.


- A company has operational control  over an operation if the company or one of its subsidiaries has the full authority to introduce and implement its operating policies at the operation.


In the transport sector, ‘open book accounts’ provide a very good illustration of the financial and operational control methods. In the case of an open book account, a transport operator 


provides vehicles to a customer, but the customer pays the fuel bill for those vehicles directly, rather than simply paying the transport operator for the logistics service.


In the open book situation, the customer has financial control, but the transport operator has operational control. The customer and the transport operator will have to decide whether the 


emissions resulting from these transport operations are the customer’s or the transport operator’s Scope 1. Whichever method is used, it is very important that it is clearly stated in all 


reporting, and that it is consistently applied by both organisations.


3. Use your mouse cursor to click on the appropriate train route in the 'Table' column that matches your starting and destination stations. This should open a corresponding timetable with 


rail distances. 


Table 7e gives emissions per tonne kilometre  travelled  for a range of HGV sizes with a range of different loads. Use this table if you know the distance the  freight  has travelled and 


what the mass (in tonnes) of the freight was.


4. In the timetable, refer to the 'Miles' columns on the left to determine mileage between your starting and destination stations.


How were these factors calculated?


Table 7g gives emissions factors for  tonne kilometres  of freight for shipping


Table 7f gives emissions factors for  tonne kilometres  of freight for rail , and air freight


Scope 1:  Direct emissions of CO2, CH4 and N2O from the combustion of fuel from owned/controlled transport.


Scope 3: Indirect emissions associated with the extraction and transport of primary fuels as well as the refining, distribution, storage and retail of finished fuels. Emission factors are 


based on data from the JEC Well-To-Wheels study, for further information see:  http://ies.jrc.ec.europa.eu/jec-research-collaboration/about-jec.html


Further information on scopes, control and leased assets is available from Defra's website in the guidance on reporting at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


http://www.ghgprotocol.org/standards/corporate-standard


Scope 1 OR Scope 3:  Direct emissions from transport can fall into either Scope 1 or Scope 3, depending on the vehicle ownership/level of control.  For vehicles owned or directly 


controlled by a reporting company, direct emissions should be reported under Scope 1.  However, emissions resulting from transport-related activities in vehicles not owned or controlled 


by the reporting entity should be reported under Scope 3.


1. Click on web link: http://www.networkrail.co.uk/aspx/3828.aspx


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting
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Table 7a Scope 3 All Scopes Scope 3 All Scopes


#REF! CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total units used Units


x


kg CO2 per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2 Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Petrol (retail station biofuel blend) litres x 2.2352 0.00340 0.00640 2.24500 0.42200 2.6670


litres x 2.3018 0.00340 0.00650 2.31170 0.41100 2.7227


Diesel (retail station biofuel blend) litres x 2.5530 0.00120 0.01830 2.57250 0.53480 3.1073


litres x 2.6480 0.00120 0.01840 2.66760 0.50850 3.1761


kg x 2.7020 0.00398 0.00162 2.70758 0.39880 3.1064


litres x 1.4884 0.00100 0.00230 1.49180 0.18680 1.6786


0 0 0 0 0 0


Sources


Carbon factors for fuels (UKPIA, 2004)


Notes 1 imperial gallon (UK) = 4.546 litres


Table 7b Scope 3 All Scopes Scope 3 All Scopes


#REF! CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Type of van


Vehicle 


Reference 


Weight (tonnes)


% weight 


laden


UK av. payload (tonnes 


goods carried per vehicle)


Total vehicle km 


travelled x


kg CO2 per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km
Total kg CO2 Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Petrol (Class I) up to 1.305t 37% 0.24 x 0.20065 0.00032 0.00127 0.20225 0.03884 0.24109


Petrol (Class II) 1.305t to 1.74t 37% 0.26 x 0.21114 0.00032 0.00127 0.21273 0.04085 0.25358


Petrol (Class III) 1.74t to 3.5t 41% 0.53 x 0.25679 0.00035 0.00285 0.25999 0.04993 0.30992


Petrol (average) up to 3.5t 40% 0.31 x 0.21305 0.00033 0.00148 0.21485 0.04126 0.25611


Diesel (Class I) up to 1.305t 37% 0.24 x 0.15565 0.00006 0.00108 0.15678 0.03011 0.18689


Diesel (Class II) 1.305t to 1.74t 37% 0.36 x 0.22494 0.00006 0.00155 0.22655 0.04351 0.27006


Diesel (Class III) 1.74t to 3.5t 41% 0.53 x 0.26820 0.00006 0.00185 0.27011 0.05187 0.32198


Diesel (average) up to 3.5t 40% 0.47 x 0.25011 0.00006 0.00173 0.25190 0.04837 0.30027


LPG up to 3.5t 40% 0.47 x 0.26262 0.00069 0.00202 0.26533 0.03330 0.29863


CNG up to 3.5t 40% 0.47 x 0.23761 0.00163 0.00202 0.24126 0.03561 0.27687


Average (all vehicles) up to 3.5t 40% 0.46 x 0.24781 0.00007 0.00171 0.24960 0.04793 0.29753


Total 0 0 0 0 0 0


Table 7c Scope 3 All Scopes Scope 3 All Scopes


#REF! CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Vehicle 


Reference 


Weight (tonnes)


% weight 


laden


UK av. payload (tonnes 


goods carried per vehicle)


Total tonne km 


travelled x


kg CO2 per 


tonne km


kg CO2e per 


tonne km


kg CO2e per 


tonne km


kg CO2e per 


tonne km


kg CO2e per 


tonne km


kg CO2e per 


tonne km
Total kg CO2 Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Petrol (Class I) up to 1.305t 37% 0.24 x 0.85248 0.00137 0.00540 0.85924 0.16500 1.02424


Petrol (Class II) 1.305t to 1.74t 37% 0.26 x 0.80133 0.00122 0.00482 0.80737 0.15504 0.96241


Petrol (Class III) 1.74t to 3.5t 41% 0.53 x 0.48179 0.00066 0.00534 0.48780 0.09367 0.58147


Petrol (average) up to 3.5t 40% 0.31 x 0.69385 0.00106 0.00480 0.69972 0.13437 0.83409


Diesel (Class I) up to 1.305t 37% 0.24 x 0.65947 0.00024 0.00456 0.66427 0.12756 0.79183


Diesel (Class II) 1.305t to 1.74t 37% 0.36 x 0.62401 0.00016 0.00431 0.62849 0.12069 0.74918


Diesel (Class III) 1.74t to 3.5t 41% 0.53 x 0.50358 0.00011 0.00348 0.50716 0.09739 0.60455


Diesel (average) up to 3.5t 40% 0.47 x 0.53024 0.00012 0.00366 0.53402 0.10255 0.63657


LPG up to 3.5t 40% 0.47 x 0.55675 0.00147 0.00428 0.56250 0.10802 0.67052


CNG up to 3.5t 40% 0.47 x 0.50372 0.00345 0.00428 0.51146 0.09822 0.60968


Average (all vehicles) up to 3.5t 40% 0.46 x 0.53700 0.00016 0.00371 0.54087 0.10386 0.64473


Total 0 0 0 0 0 0


Sources


Notes


Factors developed by AEA and agreed with Department for Transport (2011)


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


* Note: In the UK biofuels are added to virtually all of the transport fuel sold by filling stations (and by most fuel wholesalers) and this has the effect of slightly reducing the greenhouse gas emissions of


the fuel. This is reflected in the emission factors above. For fuel purchased at filling stations you should use the factor labelled "retail station biofuel blend". If you are purchasing pure petrol or diesel


which you know has not  been blended with biofuels then you should use the factor labelled "100% mineral fuel".


Digest of UK Energy Statistics 2010 (DECC), available at: 


http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx


The '% weight laden ' refers to the extent to which the vehicle is loaded to its maximum carrying capacity (also known as the payload capacity). A 0% weight laden HGV means the


vehicle is travelling carrying no loads.  100% weight laden means the vehicle is travelling with loads bringing the vehicle to its maximum carrying capacity.


Compressed Natural Gas (CNG)


Scope 1 OR Scope 3Scope 1 OR Scope 3


UK Greenhouse Gas Inventory for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Van/Light Commercial Vehicle Road Freight Conversion Factors: Vehicle km Basis


Van/Light Commercial Vehicle Road Freight Conversion Factors (UK Average Vehicle Loads): 


Tonne.km Basis


Liquid Petroleum Gas (LPG)


Total


Scope 1 OR Scope 3Scope 1 OR Scope 3


Standard Road Transport Fuel Conversion Factors


Fuel used*


Diesel (100% mineral diesel)


Petrol (100% mineral petrol)


Scope 1 OR Scope 3 Scope 1 OR Scope 3


Emission factors for vans in tonne km were calculated from the emission factors per vehicle km provided in Table 6i and an average load factor of 40% (37% for vehicles up to 1.8


tonnes, 41% for vehicles 1.8 - 3.5 tonnes, estimated on the basis of DfT statistics for Vans for 2005). The average cargo capacity was taken to be 0.45 tonnes for Class I vans, 0.7 tonne


for Class II vans and 1.25 tonnes for vans up to 3.5 tonnes vehicle reference weight. Reference weight is equivalent to the vehicle kerb weight plus 60kg.


Emission factors for petrol and diesel from public refuelling stations have been estimated based on information from the most recent reporting on the Renewable Transport Fuels


Obligation (RTFO). See Annex 1 for more detailed information.
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Table 7d Scope 3 All Scopes Scope 3 All Scopes


#REF! CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Gross Vehicle 


Weight (tonnes)


% weight 


laden


Total vehicle km 


travelled x


kg CO2 per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km


kg CO2e per 


vehicle km Total kg CO2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Rigid >3.5-7.5t 0% x 0.54372 0.00028 0.00611 0.55011 0.10554 0.65565


50% x 0.59100 0.00028 0.00611 0.59739 0.11461 0.71200


100% x 0.63828 0.00028 0.00611 0.64467 0.12368 0.76835


43% (UK average load) x 0.58438 0.00028 0.00611 0.59077 0.11334 0.70411


Rigid >7.5-17t 0% x 0.67153 0.00036 0.00775 0.67964 0.13039 0.81003


50% x 0.76746 0.00036 0.00775 0.77557 0.14879 0.92436


100% x 0.86339 0.00036 0.00775 0.87150 0.16720 1.03870


36% (UK average load) x 0.74060 0.00036 0.00775 0.74871 0.14364 0.89235


Rigid >17t 0% x 0.78198 0.00047 0.01006 0.79251 0.15204 0.94455


50% x 0.95363 0.00047 0.01006 0.96416 0.18497 1.14913


100% x 1.12528 0.00047 0.01006 1.13581 0.21790 1.35371


52% (UK average load) x 0.96138 0.00047 0.01006 0.97191 0.18646 1.15837


All rigids UK average 50% x 0.82198 0.00040 0.00860 0.83098 0.15942 0.99040


Articulated >3.5-33t 0% x 0.69388 0.00081 0.00889 0.70359 0.13498 0.83857


50% x 0.86735 0.00081 0.00889 0.87706 0.16826 1.04532


100% x 1.04082 0.00081 0.00889 1.05053 0.20154 1.25207


45% (UK average load) x 0.85000 0.00081 0.00889 0.85971 0.16493 1.02464


Articulated >33t 0% x 0.69968 0.00094 0.01030 0.71092 0.13639 0.84731


50% x 0.93290 0.00094 0.01030 0.94414 0.18113 1.12527


100% x 1.16613 0.00094 0.01030 1.17737 0.22588 1.40325


61% (UK average load) x 0.98421 0.00094 0.01030 0.99545 0.19098 1.18643


All artics UK average 60% x 0.97143 0.00093 0.01016 0.98252 0.18850 1.17102


ALL HGVs UK average 55% x 0.88887 0.00066 0.00930 0.89883 0.17244 1.07127


Total 0 0 0 0 0 0


Sources


Notes


UK average factors for all rigid and articulated HGVs are also provided in Table 7d if the user requires aggregate factors for these main classes of HGVs, perhaps because the weight class of the HGV is 


not known.  Again, these factors represent averages for the UK HGV fleet in 2009.  These are derived directly from the average mpg values for all rigid and articulated HGVs in Table 1.12 of DfT (2010).


http://www.dft.gov.uk/pgr/statistics/datatablespublications/freight/goodsbyroad


Diesel HGV Road Freight Conversion Factors: Vehicle km Basis


Factors are based on road freight statistics from the Department for Transport (DfT, 2010), from a survey on the average miles per gallon and average loading factor for different sizes of rigid and artic 


HGVs in the 2009 fleet, combined with test data from the European ARTEMIS project showing how fuel efficiency, and hence CO2  emissions, varies with vehicle load.


The '% weight laden ' refers to the extent to which the vehicle is loaded to its maximum carrying capacity (also known as the payload capacity).  A 0% weight laden HGV means the vehicle is travelling 


carrying no loads.  100% weight laden means the vehicle is travelling with loads bringing the vehicle to its maximum carrying capacity.


Scope 1 OR Scope 3Scope 1 OR Scope 3


Factors developed by AEA and agreed with Department for Transport (2011)


UK Greenhouse Gas Inventory for 2009 (AEA, 2011)


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Factors are provided in kgCO2/vehicle.km for 3 different gross vehicle weight ranges of rigid-axled HGVs and 2 different gross vehicle weight ranges of articulated HGVs. A vehicle km is the distance


travelled by the HGV.


Transport Statistics Bulletin: Road Freight Statistics 2009, (DfT, 2010)


At a more aggregated level still are factors for all HGVs representing the average mpg for all rigid and articulated HGV classes in Table 1.12 of DfT (2010).  This factor should be used if the user has no 


knowledge of or requirement for different classes of HGV and may be suitable for analysis of HGV CO2  emissions in, for example, inter-modal freight transport comparisons.


The miles per gallon figures in Table 5.1 of DfT (2010) were converted into CO2 factors using the diesel fuel conversion factors.  Then using the ARTEMIS data, these were corrected to CO2 factors 


corresponding to 0%, 50% and 100% loading in Table 7d.  The correction was based on the current percent lading for different sizes of HGVs in the national fleet in 2009 given in Table 1.12 of DfT (2010).


As well as CO2 factors for 0%, 50% and 100% loading, CO2  factors are shown for the average loading of each weight class of HGV in the UK fleet in 2009.  These should be used as default values if the 


user does not know the loading factor to use and are based on the actual laden factors and mpg figures from tables 1.12 and 5.1 in DfT (2010).
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Table 7e Scope 3 All Scopes Scope 3 All Scopes


#REF! CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Gross Vehicle 


Weight (tonnes)


% weight 


laden


UK av. payload (tonnes 


goods carried per vehicle)


Total tonne km 


travelled x


kg CO2 per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km Total kg CO2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Rigid >3.5-7.5t 43% 0.97 x 0.59938 0.00029 0.00627 0.60594 0.11625 0.72219


Rigid >7.5-17t 36% 1.91 x 0.38802 0.00019 0.00406 0.39227 0.07526 0.46753


Rigid >17t 52% 4.90 x 0.19623 0.00010 0.00205 0.19838 0.03806 0.23644


All rigids UK average 50% 3.17 x 0.25897 0.00013 0.00271 0.26181 0.05023 0.31204


Articulated >3.5-33t 45% 5.80 x 0.14661 0.00014 0.00153 0.14828 0.02845 0.17673


Articulated >33t 61% 11.49 x 0.08567 0.00008 0.00090 0.08665 0.01662 0.10327


All artics UK average 60% 10.97 x 0.08853 0.00008 0.00093 0.08954 0.01718 0.10672


ALL HGVs UK average 55% 6.99 x 0.12718 0.00011 0.00191 0.12920 0.02479 0.15399


Total 0 0 0 0 0 0


Sources


Notes


The factors are derived from the 2009 fleet average kgCO2 per vehicle km factors in Table 7d and the average tonne of freight per vehicle lifted by each HGV weight class.  The average tonne freight lifted 


figures are derived from the tonne.km and vehicle.km figures given for each class of HGV in Tables 1.12 and 1.9, respectively, in DfT (2010).  Dividing the tonne.km by the vehicle.km figures gives the 


average tonnes freight lifted by each HGV class.


Tables 7d and 7e are provided as alternative methods for calculating CO2 emissions from movement of freight by HGVs. The factors in g/vehicle.km (Table 7d) are sufficient (and with the ability to take into 


account different loading factors are preferential) for an operator who simply wants to calculate and compare CO2  emissions for different ways of transporting goods around by optimising freight logistics.  


Factors in Table 7e may be better to use when comparing road freight with other modes for transporting a given weight of freight a given distance.  To avoid double-counting, it is important that calculations 


DO NOT USE BOTH methods.


The gCO2/tonne.km factors in Table 7e have been calculated on the basis that a lorry will run empty for part of the time in the overall transporting of the freight. Thus the user does not need to double the


distance of their freight tonne.km for parts of a trip done empty loaded, as this has already been considered in the calculations.  The distance should refer to the overall distance that the goods are moved.


The user may want to use factors in kgCO2/tonne.km for calculating the emissions due to transporting a given weight of freight a given distance for comparison with other modes of freight transport, e.g. for


comparing road vs rail using tonne.km factors for other modes in Table 7f. A tonne.km is the distance travelled multiplied by the weight of freight carried by the HGV. So, for example, an HGV carrying 5


tonnes freight over 100 km has a tonne.km value of 500 tonne.km. As different users may require CO2 factors for HGVs in different levels of detail of HGV type, factors are provided in kgCO2 /tonne.km 


for: 3 different gross vehicle weight ranges of rigid-axled HGVs (most amount of detail possible) and 2 different gross vehicle weight ranges of articulated HGVs; fleet averaged factors for all types of rigids


and articulated HGVs; factor averaged for all types of HGVs (least amount of detail).


Diesel HGV Road Freight Conversion Factors (UK Average Vehicle Loads): Tonne.km Basis


Scope 1 OR Scope 3


The '% weight laden ' refers to the extent to which the vehicle is loaded to its maximum carrying capacity (also known as the payload capacity). A 0% weight laden HGV means the vehicle is carrying no


loads.  100% weight laden means the vehicle is travelling with loads bringing the vehicle to its maximum carrying capacity.


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Factors developed by AEA and agreed with Department for Transport (2011)


Scope 1 OR Scope 3
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Table 7f Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Mode Detail


Total tonne km 


travelled


x kg CO2 per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km Total kg CO2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Rail Diesel / Electric x 0.02850 0.00005 0.00306 0.03161 0.00533 0.03694


Mode Detail


Total tonne km 


travelled


x km uplift 


factor 
1


x kg CO2 per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km Total kg CO2 Total kg CO2 Total kg CO2 Total kg CO2 Total kg CO2 Total kg CO2


Air Domestic x 109% x 1.73772 0.00110 0.01711 1.75592 0.32318 2.07910


Short-haul international x 109% x 1.33494 0.00008 0.01314 1.34816 0.24827 1.59643


Long-haul international x 109% x 0.60818 0.00003 0.00599 0.61420 0.11311 0.72731


Total 0 0 0 0 0 0


Sources


Notes Rail:


Air:


1


Scope 3


Factors developed by AEA and agreed with Department for Transport (2010)


The CO2 value for rail freight is based on currently available information on CO2 emissions by diesel and electric freight trains in the UK in 2007 produced by ORR (Office of the Rail 


Regulator) and is available at:


Office of Rail Regulation (ORR), 2009.


Notes 10-12 from the passenger flights emission factors (Annex 6) also apply to the air freight emission factors.


Rail and Air Freight Mileage Conversion Factors: Tonne.km Basis


Civil Aviation Authority (2010)


The 9% uplift factor comes from the IPCC Aviation and the global Atmosphere 8.2.2.3, which states that 9-10% should be added to take into account non-direct routes (i.e. not along the 


straight line great circle distances between destinations) and delays/circling.  Airline industry representatives have indicated that the percentage uplift for short-haul flights will be higher and 


for long-haul flights will be lower, however specific data is not currently available to provide separate factors.  This is under investigation for future versions of these guidelines.


Freight is transported by two types of aircraft - dedicated cargo aircraft which carry freight only, and passenger aircraft which carry both passengers and their luggage, as well as freight.  


Statistics from the CAA for 2009 suggest a large proportion of long haul air freight is transported on passenger aircraft.  While it is possible to estimate freight CO2  factors per tonne.km for 


dedicated cargo aircraft in much the same way as the passenger.km factors for passengers, it is more difficult to generate freight CO2  factors for aircraft that are also carrying passengers 


without double-counting.  


EMEP/EEA air pollutant emission inventory guidebook 2009 (EEA, 2009) 


Scope 3


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


http://www.rail-reg.gov.uk/upload/pdf/rolling-c9-environ.pdf


The rail freight CH4 and N2O factors are based on those used in the UK Greenhouse Gas Inventory for diesel rail for 2009 (AEA, 2011).


The allocation of aircraft CO2 emissions between passengers and freight on these aircraft is complex and for the purposes of these emission factors the allocation is carried out by treating 


freight carried on cargo or passenger services as equivalent.  This is done by assuming the incorporation of the lost cargo capacity of passenger aircraft relative cargo-only equivalents into 


the passenger weighting. It is assumed this difference in freight cargo capacity is due to passenger-service specific equipment (such as seating, galley, toilets, food) and air frame 


modifications.  The reference aircraft used in this calculation is the Boeing 747, as the freight configuration equivalent is used for over 90% of long-haul dedicated cargo transport from the 


UK.
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Table 7g Scope 3 All Scopes Scope 3 All Scopes


CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG CO2 CH4 N2O


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Mode Detail


Total tonne km 


travelled


x kg CO2 per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km


kg CO2e per 


tonne.km Total kg CO2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Ship Type Size* Av. Loading


 Crude tanker (oil) 200,000+ dwt 48% x 0.00290 0.00000 0.00002 0.00292 0.00049 0.00341


 Crude tanker (oil) 120,000–199,999 dwt 48% x 0.00440 0.00000 0.00003 0.00443 0.00075 0.00518


 Crude tanker (oil) 80,000–119,999 dwt 48% x 0.00590 0.00000 0.00005 0.00595 0.00100 0.00695


 Crude tanker (oil) 60,000–79,999 dwt 48% x 0.00750 0.00000 0.00006 0.00756 0.00127 0.00883


 Crude tanker (oil) 10,000–59,999 dwt 48% x 0.00910 0.00000 0.00007 0.00917 0.00154 0.01071


 Crude tanker (oil) 0–9999 dwt 48% x 0.03330 0.00001 0.00026 0.03357 0.00565 0.03922


 Crude tanker (oil) Average 48% x 0.00451 0.00000 0.00003 0.00454 0.00077 0.00531


 Products tanker 60,000+ dwt 55% x 0.00570 0.00000 0.00004 0.00574 0.00097 0.00671


 Products tanker 20,000–59,999 dwt 55% x 0.01030 0.00000 0.00008 0.01038 0.00175 0.01213


 Products tanker 10,000–19,999 dwt 50% x 0.01870 0.00001 0.00014 0.01885 0.00317 0.02202


 Products tanker 5000–9999 dwt 45% x 0.02920 0.00001 0.00022 0.02943 0.00495 0.03438


 Products tanker 0–4999 dwt 45% x 0.04500 0.00001 0.00035 0.04536 0.00764 0.05300


 Products tanker Average 54% x 0.00891 0.00000 0.00007 0.00898 0.00151 0.01049


 Chemical tanker 20,000+ dwt 64% x 0.00840 0.00000 0.00006 0.00846 0.00143 0.00989


 Chemical tanker 10,000–19,999 dwt 64% x 0.01080 0.00000 0.00008 0.01088 0.00183 0.01271


 Chemical tanker 5000–9999 dwt 64% x 0.01510 0.00000 0.00012 0.01522 0.00256 0.01778


 Chemical tanker 0–4999 dwt 64% x 0.02220 0.00001 0.00017 0.02238 0.00377 0.02615


 Chemical tanker Average 64% x 0.01018 0.00000 0.00008 0.01026 0.00173 0.01199


 LPG tanker 50,000+ m3 48% x 0.00900 0.00000 0.00007 0.00907 0.00153 0.01060


 LPG tanker 0–49,999 m3 48% x 0.04350 0.00001 0.00033 0.04384 0.00738 0.05122


 LNG tanker 200,000+ m3 48% x 0.00930 0.00000 0.00007 0.00937 0.00158 0.01095


 LNG tanker 0–199,999 m3 48% x 0.01450 0.00000 0.00011 0.01461 0.00246 0.01707


 LNG tanker Average 48% x 0.01139 0.00000 0.00009 0.01148 0.00193 0.01341


 Bulk carrier 200,000+ dwt 50% x 0.00250 0.00000 0.00002 0.00252 0.00042 0.00294


 Bulk carrier 100,000–199,999 dwt 50% x 0.00300 0.00000 0.00002 0.00302 0.00051 0.00353


 Bulk carrier 60,000–99,999 dwt 55% x 0.00410 0.00000 0.00003 0.00413 0.00070 0.00483


 Bulk carrier 35,000–59,999 dwt 55% x 0.00570 0.00000 0.00004 0.00574 0.00097 0.00671


 Bulk carrier 10,000–34,999 dwt 55% x 0.00790 0.00000 0.00006 0.00796 0.00134 0.00930


 Bulk carrier 0–9999 dwt 60% x 0.02920 0.00001 0.00022 0.02943 0.00495 0.03438


 Bulk carrier Average 51% x 0.00349 0.00000 0.00003 0.00352 0.00059 0.00411


 General cargo 10,000+ dwt 60% x 0.01190 0.00000 0.00009 0.01199 0.00202 0.01401


 General cargo 5000–9999 dwt 60% x 0.01580 0.00001 0.00012 0.01593 0.00268 0.01861


 General cargo 0–4999 dwt 60% x 0.01390 0.00000 0.00011 0.01401 0.00236 0.01637


 General cargo 10,000+ dwt 100+ TEU 60% x 0.01100 0.00000 0.00008 0.01108 0.00187 0.01295


 General cargo 5000–9999 dwt 100+ TEU 60% x 0.01750 0.00001 0.00013 0.01764 0.00297 0.02061


 General cargo 0–4999 dwt 100+ TEU 60% x 0.01980 0.00001 0.00015 0.01996 0.00336 0.02332


 General cargo Average 60% x 0.01305 0.00000 0.00010 0.01315 0.00221 0.01536


 Refrigerated cargo  All dwt 50% x 0.01290 0.00000 0.00010 0.01300 0.00219 0.01519


 Container 8000+ TEU 70% x 0.01250 0.00000 0.00010 0.01260 0.00212 0.01472


 Container 5000–7999 TEU 70% x 0.01660 0.00001 0.00013 0.01674 0.00282 0.01956


 Container 3000–4999 TEU 70% x 0.01660 0.00001 0.00013 0.01674 0.00282 0.01956


 Container 2000–2999 TEU 70% x 0.02000 0.00001 0.00015 0.02016 0.00339 0.02355


 Container 1000–1999 TEU 70% x 0.03210 0.00001 0.00025 0.03236 0.00545 0.03781


 Container 0–999 TEU 70% x 0.03630 0.00001 0.00028 0.03659 0.00616 0.04275


 Container Average 70% x 0.01592 0.00001 0.00012 0.01605 0.00270 0.01875


 Vehicle transport 4000+ CEU 70% x 0.03200 0.00001 0.00025 0.03226 0.00543 0.03769


 Vehicle transport 0–3999 CEU 70% x 0.05760 0.00002 0.00044 0.05806 0.00977 0.06783


 Vehicle transport Average 70% x 0.03805 0.00001 0.00029 0.03835 0.00646 0.04481


 Ro–Ro ferry 2000+ LM 70% x 0.04950 0.00002 0.00038 0.04990 0.00840 0.05830


 Ro–Ro ferry 0–1999 LM 70% x 0.06030 0.00002 0.00046 0.06078 0.01023 0.07101


 Ro–Ro ferry Average 70% x 0.05095 0.00002 0.00039 0.05136 0.00865 0.06001


Large RoPax ferry - x 0.38434 0.00012 0.00295 0.38741 0.06522 0.45263


Total 0 0 0 0 0 0


Sources


Notes dwt = deadweight, tonnes CEU = Car Equivalent Units


LM = Lane Meters m3 = volume in cubic meters


TEU = Twenty-Foot Equivalent Units (intermodal shipping container)


Only the weight of the cargo being transported should be used when calculating emissions from shipping. The weight of the ship (as incorporated into deadweight tonnage) should not be included in the calculation.


The freight CO2 emission factor for RoPax Ferries was derived from data provided by Best Foot Forward based on work for the Passenger Shipping Association (PSA) carried out in 2007/8.  The calculated figure assumes 


an average HGV load factor of 13.6 tonnes, based on information in Table 2.6 of Road Transport Statistics 2005 (from the Department for Transport).  RoPax Ferries are Roll-on Roll-off ferries that carry both road vehicles 


and their passengers as well as having additional passenger-only capacity.


Factors developed by AEA and agreed with Department for Transport (2011). These factors are international averages and load factors may not be the same as for average for ships arriving at/leaving UK ports.


IMO (2009). "Prevention of Air Pollution from Ships, Second IMO GHG Study 2009. Update of the 2000 IMO GHG Study, Final report covering Phase 1". This report is available from the IMO's website at: 


Emission factors for CH4 and N2O are based on UK Greenhouse Gas Inventory values for 2009 (AEA, 2011), available at: http://naei.defra.gov.uk/


Scope 3


Factors for the other representative ships are derived from information from Table 9.1 of the International Maritime Organisation's report on GHG emissions (IMO, 2009).


http://www.imo.org/includes/blastDataOnly.asp/data_id%3D26046/4-7.pdf


Maritime Shipping Freight Distance Conversion Factors: Tonne.km Basis


Scope 3
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How to use this Annex


A. Screening Method


To complete these tables you will need to:


1)


2)


3)


4)


5)


Annex 8 Scopes & Boundaries:


How were these factors calculated?


Calculate total emissions: Add the emissions from each piece of equipment for each of emission - installation, operation and disposal - to get total emissions. Calculate separate totals for each type of 


refrigerant used.


Scope 1:  Direct emissions from leakage of refrigerants. Data on indirect emissions from production of refrigeration not currently available.


Further information on scopes is available from Defra's website in the guidance on reporting at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


http://www.ghgprotocol.org/standards/corporate-standard


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Annex 8 - Direct GHG Emissions from Use of Refrigeration and Air Conditioning Equipment


There are two methods presented here for the estimation of emissions from the use of refrigeration and air conditioning equipment. For smaller users the simple A. Screening Method will likely be the 


easiest way to calculate their emissions. Organisations who operate a large number of air conditioning or refrigeration units, or who expect emissions from this equipment to be a significant portion of their 


emissions, should perform a more accurate estimation using a B. Simplified Material Balance Method.


This Screening Method will help organisations to estimate emissions from refrigeration and air conditioning based on the type of equipment used and emissions factors. This approach requires relatively little 


actual data collection however there is a high degree of uncertainty with these emission factors. Therefore if emissions from this equipment are determined to be significant when compared to your 


organisation's other emissions sources, then you should apply a better estimation method (e.g. a Material Balance Method). Please note, there are extensive regulatory requirements governing the 


operation of stationary equipment using fluorinated greenhouse gases, including record keeping requirements for stationary refrigeration and air-conditioning equipment, heat pumps and fire 


protection equipment with a charge of 3kg or more. Guidance is available at:


http://www.defra.gov.uk/environment/quality/air/fgas/index.htm


Determine disposal emissions: Identify any pieces of equipment that were disposed of on-site during the reporting period. Emissions from equipment that was sent offsite for third party recycling, 


reclamation or disposal are not the responsibility of your organisation. For each piece disposed equipment, use Table 8c to estimate emissions.


Carry out an inventory of equipment to find out:


Determine operating emissions: This step estimates losses from equipment leaks and service losses over the life of the equipment. For all pieces of equipment, use Table 8b to estimate emissions. You 


will need to determine the length of time (in years) that each piece of equipment has be used.


(i) the number and types of each refrigeration unit;


(iii) the total charge capacity of each piece of equipment (charge capacity is the mass of refrigerant used in a refrigerator or other cooling equipment);


(ii) the type of refrigerant used (e.g. HFC 134a, R404a, R407a, R407b, R407c, R410A, etc);


(b) Refrigeration units : visual readings on the equipment


Once you know the refrigerant type, please refer to Annex 5 to identify its Global Warming Potential (GWP). Alternatively, defaults are currently filled out automatically from selected refrigerants in the Excel 


spreadsheet. For further guidance on typical charge capacity, please refer to Table 8d.


Information on refrigerant type and kilograms (kg) of charge capacity can be sourced from:


(iv) the time in years used during the reporting period (e.g. 0.5 if used only during half of the reporting period then disposed)


(a) Air conditioning chillers  and modular units : visual readings on the equipment, equipment manuals or maintenance records;


Determine installation emissions: Identify any new equipment that was installed during the reporting period and was charged (filled) on-site. Emissions from equipment that was charged at the 


manufacturer are not the responsibility of your organisation. For each new piece of equipment charged on-site use Table 8a to estimate emissions.


OR from the Greenhouse Gas Protocol's website at:
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Annex 8 - Direct GHG Emissions from Use of Refrigeration and Air Conditioning Equipment


Table 8a Scope 1


1


Type of Equipment


Number of 


Units x


Equipment Charge 


Capacity (kg) x


Installation 


Emission Factor x


Refrigerant type 


(select from list from Annex 5)


Global Warming 


Potential (GWP) x Total kg CO2e


Domestic Refrigeration x x 1.0% x x


Stand-alone Commercial Applications x x 1.5% x x


Medium & Large Commercial Applications x x 2.0% x x


Transport Refrigeration x x 1.0% x x


Industrial Refrigeration (inc. food processing and cold storage) x x 1.0% x x


Chillers x x 1.0% x x


Residential and Commercial A/C x x 1.0% x x


Residential and Commercial Heat Pumps x x 1.0% x x


Mobile Air Conditioning x x 1.0% x x


Total 0


Table 8b Scope 1


1


Type of Equipment


Number of 


Units x


Equipment Charge 


Capacity (kg) x


Time used during 


reporting period 


(years) x


Annual Leak 


Rate x


Refrigerant type 


(select from list from Annex 5)


Global Warming 


Potential (GWP) x Total kg CO2e


Domestic Refrigeration x x x 0.3% x x


Stand-alone Commercial Applications x x x 1.5% x x


Medium & Large Commercial Applications x x x 11.0% x x


Transport Refrigeration 
1


x x x 8.0% x x


Industrial Refrigeration (inc. food processing and cold storage) x x x 8.0% x x


Chillers x x x 3.0% x x


Residential and Commercial A/C x x x 8.5% x x


Residential and Commercial Heat Pumps x x x 0.3% x x


Mobile Air Conditioning x x x 7.5% x x


Total 0


Table 8c Scope 1


1


Refrigerant Type


Number of 


Units x


Equipment Charge 


Capacity (kg) x


Capacity 


remaining at 


disposal (%) x


Refrigerant 


recovered (%) x


Refrigerant type 


(select from list from Annex 5)


Global Warming 


Potential (GWP) x Total kg CO2e


Domestic Refrigeration x x 80% x 99.0% x x


Stand-alone Commercial Applications x x 80% x 94.5% x x


Medium & Large Commercial Applications x x 100% x 95.0% x x


Transport Refrigeration x x 50% x 94.0% x x


Industrial Refrigeration (inc. food processing and cold storage) x x 100% x 95.0% x x


Chillers x x 100% x 95.0% x x


Residential and Commercial A/C x x 80% x 95.0% x x


Residential and Commercial Heat Pumps x x 80% 99.0% x


Mobile Air Conditioning x x 50% x 88.0% x x


Total 0


Emissions from operation of Refrigeration and Air-conditioning Equipment


Emissions from Disposal of Refrigeration and Air-conditioning Equipment


Emissions from Installation of Refrigeration and Air-conditioning Equipment
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Annex 8 - Direct GHG Emissions from Use of Refrigeration and Air Conditioning Equipment


Table 8d


1


Typical Range in 


Charge Capacity 


(kg)


0.05 - 0.5


0.2 - 6


50 - 2,000


3 - 8


10 - 10,000


10 - 2,000


0.5 - 100


0.5 - 100


0.5 - 1.5


Sources


Notes


B. Simplified Material Balance Method


1) Calculate installation emissions. 


2) Determine equipment servicing emissions


3) Calculate disposal emissions


4) Calculate emissions


Scope 1


Transport Refrigeration


2006 IPCC Guidelines for National Greenhouse Inventories (http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf)


Industrial Refrigeration (inc. food processing and cold storage)


Chillers


Residential and Commercial A/C 


Mobile Air Conditioning 


c) Total full capacity of new equipment using this refrigerant (set to 0 if the equipment has been pre-charged by the manufacturer);


Stand-alone Commercial Applications


Domestic Refrigeration


Equipment servicing emissions result from the refrigerant that is used to service operating equipment. It is assumed that the servicing refrigerant is replacing the same amount that was lost to the 


environment.


Type of Equipment


Typical Charge Capacity for Equipment


f) Total full capacity of retiring equipment;


g) Total full capacity of equipment that is retrofitted away from this refrigerant to a different refrigerant;


i) Refrigerant recovered from equipment that is retrofitted away from this refrigerant to a different refrigerant.


h) Refrigerant recovered from retiring equipment;


d) Total full capacity of equipment that is retrofitted to use this refrigerant (set to 0 if the equipment has been pre-charged by the manufacturer);


e) Refrigerant used to service equipment;


This step is only necessary if your organisation disposed of equipment during the reporting period. Emissions are calculated by taking the difference between the total capacity of the equipment disposed and 


the amount of refrigerant recovered. The difference is assumed to be released to the environment.


Emissions are calculated by summing the results of the first three steps. 


a) Refrigerant used to fill new equipment (set to 0 if the equipment has been pre-charged by the manufacturer);


This approach should be used for each type of refrigerant and blend. 


This method requires the following information: 


b) Refrigerant used to fill equipment retrofitted to use this refrigerant (set to 0 if the equipment has been pre-charged by the manufacturer);


This step is only necessary if your organisation installed any new equipment during the reporting period that was not pre-charged by the equipment supplier. Emissions are calculated by taking the difference 


between the amount of refrigerant used to charge the equipment and the total capacity of the equipment. The difference is assumed to be released into the environment. 


Medium & Large Commercial Applications


This is a simplified material balance method. This will enable more accurate estimation of refrigerant leakage than the Screening Method (Table 8a - d). Larger users of refrigerant, and those who expect 


emissions from refrigerant leakage to be significant, should use this method. To complete Table 8e, you will need to: 


Residential and Commercial Heat Pumps


1
 Transport Refrigeration annual leakage rate is taken from UK Greenhouse Gas Inventory for 2008 (AEA, 2010). Note that this figure is subject to review and may 


subsequently increase in the future.


UK Greenhouse Gas Inventory for 2009 (AEA, 2011)


US EPA Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance - Direct HFC and PFC Emissions from use of Refrigeration and Air Conditioning Equipment (see: 


http://www.epa.gov/stateply/documents/resources/mfgrfg.pdf)
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Annex 8 - Direct GHG Emissions from Use of Refrigeration and Air Conditioning Equipment


Table 8e Estimating Refrigerant Emissions with Simplified Material Balance Method


-


Total full capacity 


of the new 


equipment (kg) +


Quantity of 


refrigerant used 


to service 


equipment (kg) +


Total full 


capacity of 


retiring 


equipment (kg) - x


Refrigerant type 


(select from list 


from Annex 5)


Global 


Warming 


Potential 


(GWP) = Total kg CO2e


Refrigerant 1 - + + - x =


Refrigerant 2 - + + - x =


Refrigerant 3 - + + - x =


Refrigerant 4 - + + - x =


Refrigerant 5 - + + - x =


Refrigerant 6 - + + - x =


Refrigerant 7 - + + - x =


Refrigerant 8 - + + - x =


Refrigerant 9 - + + - x =


Refrigerant 10 - + + - x =


Total 0


Sources 2006 IPCC Guidelines for National Greenhouse Inventories (http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf)


US EPA Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance - Direct HFC and PFC Emissions from use of Refrigeration and Air Conditioning Equipment (see: 


http://www.epa.gov/stateply/documents/resources/mfgrfg.pdf)


Purchases of refrigerant used to charge new equipment (kg) Refrigerant recovered from retiring equipment (kg) 
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How to use this Annex


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182&_dad=portal&_schema=PORTAL


To complete this table, you will need to:


Depending on the level of information that your waste contractor can provide, you will need to carry out step 3.


The emission factors presented in this Annex incorporate emissions from the full life-cycle and include net CO2, CH4 and N2O emissions.  Care should be taken to use 


equivalent emission factors (EFs) for different activities - i.e. combine only direct EFs, OR indirect EFs OR total lifecycle EFs, or emissions factors for the same Scope (as 


defined by the GHG Protocol). 


4) If you are using a biofuel blend EITHER:


(i) Use the total amount of pure biofuel used to calculate the emissions together with Table 9b, Part (i) and the total amount of pure conventional fuel together with 


Table 9b, Part (ii); OR


3) Convert to the appropriate unit of volume or mass for the table:


(i) If you cannot find a factor for that unit, Annex 12 gives guidance on converting between different units of mass, volume, length and energy.


If you do not have detailed waste data from your waste contractors, you should carry out a waste inventory to determine:


Tables 9a-c provide life-cycle conversion factors for water, biofuels and biomass:


1) Identify the amount of substance used


(iii) If known, the proportion of recycled material contained in each waste fraction (e.g. the disposed of paper might contain 10% recycled material)


For further assistance, please see Envirowise Guide GG414 Measuring to manage: the key to reducing waste costs, available free of charge from the Envirowise website.


2)  Speak to your waste contractor(s). Your waste contractor will be able to advise you to which location your wastes have subsequently been delivered (i.e. landfill site, 


recycling operation, compositing, or energy recovery facility).


1)  Check for existing data. Data on waste arisings will be contained in waste transfer/consignment notes or receipts provided for individual waste transfers. All waste 


producers are legally required to retain these notes for a specified period. These may identify the quantity of waste arising and the company collecting the waste.


(ii) If you are measuring fuel use in terms of energy, is your unit of measurement net energy or gross energy (in the event that this is unclear you should contact your 


fuel supplier)? Annex 11 gives typical/average net/gross calorific values and the densities.


(ii) Use the total amount of blended fuel in the calculation together with Table 9b, Part (iii).  The combined emission factor (EF) is calculated by the excel spreadsheet  


automatically following your entry of the % biofuel blended with conventional fuel and entry of the  total amount of biofuel/conventional fuel blend.  For an X% blend of 


biofuel with conventional fuel the combined emission factor is calculated as follows:


Total EF for X% biofuel/conventional fuel blend = X% x biofuel EF + (1-X%) x conventional fuel EF


(ii) The waste composition (in tonnes) for each waste treatment method. This can be done through sampling, sorting, and weighing your waste to determine its 


percentage composition in tonnes. If you choose to do this, please wear the appropriate protective clothing and do not attempt to sample any hazardous, 


toxic or radioactive waste.


Has your organisation carried out a waste audit recently? This may provide further useful information, such as the composition of mixed waste sent for proposal.


3)  Carry out a waste audit


4)  Enter the data in the table. Enter the weight (in tonnes) for each waste fraction (e.g. paper and card, textiles, etc) into the appropriate treatment method column 


along with the recycled material content of disposed waste (if known). The total net kgCO2e emissions resulting from the waste will be automatically calculated as the 


sum of kgCO2e emissions from the total tonnes of waste produced and the kgCO2e emissions per tonne of waste for each waste treatment method.


2) Identify the units. Are you measuring your fuel use in terms of mass, volume or energy?


5) Multiply the amount of fuel used by the conversion factor to get total emissions in kilograms of carbon dioxide equivalent (kg CO2e). The excel spreadsheet does this 


automatically following your entry of the amount of fuel used into the appropriate box.


Table 9d provides life-cycle conversion factors for waste disposal:


Please note that these emission factors do not enable you to calculate direct emissions of carbon dioxide for the combustion of biomass and biofuels. Further updates to these 


Guidelines will seek to address this issue. In the interim, please refer to the following weblink for direct CO2 emissions from combustion: 


(i)  The total waste sent to landfill, recycled or composted. This can be done through sampling your waste in order to approximate total waste for each different waste 


treatment method
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Key information:


Table 9a Scope 1 Scope 3 All Scopes Scope 1 Scope 3 All Scopes


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Fuel used Year for emission factor Total units used Units x kg CO2e per 


unit


kg CO2e per unit kg CO2e per 


unit


Total kg CO2e Total kg CO2e Total kg CO2e


Water supply 2007/08 million litres x - 276 276


2008/09 million litres x - 300 300


2009/10 million litres x - 340 340


2007/08 cubic metres x - 0.2760 0.2760


2008/09 cubic metres x - 0.3000 0.3000


2009/10 cubic metres x - 0.3400 0.3400


Water treatment 2007/08 million litres x - 693 693


2008/09 million litres x - 750 750


2009/10 million litres x - 700 700


2007/08 cubic metres x - 0.6930 0.6930


2008/09 cubic metres x - 0.7500 0.7500


2009/10 cubic metres x - 0.7000 0.7000


0 0 0


Sources


For further explanation on how these emission factors have been derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


How were these factors calculated?


Life-Cycle Conversion Factors for water


Total


Water UK Sustainability Indicators 2009/10, available at: 


http://www.water.org.uk/home/news/press-releases/sustainability-indicators-09-10


Emission factors for waste treatment processes: The emission factors are based on a life cycle assessment and include not only the carbon costs of treating and 


transporting waste, but also the potential benefits where primary resource extraction or electricity generation are offset with energy recovery. The impact of waste prevention is 


calculated based on the embodied energy in primary material, and therefore inherently assumes the offsetting of virgin production.


Water


Scope 3: Emissions of greenhouse gases associated with the supply and treatment of water and the industry’s buildings and transport.


Biofuels


Scope 1: Direct emissions of CH4 and N2O from the combustion of fuel (CO2 emissions are set to 0 for biofuels, and reported separately)


Scope 3: Indirect emissions associated with the production and transport of primary fuels as well as the refining, distribution, storage and retail of finished 


              fuels. For further information see http://ies.jrc.ec.europa.eu/jec-research-collaboration/activities-jec/jec-well-to-wheels-analyses-wtw.html


Outside of Scopes: Emissions data for direct CO2 emissions from biologically sequestered carbon (e.g. CO2 from burning biomass/biofuels) are reported 


              separately from the scopes. 


Waste


Scope 3:


Further information on scopes is available from Defra's website in the guidance on reporting at: 


Annex 9 Scopes & Boundaries:


The tonnes of waste prevented column should be used if you want to determine the reduction in emissions associated with reduced procurement of materials.


Further additional information is also available below Table 9d.


http://www.ghgprotocol.org/standards/corporate-standard


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


OR from the Greenhouse Gas Protocol's website at:
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Table 9b
Scope 1 Scope 3 All Scopes


Outside of 


Scopes
3 Scope 1 Scope 3 All Scopes


Outside of 


Scopes
3


Part (i):


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Fuel used % Blend biofuel with conventional 


fuels


Total units used Units 
1 x kg CO2e per 


unit 
2


kg CO2e per unit kg CO2e per 


unit 
2


kg CO2e per 


unit 
2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Biodiesel 100% litres x 0.0170 1.3504 1.3674 2.4930


100% GJ x 0.514 40.787 41.301 75.300


Bioethanol 100% litres x 0.0061 0.8104 0.8165 1.5236


100% GJ x 0.286 38.083 38.369 71.600


Biomethane 100% kg x 0.0050 1.3230 1.3280 2.7150


100% GJ x 0.106 27.000 27.106 55.408


Total 0 0 0 0


Scope 1 Scope 3 All Scopes
Outside of 


Scopes
3 Scope 1 Scope 3 All Scopes


Outside of 


Scopes
3


Part (ii):


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Fuel used % Blend Total units used Units 
1 x kg CO2e per 


unit


kg CO2e per unit kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Diesel 100% litres x 2.6676 0.5085 3.1761 0.0000


100% GJ x 74.391 14.180 88.571 0.000


Petrol 100% litres x 2.3117 0.4110 2.7227 0.0000


100% GJ x 70.370 12.511 82.882 0.000


CNG 100% kg x 2.7076 0.3988 3.1064 0.0000


100% GJ x 56.730 8.356 65.086 0.000


Total 0 0 0 0


Scope 1 Scope 3 All Scopes
Outside of 


Scopes
3 Scope 1 Scope 3 All Scopes


Outside of 


Scopes
3


Part (iii):


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total Direct 


GHG


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Fuel used % Blend biofuel with conventional 


fuels


Total units used Units 
1 x kg CO2e per 


unit 
2


kg CO2e per unit kg CO2e per 


unit 
2


kg CO2e per 


unit 
2


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Biodiesel / Diesel litres x


Biodiesel / Diesel GJ x


Bioethanol / Petrol litres x


Bioethanol / Petrol GJ x


Biomethane / CNG kg x


Biomethane / CNG GJ x


Total 0 0 0 0


Sources


Notes


1


2


3


Life-Cycle Conversion Factors for biofuels (pure)


Emission factors for biofuels in kgCO2e per GJ are provided on a Net CV (also known as lower heating value) basis.


http://www.dft.gov.uk/pgr/statistics/datatablespublications/biofuels


Detailed factors by source/supplier are provided and updated regularly in the DfT Quarterly Reports, available on the DfT's website (at link above).


Direct emissions of CO2 are set to 0 for biofuels, as the same amount of CO2 is absorbed in the growth of the feedstock from which the biofuel is produced. However, RFA 


emission factors for biofuels do not include direct tailpipe emissions of methane (CH4) and nitrous oxide (N2O), which are not absorbed in the growth of the feedstock, therefore 


these have been added in based on conventional fuel equivalents.


Department for Transport (2011)


NOTE: Please use EITHER Part (i) + Part (ii), OR Part (iii) to calculate emissions to avoid double-counting. 


(More information is also provided on the use of these tables in the introduction to the Annex.)


The Total GHG emissions outside of Scope 1, 2 and 3 is the actual amount of CO2 emitted by the biofuel when combusted.  This will be equivalent to the CO2 absorbed in the 


growth of the feedstock used to produce the fuel.  CO2 emission factors are based on information from the BIOMASS Energy Centre (BEC). BEC is owned and managed by the 


UK Forestry Commission, via Forest Research, its research agency. Data on the direct emissions of biofuels is available at: 


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182&_dad=portal&_schema=PORTAL


Life-Cycle Conversion Factors for biofuels (blends)


+


OR


Life-Cycle Conversion Factors for conventional fuels (pure)


Emissions factors for biofuels are based on figures from the Department for Transport (DfT). The average figures for biofuels for the period April-December 2009 are provided 


in the Quarterly report, April 2010 - January 2011 (published in April 2011), available on the DfT's website at: 
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Table 9c
Scope 1 Scope 3 All Scopes


Outside of 


Scopes
4 Scope 1 Scope 3 All Scopes


Outside of 


Scopes
4


Total Direct 


GHG 
5


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total Direct 


GHG 5


Total Indirect 


GHG


Grand Total 


GHG


Total Direct 


GHG


Total units used Units 
3 x kg CO2e per 


unit


kg CO2e per unit kg CO2e per 


unit


kg CO2e per 


unit


Total kg CO2e Total kg CO2e Total kg CO2e Total kg CO2e


Wood Logs 
1


tonnes x - 77.38 77.38 1435.29


kWh of fuel x - 0.01895 0.02 0.35150


Wood Chips 
1


tonnes x - 61.41 61.41 1372.00


kWh of fuel x - 0.01579 0.02 0.35400


Wood Pellets
 1


tonnes x - 183.93 183.93 1649.00


kWh of fuel x - 0.03895 0.04 0.34900


Grasses/Straw 
2


tonnes x - 41.08 41.08 1406.50


kWh of fuel x - 0.01020 0.01 0.34800


Biogas 
2


tonnes x - 0.00 0.00 2040.00


kWh of fuel x - 0.00000 0.00 0.24600


0 0 0 0


Sources


Notes
1


2


3


4


5


Fuel used


Emission factors for biomass in kgCO2e per kWh are provided on a Net CV (also known as lower heating value) basis.


Total


Direct emissions of CO2 are set to 0 for biomass and biogas, as the same amount of CO2 is absorbed in the growth of the biomass from which they are produced /resulting. 


Direct emissions of methane (CH4) and nitrous oxide (N2O), which are not absorbed in the biomass growth phase are not currently available.


The Total GHG emissions outside of Scope 1, 2 and 3 is the actual amount of CO2 emitted by the biomass when combusted.  This will be equivalent to the CO2 absorbed in the 


growth of the biomass. CO2 emission factors are based on information from the BIOMASS Energy Centre (BEC). BEC is owned and managed by the UK Forestry Commission, 


via Forest Research, its research agency. Data on the direct emissions of biomass and biogas is available at: 


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182&_dad=portal&_schema=PORTAL


BRE, 2009


The figure for grasses/straw and biogas (= 60% CH4, 40% CO2) is based on the figure from the BIOMASS Energy Centre (BEC). BEC is owned and managed by the UK 


Forestry Commission, via Forest Research, its research agency. Fuel property data on a range of other wood and other heating fuels is available at: 


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,20041&_dad=portal&_schema=PORTAL, and 


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182&_dad=portal&_schema=PORTAL


Wood pellets, chips, logs and grasses/straw may be used in biomass heating systems.  


Biogas is a mixture of methane (CH4) and carbon dioxide (CO2) produced by anaerobic digestion, with small amounts of other gases. Biogas is effectively the same as landfill 


gas, which is produced by the anaerobic decomposition of organic material in landfill sites.


Life-Cycle Conversion Factors for biomass and biogas


BIOMASS Energy Centre (BEC), 2010
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Table 9d


Waste fraction Recycling


Open 


Loop
3, 6


Closed 


Loop
3


Combustion


Anaerobic 


Digestion (AD)
Aggregates (Rubble) 8 No Data -4 0 -4 4


Batteries (Post Consumer Non Automotive) No Data No Data No Data 75 -487 No Data


Books 955 No Data -157 -529 57 580 -736 No Data


Glass 895 No Data -197 -366 26 26  -392 (Col'r Sep'd)  -223 (Mix'd Col's)


Metal: Aluminium cans and foil (excl forming) 9,844 -9,245 31 21 -9,267


Metal: Mixed Cans 4,778 -3,889 31 21 -3,911


Metal: Scrap Metal 3,169 -2,241 29 20 -2,261


Metal: Steel Cans 2,708 -1,702 31 21 -1,723


Mineral Oil 1,401 -725 -1,195 0 -725


Mixed commercial and industrial waste 1,613 -1,082 -347 -50 -30 199 -1,281


Mixed municipal waste 2,053 257 -1,679 -37 -50 -15 290 -1,969 257


Organic Waste: Food and Drink Waste 3,590 -89 -162 -39 450  -489 (Compost)  -612 (AD)


Organic Waste: Garden Waste -63 -119 -42 213  -255 (Compost)  -331 (AD)


Organic Waste: Mixed Food and Garden Waste -67 -126 -42 254  -296 (Compost)  -380 (AD)


Paper and board: Board (Av. board: 78% corrugate, 22% cartonboard) 1,038 No Data -240 -529 57 580 -820 798


Paper and board: Mixed (assumed 25% paper, 75% board) 1,017 No Data -219 -529 57 580 -799 798


Paper and board: Paper 955 No Data -157 -529 57 580 -736 798


Plasterboard 120 -67 72 -139


Plastics: Average plastics 3,179 -282 -1,171 1,197 34 -1,205 714


Plastics: Average plastic film (incl bags) 2,591 -447 -1,042 1,057 34 -1,076 620


Plastics: Average plastic rigid (incl bottles) 3,281 -230 -1,170 1,057 34 -1,204 620


Plastics: HDPE (incl forming) 2,789 -433 -1,127 1,057 34 -1,161 620


Plastics: LDPE and LLDPE (incl forming) 2,612 -458 -1,064 1,057 34 -1,098 620


Plastics: PET (incl forming) 4,368 -187 -1,671 1,833 34 -1,705 620


Plastics: PP (incl forming) 3,254 12 -914 1,357 34 -948 620


Plastics: PS (incl forming) 4,548 368 -1,205 1,067 34 -1,240 1,957


Plastics: PVC (incl forming) 3,136 14 -854 1,833 34 -888 620


Silt / Soil 4 16 35 20 -24 16


Textiles 
5 22,310 -13,769 -13,769 600 300 -14,069


Tyres 3,410 -2,900 23 0 31


WEEE - Fridges and Freezers 3,814 No Data -656 17 -656 3,142


WEEE - Large 537 No Data -1,249 No Data 17 -1,266 -712


WEEE - Mixed 1,149 No Data -1,357 No Data 17 -1,374 -209


WEEE - Small 1,761 No Data -1,465 No Data 17 -1,482 295


Wood 666 -599 No Data -523 -817 285 792 -1,224 285


Additional information:


Net Benefit of 


Recycling 


Versus Landfill


Net Benefit of 


Recycling 


Versus Landfill, 


Alternative


Open Loop 


(excl. avoided 


impacts)
6


Energy RecoveryRecycling 


Scope 3


Net kg CO2e emitted per tonne of waste treated / disposed of (including avoided impacts) by method 
1
: 


(Preparation for) 


Re-use, kg 


CO2e


Life-Cycle Conversion Factors for Waste Disposal


Landfill Composting 


Production Emissions 


(avoidance excl 


disposal), kg CO2e 
2
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Waste fraction 


Open 


Loop
3, 6


Closed Loop
3


Combustion (incl 


avoided impacts)


Anaerobic 


Digestion
Aggregates (Rubble) 0
Batteries (Post Consumer Non Automotive) 0
Books 0
Glass 0
Metal: Aluminium cans and foil (excl forming) 0
Metal: Mixed Cans 0
Metal: Scrap Metal 0
Metal: Steel Cans 0
Mineral Oil 0
Mixed commercial and industrial waste 0
Mixed municipal waste 0
Organic Waste: Food and Drink Waste 0
Organic Waste: Garden Waste 0
Organic Waste: Mixed Food and Garden Waste 0
Paper and board: Board (Av. board: 78% corrugate, 22% cartonboard) 0
Paper and board: Mixed (assumed 25% paper, 75% board) 0
Paper and board: Paper 0
Plasterboard 0
Plastics: Average plastics 0
Plastics: Average plastic film (incl bags) 0
Plastics: Average plastic rigid (incl bottles) 0 Key
Plastics: HDPE (incl forming) 0 HDPE
Plastics: LDPE and LLDPE (incl forming) 0 LDPE
Plastics: PET (incl forming) 0 LLDPE
Plastics: PP (incl forming) 0 PET
Plastics: PS (incl forming) 0 PP
Plastics: PVC (incl forming) 0 PS
Silt / Soil 0 PVC


Textiles 
5 0


Tyres 0
WEEE - Fridges and Freezers 0
WEEE - Large 0
WEEE - Mixed 0
WEEE - Small 0
Wood 0


0 0 0 0 0 0 0 0


0


Sources


Notes


1


2


3 Open loop recycling is the process of recycling material into other products. Closed loop recycling is the process of recycling material back into the same product. 
4


5


6


Polypropylene


Polystyrene


More information on WRAP can be found at: http://www.wrap.org.uk/


Recycling 


The waste production figure for textiles currently does not account for the split of material types on the UK market. Improvements will be made to this figure in future updates.  Benefit of 


recycling  and reuse is based on 60% reused, 30% recycled (replacing paper towels), 10% landfill.  Of the items reused, 80% are assumed to avoid new items.


For Open Loop Recycling, any calculation of impact should include the avoided raw material (e.g. if glass is used in aggregate, the impact is the open loop recycling emissions, minus the 


production of aggregates and any avoided waste management emissions).  The figures presented in the main table include estimates resulting from avoided raw material based on the 


typical/average expected situation for different waste fractions. 


The figures presented separately (under 'Additional Information') for Open Loop Recycling excluding avoided impacts  have been provided for to facilitate more precise bespoke calculations (not 


included in these Annexes) consistent with PAS 2050 if this is required, as opposed to the default assumptions. 


Polyethylene terephthalate


High-density polyethylene


Low-density polyethylene


Linear Low-density polyethylene


Polyvinyl Chloride


WEEE Waste Electrical and Electronic 


Equipment


There are essentially zero Scope 1 emissions for waste.


There have been significant changes to the methodologies and assumptions used in deriving the emission factors between the previous (2010) and the current (2011) update.  As a result, some 


of the factors have changed significantly.  Further more detailed information will be provided in the methodology paper for the 2011 update to be made available from Defra's website at: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


(Preparation for) 


Re-use, kg 


CO2e


Total Net kgCO2e emissions by category


Composting 


Total Tonnes of 


waste PRODUCED


Tonnes of waste treated /disposed of by method 
4
:


Grand Total Net kgCO2e emissions


On average in the UK 88% of non-recycled waste goes to landfill and 12% goes to energy recovery (combustion).


The data summarised in the table covers the life cycle stages highlighted below.  It excludes use of the product as this will be variable. For example, plastic may be used as automotive parts or as drinks 


packaging amongst other things.  If it is used as drinks packaging it will require filling.  As it is not known what the final use of the material is, this section of the life cycle is excluded for all materials.  For some 


products forming is also excluded.  Metals may be made into various products by different methods, excluded from these figures. 


Impact of other treatments can be found in: http://www.defra.gov.uk/publications/files/pb13548-economic-principles-wr110613.pdf


Landfill 


Total Net kg 


CO2e 


emissions by 


waste fraction


The life-cycle conversion factors for waste disposal were collated and developed by WRAP (2011)


Savings from embodied fossil energy resulting from avoiding waste are the negative of these figures.


Energy Recovery
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Further additional information on Life Cycle Conversion Factors for Waste Disposal:


Figure 1:


For further information on the factors in table 9d, please refer to the methodology paper for the 2011 update, which will be made available from:


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting


It is essential that, where possible, data is used to cover both the production of the materials used by an organisation, and the waste generated by an organisation. See diagram below for the 


life cycle stages covered. 


Table 9d provides emissions factors for reporting on emissions from waste disposal. These emissions would fall into the Scope 3 emissions of a reporting company. As with all Scope 3 


emissions, these are life-cycle emissions factors and therefore cannot be directly compared to Scope1 or 2 /direct emissions factors in other annexes. These figures are estimates to be used in 


the absence of data specific to your goods and services. If you have more accurate information for your products, then please refer to the more accurate data for reporting your emissions.


These figures should be used for site based reporting only.  They should not be added together along a supply chain, as material use would be counted several times along a supply chain.


The data provided for recycling, energy recovery and landfill are based on absolute emissions for these options.  Therefore, to identify the benefit of one option versus another (e.g. recycling 


versus landfill), the benefit is the difference between the two columns.


A high level overview of the life cycle of materials and products is shown in figure 1 below.


The table is split into two halves. The top half contains all the emissions factors which are used to calculate the emissions which are calculated in the bottom half of the table. The (yellow) box in 


the bottom right corner gives the total net CO2 emissions which can be reported in your GHG emissions report.


The first column of figures include emissions related to the materials purchased by an organisation that are subsequently transferred to the waste stream for treatment or disposal. This includes 


the emissions from the following life cycle stages: extraction, primary processing, manufacturing and transportation. It excludes the use phase. The first column (yellow) will automatically total 


the tonnes of material sent through for waste treatment or disposal and is used to calculate the emissions associated with the production of the original materials. The rest of the blue columns 


deal with the emissions from different waste disposal routes. Enter the tonnes of waste sent to each waste disposal stream in the relevant blue boxes. The totals are calculated in the yellow 


boxes.


By quantifying both material use and emissions from waste management, the benefits of waste prevention and more effective management may be estimated.  If only waste management 


emissions are calculated, the benefit of waste prevention will not be adequately covered.


Some of the figures in table 9d are negative numbers. This is because the recycling or energy recovery process avoids the production of primary materials and combustion of fossil fuels.  The 


figures do not include avoided emissions from alternative waste management. 
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Are the figures in this Annex comparable with those for the UK provided in Annex 3?


The two sets of data are not directly comparable as the figure in this annex include heat generated whereas the figures in Annex 3 do not.


Data source


The factors presented in the three tables below are a timeseries of combined electricity and heat CO2  emission factors per kWh GENERATED (Table 10a, i.e. before losses in 


transmission/distribution), electricity and heat CO2 emission factors per kWh LOSSES in transmission/distribution (Table 10b) and per kWh CONSUMED (Table 10c, i.e. for the final 


consumer, including transmission/distribution losses).


How were these factors calculated?


For further explanation on how these emission factors have derived, please refer to the GHG conversion factor methodology paper available here: 


http://www.defra.gov.uk/environment/economy/business-efficiency/reporting/


Scope 2:  Direct emissions of CO2 from the combustion of fuel used in the generation of electricity and heat (data not available for other greenhouse gases).


Scope 3:  Indirect emissions of CO2, CH4 and N2O associated with the extraction and transport of primary fuels as well as the refining, distribution, storage and retail of finished fuels used in 


the generation of electricity and heat.


Annex 10 Scopes & Boundaries:


Data on losses in distribution of electricity and heat is calculated from 2004 - 2008 country energy balances available at the IEA website (2010).


3) Repeat the process for other countries and sum the totals.


How to use this Annex


To calculate emissions of carbon dioxide associated with  use of overseas grid electricity :


1) Identify the amount electricity used, in units of kWh, for the relevant country.


Direct GHG emissions given in Table 10c are a combination of (Scope 2) Direct GHG emissions from Table 10a and (Scope 3) Direct GHG emissions from Table 10b.


2) Multiply this value by the conversion factor for the country or grid rolling average electricity use. You should use emission factors from  Table 10c for electricity consumed from the 


national/local electricity grid for consistency with those provided for the UK in  Annex 3.


We have provided emission factors for all EU member states and the major UK trading partners. Additional emission factors for other countries not included in this list can be found at the 


GHG Protocol website, though it should be noted the figures supplied there  do not include losses from transmission and distribution of heat and electricity.


Emission factor data is from the International Energy Agency (IEA) Data Services, 2010 for "CO2  Emissions per kWh from electricity and heat generation" and mainly sourced from the GHG 


Protocol website, http://www.ghgprotocol.org/calculation-tools.


The country I am looking for is not included, where can I find information?
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Table 10a


1


 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Austria 0.24455 0.25184 0.20865 0.19352 0.20685 0.21391 0.22921 0.22744 0.20758 0.19289 0.17990 0.20081 0.19664 0.23241 0.22310 0.21937 0.21482 0.19561 0.18276 0.20713 0.02770 0.23483 79.0% 21.0% 5.6% 8.0%


Belgium 0.34442 0.34106 0.33005 0.34373 0.36385 0.35664 0.33816 0.31007 0.31497 0.27808 0.28434 0.27150 0.26626 0.27419 0.28053 0.27095 0.25978 0.25283 0.24898 0.26261 0.03512 0.29773 91.7% 8.3% 4.8% 5.4%


Bulgaria 0.47560 0.48208 0.45619 0.42931 0.41814 0.47479 0.48050 0.44551 0.43068 0.46457 0.43285 0.47025 0.47047 0.44657 0.44171 0.51560 0.48886 0.47264 0.06320 0.53584 74.8% 25.2% 15.4% 13.2%


Cyprus 0.82735 0.82810 0.83187 0.82226 0.83271 0.84131 0.84325 0.85637 0.83763 0.77743 0.75605 0.83330 0.77243 0.78837 0.75812 0.76064 0.75866 0.76764 0.10265 0.87029 100.0% 0.0% 4.4% 0.0%


Czech Republic 0.59599 0.58776 0.57380 0.58652 0.59436 0.60021 0.58317 0.58408 0.58818 0.57878 0.59521 0.58245 0.55983 0.52324 0.52421 0.52449 0.52562 0.55679 0.54389 0.53500 0.07154 0.60654 69.8% 30.2% 8.0% 16.6%


Denmark 0.47714 0.50688 0.47239 0.46025 0.47338 0.43528 0.47204 0.42801 0.39652 0.37102 0.34785 0.34438 0.34066 0.36550 0.31733 0.29266 0.35253 0.32648 0.30776 0.31935 0.04270 0.36205 53.0% 47.0% 5.1% 20.1%


Estonia 0.61953 0.59639 0.59712 0.67945 0.67524 0.66382 0.71410 0.70067 0.69167 0.67865 0.66174 0.71668 0.70144 0.70951 0.65181 0.74781 0.75186 0.71249 0.09528 0.80777 59.0% 41.0% 15.2% 15.1%


Finland 0.22710 0.23214 0.20508 0.22948 0.26503 0.24740 0.28065 0.26029 0.21192 0.21203 0.21143 0.24102 0.25236 0.29162 0.25304 0.19289 0.24063 0.22870 0.18712 0.22048 0.02948 0.24996 61.0% 39.0% 3.6% 6.0%


France 0.10916 0.12290 0.09810 0.06797 0.06859 0.07564 0.07918 0.07286 0.09982 0.08649 0.08395 0.07183 0.07739 0.08090 0.07912 0.09321 0.08659 0.08998 0.08272 0.08632 0.01154 0.09786 92.5% 7.5% 7.0% 0.0%


Germany 0.55265 0.56102 0.54587 0.53898 0.53855 0.52222 0.52436 0.51309 0.50585 0.48882 0.49381 0.50550 0.50768 0.43439 0.43613 0.40542 0.40363 0.46977 0.44118 0.43123 0.05767 0.48890 75.7% 24.3% 5.3% 7.8%


Greece 0.99023 0.94008 0.95751 0.93250 0.88298 0.87110 0.82697 0.86382 0.85418 0.81711 0.81302 0.83156 0.81440 0.77400 0.77643 0.77568 0.72728 0.74938 0.73122 0.75200 0.10056 0.85256 99.1% 0.9% 8.9% 0.0%


Hungary 0.41968 0.41700 0.43228 0.43262 0.43325 0.43246 0.42405 0.42802 0.42765 0.41185 0.40073 0.39368 0.39137 0.42465 0.39243 0.34065 0.34392 0.34577 0.33084 0.35072 0.04690 0.39762 68.9% 31.1% 10.7% 0.0%


Ireland 0.73998 0.74282 0.74807 0.73297 0.72967 0.72662 0.70762 0.70577 0.70252 0.69656 0.64210 0.66821 0.63488 0.60317 0.57422 0.58179 0.54543 0.50376 0.48621 0.53828 0.07198 0.61026 100.0% 0.0% 7.9% 0.0%


Italy 0.57455 0.54819 0.53510 0.52412 0.51509 0.54532 0.52398 0.51360 0.51280 0.49439 0.49768 0.48151 0.50304 0.51086 0.41634 0.41254 0.42353 0.38777 0.39846 0.40773 0.05452 0.46225 84.9% 15.1% 6.3% 0.0%


Latvia 0.27995 0.27247 0.25078 0.23877 0.26167 0.21764 0.19775 0.21797 0.19963 0.18938 0.18788 0.18250 0.16623 0.16178 0.16731 0.16405 0.16224 0.16432 0.02197 0.18629 37.5% 62.5% 12.0% 16.1%


Lithuania 0.18529 0.18521 0.21440 0.17396 0.17263 0.16827 0.17553 0.17763 0.15956 0.14699 0.12329 0.11361 0.11371 0.13605 0.13790 0.12100 0.11444 0.12462 0.01666 0.14128 51.8% 48.2% 12.0% 15.7%


Luxembourg 2.58828 2.47011 2.48332 2.46404 2.26437 1.34000 1.19272 0.80993 0.24886 0.25772 0.25507 0.23995 0.32877 0.33019 0.33381 0.32776 0.32605 0.32789 0.31478 0.32606 0.04360 0.36966 85.8% 14.2% 1.7% 0.0%


Malta 1.02049 1.38784 1.16015 0.95725 0.97330 0.93658 0.93164 0.90346 0.81902 0.92845 0.84919 0.84027 0.87244 0.91664 0.87816 0.92346 0.84871 0.88788 0.11873 1.00661 100.0% 0.0% 13.6% 0.0%


Netherlands 0.58835 0.57181 0.55952 0.57410 0.53613 0.46440 0.44310 0.42814 0.41702 0.41548 0.40002 0.41404 0.40148 0.40562 0.39551 0.38706 0.39432 0.39927 0.39208 0.39365 0.05264 0.44629 70.8% 29.2% 4.1% 17.1%


Poland 0.64058 0.63337 0.63719 0.63627 0.64082 0.67051 0.66206 0.66505 0.66291 0.66417 0.67076 0.65958 0.66195 0.66242 0.66421 0.65669 0.65868 0.66834 0.65344 0.66027 0.08829 0.74856 63.1% 36.9% 11.4% 0.0%


Portugal 0.51620 0.52043 0.62047 0.54407 0.51950 0.57240 0.43184 0.46107 0.47095 0.53864 0.47952 0.44193 0.51196 0.41356 0.45204 0.50110 0.41811 0.38452 0.38354 0.42786 0.05721 0.48507 92.8% 7.2% 7.6% 0.0%


Romania 0.40930 0.38409 0.45570 0.44006 0.44392 0.38486 0.35096 0.35953 0.39551 0.41206 0.41213 0.45093 0.41810 0.40023 0.42861 0.43812 0.41665 0.42034 0.05621 0.47655 64.8% 35.2% 13.8% 22.0%


Slovak Republic 0.37559 0.38589 0.35771 0.40975 0.35609 0.37466 0.36103 0.37698 0.35094 0.33976 0.26669 0.24116 0.21487 0.25478 0.24002 0.22900 0.22341 0.22929 0.21715 0.22777 0.03046 0.25823 69.8% 30.2% 5.4% 14.6%


Slovenia 0.34568 0.35878 0.32407 0.32797 0.31179 0.36540 0.37059 0.34040 0.33831 0.35348 0.37146 0.36707 0.34073 0.34459 0.35496 0.36664 0.32883 0.34715 0.04642 0.39357 85.3% 14.7% 6.3% 15.3%


Spain 0.42715 0.42161 0.47435 0.41584 0.41079 0.45343 0.35774 0.39197 0.38092 0.44439 0.42994 0.38172 0.43402 0.37838 0.38176 0.39684 0.36875 0.38709 0.32588 0.37206 0.04975 0.42181 100.0% 0.0% 7.0% 0.0%


Sweden 0.04827 0.05870 0.05098 0.05204 0.05628 0.05001 0.07390 0.05079 0.05319 0.04894 0.04152 0.04205 0.05170 0.05939 0.05098 0.04404 0.04796 0.04004 0.03994 0.04459 0.00596 0.05055 75.2% 24.8% 7.8% 3.7%


European Union - 27 0.43869 0.41927 0.41886 0.41286 0.40594 0.39551 0.39121 0.38190 0.38090 0.37674 0.38032 0.37383 0.36244 0.35518 0.35803 0.36846 0.35085 0.35899 0.04801 0.40700 81.2% 18.8% 7.0% 7.8%


SUBTOTAL 0 0 0


 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Australia 0.81518 0.81924 0.82552 0.81015 0.80408 0.80987 0.82342 0.82589 0.86353 0.86464 0.85303 0.85962 0.92875 0.91783 0.89880 0.90971 0.92562 0.87631 0.88331 0.89875 0.12018 1.01893 100.0% 0.0% 7.8% 0.0%


Brazil 0.06099 0.05541 0.05117 0.05530 0.05711 0.06222 0.06222 0.08221 0.08761 0.10335 0.08525 0.07886 0.08503 0.08395 0.08100 0.07277 0.08885 0.08232 0.01101 0.09333 99.7% 0.3% 15.7% 0.0%


Canada 0.20345 0.19565 0.20469 0.18298 0.17955 0.18436 0.17827 0.19764 0.22119 0.21215 0.22195 0.23110 0.21608 0.22851 0.21387 0.20018 0.20129 0.19731 0.18058 0.19865 0.02656 0.22521 98.4% 1.6% 8.7% 0.0%


China, People's Republic of 0.79425 0.79387 0.76781 0.80281 0.82056 0.80408 0.82293 0.79758 0.76464 0.73963 0.74822 0.77572 0.80531 0.78745 0.78768 0.75849 0.74484 0.77675 0.10387 0.88062 81.1% 18.9% 7.1% 1.4%


Chinese Taipei 0.50213 0.52515 0.52356 0.53346 0.53960 0.57041 0.57744 0.59576 0.62638 0.64095 0.63133 0.65053 0.64631 0.65129 0.65917 0.65530 0.65024 0.65246 0.08725 0.73971 100.0% 0.0% 4.1% 0.0%


Croatia 0.32418 0.32746 0.24922 0.27159 0.25273 0.29745 0.32142 0.30482 0.30327 0.31286 0.35667 0.37967 0.30001 0.31398 0.32023 0.38492 0.34142 0.33211 0.04441 0.37652 78.6% 21.4% 11.9% 14.1%


Egypt 0.52968 0.50320 0.46648 0.44331 0.43277 0.44226 0.46748 0.45457 0.41183 0.38101 0.43669 0.43248 0.47316 0.47403 0.47343 0.45041 0.45976 0.46616 0.06234 0.52850 100.0% 0.0% 12.6% 0.0%


Gibraltar 0.77368 0.77337 0.75148 0.76592 0.75199 0.77284 0.76592 0.76594 0.75981 0.75378 0.75998 0.75451 0.76593 0.76066 0.77101 0.77087 0.75670 0.76503 0.10230 0.86733 100.0% 0.0% 0.0% 0.0%


Hong Kong (China) 0.82063 0.86204 0.86434 0.85526 0.82323 0.72359 0.73968 0.71594 0.71182 0.71996 0.72516 0.79505 0.74912 0.75544 0.75391 0.77473 0.75742 0.75812 0.10138 0.85950 100.0% 0.0% 10.7% 0.0%


Iceland 0.00052 0.00049 0.00046 0.00080 0.00080 0.00162 0.00119 0.00109 0.00292 0.00375 0.00062 0.00060 0.00061 0.00062 0.00061 0.00061 0.00054 0.00137 0.00075 0.00078 0.00010 0.00088 79.5% 20.5% 4.3% 12.4%


India 0.89035 0.91253 0.87702 0.92698 0.97176 0.94368 0.92228 0.91999 0.93929 0.93482 0.91982 0.90403 0.94325 0.93693 0.93124 0.93506 0.96823 0.94294 0.12609 1.06903 100.0% 0.0% 25.9% 0.0%


Indonesia 0.60070 0.72195 0.60775 0.55187 0.60045 0.63403 0.60706 0.62551 0.59593 0.67858 0.65490 0.71084 0.69012 0.69410 0.70141 0.74967 0.72614 0.71229 0.09525 0.80754 100.0% 0.0% 11.6% 0.0%


Israel 0.79071 0.80623 0.80202 0.80501 0.80996 0.80363 0.74794 0.75011 0.74893 0.75195 0.81180 0.80461 0.78676 0.77846 0.75600 0.73917 0.69330 0.75074 0.10039 0.85113 100.0% 0.0% 3.0% 0.0%


Japan 0.43450 0.42494 0.43089 0.41198 0.42981 0.41097 0.40801 0.39353 0.38125 0.39678 0.40059 0.40149 0.42208 0.44443 0.42716 0.42911 0.41846 0.45220 0.43645 0.43268 0.05786 0.49054 99.4% 0.6% 4.9% 0.0%


Korea, Republic of 0.52025 0.56001 0.58832 0.56823 0.55139 0.53986 0.53401 0.55643 0.49704 0.48186 0.44752 0.47856 0.45090 0.44933 0.47458 0.46031 0.46434 0.45511 0.45924 0.46272 0.06188 0.52460 88.3% 11.7% 3.7% 2.1%


Malaysia 0.59831 0.57504 0.52580 0.52353 0.52519 0.46637 0.50533 0.48742 0.47591 0.50017 0.54655 0.49171 0.53793 0.60496 0.60700 0.61065 0.65592 0.60329 0.08067 0.68396 100.0% 0.0% 2.9% 0.0%


Mexico 0.54929 0.54502 0.52036 0.53036 0.58164 0.52762 0.52706 0.54717 0.56650 0.55901 0.56827 0.57116 0.56848 0.58928 0.51686 0.51830 0.47540 0.48638 0.43996 0.48738 0.06517 0.55255 100.0% 0.0% 17.5% 0.0%


New Zealand 0.11479 0.12481 0.16019 0.12919 0.10634 0.09624 0.11919 0.16569 0.13554 0.16513 0.15412 0.19526 0.16632 0.20692 0.19307 0.23566 0.22898 0.19275 0.21352 0.21280 0.02846 0.24126 99.1% 0.9% 7.6% 0.0%


Norway 0.00342 0.00453 0.00387 0.00418 0.00516 0.00449 0.00629 0.00548 0.00550 0.00600 0.00406 0.00583 0.00530 0.00833 0.00712 0.00556 0.00696 0.00745 0.00524 0.00647 0.00087 0.00734 97.2% 2.8% 8.5% 13.1%


Pakistan 0.39319 0.38423 0.39115 0.40492 0.44263 0.45374 0.41143 0.46783 0.47945 0.46297 0.44283 0.37076 0.39726 0.38000 0.41318 0.43265 0.45112 0.41484 0.05547 0.47031 100.0% 0.0% 23.1% 0.0%


Philippines 0.42236 0.41448 0.43208 0.45768 0.47234 0.49571 0.50402 0.44779 0.49444 0.47990 0.44951 0.45272 0.45235 0.46320 0.43308 0.44868 0.48677 0.45682 0.06109 0.51791 100.0% 0.0% 13.5% 0.0%


Russian Federation 0.31939 0.29111 0.29602 0.29176 0.34188 0.32832 0.32636 0.32696 0.32076 0.32148 0.32666 0.32930 0.32457 0.32497 0.32857 0.32250 0.32551 0.32522 0.04349 0.36871 36.7% 63.3% 13.9% 6.4%


Saudi Arabia 0.83281 0.83754 0.81556 0.81493 0.80185 0.80853 0.81473 0.81144 0.80969 0.77810 0.75116 0.73939 0.76308 0.75582 0.76003 0.74028 0.75419 0.75468 0.10092 0.85560 100.0% 0.0% 9.3% 0.0%


Singapore 0.84131 1.00417 0.97663 0.93853 0.87990 0.76931 0.77427 0.82541 0.83665 0.78717 0.71486 0.65702 0.62250 0.59827 0.56432 0.53853 0.53104 0.57093 0.07635 0.64728 100.0% 0.0% 5.8% 0.0%


South Africa 0.85531 0.88052 0.86361 0.87813 0.86067 0.86949 0.92747 0.88973 0.89303 0.82895 0.81946 0.84909 0.87118 0.85174 0.83177 0.84483 0.83495 0.84689 0.11325 0.96014 100.0% 0.0% 9.6% 0.0%


Switzerland 0.02159 0.02435 0.02770 0.02066 0.01975 0.02183 0.02551 0.02263 0.02741 0.02550 0.02541 0.02481 0.02553 0.02668 0.02823 0.03167 0.03023 0.02725 0.02739 0.02895 0.00387 0.03282 93.1% 6.9% 6.9% 8.6%


Thailand 0.64630 0.63010 0.62341 0.60608 0.62543 0.63371 0.60772 0.59604 0.56404 0.56235 0.54766 0.52786 0.53869 0.53541 0.51093 0.53557 0.52911 0.52994 0.07086 0.60080 100.0% 0.0% 7.4% 0.0%


Turkey 0.56842 0.56675 0.55701 0.50511 0.55039 0.51248 0.52095 0.52474 0.53042 0.54890 0.51886 0.54389 0.47199 0.44407 0.41938 0.42638 0.43822 0.47821 0.49528 0.45149 0.06037 0.51186 94.7% 5.3% 15.3% 0.0%


Ukraine 0.39057 0.40700 0.38143 0.38344 0.33347 0.32350 0.33200 0.33911 0.34682 0.32954 0.32475 0.38099 0.31648 0.33115 0.34551 0.36025 0.38611 0.34790 0.04652 0.39442 52.2% 47.8% 15.9% 25.2%


United States 0.58714 0.58222 0.58117 0.57923 0.58409 0.61645 0.60365 0.59049 0.58589 0.61681 0.56733 0.57082 0.57113 0.56964 0.54231 0.54921 0.53503 0.55346 0.07401 0.62747 97.4% 2.6% 6.5% 18.0%


Africa 0.67266 0.68358 0.67646 0.68172 0.66589 0.67409 0.70265 0.67170 0.65828 0.61614 0.61829 0.63287 0.64387 0.63106 0.62575 0.62317 0.61928 0.62863 0.08406 0.71269 100.0% 0.0% 12.5% 0.0%


Latin America 0.18683 0.17797 0.17301 0.17676 0.17758 0.18299 0.19164 0.19094 0.18697 0.19533 0.19000 0.18931 0.19350 0.19074 0.18866 0.19335 0.20189 0.19363 0.02589 0.21952 99.9% 0.1% 16.5% 0.0%


Middle-East 0.71373 0.72079 0.72397 0.72635 0.71886 0.71719 0.70339 0.70737 0.70440 0.70366 0.69048 0.68623 0.70564 0.69607 0.67678 0.67909 0.68707 0.68893 0.09213 0.78106 100.0% 0.0% 13.2% 0.0%


Non-OECD Europe 0.48278 0.47201 0.48399 0.48891 0.47562 0.48636 0.48437 0.45507 0.48595 0.49750 0.50304 0.53223 0.50529 0.46804 0.48906 0.52573 0.50924 0.49947 0.06679 0.56626 74.8% 25.2% 15.3% 15.9%


SUBTOTAL 0 0 0


GRAND TOTAL 0 0 0


Source


Notes


1


Total Indirect GHGTotal Direct GHG


Scope 2 Scope 3 All Scopes


Scope 2 Scope 3 All Scopes


Total Direct GHG Total Indirect GHGOverseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat GENERATED 
1


% Total GWh


Data on the proportion of electricity and heat is sourced from the IEA website at:  http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Electricity/Heat


% Total GWh


% Distribution 


LossesGrand Total GHG


% Distribution 


Losses


Data on losses in distribution of electricity and heat is calculated from country energy balances available at the IEA website at: http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Balances


Grand Total GHG


Emission factor data is from the International Energy Agency (IEA) Data Services (2010) for the table "CO2 Emissions per kWh from electricity and heat generation", from "CO2 Emissions from Fuel Combustion 2010 - Highlights" report available at: http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=2143


Indirect (Scope 3) emission factors for different countries were estimated as being roughly a similar ratio CO2 emission factors as for the UK (which is 13.4%), in the absence of other information.


If you cannot find an emission factor for a particular country, please refer to the larger list available on the GHG Protocol website at the link above.


Overseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat GENERATED 
1


Emissions factors for electricity and heat GENERATED (and supplied to the grid where relevant) - EXCLUDES losses from the transmission and distribution grid.
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Table 10b


#REF!


 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Austria 0.01625 0.01673 0.01386 0.01286 0.01375 0.01421 0.01523 0.01512 0.01380 0.01282 0.01195 0.01335 0.01306 0.01545 0.01482 0.01440 0.01369 0.01261 0.01175 0.01345 0.00180 0.01525 79.0% 21.0% 5.6% 8.0%


Belgium 0.01790 0.01773 0.01715 0.01787 0.01891 0.01854 0.01757 0.01612 0.01637 0.01445 0.01478 0.01411 0.01384 0.01425 0.01458 0.01453 0.01299 0.01234 0.01264 0.01342 0.00179 0.01521 91.7% 8.3% 4.8% 5.4%


Bulgaria 0.09285 0.09412 0.08906 0.08382 0.08164 0.09270 0.09381 0.08698 0.08408 0.09070 0.08450 0.09181 0.09185 0.07923 0.07192 0.08864 0.07896 0.08212 0.01098 0.09310 74.8% 25.2% 15.4% 13.2%


Cyprus 0.04700 0.04705 0.04726 0.04671 0.04731 0.04780 0.04791 0.04865 0.04759 0.04417 0.04295 0.04734 0.04388 0.03237 0.04019 0.03729 0.02505 0.03576 0.00478 0.04054 100.0% 0.0% 4.4% 0.0%


Czech Republic 0.07364 0.07262 0.07090 0.07247 0.07344 0.07416 0.07206 0.07217 0.07267 0.07151 0.07354 0.07196 0.06918 0.06465 0.06477 0.06641 0.06215 0.06640 0.06339 0.06462 0.00864 0.07326 69.8% 30.2% 8.0% 16.6%


Denmark 0.06568 0.06977 0.06502 0.06335 0.06516 0.05992 0.06498 0.05891 0.05458 0.05106 0.04788 0.04740 0.04689 0.05031 0.04368 0.03822 0.04592 0.04266 0.04456 0.04301 0.00575 0.04876 53.0% 47.0% 5.1% 20.1%


Estonia 0.12640 0.12167 0.12182 0.13862 0.13776 0.13543 0.14569 0.14294 0.14111 0.13846 0.13501 0.14621 0.14310 0.11911 0.11130 0.14156 0.12140 0.12729 0.01702 0.14431 59.0% 41.0% 15.2% 15.1%


Finland 0.01053 0.01077 0.00951 0.01064 0.01229 0.01148 0.01302 0.01208 0.00984 0.00983 0.00980 0.01118 0.01171 0.01353 0.01174 0.00936 0.01102 0.00995 0.00898 0.01021 0.00137 0.01158 61.0% 39.0% 3.6% 6.0%


France 0.00737 0.00829 0.00661 0.00458 0.00462 0.00511 0.00534 0.00492 0.00674 0.00583 0.00566 0.00484 0.00522 0.00546 0.00534 0.00620 0.00579 0.00599 0.00566 0.00580 0.00078 0.00658 92.5% 7.5% 7.0% 0.0%


Germany 0.03435 0.03488 0.03394 0.03351 0.03348 0.03246 0.03260 0.03190 0.03145 0.03038 0.03070 0.03143 0.03156 0.02701 0.02711 0.02729 0.02544 0.02858 0.02762 0.02721 0.00364 0.03085 75.7% 24.3% 5.3% 7.8%


Greece 0.10236 0.09718 0.09897 0.09639 0.09127 0.09004 0.08548 0.08929 0.08829 0.08446 0.08404 0.08595 0.08418 0.08001 0.08026 0.08417 0.06967 0.06536 0.06459 0.07281 0.00974 0.08255 99.1% 0.9% 8.9% 0.0%


Hungary 0.03493 0.03471 0.03598 0.03601 0.03606 0.03600 0.03530 0.03563 0.03560 0.03428 0.03336 0.03277 0.03257 0.03534 0.03266 0.02718 0.02760 0.02783 0.02609 0.02827 0.00378 0.03205 68.9% 31.1% 10.7% 0.0%


Ireland 0.06534 0.06559 0.06605 0.06473 0.06443 0.06416 0.06249 0.06232 0.06204 0.06151 0.05670 0.05901 0.05606 0.05326 0.05071 0.05001 0.04592 0.04415 0.04097 0.04635 0.00620 0.05255 100.0% 0.0% 7.9% 0.0%


Italy 0.03598 0.03433 0.03351 0.03282 0.03226 0.03415 0.03282 0.03217 0.03211 0.03096 0.03116 0.03015 0.03151 0.03199 0.02607 0.02376 0.02428 0.02341 0.02337 0.02418 0.00323 0.02741 84.9% 15.1% 6.3% 0.0%


Latvia 0.05390 0.05246 0.04828 0.04597 0.05037 0.04189 0.03807 0.04196 0.03843 0.03646 0.03618 0.03514 0.03201 0.02840 0.02735 0.02514 0.02301 0.02718 0.00363 0.03081 37.5% 62.5% 12.0% 16.1%


Lithuania 0.03582 0.03580 0.04144 0.03363 0.03337 0.03252 0.03393 0.03433 0.03085 0.02841 0.02383 0.02196 0.02198 0.02415 0.02168 0.01817 0.01606 0.02041 0.00273 0.02314 51.8% 48.2% 12.0% 15.7%


Luxembourg 0.01773 0.01692 0.01701 0.01688 0.01551 0.00918 0.00817 0.00555 0.00170 0.00176 0.00175 0.00164 0.00225 0.00226 0.00229 0.00498 0.00592 0.00585 0.00593 0.00499 0.00067 0.00566 85.8% 14.2% 1.7% 0.0%


Malta 0.16590 0.22562 0.18861 0.15561 0.15823 0.15226 0.15145 0.14687 0.13315 0.15094 0.13805 0.13660 0.14183 0.12004 0.13080 0.15666 0.15206 0.14028 0.01876 0.15904 100.0% 0.0% 13.6% 0.0%


Netherlands 0.04655 0.04525 0.04427 0.04542 0.04242 0.03675 0.03506 0.03388 0.03300 0.03288 0.03166 0.03276 0.03177 0.03209 0.03130 0.03061 0.02910 0.02892 0.02843 0.02967 0.00397 0.03364 70.8% 29.2% 4.1% 17.1%


Poland 0.04633 0.04581 0.04609 0.04603 0.04635 0.04850 0.04789 0.04811 0.04795 0.04805 0.04851 0.04771 0.04788 0.04792 0.04805 0.04945 0.04503 0.04690 0.04142 0.04617 0.00617 0.05234 63.1% 36.9% 11.4% 0.0%


Portugal 0.04368 0.04404 0.05251 0.04605 0.04396 0.04844 0.03654 0.03902 0.03986 0.04558 0.04058 0.03740 0.04333 0.03500 0.03826 0.04178 0.02969 0.02298 0.03066 0.03267 0.00437 0.03704 92.8% 7.2% 7.6% 0.0%


Romania 0.08396 0.07880 0.09348 0.09027 0.09106 0.07895 0.07199 0.07376 0.08113 0.08453 0.08454 0.09250 0.08576 0.07903 0.08733 0.08816 0.08505 0.08507 0.01138 0.09645 64.8% 35.2% 13.8% 22.0%


Slovak Republic 0.03245 0.03334 0.03091 0.03540 0.03076 0.03237 0.03119 0.03256 0.03032 0.02935 0.02304 0.02084 0.01856 0.02202 0.02074 0.02222 0.02060 0.02020 0.01607 0.01997 0.00267 0.02264 69.8% 30.2% 5.4% 14.6%


Slovenia 0.02783 0.02888 0.02608 0.02639 0.02509 0.02941 0.02983 0.02739 0.02723 0.02845 0.02990 0.02954 0.02742 0.03191 0.02865 0.02977 0.02540 0.02863 0.00383 0.03246 85.3% 14.7% 6.3% 15.3%


Spain 0.04457 0.04400 0.04950 0.04340 0.04286 0.04731 0.03733 0.04090 0.03975 0.04638 0.04487 0.03984 0.04529 0.03948 0.03983 0.04254 0.02012 0.02214 0.01842 0.02861 0.00383 0.03244 100.0% 0.0% 7.0% 0.0%


Sweden 0.00342 0.00416 0.00362 0.00369 0.00399 0.00354 0.00524 0.00360 0.00377 0.00347 0.00294 0.00298 0.00366 0.00421 0.00361 0.00328 0.00336 0.00276 0.00296 0.00319 0.00043 0.00362 75.2% 24.8% 7.8% 3.7%


European Union - 27 0.03565 0.03407 0.03404 0.03355 0.03299 0.03215 0.03179 0.03104 0.03096 0.03062 0.03092 0.03038 0.02946 0.02877 0.02639 0.02700 0.02596 0.02752 0.00368 0.03120 81.2% 18.8% 7.0% 7.8%


SUBTOTAL 0 0 0


 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Australia 0.07548 0.07586 0.07644 0.07502 0.07445 0.07499 0.07625 0.07647 0.07996 0.08006 0.07899 0.07960 0.08599 0.08498 0.08323 0.07453 0.08498 0.06833 0.07015 0.07624 0.01020 0.08644 100.0% 0.0% 7.8% 0.0%


Brazil 0.01148 0.01043 0.00963 0.01041 0.01075 0.01171 0.01171 0.01548 0.01650 0.01945 0.01605 0.01485 0.01601 0.01552 0.01522 0.01323 0.01671 0.01534 0.00205 0.01739 99.7% 0.3% 15.7% 0.0%


Canada 0.01480 0.01423 0.01489 0.01331 0.01306 0.01341 0.01297 0.01437 0.01608 0.01543 0.01614 0.01681 0.01571 0.01662 0.01555 0.01761 0.02016 0.02169 0.01726 0.01845 0.00247 0.02092 98.4% 1.6% 8.7% 0.0%


China, People's Republic of 0.05331 0.05328 0.05154 0.05388 0.05507 0.05397 0.05524 0.05353 0.05132 0.04964 0.05022 0.05206 0.05405 0.05485 0.05150 0.04714 0.04298 0.05010 0.00670 0.05680 81.1% 18.9% 7.1% 1.4%


Chinese Taipei 0.02350 0.02457 0.02450 0.02497 0.02526 0.02669 0.02703 0.02788 0.02932 0.03000 0.02955 0.03044 0.03025 0.02960 0.02525 0.02955 0.02657 0.02824 0.00378 0.03202 100.0% 0.0% 4.1% 0.0%


Croatia 0.05204 0.05256 0.04000 0.04359 0.04056 0.04774 0.05159 0.04893 0.04867 0.05021 0.05725 0.06094 0.04815 0.04687 0.04196 0.05380 0.03894 0.04594 0.00614 0.05208 78.6% 21.4% 11.9% 14.1%


Egypt 0.07666 0.07283 0.06752 0.06416 0.06263 0.06401 0.06766 0.06579 0.05960 0.05514 0.06320 0.06260 0.06848 0.09310 0.06051 0.05811 0.05736 0.06751 0.00903 0.07654 100.0% 0.0% 12.6% 0.0%


Gibraltar 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 100.0% 0.0% 0.0% 0.0%


Hong Kong (China) 0.09743 0.10234 0.10261 0.10154 0.09774 0.08590 0.08781 0.08499 0.08451 0.08548 0.08609 0.09439 0.08893 0.09257 0.08687 0.09518 0.08893 0.09050 0.01210 0.10260 100.0% 0.0% 10.7% 0.0%


Iceland 0.00004 0.00003 0.00003 0.00006 0.00006 0.00012 0.00008 0.00008 0.00020 0.00026 0.00005 0.00005 0.00004 0.00004 0.00004 0.00004 0.00003 0.00010 0.00003 0.00005 0.00001 0.00006 79.5% 20.5% 4.3% 12.4%


India 0.35118 0.35993 0.34593 0.36563 0.38329 0.37221 0.36377 0.36287 0.37049 0.36872 0.36281 0.35658 0.37205 0.34268 0.32659 0.30062 0.31180 0.33075 0.04423 0.37498 100.0% 0.0% 25.9% 0.0%


Indonesia 0.08545 0.10269 0.08645 0.07850 0.08541 0.09019 0.08636 0.08898 0.08477 0.09653 0.09317 0.10112 0.09817 0.09742 0.09317 0.09317 0.08463 0.09331 0.01248 0.10579 100.0% 0.0% 11.6% 0.0%


Israel 0.02672 0.02724 0.02710 0.02721 0.02737 0.02716 0.02528 0.02535 0.02531 0.02541 0.02743 0.02719 0.02659 0.02545 0.02273 0.02276 0.01734 0.02297 0.00307 0.02604 100.0% 0.0% 3.0% 0.0%


Japan 0.02189 0.02141 0.02171 0.02076 0.02165 0.02070 0.02056 0.01982 0.01921 0.02000 0.02019 0.02022 0.02127 0.02239 0.02152 0.02183 0.02119 0.02263 0.02306 0.02205 0.00295 0.02500 99.4% 0.6% 4.9% 0.0%


Korea, Republic of 0.01841 0.01981 0.02082 0.02011 0.01952 0.01911 0.01890 0.01969 0.01759 0.01705 0.01583 0.01694 0.01596 0.01590 0.01679 0.01657 0.01717 0.01738 0.01693 0.01697 0.00227 0.01924 88.3% 11.7% 3.7% 2.1%


Malaysia 0.02447 0.02351 0.02151 0.02141 0.02148 0.01907 0.02067 0.01994 0.01946 0.02045 0.02235 0.02011 0.02199 0.02729 0.00854 0.01158 0.01863 0.01761 0.00235 0.01996 100.0% 0.0% 2.9% 0.0%


Mexico 0.11471 0.11382 0.10867 0.11076 0.12147 0.11019 0.11007 0.11427 0.11831 0.11674 0.11867 0.11928 0.11872 0.12306 0.10794 0.11098 0.09989 0.10387 0.09455 0.10345 0.01383 0.11728 100.0% 0.0% 17.5% 0.0%


New Zealand 0.00952 0.01035 0.01328 0.01071 0.00882 0.00797 0.00988 0.01373 0.01123 0.01369 0.01277 0.01618 0.01378 0.01715 0.01601 0.01930 0.01878 0.01559 0.01809 0.01755 0.00235 0.01990 99.1% 0.9% 7.6% 0.0%


Norway 0.00035 0.00047 0.00040 0.00043 0.00054 0.00046 0.00064 0.00057 0.00056 0.00062 0.00042 0.00060 0.00054 0.00086 0.00074 0.00050 0.00067 0.00069 0.00048 0.00062 0.00008 0.00070 97.2% 2.8% 8.5% 13.1%


Pakistan 0.13508 0.13200 0.13438 0.13911 0.15207 0.15588 0.14135 0.16072 0.16471 0.15905 0.15214 0.12737 0.13649 0.12797 0.12510 0.10966 0.12300 0.12444 0.01664 0.14108 100.0% 0.0% 23.1% 0.0%


Philippines 0.06926 0.06796 0.07085 0.07505 0.07745 0.08128 0.08264 0.07343 0.08108 0.07869 0.07371 0.07423 0.07417 0.06976 0.06527 0.07112 0.07597 0.07126 0.00953 0.08079 100.0% 0.0% 13.5% 0.0%


Russian Federation 0.02809 0.02560 0.02603 0.02565 0.03007 0.02887 0.02870 0.02875 0.02821 0.02827 0.02872 0.02896 0.02854 0.02253 0.03534 0.03452 0.03576 0.03134 0.00419 0.03553 36.7% 63.3% 13.9% 6.4%


Saudi Arabia 0.07508 0.07551 0.07353 0.07346 0.07229 0.07289 0.07345 0.07315 0.07300 0.07015 0.06772 0.06666 0.06879 0.10418 0.06436 0.07305 0.07749 0.07757 0.01037 0.08794 100.0% 0.0% 9.3% 0.0%


Singapore 0.05869 0.07005 0.06812 0.06547 0.06138 0.05367 0.05401 0.05759 0.05837 0.05491 0.04987 0.04583 0.04343 0.03559 0.03258 0.03185 0.03154 0.03500 0.00468 0.03968 100.0% 0.0% 5.8% 0.0%


South Africa 0.10960 0.11283 0.11066 0.11253 0.11030 0.11142 0.11886 0.11402 0.11444 0.10623 0.10501 0.10881 0.11164 0.06563 0.09137 0.08953 0.09303 0.09024 0.01207 0.10231 100.0% 0.0% 9.6% 0.0%


Switzerland 0.00166 0.00187 0.00213 0.00159 0.00151 0.00168 0.00196 0.00174 0.00211 0.00195 0.00195 0.00191 0.00196 0.00205 0.00216 0.00233 0.00221 0.00207 0.00206 0.00217 0.00029 0.00246 93.1% 6.9% 6.9% 8.6%


Thailand 0.05607 0.05467 0.05409 0.05258 0.05426 0.05498 0.05273 0.05172 0.04894 0.04879 0.04752 0.04580 0.04673 0.04733 0.04467 0.03727 0.03498 0.04220 0.00564 0.04784 100.0% 0.0% 7.4% 0.0%


Turkey 0.10497 0.10466 0.10286 0.09328 0.10163 0.09464 0.09620 0.09690 0.09796 0.10136 0.09581 0.10044 0.08716 0.08201 0.07745 0.07304 0.07037 0.07636 0.07855 0.07515 0.01005 0.08520 94.7% 5.3% 15.3% 0.0%


Ukraine 0.11122 0.11590 0.10862 0.10919 0.09496 0.09212 0.09453 0.09656 0.09876 0.09384 0.09247 0.10849 0.09012 0.08976 0.08839 0.08723 0.09152 0.08940 0.01195 0.10135 52.2% 47.8% 15.9% 25.2%


United States 0.04386 0.04349 0.04342 0.04327 0.04363 0.04605 0.04509 0.04411 0.04377 0.04608 0.04239 0.04265 0.04267 0.04124 0.04031 0.03988 0.03604 0.04003 0.00535 0.04538 97.4% 2.6% 6.5% 18.0%


Africa 0.11365 0.11550 0.11429 0.11518 0.11250 0.11389 0.11871 0.11348 0.11122 0.10410 0.10447 0.10693 0.10878 0.08643 0.08817 0.08130 0.08483 0.08990 0.01202 0.10192 100.0% 0.0% 12.5% 0.0%


Latin America 0.03686 0.03512 0.03414 0.03487 0.03504 0.03610 0.03781 0.03768 0.03689 0.03854 0.03749 0.03735 0.03818 0.03816 0.03768 0.03820 0.03924 0.03829 0.00512 0.04341 99.9% 0.1% 16.5% 0.0%


Middle-East 0.10328 0.10430 0.10476 0.10510 0.10402 0.10378 0.10179 0.10236 0.10193 0.10182 0.09991 0.09930 0.10211 0.11358 0.10041 0.10210 0.10707 0.10505 0.01405 0.11910 100.0% 0.0% 13.2% 0.0%


Non-OECD Europe 0.09022 0.08820 0.09044 0.09137 0.08889 0.09090 0.09052 0.08504 0.09082 0.09298 0.09401 0.09946 0.09443 0.08496 0.09044 0.09493 0.09098 0.09115 0.01219 0.10334 74.8% 25.2% 15.3% 15.9%


SUBTOTAL 0 0 0


GRAND TOTAL 0 0 0


Source


Notes


2


Table 10c


Grand Total GHG


Total Direct GHG Total Indirect GHG Grand Total GHG


Scope 2 Scope 3


Scope 3


% Distribution 


Losses


All Scopes


Data on losses in distribution of electricity and heat is calculated from country energy balances available at the IEA website at: http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Balances


% Total GWh


% Total GWh


% Distribution 


Losses


Scope 2


Scope 2 Scope 3 All Scopes


Indirect (Scope 3) emission factors for different countries were estimated as being roughly a similar ratio CO2 emission factors as for the UK (which is 13.4%), in the absence of other information.


All Scopes


Total Direct GHG


European Union


Overseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat LOSSES in transmission and distribution 
2


Total Indirect GHG


Data on the proportion of electricity and heat is sourced from the IEA website at:  http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Electricity/Heat


Table 10b - 


continued 


Overseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat LOSSES in transmission and distribution
 2


Other countries


If you cannot find an emission factor for a particular country, please refer to the larger list available on the GHG Protocol website at the link above.


Emission factor data is from the International Energy Agency (IEA) Data Services (2010) for the table "CO2 Emissions per kWh from electricity and heat generation", from "CO2 Emissions from Fuel Combustion 2010 - Highlights" report available at: http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=2143


Emission factors per kWh energy consumed are calculated using % distribution losses for the 5-year average, 2004-2008.


Emissions factors for electricity and heat LOSSES from the transmission and distribution grid.
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 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Austria 0.26080 0.26857 0.22251 0.20638 0.22060 0.22812 0.24444 0.24256 0.22138 0.20571 0.19185 0.21416 0.20970 0.24786 0.23792 0.23377 0.22851 0.20822 0.19451 0.22059 0.02950 0.25009 79.0% 21.0% 5.6% 8.0%


Belgium 0.36232 0.35879 0.34720 0.36160 0.38276 0.37518 0.35573 0.32619 0.33134 0.29253 0.29912 0.28561 0.28010 0.28844 0.29511 0.28548 0.27277 0.26517 0.26162 0.27603 0.03691 0.31294 91.7% 8.3% 4.8% 5.4%


Bulgaria 0.56845 0.57620 0.54525 0.51313 0.49978 0.56749 0.57431 0.53249 0.51476 0.55527 0.51735 0.56206 0.56232 0.52580 0.51363 0.60424 0.56782 0.55476 0.07418 0.62894 74.8% 25.2% 15.4% 13.2%


Cyprus 0.87435 0.87515 0.87913 0.86897 0.88002 0.88911 0.89116 0.90502 0.88522 0.82160 0.79900 0.88064 0.81631 0.82074 0.79831 0.79793 0.78371 0.80340 0.10743 0.91083 100.0% 0.0% 4.4% 0.0%


Czech Republic 0.66963 0.66038 0.64470 0.65899 0.66780 0.67437 0.65523 0.65625 0.66085 0.65029 0.66875 0.65441 0.62901 0.58789 0.58898 0.59090 0.58777 0.62319 0.60728 0.59962 0.08018 0.67980 69.8% 30.2% 8.0% 16.6%


Denmark 0.54282 0.57665 0.53741 0.52360 0.53854 0.49520 0.53702 0.48692 0.45110 0.42208 0.39573 0.39178 0.38755 0.41581 0.36101 0.33088 0.39845 0.36914 0.35232 0.36236 0.04846 0.41082 53.0% 47.0% 5.1% 20.1%


Estonia 0.74593 0.71806 0.71894 0.81807 0.81300 0.79925 0.85979 0.84361 0.83278 0.81711 0.79675 0.86289 0.84454 0.82862 0.76311 0.88937 0.87326 0.83978 0.11230 0.95208 59.0% 41.0% 15.2% 15.1%


Finland 0.23763 0.24291 0.21459 0.24012 0.27732 0.25888 0.29367 0.27237 0.22176 0.22186 0.22123 0.25220 0.26407 0.30515 0.26478 0.20225 0.25165 0.23865 0.19610 0.23069 0.03085 0.26154 61.0% 39.0% 3.6% 6.0%


France 0.11653 0.13119 0.10471 0.07255 0.07321 0.08075 0.08452 0.07778 0.10656 0.09232 0.08961 0.07667 0.08261 0.08636 0.08446 0.09941 0.09238 0.09597 0.08838 0.09212 0.01232 0.10444 92.5% 7.5% 7.0% 0.0%


Germany 0.58700 0.59590 0.57981 0.57249 0.57203 0.55468 0.55696 0.54499 0.53730 0.51920 0.52451 0.53693 0.53924 0.46140 0.46324 0.43271 0.42907 0.49835 0.46880 0.45843 0.06130 0.51973 75.7% 24.3% 5.3% 7.8%


Greece 1.09259 1.03726 1.05648 1.02889 0.97425 0.96114 0.91245 0.95311 0.94247 0.90157 0.89706 0.91751 0.89858 0.85401 0.85669 0.85985 0.79695 0.81474 0.79581 0.82481 0.11030 0.93511 99.1% 0.9% 8.9% 0.0%


Hungary 0.45461 0.45171 0.46826 0.46863 0.46931 0.46846 0.45935 0.46365 0.46325 0.44613 0.43409 0.42645 0.42394 0.45999 0.42509 0.36783 0.37152 0.37360 0.35693 0.37899 0.05068 0.42967 68.9% 31.1% 10.7% 0.0%


Ireland 0.80532 0.80841 0.81412 0.79770 0.79410 0.79078 0.77011 0.76809 0.76456 0.75807 0.69880 0.72722 0.69094 0.65643 0.62493 0.63180 0.59135 0.54791 0.52718 0.58463 0.07818 0.66281 100.0% 0.0% 7.9% 0.0%


Italy 0.61053 0.58252 0.56861 0.55694 0.54735 0.57947 0.55680 0.54577 0.54491 0.52535 0.52884 0.51166 0.53455 0.54285 0.44241 0.43630 0.44781 0.41118 0.42183 0.43191 0.05776 0.48967 84.9% 15.1% 6.3% 0.0%


Latvia 0.33385 0.32493 0.29906 0.28474 0.31204 0.25953 0.23582 0.25993 0.23806 0.22584 0.22406 0.21764 0.19824 0.19018 0.19466 0.18919 0.18525 0.19150 0.02561 0.21711 37.5% 62.5% 12.0% 16.1%


Lithuania 0.22111 0.22101 0.25584 0.20759 0.20600 0.20079 0.20946 0.21196 0.19041 0.17540 0.14712 0.13557 0.13569 0.16020 0.15958 0.13917 0.13050 0.14503 0.01939 0.16442 51.8% 48.2% 12.0% 15.7%


Luxembourg 2.60601 2.48703 2.50033 2.48092 2.27988 1.34918 1.20089 0.81548 0.25056 0.25948 0.25682 0.24159 0.33102 0.33245 0.33610 0.33274 0.33197 0.33374 0.32071 0.33105 0.04427 0.37532 85.8% 14.2% 1.7% 0.0%


Malta 1.18639 1.61346 1.34876 1.11286 1.13153 1.08884 1.08309 1.05033 0.95217 1.07939 0.98724 0.97687 1.01427 1.03668 1.00896 1.08012 1.00077 1.02816 0.13749 1.16565 100.0% 0.0% 13.6% 0.0%


Netherlands 0.63490 0.61706 0.60379 0.61952 0.57855 0.50115 0.47816 0.46202 0.45002 0.44836 0.43168 0.44680 0.43325 0.43771 0.42681 0.41767 0.42342 0.42819 0.42051 0.42332 0.05661 0.47993 70.8% 29.2% 4.1% 17.1%


Poland 0.68691 0.67918 0.68328 0.68230 0.68717 0.71901 0.70995 0.71316 0.71086 0.71222 0.71927 0.70729 0.70983 0.71034 0.71226 0.70614 0.70371 0.71524 0.69486 0.70644 0.09447 0.80091 63.1% 36.9% 11.4% 0.0%


Portugal 0.55988 0.56447 0.67298 0.59012 0.56346 0.62084 0.46838 0.50009 0.51081 0.58422 0.52010 0.47933 0.55529 0.44856 0.49030 0.54288 0.44780 0.40750 0.41420 0.46054 0.06158 0.52212 92.8% 7.2% 7.6% 0.0%


Romania 0.49326 0.46289 0.54918 0.53033 0.53498 0.46381 0.42295 0.43329 0.47664 0.49659 0.49667 0.54343 0.50386 0.47926 0.51594 0.52628 0.50170 0.50541 0.06758 0.57299 64.8% 35.2% 13.8% 22.0%


Slovak Republic 0.40804 0.41923 0.38862 0.44515 0.38685 0.40703 0.39222 0.40954 0.38126 0.36911 0.28973 0.26200 0.23343 0.27680 0.26076 0.25122 0.24401 0.24949 0.23322 0.24774 0.03313 0.28087 69.8% 30.2% 5.4% 14.6%


Slovenia 0.37351 0.38766 0.35015 0.35436 0.33688 0.39481 0.40042 0.36779 0.36554 0.38193 0.40136 0.39661 0.36815 0.37650 0.38361 0.39641 0.35423 0.37578 0.05025 0.42603 85.3% 14.7% 6.3% 15.3%


Spain 0.47172 0.46561 0.52385 0.45924 0.45365 0.50074 0.39507 0.43287 0.42067 0.49077 0.47481 0.42156 0.47931 0.41786 0.42159 0.43938 0.38887 0.40923 0.34430 0.40067 0.05358 0.45425 100.0% 0.0% 7.0% 0.0%


Sweden 0.05169 0.06286 0.05460 0.05573 0.06027 0.05355 0.07914 0.05439 0.05696 0.05241 0.04446 0.04503 0.05536 0.06360 0.05459 0.04732 0.05132 0.04280 0.04290 0.04779 0.00639 0.05418 75.2% 24.8% 7.8% 3.7%


European Union - 27 0.47434 0.45334 0.45290 0.44641 0.43893 0.42766 0.42300 0.41294 0.41186 0.40736 0.41124 0.40421 0.39190 0.38395 0.38442 0.39546 0.37681 0.38651 0.05169 0.43820 81.2% 18.8% 7.0% 7.8%


SUBTOTAL 0 0 0


 2008 5-yr rolling 


average:


Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008


Amount used per 


year, kWh


kg CO2 per 


kWh Total kg CO2


kg CO2e per 


kWh Total kg CO2e


kg CO2e per 


kWh Total kg CO2e Electricity Heat Electricity Heat


Australia 0.89066 0.89510 0.90196 0.88517 0.87853 0.88486 0.89967 0.90236 0.94349 0.94470 0.93202 0.93922 1.01474 1.00281 0.98203 0.98424 1.01060 0.94464 0.95346 0.97499 0.13038 1.10537 100.0% 0.0% 7.8% 0.0%


Brazil 0.07247 0.06584 0.06080 0.06571 0.06786 0.07393 0.07393 0.09769 0.10411 0.12280 0.10130 0.09371 0.10104 0.09947 0.09622 0.08600 0.10556 0.09766 0.01306 0.11072 99.7% 0.3% 15.7% 0.0%


Canada 0.21825 0.20988 0.21958 0.19629 0.19261 0.19777 0.19124 0.21201 0.23727 0.22758 0.23809 0.24791 0.23179 0.24513 0.22942 0.21779 0.22145 0.21900 0.19784 0.21710 0.02903 0.24613 98.4% 1.6% 8.7% 0.0%


China, People's Republic of 0.84756 0.84715 0.81935 0.85669 0.87563 0.85805 0.87817 0.85111 0.81596 0.78927 0.79844 0.82778 0.85936 0.84230 0.83918 0.80563 0.78782 0.82686 0.11057 0.93743 81.1% 18.9% 7.1% 1.4%


Chinese Taipei 0.52563 0.54972 0.54806 0.55843 0.56486 0.59710 0.60447 0.62364 0.65570 0.67095 0.66088 0.68097 0.67656 0.68089 0.68442 0.68485 0.67681 0.68071 0.09103 0.77174 100.0% 0.0% 4.1% 0.0%


Croatia 0.37622 0.38002 0.28922 0.31518 0.29329 0.34519 0.37301 0.35375 0.35194 0.36307 0.41392 0.44061 0.34816 0.36085 0.36219 0.43872 0.38036 0.37806 0.05056 0.42862 78.6% 21.4% 11.9% 14.1%


Egypt 0.60634 0.57603 0.53400 0.50747 0.49540 0.50627 0.53514 0.52036 0.47143 0.43615 0.49989 0.49508 0.54164 0.56713 0.53394 0.50852 0.51712 0.53367 0.07136 0.60503 100.0% 0.0% 12.6% 0.0%


Gibraltar 0.77368 0.77337 0.75148 0.76592 0.75199 0.77284 0.76592 0.76594 0.75981 0.75378 0.75998 0.75451 0.76593 0.76066 0.77101 0.77087 0.75670 0.76503 0.10230 0.86733 100.0% 0.0% 0.0% 0.0%


Hong Kong (China) 0.91806 0.96438 0.96695 0.95680 0.92097 0.80949 0.82749 0.80093 0.79633 0.80544 0.81125 0.88944 0.83805 0.84801 0.84078 0.86991 0.84635 0.84862 0.11348 0.96210 100.0% 0.0% 10.7% 0.0%


Iceland 0.00056 0.00052 0.00049 0.00086 0.00086 0.00174 0.00127 0.00117 0.00312 0.00401 0.00067 0.00065 0.00065 0.00066 0.00065 0.00065 0.00057 0.00147 0.00078 0.00082 0.00011 0.00093 79.5% 20.5% 4.3% 12.4%


India 1.24153 1.27246 1.22295 1.29261 1.35505 1.31589 1.28605 1.28286 1.30978 1.30354 1.28263 1.26061 1.31530 1.27961 1.25783 1.23568 1.28003 1.27369 0.17032 1.44401 100.0% 0.0% 25.9% 0.0%


Indonesia 0.68615 0.82464 0.69420 0.63037 0.68586 0.72422 0.69342 0.71449 0.68070 0.77511 0.74807 0.81196 0.78829 0.79152 0.79458 0.84284 0.81077 0.80560 0.10773 0.91333 100.0% 0.0% 11.6% 0.0%


Israel 0.81743 0.83347 0.82912 0.83222 0.83733 0.83079 0.77322 0.77546 0.77424 0.77736 0.83923 0.83180 0.81335 0.80391 0.77873 0.76193 0.71064 0.77371 0.10346 0.87717 100.0% 0.0% 3.0% 0.0%


Japan 0.45639 0.44635 0.45260 0.43274 0.45146 0.43167 0.42857 0.41335 0.40046 0.41678 0.42078 0.42171 0.44335 0.46682 0.44868 0.45094 0.43965 0.47483 0.45951 0.45472 0.06081 0.51553 99.4% 0.6% 4.9% 0.0%


Korea, Republic of 0.53866 0.57982 0.60914 0.58834 0.57091 0.55897 0.55291 0.57612 0.51463 0.49891 0.46335 0.49550 0.46686 0.46523 0.49137 0.47688 0.48151 0.47249 0.47617 0.47968 0.06414 0.54382 88.3% 11.7% 3.7% 2.1%


Malaysia 0.62278 0.59855 0.54731 0.54494 0.54667 0.48544 0.52600 0.50736 0.49537 0.52062 0.56890 0.51182 0.55992 0.63225 0.61554 0.62223 0.67455 0.62090 0.08303 0.70393 100.0% 0.0% 2.9% 0.0%


Mexico 0.66400 0.65884 0.62903 0.64112 0.70311 0.63781 0.63713 0.66144 0.68481 0.67575 0.68694 0.69044 0.68720 0.71234 0.62480 0.62928 0.57529 0.59025 0.53451 0.59083 0.07901 0.66984 100.0% 0.0% 17.5% 0.0%


New Zealand 0.12431 0.13516 0.17347 0.13990 0.11516 0.10421 0.12907 0.17942 0.14677 0.17882 0.16689 0.21144 0.18010 0.22407 0.20908 0.25496 0.24776 0.20834 0.23161 0.23035 0.03080 0.26115 99.1% 0.9% 7.6% 0.0%


Norway 0.00377 0.00500 0.00427 0.00461 0.00570 0.00495 0.00693 0.00605 0.00606 0.00662 0.00448 0.00643 0.00584 0.00919 0.00786 0.00606 0.00763 0.00814 0.00572 0.00708 0.00095 0.00803 97.2% 2.8% 8.5% 13.1%


Pakistan 0.52827 0.51623 0.52553 0.54403 0.59470 0.60962 0.55278 0.62855 0.64416 0.62202 0.59497 0.49813 0.53375 0.50797 0.53828 0.54231 0.57412 0.53929 0.07212 0.61141 100.0% 0.0% 23.1% 0.0%


Philippines 0.49162 0.48244 0.50293 0.53273 0.54979 0.57699 0.58666 0.52122 0.57552 0.55859 0.52322 0.52695 0.52652 0.53296 0.49835 0.51980 0.56274 0.52807 0.07061 0.59868 100.0% 0.0% 13.5% 0.0%


Russian Federation 0.34748 0.31671 0.32205 0.31741 0.37195 0.35719 0.35506 0.35571 0.34897 0.34975 0.35538 0.35826 0.35311 0.34750 0.36391 0.35702 0.36127 0.35656 0.04768 0.40424 36.7% 63.3% 13.9% 6.4%


Saudi Arabia 0.90789 0.91305 0.88909 0.88839 0.87414 0.88142 0.88818 0.88459 0.88269 0.84825 0.81888 0.80605 0.83187 0.86000 0.82439 0.81333 0.83168 0.83225 0.11129 0.94354 100.0% 0.0% 9.3% 0.0%


Singapore 0.90000 1.07422 1.04475 1.00400 0.94128 0.82298 0.82828 0.88300 0.89502 0.84208 0.76473 0.70285 0.66593 0.63386 0.59690 0.57038 0.56258 0.60593 0.08103 0.68696 100.0% 0.0% 5.8% 0.0%


South Africa 0.96491 0.99335 0.97427 0.99066 0.97097 0.98091 1.04633 1.00375 1.00747 0.93518 0.92447 0.95790 0.98282 0.91737 0.92314 0.93436 0.92798 0.93713 0.12532 1.06245 100.0% 0.0% 9.6% 0.0%


Switzerland 0.02325 0.02622 0.02983 0.02225 0.02126 0.02351 0.02747 0.02437 0.02952 0.02745 0.02736 0.02672 0.02749 0.02873 0.03039 0.03400 0.03244 0.02932 0.02945 0.03112 0.00416 0.03528 93.1% 6.9% 6.9% 8.6%


Thailand 0.70237 0.68477 0.67750 0.65866 0.67969 0.68869 0.66045 0.64776 0.61298 0.61114 0.59518 0.57366 0.58542 0.58274 0.55560 0.57284 0.56409 0.57214 0.07651 0.64865 100.0% 0.0% 7.4% 0.0%


Turkey 0.67339 0.67141 0.65987 0.59839 0.65202 0.60712 0.61715 0.62164 0.62838 0.65026 0.61467 0.64433 0.55915 0.52608 0.49683 0.49942 0.50859 0.55457 0.57383 0.52665 0.07043 0.59708 94.7% 5.3% 15.3% 0.0%


Ukraine 0.50179 0.52290 0.49005 0.49263 0.42843 0.41562 0.42653 0.43567 0.44558 0.42338 0.41722 0.48948 0.40660 0.42091 0.43390 0.44748 0.47763 0.43730 0.05848 0.49578 52.2% 47.8% 15.9% 25.2%


United States 0.63100 0.62571 0.62459 0.62250 0.62772 0.66250 0.64874 0.63460 0.62966 0.66289 0.60972 0.61347 0.61380 0.61088 0.58262 0.58909 0.57107 0.59349 0.07936 0.67285 97.4% 2.6% 6.5% 18.0%


Africa 0.78631 0.79908 0.79075 0.79690 0.77839 0.78798 0.82136 0.78518 0.76950 0.72024 0.72276 0.73980 0.75265 0.71749 0.71392 0.70447 0.70411 0.71853 0.09608 0.81461 100.0% 0.0% 12.5% 0.0%


Latin America 0.22369 0.21309 0.20715 0.21163 0.21262 0.21909 0.22945 0.22862 0.22386 0.23387 0.22749 0.22666 0.23168 0.22890 0.22634 0.23155 0.24113 0.23192 0.03101 0.26293 99.9% 0.1% 16.5% 0.0%


Middle-East 0.81701 0.82509 0.82873 0.83145 0.82288 0.82097 0.80518 0.80973 0.80633 0.80548 0.79039 0.78553 0.80775 0.80965 0.77719 0.78119 0.79414 0.79398 0.10617 0.90015 100.0% 0.0% 13.2% 0.0%


Non-OECD Europe 0.57300 0.56021 0.57443 0.58028 0.56451 0.57726 0.57489 0.54011 0.57677 0.59048 0.59705 0.63169 0.59972 0.55300 0.57950 0.62066 0.60022 0.59062 0.07898 0.66960 74.8% 25.2% 15.3% 15.9%


SUBTOTAL 0 0 0


GRAND TOTAL 0 0 0


Source


Notes


3


All Scopes


Total Direct GHG Total Indirect GHG Grand Total GHG


Emission factors per kWh energy consumed are calculated using % distribution losses for the 5-year average, 2004-2008.


Data on the proportion of electricity and heat is sourced from the IEA website at:  http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Electricity/Heat


If you cannot find an emission factor for a particular country, please refer to the larger list available on the GHG Protocol website at the link above.


Other countries


Scope 2


Total Direct GHG


% Distribution 


LossesOverseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat CONSUMED 
3


% Total GWh


Overseas Electricity/Heat Conversion Factors from 1990 to 2008: kgCO2 per kWh electricity and heat CONSUMED 
3


% Distribution 


Losses% Total GWh


Grand Total GHG


Emissions factors for electricity and heat generated (and supplied to the grid where relevant) -  INCLUDES losses from the transmission and distribution grid, i.e.


Emission Factor (Electricity/Heat CONSUMED) = Emission Factor (Electricity/Heat GENERATED) + Emission Factor (Electricity/Heat LOSSES)


Indirect (Scope 3) emission factors for different countries were estimated as being roughly a similar ratio CO2 emission factors as for the UK (which is 13.4%), in the absence of other information.


Data on losses in distribution of electricity and heat is calculated from country energy balances available at the IEA website at: http://www.iea.org/Textbase/stats/prodresult.asp?PRODUCT=Balances


Total Indirect GHG


Scope 3Table 10c - 


continued 


Emission factor data is from the International Energy Agency (IEA) Data Services (2010) for the table "CO2 Emissions per kWh from electricity and heat generation", from "CO2 Emissions from Fuel Combustion 2010 - Highlights" report available at: http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=2143


European Union
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Annex 11 - Fuel Properties
Last updated: Apr-11


How to use this Annex


Table 11


#REF! Fuel properties Net CV Gross CV Density Density Net CV Gross CV


GJ/tonne GJ/tonne kg/m
3 litres/tonne kWh/kg kWh/kg


Aviation Spirit 45.07 47.44 707.2 1414 12.52 13.18


Aviation Turbine Fuel 43.89 46.20 800.6 1249 12.19 12.83


Burning Oil 
1


43.86 46.16 803.2 1245 12.18 12.82


Coal (domestic) 
2


28.98 30.50 850.0 1176 8.05 8.47


Coal (electricity generation) 
3


23.75 25.00 6.60 6.94


Coal (industrial) 
4


24.51 25.80 6.81 7.17


Coking Coal 30.97 32.60 8.60 9.06


Diesel 42.85 45.59 836.8 1195 11.90 12.66


Fuel Oil 40.85 43.46 976.6 1024 11.35 12.07


Gas Oil 42.85 45.59 867.3 1153 11.90 12.66


LPG 45.96 49.23 508.1 1968 12.77 13.68


Naphtha 45.15 47.53 699.8 1429 12.54 13.20


Natural Gas 47.73 53.09 0.7459 1340651 13.26 14.75


Petrol 44.74 47.10 734.2 1362 12.43 13.08


Biodiesel (ME) 
5


37.20 41.04 890.0 1124 10.33 11.40


Biodiesel (BtL or HVO) 
6


44.00 46.32 780.0 1282 12.22 12.87


Bioethanol 
7


26.80 29.25 794.0 1259 7.44 8.13


BioETBE 
8


36.30 39.62 750.0 1333 10.08 11.01


Biogas 
9


30.00 33.30 0.9626 1038840 8.33 9.25


Biomethane 
10


49.00 54.39 0.7263 1376907 13.61 15.11


CNG 
11


47.73 53.09 175.0 5714 13.26 14.75


Grasses/Straw 
12


14.50 15.26 160.0 6250 4.03 4.24


LNG 
13


47.73 53.09 452.5 2210 13.26 14.75


Wood Chips 
12


14.00 14.74 250.0 4000 3.89 4.09


Wood Logs 
12


14.70 15.48 425.0 2353 4.08 4.30


Wood Pellets 
12


17.00 17.90 650.0 1538 4.72 4.97


Methane (CH4) 50.00 55.50 0.7170 1394700 13.89 15.42


Carbon Dioxide (CO2) 0.00 0.00 1.9800 505051 0.00 0.00


Sources


Notes
1


2


3


4


5


6


7


8


9


10


11


12


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163182&_dad=portal&_schema=PORTAL


13 LNG (Liquefied Natural Gas) is an alternative transport fuel. Some of the natural gas used in the UK network is also imported 


as LNG by ship in tankers.


This annex can be used to help you convert between common units of energy, together with the unit conversions provided in 


Annex 12. In this Annex the typical/average UK calorific values and densities of the most common fuels has been provided.


Commonly Used Fossil Fuels


Other Fuels


Factors should only be used for coal supplied for electricity generation (power stations). Coal supplied for domestic or


industrial purposes have different emission factors.


Data for Commonly Used Fossil Fuels was sourced from the Digest of UK Energy Statistics 2010 (DECC), available at: 


http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx


Figures for CNG and biofuels are predominantly based on data from JRC/EUCAR/CONCAWE EU Well-to-Wheels study, 


2007 update. Available at: http://ies.jrc.ec.europa.eu/jec-research-collaboration/downloads-jec.html


Burning oil is also known as kerosene or paraffin used for heating systems. Aviation Turbine fuel is a similar kerosene fuel


specifically refined to a higher quality for aviation.


Factors should only be used for coal supplied for domestic purposes. Coal supplied to power stations or for industrial


purposes have different emission factors.


For coal used in sources other than power stations and domestic, i.e. industry sources including collieries, Iron & Steel,


Autogeneration, Cement production, Lime production, Other industry, Miscellaneous, Public Sector, Stationary combustion -


railways and agriculture. Users who wish to use coal factors for types of coal used in specific industry applications should use


the factors given in the UK ETS.


Based on average information on wood pellets, wood chips, grasses/straw (bales) sourced from the BIOMASS Energy 


Centre (BEC), which is owned and managed by the UK Forestry Commission, via Forest Research, its research agency. Fuel 


property data on a range of other wood and other heating fuels is available at: 


http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,20041&_dad=portal&_schema=PORTAL, and


Biodiesel ME (Methyl Ester) is the conventionally produced biodiesel type (also known as 1st generation biodiesel). 


Figures are for uncompressed biomethane (of suitable purity for transport applications) comprising an average of 98%


methane and 2% carbon dioxide. Biomethane can be produced by upgrading biogas through removal of the majority of the


carbon dioxide and other impurities.


CNG (Compressed Natural Gas) is an alternative transport fuel, typically at 200 bar pressure.


Biodiesel, BtL (Biomass-to-Liquid) is an advanced biodiesel fuel not yet in significant commercial production (also known as


2nd generation biodiesel). Biodiesel HVO (Hydrotreated Vegetable Oil) is a new type of biodiesel, similar in properties to BtL


biodiesel fuel, only recently becoming available.


Bioethanol is a biofuel commonly used in petrol engined vehicles, usually in a low % blend with conventional petrol.


BioETBE is a biofuel that can be used in petrol engined vehicles in a low % blend with conventional petrol, usually as a


replacement for conventional octane enhancers.


Figures are indicative for uncompressed biogas assuming an assumed content of 60% methane and 40% of mainly carbon


dioxide (with small quantities of nitrogen, oxygen, hydrogen and hydrogen disulphide). Note: the relative proportions can


vary significantly depending on the source of the biogas, e.g. landfill gas, sewage gas, anaerobic digestion of biomass, etc.


This will affect all physical properties.
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Annex 12 - Unit Conversions
Last updated: Jun-09


How to use this Annex


Common unit abbreviations:


kilo (k) = 1,000 or 10
3


mega (M) = 1,000,000 or 10
6


giga (G) = 1,000,000,000 or 10
9


tera (T) = 1,000,000,000,000 or 10
12


peta (P) = 1,000,000,000,000,000 or 10
15


Table 12a Energy


#REF! From/To - multiply by GJ kWh therm toe kcal


Gigajoule, GJ 1 277.78 9.47817 0.02388 238,903


Kilowatthour, kWh 0.0036 1 0.03412 0.00009 860.05


Therm 0.10551 29.307 1 0.00252 25,206


Tonne oil equivalent, toe 41.868 11,630 396.83 1 10,002,389


Kilocalorie, kcal 0.000004186 0.0011627 0.000039674 0.000000100 1


Table 12b Volume


#REF! From/To - multiply by L m
3


cu ft Imp. gallon US gallon Bbl (US,P)


Litres, L 1 0.001 0.03531 0.21997 0.26417 0.0062898


Cubic metres, m
3


1000 1 35.315 219.97 264.17 6.2898


Cubic feet, cu ft 28.317 0.02832 1 6.2288 7.48052 0.17811


Imperial gallon 4.5461 0.00455 0.16054 1 1.20095 0.028594


US gallon 3.7854 0.0037854 0.13368 0.83267 1 0.023810


Barrel (US, petroleum), bbl 158.99 0.15899 5.6146 34.972 42 1


Table 12c Weight/Mass


#REF! From/To - multiply by kg tonne ton (UK) ton (US) lb


Kilogram, kg 1 0.001 0.00098 0.00110 2.20462


tonne, t (metric ton) 1000 1 0.98421 1.10231 2204.62368


ton (UK, long ton) 1016.04642 1.01605 1 1.12000 2240


ton (US, short ton) 907.18 0.90718 0.89286 1 2000


Pound, lb 0.45359 0.00045359 0.00044643 0.00050 1


Table 12d Length/Distance


#REF! From/To - multiply by m ft mi km nmi


Metre, m 1 3.2808 0.00062137 0.001 0.00053996


Feet, ft 0.30480 1 0.000 0.0003048 0.00016458


Miles, mi 1609.34 5280 1 1.60934 0.86898


Kilometres, km 1000 3280.8 0.62137 1 0.53996


Nautical miles, nmi or NM 1852 6076.1 1.15078 1.852 1


From/To - multiply by m ft in cm yd


Metre, m 1 3.28084 39.37008 100 1.09361


Feet, ft 0.30480 1 12 30.48000 0.33333


Inch, in 0.02540 0.08333 1 2.54000 0.02778


Centimetres, cm 0.01 0.03281 0.39370 1 0.01094


Yard, yd 0.91440 3 36 91.44000 1


If this annex does not have the conversion factor you are looking for, a more complete list of conversions is 


available here: http://www.onlineconversion.com/


This Annex can be used to help you convert between common units of energy, volume, mass or distance.


Table 12a provides conversions from common units of Energy


Table 12b provides conversions from common units of Volume


Table 12c provides conversions from common units of Weight/Mass


Table 12d provides conversions from common units of Length/Distance


Page 48 of 50



http://www.onlineconversion.com/

http://www.onlineconversion.com/

http://www.onlineconversion.com/





2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Annex 13 - Indirect emissions from the supply chain
Jun-11


How to use this Annex


Key information:


http://www.censa.org.uk


1) Identify the amount spent on different product groups (in actual prices in £s, including VAT).


2) Multiply the amount of spending by the conversion factor to get total emissions in kilograms of carbon dioxide equivalent (kg CO2e). The excel spreadsheet does this 


automatically following your entry of the amount of spending into the appropriate box. 


No. The emission factors provided in this annex are for the supply chain emissions of GHG resulting from the production and transportation of broad categories of goods 


and services.  They express Scope 2 and 3 emissions as defined by the GHG Protocol.  Because they encompass all the supply chain impacts (i.e. indirect emissions), 


these emission factors are not directly comparable with those from other annexes, which generally only include emissions from the point of use (generation for 


electricity; life cycle in the case of Annex 9).


Which products are included in which categories?


Some guidance is available in the comment boxes in the Table.  The categories are based upon the Standard Industrial Classification (SIC): further information on the 


SIC 2003 is available here:


http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012


For example, if £1000 is spent on ‘ceramic goods’ (in purchasers' prices), then the table calculates that 709 kilograms of CO2e were released during all stages of the 


production of these goods, including raw material extraction, processing, manufacturing, transportation, packaging etc.  As a result, these emissions factors are different 


from the emission factors shown in the other annexes.  They are similar to life-cycle emissions, but do not take into account direct emissions  by your company, which 


may be included in life-cycle estimates (e.g. from the actual combustion of fuel by your company).


Please use this annex in conjunction with Annex F in the Defra Guidance on measuring emissions from your supply chain which is available at 


http://www.defra.gov.uk/environment/business/reporting/index.htm


This Annex can be used to produce indicative estimates of the Greenhouse Gas emissions relating to the production of goods and services purchased by your company.  


The estimates can only be indicative as they represent the average emissions relating to each product group, and the emission factors relating to specific products within 


the group may be quite different.  If you have specific information about the supply chain emissions of any particular product then this source should be used instead.


The information derived from this table can be combined with data on direct emissions, i.e. those relating to actual fuel use (e.g. litres of fuel used, or derived from 


mileage estimates).  The footnotes to the table give more information about what the factors shown in the table mean in terms of purchases of energy products and 


transport services.


Are these factors directly comparable to those in the other annexes?


The factors are for products supplied for consumption in the UK but do take account of the emissions relating to the production of products imported for intermediate 


consumption (i.e. those products that are used by UK industries in the process of supplying products for consumption in the UK.  The estimates do not incorporate any 


allowance for emissions relating to the formation of capital assets, whether in the UK or overseas.


Annex 13 Scopes & Boundaries:


Scope 3. For boundaries, see How were these factors calculated?


How were these factors calculated?


The factors are based on a model of the economy, known as the input-output model, which describes in monetary terms how the goods and services produced by 


different sectors of the economy are used by other sectors to produce their own output.  These monetary accounts are linked to information about the greenhouse gas 


emissions of different sectors of the economy.  For the factors in this Annex an input-output model of the world economy was used with two distinct regions - the UK and 


the Rest of World. 


For more detail on the methodology used, contact the Centre for Sustainability Accounting: info@censa.org.uk


By using the input-output model, the industrial emissions are then attributed to final products bought by consumers.  The result is an estimate of the total upstream 


emissions associated with the supply of a particular product group.


The input-output tables used for this exercise refer to the year 2006. The supply chain emission factors are expressed on a purchasers' price basis (i.e. the actual sales 


price including taxes  on products and distribution margins).  It may be advisable to take subsequent price changes into account when using the factors shown below.  It 


should also be noted that emissions in more recent years may have changed because of subsequent changes in the structure and emissions intensity of the supply 


chain since 2006.


Last updated:


Unlike most of the emission factors provided in the annexes, the emission factors presented in this  Annex only cover indirect emissions from the supply chain and 


include CO2, CH4, N2O and F-gas emissions.  Indirect emissions are those which are generated by other organisations as part of the process of providing goods and 


services to your company.  


This annex is intended to be used primarily as a high-level diagnostic tool/for initial scoping/estimating.  If you have more specific information about the supply chain 


emissions of any particular product then that source should be used instead.  Such adjustments should be clearly documented.


This annex also includes a number of activities that are also covered in other annexes, such as coal, fuels refined from crude oil, mains electricity, gas, water and for 


various modes of transport. If you have more specific/detailed information for such activities that will enable you to make calculations of emissions using the 


emission factors in the other annexes these should be used in preference to the factors in this annex as they will be more specific. However, the information in 


this annex may still be useful for a rough initial calculation of the relative importance of these activities in the first instance.


The table below provides emission factors for spending on different groups of products:


Do the factors take into account emissions relating to imported goods, and those relating to the formation of capital assets used in making the products?


What are the factors for each of the individual Greenhouse Gases?


The factors for each of the six gases included in the overall calculation are included for information in Table 13.


Page 49 of 50



http://www.censa.org.uk/

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=14012

http://www.defra.gov.uk/environment/business/reporting/index.htm

http://www.defra.gov.uk/environment/business/reporting/index.htm





2011 Guidelines to Defra / DECC's GHG Conversion Factors for Company Reporting


Table 13 Total GHG


SIC code 


(SIC 2003)


Product category Carbon 


Dioxide (CO2)


Methane 


(CH4)


Nitrous Oxide 


(N2O)


HFCs PFCs SF6 Amount spent by 


product category (£)


x Total kg 


CO2e per £


Total kg CO2e


01 Agriculture products
2 0.65 1.15 1.47 0.01 0.0009 0.0007 x 3.29


02 Forestry products 0.46 0.04 0.02 0.03 0.0012 0.0010 x 0.56


05 Fish products
2 1.09 0.11 0.04 0.02 0.0014 0.0015 x 1.27


10 Coal, lignite, peat
3 2.15 6.52 0.03 0.03 0.003 0.003 x 8.74


11 Crude petroleum, natural gas
3 0.81 0.10 0.01 0.00 0.0005 0.0005 x 0.93


13 Metal ores 1.13 0.11 0.02 0.01 0.0013 0.0014 x 1.27


14 Stone, sand and clay, other minerals 1.21 0.10 0.03 0.01 0.0015 0.0014 x 1.36


15 Food and drink products
2 0.55 0.38 0.29 0.01 0.0010 0.0009 x 1.23


16 Tobacco products 0.07 0.05 0.04 0.00 0.0002 0.0002 x 0.16


17 Textiles 0.33 0.03 0.02 0.01 0.0006 0.0005 x 0.38


18 Wearing apparel 0.25 0.04 0.02 0.01 0.0006 0.0005 x 0.32


19 Leather products, footwear 0.25 0.07 0.05 0.01 0.0004 0.0002 x 0.38


20 Wood and wood products 0.88 0.06 0.02 0.01 0.002 0.002 x 0.97


21 Pulp and paper, paper products 0.69 0.05 0.02 0.01 0.0008 0.0008 x 0.77


22 Printing matter and related services 0.35 0.03 0.01 0.01 0.0007 0.0006 x 0.40


23 Refined petroleum, coke and other fuels
4 0.97 0.19 0.01 0.00 0.0005 0.0004 x 1.17


24.11,24.12 Industrial gases and dyes 1.39 0.09 0.03 0.02 0.003 0.002 x 1.53


24.13 Inorganic chemicals 1.06 0.09 0.03 0.02 0.004 0.002 x 1.22


24.14 Organic chemicals 1.11 0.10 0.09 0.06 0.012 0.002 x 1.38


24.15 Fertilisers 1.89 0.11 1.71 0.03 0.002 0.0013 x 3.74


24.16,24.17 Plastics & synthetic resins etc 1.28 0.11 0.07 0.04 0.007 0.002 x 1.51


24.2 Pesticides 0.94 0.09 0.04 0.04 0.005 0.002 x 1.12


24.3 Paints, varnishes, printing ink etc 0.52 0.05 0.03 0.02 0.002 0.0009 x 0.63


24.4 Pharmaceuticals 0.49 0.05 0.03 0.02 0.002 0.0009 x 0.59


24.5 Soap and toilet preparations 0.34 0.03 0.02 0.01 0.0015 0.0006 x 0.40


24.6 Other chemical products 0.80 0.07 0.05 0.03 0.005 0.002 x 0.96


24.7 Man-made fibres 1.80 0.13 0.07 0.06 0.004 0.002 x 2.07


25.1 Rubber products 0.80 0.05 0.03 0.03 0.002 0.002 x 0.92


25.2 Plastic products 1.00 0.07 0.04 0.05 0.003 0.002 x 1.16


26.1 Glass and glass products 1.18 0.06 0.02 0.01 0.002 0.002 x 1.28


26.2,26.3 Ceramic goods 0.64 0.04 0.01 0.01 0.002 0.002 x 0.71


26.4 Structural clay products 1.12 0.08 0.01 0.02 0.0007 0.0009 x 1.23


26.5 Cement, lime and plaster 6.21 0.79 0.05 0.01 0.0011 0.002 x 7.06


26.6-26.8 Articles of concrete, stone etc 1.40 0.13 0.03 0.01 0.002 0.002 x 1.57


27.1-27.3 Iron and steel 3.27 0.11 0.03 0.01 0.006 0.007 x 3.44


27.4 Non-ferrous metals 2.21 0.09 0.04 0.03 0.058 0.062 x 2.49


27.5 Metal castings 1.38 0.08 0.02 0.02 0.015 0.036 x 1.55


28 Metal products 1.21 0.06 0.02 0.01 0.009 0.009 x 1.32


29 Machinery and equipment 0.73 0.04 0.02 0.01 0.006 0.006 x 0.81


30 Office machinery and computers 0.63 0.05 0.02 0.04 0.009 0.005 x 0.76


31 Electrical machinery 0.75 0.05 0.02 0.03 0.010 0.015 x 0.87


32 Radio, television and communications 0.37 0.03 0.01 0.04 0.006 0.003 x 0.46


33 Medical and precision instruments 0.44 0.03 0.01 0.04 0.013 0.005 x 0.54


34 Motor vehicles 0.80 0.05 0.02 0.02 0.008 0.007 x 0.90


35 Other transport equipment 0.60 0.04 0.01 0.01 0.005 0.004 x 0.67


36, 37
Furniture, other manufactured goods, recycling 


services
0.52 0.04 0.02 0.01 0.0012 0.0010 x 0.58


40.1 Mains electricity
4 6.19 0.25 0.05 0.01 0.0006 0.013 x 6.50


40.2,40.3 Mains gas
4 2.72 0.51 0.02 0.01 0.0009 0.005 x 3.26


41 Mains water 0.64 0.04 0.01 0.01 0.0011 0.0013 x 0.71


45 Construction
5 0.49 0.04 0.02 0.01 0.0014 0.0013 x 0.56


50
Motor vehicle distribution and repair, automotive 


fuel retail
0.77 0.07 0.03 0.02 0.004 0.003 x 0.90


51 Wholesale distribution 0.50 0.10 0.05 0.01 0.002 0.0013 x 0.66


52 Retail distribution 0.32 0.06 0.03 0.03 0.0009 0.0008 x 0.44


55 Hotels, catering, pubs etc 0.38 0.12 0.09 0.01 0.0010 0.0009 x 0.60


60.1 Railway transport
6 0.96 0.07 0.06 0.01 0.0015 0.0014 x 1.11


60.2 Road transport
6 1.08 0.07 0.02 0.01 0.0011 0.0009 x 1.19


61 Water transport
6 2.51 0.08 0.03 0.01 0.0011 0.0008 x 2.63


62 Air transport
6 3.21 0.11 0.04 0.01 0.0013 0.0010 x 3.37


63 Ancillary transport services 0.33 0.03 0.01 0.01 0.0010 0.0007 x 0.38


64 Post and telecommunications 0.56 0.05 0.02 0.09 0.012 0.004 x 0.72


65 Banking and finance 0.18 0.02 0.01 0.00 0.0007 0.0004 x 0.21


66 Insurance and pension funds 0.30 0.03 0.01 0.01 0.0013 0.0008 x 0.36


67 Auxiliary financial services 0.24 0.03 0.01 0.01 0.0013 0.0007 x 0.29


70 Real estate activities 0.10 0.01 0.01 0.00 0.0003 0.0003 x 0.12


71 Renting of machinery etc 0.40 0.07 0.02 0.01 0.0015 0.0012 x 0.50


72 Computer services 0.23 0.03 0.01 0.01 0.0014 0.0008 x 0.28


73 Research and development 0.46 0.07 0.03 0.01 0.002 0.0011 x 0.58


74 Legal, consultancy, other business activities 0.17 0.02 0.01 0.01 0.0008 0.0005 x 0.21


75 Public administration and defence 0.39 0.04 0.01 0.01 0.003 0.002 x 0.46


80 Education 0.21 0.05 0.02 0.01 0.0005 0.0004 x 0.29


85 Health and social work 0.33 0.05 0.02 0.01 0.0027 0.001 x 0.42


90 Sewage and refuse services 0.47 1.42 0.10 0.01 0.001 0.012 x 2.01


91 Services from membership organisations 0.17 0.02 0.01 0.01 0.0004 0.0003 x 0.20


92 Recreational services 0.25 0.05 0.03 0.01 0.0008 0.0005 x 0.33


93 Other service activities 0.30 0.05 0.01 0.01 0.0010 0.0008 x 0.38


TOTAL 0


Source


Notes
1


2


3


4


5


6 These factors relate to transport services for hire or reward (including public transport services), not to emissions from vehicles owned by your company (for which 


estimates of actual fuel use should be used).  They differ from those shown in Annexes 6 and 7, insofar as the upstream emissions relating to transport services are not 


included in the other annexes.


These emission factors relate to the supply and distribution of energy products for general consumption, and take into account emissions relating to the extraction and 


processing of the energy carriers (e.g. oil refineries).  Except in the case of electricity, they do not include emissions relating to your company's use of the energy (for 


which see primarily Annex 1).  In the case of electricity, these factors include the emissions relating to the production of the fuels used to generate the electricity, whereas 


those shown in Annex 3 of the 2009 Defra / DECC GHG Conversion Factors are limited just to emissions from the use of those fuels by the electricity producers.


These emissions relate to the activities of the industries engaged in the extraction of energy carriers.  Where fuels are processed before use then the factors identified by 


footnote 3 should be used.


Agricultural and fish products are those bought direct from farmers or the fisheries industry.  Where products have been prepared for consumption they should be treated 


as products from the food and drink manufacturing industry (SIC code 15 in the above table).


For detailed information on the Standard Industrial Classification system please see the UK Standard Industrial Classification of Economic Activities 2003:


http://www.ons.gov.uk/about-statistics/classifications/archived/uk-standard-industrial-classification-of-ea-2003.pdf


These factors relate to spending on construction projects, not to emissions relating to construction projects in the supply chain.


Calculated by Centre for Sustainability Accounting (CenSA), York, UK.


http://www.censa.org.uk


Scope 3


Supply chain emission factors for spending on products: kgCO2e per £
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