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Executive Summary 1 

The Global Protocol for Community-Scale Greenhouse Gas Emissions (GPC) is a multi-stakeholder, 2 

consensus-based protocol for developing internationally recognized and accepted community-scale 3 

greenhouse gas accounting and reporting standards. It is the result of a year-long collaboration 4 

between ICLEI – Local Governments for Sustainability and C40 Cities Climate Leadership Group; on 1 5 

June 2011, the two organizations forged an agreement to develop a standard approach for accounting 6 

and reporting GHG emissions that will boost cities’ ability to access funding and implement actions. 7 

Other core partners that participated in the development of GPC include the World Bank Group, United 8 

Nations-HABITAT, United Nations Environment Program, the Organization for Economic Cooperation 9 

and Development, and the World Resources Institute.  10 

 11 

To manage emissions, cities must measure them. To extend the global impact of local efforts, cities must 12 

report them publicly as well. Planning for climate action at the city level1 starts with developing a GHG 13 

inventory, which allows local policy makers and residents to understand which sectors drive GHG emissions 14 

in their city or community, and respond by developing action plans that address those sectors.  To date there 15 

has not been consistent accounting and reporting guidance for cities on how to conduct community scale 16 

inventories.  In fact, competing guidance has resulted in a proliferation of “protocols” and inventories that 17 

cannot be easily communicated between financing institutions, local and national governments, and the 18 

private sector. Lack of a common approach prevents comparison between cities and across time, and reduces 19 

the ability of cities to demonstrate the global impact of collective local actions.   20 

 21 

Harmonization of GHG accounting methodologies presents local governments with opportunities for credible 22 

reporting of climate data in a transparent, verifiable, consistent, and locally relevant way.  An internationally 23 

recognized GHG accounting standard which harmonizes prevailing methodologies can help local governments 24 

to set targets, measure progress, and leverage national and international financing.2,3 Common accounting 25 

and reporting methods by local governments improve policy coordination and dissemination of best practices 26 

between local governments facing comparable climate-related challenges, and facilitating climate-linked 27 

finance through a verifiable, common standard.  Further, globally adopted standards provide for accurate and 28 

faithful inventorying and documentation in accounting and reporting of activities of the community resulting 29 

in emissions released in other communities (e.g. waste disposed of in landfills in other communities, or 30 

regional transportation systems) -- a complex issue that is unique to the community-scale.  31 

 32 

The Global Protocol for Community-Scale Greenhouse Gas Emissions (GPC) builds upon the principles, 33 

knowledge, experiences, and practices defined in previously published city-led inventories, institutional 34 

standards, and organizational protocols.  These chiefly include the International Local Government GHG 35 

Emissions Analysis Protocol (ICLEI), the Draft International Standard for Determining Greenhouse Gas 36 

Emissions for Cities (UNEP/UN-HABITAT/WB), the GHG Protocol Standards (WRI/WBCSD), the Baseline 37 

Emissions Inventory/Monitoring Emissions Inventory methodology (EC-CoM JRC), and the Local Government 38 

Operations Protocol (ICLEI-USA).  The lessons from these efforts show that three core challenges remain. 39 

 40 

 Challenge 1: Developing a community-scale GHG accounting and reporting standard that attributes 41 

emissions to the activities of the community.  42 

                                                                    
1 Also referred to as the community-scale, city-scale, local level, sub-national area, local government jurisdiction, amongst other terms. 
2 See Kennedy, Ramaswamiet. al. (2009) Greenhouse Gas Emission Baselines for Global Cities and Metropolitan Regions 
3 OECD Working Party Paper(2011) 
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 Challenge 2: Harmonizing existing community-based GHG accounting methodologies and 1 

standardizing accounting, reporting, and the relationships of community-scale inventories with 2 

national, organizational, and global climate efforts. 3 

 Challenge 3:  Advancements in GHG accounting methodologies at the community-scale are 4 

continuously evolving. An open, global protocol must therefore include a process for revising the 5 

standard to meet the inevitable improvements of tomorrow. 6 

In response to these challenges, GPC has several main components. It addresses complexities associated with 7 

accurate reflection of a community’s GHG emissions including production, consumption and inter-city 8 

emissions for transport, waste and energy through an accounting framework GPC provides a template to 9 

explicate the relationship with national and organizational GHG accounting methodologies, allocating all 10 

community activities and services that may result in GHG emissions, including inter-city emissions, to 11 

categories defined by the 2006 IPCC Guidelines and by Scope definition, to reflect varying levels of control by 12 

the community over these emissions. 13 

GPC introduces a community-scale GHG accounting standard, the 2012 Accounting and Reporting Standard, 14 

which harmonizes GHG accounting methodologies, and provides step-by-step guidance for cities on how to 15 

collect relevant data, quantify emissions, and report results using a series of summary reporting templates.  16 

Data collection for reporting is guided through use of data collection tables, providing transparency in activity 17 

data, emissions factors, and data sources.. Through the 2012 Standard, GPC enhances local policy 18 

development by benchmarking emissions between cities to facilitate peer-to-peer networking and sharing of 19 

best practices; by allowing for consistent measurement of a community’s GHG emissions over time to 20 

evaluate various GHG abatement efforts; and lastly by facilitating climate-linked finance. Two types of 21 

summary reporting templates can be generated by cities using the 2012 Standard: 1) Community GHG Profiles 22 

that enable local government leaders to make policy-relevant conclusions for local climate mitigation and 23 

adaptation actions, and are comparable across cities; and 2) National Aggregation Reports, that are consistent 24 

with IPCC reporting guidelines and facilitate linkages with national and international climate processes.   25 

 26 

Core GPC partners have institutionalized the process for updating and revising the 2012 Standard. GPC is 27 

designed to evolve with the advances to collect, account for, and report community-scale activity data, 28 

emissions factors, and the resulting GHG emissions.  The accounting standard and associated processes set 29 

forth by GPC adhere to and balance the needs of six guiding principles, which have been defined through a 30 

process of consultation with GPC partners and city stakeholders:  31 

 32 

1. Measurability: Data required to perform complete emissions inventories should be available; where 33 

necessary partners will work with communities to develop local capacity communities to enable for 34 

data development and collection for compliance with the 2012 Accounting Standard. 35 

2. Accuracy: The calculation of GHG emissions should not systematically overstate or understate actual 36 

GHG emissions 37 

3. Relevance: The reported GHG emissions should reflect emissions occurring as a result of activities 38 

and consumption from within the community’s geopolitical boundaries 39 

4. Completeness: All significant emissions sources included should be accounted for 40 

5. Consistency: Emissions calculations should be consistent in approach 41 

6. Transparency: Activity data, sources, emissions factors and accounting methodologies should be 42 

documented and disclosed 43 

Local government leaders stand to benefit from successfully completing a Community GHG Inventory in 44 

compliance with GPC. They will establish a consistent benchmark for current levels of GHG emissions at the 45 

community level, allowing for accurate monitoring of progress towards emission reduction targets. They will 46 
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have a standard mechanism for evaluating the climate impacts as local governments pursue environmental 1 

review and related processes.  They will generate more actionable and policy-relevant data and therefore 2 

improve cost and benefit analyses for policy making; and, finally, they will be able to link community 3 

inventories to national and global inventory processes. 4 

 5 

For these reasons, GPC is a significant achievement; its launch and implementation puts the world’s cities on 6 

course for more effective climate action planning and execution. 7 

  8 
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1. Introduction 1 

 2 

Cities are rapidly growing as centers of innovation, energy consumption, population, -- and as sources of 3 

greenhouse gas (GHG) emissions. Projections show that by 2050 over 75% of the world’s population will live 4 

in cities. Although cities already account for more than 70% of the world’s emissions, they are also showing 5 

significant leadership in taking climate action to mitigate their emissions.   6 

 7 

To manage emissions, cities must measure them. To extend the global impact of local efforts, cities must 8 

report them publicly as well. Planning for climate action at the city level4 starts with developing a GHG 9 

inventory, which allows local policy makers and residents to understand which sectors drive GHG emissions 10 

in their city or community, and respond by developing action plans that address those sectors.  To date there 11 

has not been consistent guidance for cities on how to conduct community scale inventories.  In fact, 12 

competing guidance has resulted in a proliferation of “protocols” and inventories that cannot be easily 13 

communicated between financing institutions, local and national governments, and the private sector  Lack of 14 

a common approach prevents comparison between cities and across time, and reduces the ability of cities to 15 

demonstrate the global impact of collective local actions.  16 

 17 

Analysis of prevailing community-scale GHG accounting methodologies, using transparent city-led 18 

inventories, concludes that the current methodologies are “remarkably similar” from the perspective of direct 19 

emissions (including energy consumption, and certain trans-boundary emission-causing activities).5  20 

Harmonization of GHG accounting methodologies will allow for credible reporting of climate data in a 21 

transparent, verifiable, consistent, and locally pragmatic fashion.  An internationally recognized GHG 22 

accounting standard which harmonizes prevailing methodologies can help local governments to set targets, 23 

measure progress, and leverage national and international financing in a consistent and verifiable way.6,7 24 

Common accounting and reporting methods by local governments improves policy coordination and 25 

dissemination of best practices between local governments facing comparable climate-related challenges, and 26 

facilitates climate-linked finance through a verifiable, common standard.  Further, globally adopted standards 27 

for accounting and reporting of inter-city activities and emissions provides for accurate and faithful 28 

inventorying and documentation of emissions across jurisdictions, a complex issue especially unique to 29 

community-scale measurement. 30 

 31 

GPC efforts began to resolve the remaining differences between existing protocols, with a joint mission 32 

between all interested stakeholders to develop an open, global protocol for community-scale accounting and 33 

reporting standards.  As a result, the Global Protocol for Community-Scale GHG Emissions is based upon the 34 

knowledge embedded within the history of relevant GHG inventorying efforts:  35 

 36 

Year Chronology of relevant efforts 

1990  First Assessment Report of IPCC (FAR) 

1992  Adoption of UNFCCC (no specific definition of greenhouse gases) 

1995  Second Assessment Report of IPCC (SAR)  
 IPCC 1995 Guidelines for GHG Inventories 

1996  IPCC Guidelines and Good Practice Guidance for GHG Inventories 

                                                                    
4 Also referred to as the community-scale, city-scale, local level, sub-national area, local government jurisdiction, amongst other terms. 
5 See Kennedy et. al. (2011) Greenhouse Gas Emissions from Cities, Comparison of International Inventory Frameworks 
6 See Kennedy, Ramaswamiet. al. (2009) Greenhouse Gas Emission Baselines for Global Cities and Metropolitan Regions 
7 OECD Working Party Paper(2011) 
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1997  Adoption of Kyoto Protocol (Annex-A lists specific GHGs and sectors) 
 First Global IEA Report on CO2 Emissions from Fuel Combustion  

1998  Launch of the Greenhouse Gas Protocol 

2001 
 Marrakech Accords  
 GHG Protocol Corporate Accounting and Reporting Standard (First Edition)Third 

Assessment Report of IPCC (TAR) 

2004  GHG Protocol Corporate Accounting and Reporting Standard (Revised Edition) 

2005 
 Formation of the C40 Cities Climate Leadership Group by London Mayor Ken 

Livingstone (C20 then) 
 Launch of European Emissions Trading Scheme ETS  

2006 

 Release of ISO14064 Standard 
 IPCC Revised Guidelines 
 First Global Report of Cities for Climate Protection Campaign 
 Partnership between C40 and Clinton Climate Initiative (CCI) announced 

2007 
 Launch of European Covenant of Mayors   
 Fourth Assessment Report of IPCC  
 Launch of Global City Indicators Facility and The Climate Registry in the US 

2008  Release of US Local Government Operations Protocol (LGOP) 
 Launch of ICLEI-US/CDP Cities Pilot Project  

2009 
 Launch of International Local Government GHG Emissions Analysis Protocol (IEAP) 
 Launch of Greenhouse gas Regional Inventory Project (GRIP) 
 Launch of Bonn Center for Local Climate Action and Reporting (carbonn) 

2010 

 Kick-off for ISO/TR14069  
 Launch of WB/UNEP/UNHABITAT Draft Standard  
 Launch of carbonn Cities Climate Registry (cCCR) 
 Kick-off for drafting of US Community GHG Protocol 

2011 

 Release of C40/CDP Cities Report  
 ICLEI-C40 MoU to design and develop GPC 
 Release of GHG Protocol Corporate Value Chain (Scope3) Accounting and Reporting 

Standard 
 Release of 2011 Annual Report of carbonn Cities Climate Registry 

 1 

  2 
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1.1 Key Challenges  1 

 2 

 Challenge 1: Developing a community-scale GHG accounting and reporting standard which attributes 3 
emissions to the activities of the community. 4 

Local governments can play an important role in managing, influencing and reducing direct and indirect 5 

emissions resulting from community consumption of energy and goods.  This role can be enhanced if 6 

emissions attributed to the activities of a local government are reported in one single community inventory.  7 

When reducing scale of GHG analysis to the boundaries of a local government, issues of attribution arise as 8 

activities of any one community often result in the release of GHG emissions outside the boundary of that 9 

community (indirect emissions). 10 

 11 

 Challenge 2: Harmonizing existing community-based GHG accounting methodologies and 12 
standardizing accounting, reporting, and the relationships of community-scale inventories with 13 
national, organizational, and global climate efforts.  14 

Many local governments have already started accounting and reporting their community’s GHG emissions 15 

and most use existing standards and protocols (including those published by partners in the development of 16 

this standard), designed for corporate or national GHG accounting and reporting.  The methods cover and 17 

emphasize different sectors and geographic scales.  Other organizations have published community-scale 18 

accounting protocols, all with few but significant differences.  However, the differences between existing 19 

efforts are not so vast that they cannot be harmonized into one open, global standard.  Further, a standard 20 

that also provides for the appropriate linking to IPCC8 categories and clarity on the integration of Scopes9 21 

would facilitate interpretation and comparison of existing inventories while GPC is adopted over time.  An 22 

enhanced guidance on Scope definitions and appropriate allocation of each community activity and emissions 23 

source to respective IPCC categories is essential for full integration with national GHG reporting. 24 

 25 

 Challenge 3: Advancements in GHG accounting methodologies at the community-scale are continuously 26 
evolving. An open, global protocol must therefore include a process for revising the standard to meet the 27 
inevitable improvements of tomorrow. 28 

 29 

The global climate community regularly updates definitions of sources and types of GHGs, as well as 30 

emissions and removals processes. Such advancements should be reflected at the accounting and reporting of 31 

community-scale GHG emissions as well. Furthermore, the recent progress achieved through global climate 32 

protection negotiations supports the need to capitalize on efforts of local governments through a recognized 33 

emissions inventory approach.  34 

 35 

  36 

                                                                    
8 Intergovernmental Panel on Climate Change: ‘assesses the scientific, technical and socio-economic information relevant for the 
understanding of the risk of human-induced climate change.’ 
9 Scopes are categorizations of emissions based upon the level of control the inventorying body has over the activities resulting in 
emissions and emissions themselves.  They are clarified with respect to community-scale inventories in 2.1.4 below. 
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2. Components of GPC 1 

 2 

The Global Protocol for Community-Scale Greenhouse Gas Emissions (GPC or community protocol) is a multi-3 

stakeholder developed, consensus-based protocol for completing internationally recognized and accepted 4 

community-scale greenhouse gas accounting and reporting standards.  GPC harmonizes existing 5 

methodologies building upon the knowledge, experiences, and practices defined in previously published 6 

institutional standards, and organizational protocols, but also incorporates city-led inventory efforts.  The 7 

existing standards and protocols chiefly include the International Local Government GHG Emissions Analysis 8 

Protocol (ICLEI), the Draft International Standard for Determining Greenhouse Gas Emissions for Cities 9 

(UNEP/UN-HABITAT/WB), the GHG Protocol Standards (WRI/WBCSD), the Baseline Emissions 10 

Inventory/Monitoring Emissions Inventory methodology (EC-CoM JRC), and the Local Government Operations 11 

Protocol (ICLEI-USA).   By incorporating city-led efforts in its design, GPC leverages a more pragmatic policy 12 

framework for a more robust community-scale standard. 13 

 14 

There are several main components of the Global Protocol for Community-Scale GHG Emissions: 15 

 16 

1. Guiding Principles and Policy Framework 17 

2. Emission Sources and Boundaries 18 

3. 2012 Accounting and Reporting Standard 19 

4. Institutionalized Future Updates to the 2012 Standard 20 

 21 

These components address the key challenges, delineated in section 1.2 above which were identified through 22 

a year-long review of existing protocols and consultation with city stakeholders (resulting in the policy 23 

framework) – and they are interconnected: the policy framework and principles guide the ongoing effort to 24 

update the 2012 Standard to match advancements made to collect, account for, and report community-scale 25 

activity data, emissions factors, and the resulting GHG emissions. 26 

 27 
2.1 Guiding Principles and Policy Framework 28 

In addition to the harmonization of different protocols, what is new and significant about GPC is that it 29 

provides for the first time ever a policy framework that links and thereby strengthens community-scale, 30 

private sector and national government efforts. Moreover, the community protocol articulates a set of 31 

principles that guides these connected efforts as well as the continual improvement and refinement of the 32 

2012 Standard. 33 

 34 

GPC supports four major needs identified for performing local GHG inventories: 35 

 Policy Development: addressing key sources of community-scale emissions, where local 36 

governments have the greatest opportunity to reduce these emissions 37 

 Comparison: allowing for comparisons of GHG emissions between communities, and consistent 38 

monitoring of a community’s own emissions over time 39 

 Understanding Behaviour Choices: promoting an understanding of how consumer demand 40 

through individual consumption choices and patterns link to rises in global emissions levels 41 

 Aggregation: enabling aggregation of community emissions at the sub-national or national level, 42 

without double counting of emissions sources, in order to facilitate national reporting and better 43 

inform global climate mitigation processes 44 

 45 

 46 

  47 
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2.1.1 GPC Guiding Principles  1 

The community protocol adheres to and balances the needs of six guiding principles identified through the 2 

policy framework:  3 

 4 

 Measurability: At a minimum, data required to perform complete emissions inventories should be 5 

readily available. 6 

The data required to support completion of an inventory should be readily available or made available within 7 

reasonable time and/or cost.  Data sources are to be accessible for reliable updates at regular intervals to 8 

meet periodic inventorying efforts.  Partners have committed to work with communities to develop local 9 

capacity to enable data development and collection necessary for compliance with the Standard. 10 

 11 

 Accuracy: The calculation of GHG emissions should not systematically overstate or understate actual 12 

GHG emissions. 13 

Accuracy should be sufficient to give decision makers and the public reasonable assurance of the integrity of 14 

the reported information. To address accuracy, GPC supports benchmarking of input/output data and 15 

reporting against relevant benchmarks (where feasible). 16 

 17 

 Relevance: The reported GHG emissions should reflect emissions occurring as a result of activities and 18 

consumption from within the community’s geopolitical boundaries, 19 

Local governments should be able to develop policy to address GHG emissions occurring from activities 20 

undertaken within the boundary or goods and services consumed by the community. GPC is designed to 21 

support continued innovations in efforts to reduce emissions, thus encourages local governments to identify 22 

and report relevant emissions sources with a goal of supporting policy development and planning processes 23 

that reduce community energy consumption and mitigate GHG emissions. 24 

 25 

 Completeness: All significant emissions sources included should be accounted for. 26 

The 2012 Standard accounts for all significant GHG emissions sources and other emissions-causing activities 27 

described therein. Any specific exclusion of an emission source indicated in the Standard, from any emissions 28 

report, should be justified and clearly disclosed. Following standard practice of the IPCC and UNFCCC, the use 29 

of notation keys will be utilized to streamline appropriate data entries.  30 

 31 

 Consistency: Emissions calculations should be consistent in approach. 32 

Consistent methodologies for calculating GHG emissions activities will enable meaningful trend analysis over 33 

time, documentation of reductions by the community, and comparisons of the emission profiles between 34 

communities.  Accounting for each of the emissions sources identified in the GPC will follow a standardized, 35 

preferred GHG estimation methodology.  When available and/or applicable, and any deviations from the 36 

preferred methodologies should be disclosed. 37 

 38 

 Transparency: Activity data, sources, emissions factors and accounting methodologies should be 39 

adequately documented and disclosed. 40 

When reporting emissions, whether in the format of an inventory report or to reporting platforms all relevant 41 

emissions sources should be disclosed by GHG gas and aggregate CO2e.10  Additionally, all activity data, 42 

emissions factors, and assumptions should be disclosed, along with specific descriptions of methodologies 43 

and data sources used. 44 

                                                                    
10 CO2e refers to total tons of carbon-dioxide equivalent, after converting each GHG gas (defined in Chapter 3 Accounting Guidance) by its 
respective global warming potential to CO2e 
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 1 

2.1.2 GPC Policy Framework  2 

The community protocol policy framework is established to integrate with existing GHG inventorying 3 

protocols and standards for communities, the private sector, and for national governments. The policy 4 

framework provides for linkages of all community activities and services that may result in GHG emissions to 5 

categories defined by the 2006 IPCC Guidelines, and by Scope 1, 2, and 3 emissions (consistent with the GHG 6 

Protocol Framework).  The linkages to national and organizational GHG accounting efforts recognizes that 7 

effective emissions reductions activities at the community-scale requires cooperation between multiple 8 

entities, including other communities, higher levels of government, and the private sector.   9 

 10 

Coordination between communities requires developing a community-scale GHG inventory, which properly 11 

attributes emissions that occur outside the community to the activities within the community’s geopolitical 12 

boundary.  This issue is especially prevalent in inter-city activities (e.g. waste disposed of in another 13 

community, or regional transportation systems).  Accordingly, GPC addresses these complexities by 14 

incorporating Scope definitions as described in 2.2 below. 15 

 16 

GPC Targeted Audience 17 
The community protocol is intended for adoption by local authorities who exercise jurisdiction over a defined 18 

area.  Local authority, as defined by ISO/TR-14069, is a public body given the authority by legislation or 19 

directives of a higher level of government to set general policies, plans or requirements.  Common names for 20 

public body entity that operates within a nation-state include state, province, region, department, county, 21 

prefecture, district, city, township, town, borough, parish, shire, or village. 22 

 23 

For the purposes of GPC, focus is on city or metropolitan governments, recognizing that certain adjustments 24 

would be necessary to apply this protocol for any authority above or below this level.  Local governments are 25 

typically tasked to conduct an inventory of emissions resulting from activities occurring under their 26 

jurisdiction, although other entities may be empowered by the local government to actually perform the 27 

inventory analysis.  The community protocol is also a tool for regional planning agencies, academic 28 

institutions, state and national governments, and other organizations seeking to inventory local GHG 29 

emissions for various purposes.   30 

 31 

The activities of the local area may result in physical release of GHG emissions within the boundaries of the 32 

local area, or cause the emissions to be released outside the boundaries of the local area.  Therefore GPC is 33 

intended to reflect the carbon dependence of the economy balanced with a need for other entities (e.g. 34 

national governments) to understand community-scale emissions from a strict territorial perspective. 35 

 36 

GPC is intended to cover one calendar year of GHG accounting and when applied consistently and on a 37 

periodic basis, provides for tracking of changes in the emissions from key urban sources.  38 
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Policy Framework of Global Protocol for Community-Scale GHG Emissions (GPC) 
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2.2 Emissions Sources and Boundaries  1 

One of the main challenges of completing community-scale inventories is addressing the complexities 2 

associated with reducing the spatial area of analysis for GHG inventories from the national level.  Proper 3 

attribution of the emissions resulting from activities of and services for a community is complicated by the 4 

reality that some of the activities of and services for a given community might result in emissions released 5 

outside the geopolitical boundary of the community itself in addition to the typical territorial emissions, also 6 

known as emissions released within the community’s geopolitical boundary.  Standardization of accounting 7 

and reporting of activities and emissions that may transcend the community’s geopolitical boundary provides 8 

for accurate attribution of emissions, and facilitates aggregation across cities without double counting. 9 

 10 

GPC seeks to address the issue of inter-city sources of emissions that transcend more than one jurisdictional 11 

body.  The Standard provides for the reporting of emissions that are the result of consumption patterns of the 12 

community, but result in emissions in another jurisdiction, by attributing these emissions to only one 13 

community inventory. The boundary definitions are reflective of varying tiers of what the community can 14 

actually control. These tiers are addressed through an adoption of the Scope-based approach, to handle 15 

attribution of emissions that occur outside the community boundary as a result of activity or consumption 16 

within the community.   17 

 18 

In so doing, this accounting methodology enables local policy development from the perspective of the 19 

community’s consumption – allowing for a local government to take credit for investments in energy 20 

efficiency or waste reduction, while also accounting for improvements in local waste disposal industries and 21 

energy production industries located within the boundaries of individual jurisdictions.  22 

 23 

The Scope definitions of GPC further adopts the WRI/WBCSD GHG Protocol definitions, which were first 24 

adopted for the community-scale in IEAP, as such:  25 

1. Scope 1 emissions: All direct emission sources from activities taking place within the community’s 26 

geopolitical boundary. 27 

2. Scope 2 emissions: Energy-related indirect emissions that result as a consequence of consumption 28 

of grid-supplied electricity, heating and/or cooling, within the community’s geopolitical boundary. 29 

3. Scope 3 emissions: All other indirect emissions that occur as a result of activities within the 30 

community’s geopolitical boundary. 31 

 32 

The schematic is intended to provide an understanding of some of the challenges in attributing scopes of 33 

activity to the city itself.  The diagram below provides sources that are typically in-city (marked by the solid 34 

red-lined box, representing the geopolitical boundaries of the city).  These include in-city transit systems, 35 

building energy use, and AFOLU, amongst others.  The hashed-line represents the regional boundaries, and 36 

are not as defined as the city’s geopolitical boundaries.  These boundaries typically include activities that 37 

transcend the city’s boundaries into other communities within the area, including regional transportation 38 

systems, energy systems (energy produced in one community and consumed by the city itself), and waste 39 

disposal, amongst other exchanges of goods and services between communities.  The solid black boxes, and 40 

everything outside of the hashed line, indicate international boundaries, or the world.  Activities here that are 41 

driven by the city itself include transportation (airline and marine transport) and exchanges of goods and 42 

services (consumer demand on products manufactured around the world).   43 

 44 
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Schematic representation of sources and boundaries of community-scale GHG emissions 
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2.3 The 2012 Accounting and Reporting Standard (2012 Standard) 1 

The 2012 Accounting and Reporting Standard defines the basic emissions sources and categories within 2 

sectors for a community-scale GHG inventory, in order to standardize GHG inventories between communities 3 

and within a community over time.  GPC supplements the standard by providing accounting methodologies 4 

and step-by-step guidance on data collection, quantification, and reporting recommendations for each source 5 

of emissions.  It also standardizes reporting by offering templates that support local policy development, and 6 

allow comparability between communities as well as facilitating aggregation between communities.  Further, 7 

by integrating the GHG Protocol Scope definitions (as explained in 2.2 above), the community protocol allows 8 

for the advancement of methodologies to deal with the complexities of attributing emissions in inter-city GHG 9 

accounting.  10 

 11 

The 2012 Standard measures single-process emissions from end-use activities associated with the 12 

community. Global cities have different capacities and levels of experience in GHG inventorying. Therefore, 13 

the emissions sources listed in the 2012 Standard reflect the minimum accounting and reporting 14 

requirements necessary to achieve comparability between cities and relevancy for local policy development,    15 

 16 

Both emissions sources and sector categorizations in the 2012 Standard reflect the unique nature of cities and 17 

their primary emissions sources.  These include emissions from 1) Stationary Units, 2) Mobile Units, 3) 18 

Waste, and 4) Industrial Process and Product Use sectors.  Further specifications are provided under the table 19 

below for sub-sector classification.   For compliance with the 2012 Standard, local governments are expected 20 

to provide information (i.e. quantified emissions) for every source category indicated in this list.  Where 21 

necessary, cities may use notation keys (as explained below) with appropriate explanations to complete the 22 

inventory. 23 

 24 

The 2012 Standard yields two types of reports:  25 

1. Community GHG Profiles enable local government leaders to make policy-relevant conclusions for 26 

local mitigation and adaptation actions by identifying and prioritizing the accounting of key 27 

community-scale GHG emissions drivers.  28 

2. National Aggregation Reports are compatible with existing IPCC guidelines by allocating all 29 

community activities and services resulting in GHG emissions to respective IPCC categories.  30 

 31 
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2012 Accounting Standard 

GPC 
No. 

GHG Emission Sources IPCC Code Scope Accounting Approach 
Gases (tonnes) 

CO2 CH4 N2O CO2e 

I Stationary Units               
I.1 Residential Buildings               

I.1.i Direct Emissions 1A4b Scope1 In-Boundary         
I.1.ii Energy Indirect Emissions - Scope2 In-Boundary         

I.2 Commercial/Institutional Facilities (including energy consumption in street/traffic lights and treatment facility operations)           

I.2.i Direct Emissions 1A4a Scope1 In-Boundary         
I.2.ii Energy Indirect Emissions - Scope2 In-Boundary         

I.3 Energy Generation (includes generation of electricity, heating and/or cooling)               

I.3.i Direct Emissions 1A1a Scope1 In-Boundary         
I.3.ii Energy Indirect Emissions - Scope2 In-Boundary         

I.4 Energy Use in Industrial Activities               

I.4.i Direct Emissions 
1A1b-c + 1A2 
+ 1A5 + 1A4c 

Scope1 
In-Boundary         

I.4.ii Energy Indirect Emissions - Scope2 In-Boundary         

II Mobile Units               

II.1 On-Road Transportation (Cars, LDV, HDV/Buses, others)                

II.1.i Direct Emissions 1A3b Scope1 In-Boundary         
II.1.ii Energy Indirect Emissions - Scope2 In-Boundary         

II.2 Railways (including urban metro/rail transport systems)               

II.2.i Direct Emissions 1A3c Scope1 
In-Boundary and Proportional 
Responsibility         

II.2.ii Energy Indirect Emissions - Scope2 
In-Boundary and Proportional 
Responsibility         

II.3 Water-Borne Navigation               

II.3.i Direct Emissions 1A3dii Scope1 In-Boundary         
II.3.ii Energy Indirect Emissions - Scope2 In-Boundary         
II.3.iii Indirect Emissions from Inter-City Domestic Marine Trips 1A3dii Scope3 Origination         
II.3.iv Indirect Emissions from  International Marine Trips 1A3di Scope3 Origination         

II.4 Aviation               

II.4.i Direct Emissions 1A3aii Scope1 In-Boundary         
II.4.ii Energy Indirect Emissions - Scope2 In-Boundary         
II.4.iii Indirect Emissions from Inter-City Domestic Flights (LTO and Cruise) 1A3aii Scope3 Origination         
II.4.iv Indirect Emissions from Inter-City International Flights (LTO and Cruise) 1A3ai  Scope3 Origination         
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II.5 Off-Road               

II.5.i Direct Emissions 1A3eii Scope1 In-Boundary         
II.5.ii Energy Indirect Emissions - Scope2 In-Boundary         

III Waste               
III.1 Solid Waste Disposal               

III.1.i 
Future Indirect Emissions from Community Generated Waste Landfilled in the Community in the 

Analysis-Year  
4A Scope3 

Proportional Responsibility         

III.1.ii 
Future Indirect Emissions from Other Communities' Waste Landfilled in the Community in the Analysis-

Year 
4A Scope3 

Proportional Responsibility         

III.1.iii 
Future Indirect Emissions from Community Generated Waste Landfilled outside the Community in the 

Analysis-Year  
- Scope3 

Proportional Responsibility         

III.2 Biological Treatment of Waste               

III.2.i Direct Emissions from Community Generated Waste 4B Scope1 Proportional Responsibility         
III.2.ii Direct Emissions from Other Communities' Waste Treatment 4B Scope1 Proportional Responsibility         
III.2.iii Emissions from Community Generated Waste Treated Outside the Community - Scope3 Proportional Responsibility         

III.3 Incineration and open burning               

III.3.i Direct Emissions from Community Generated Waste Incineration 4C Scope1 Proportional Responsibility         
III.3.ii Direct Emissions from Other Communities' Waste Incineration 4C Scope1 Proportional Responsibility         
III.3.iii Emissions from Community Generated Waste Incinerated Outside the Community - Scope3 Proportional Responsibility         

III.4 Wastewater Treatment and discharge               

III.4.i Direct Emissions from Community Generated Wastewater Treatment 4D Scope1 Proportional Responsibility         
III.4.ii Direct Emissions from Other Communities' Wastewater Treatment 4D Scope1 Proportional Responsibility         
III.4.iii Emissions from Community Generated Wastewater Treated Outside the Community - Scope3 Proportional Responsibility         

IV IPPU               
IV.1 Industrial Processes and Product Uses               

IV.1.i Direct Emissions from Industrial Processes 2A+2B+2C+2E Scope1 In-Boundary         
IV.1.ii Direct Emissions from Product Use 2D+2F+2G+2H Scope1 In-Boundary         

V Additional Sources to 2012 Standard               
V.1 Stationary Units               

V.1.i Stationary Units Indirect Emissions   Scope3           

V.2 Mobile Units               

V.2.i Mobile Units Other Indirect Emissions   Scope3           

V.3 Waste               

V.3.i Waste Other Indirect Emissions   Scope3           

V.4 IPPU               

V.4.i IPPU Other Indirect Emissions   Scope3           

V5 AFOLU               
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V.5.i AFOLU Direct Emissions 3 Scope1           

V.5.ii AFOLU Other Indirect Emissions   Scope3           

V.6 Fugitive Emissions               

V.6.i Direct Emissions 1B Scope1           

V.6.ii Fugitive Other Indirect Emissions   Scope3           

V.7 Other Emissions               

V.7.i Other Direct Emissions   Scope1           
V.7.ii Other Energy Indirect Emissions   Scope2           

V.7.iii Other Indirect Emissions   Scope3           
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 1 

2.3.1 Limitations in the 2012 Standard 2 

The 2012 Standard is the first iteration in an evolving GPC accounting framework.  Future iterations will 3 

continue the collaborative harmonization process as detailed in section 2.3 on Future Updates: 4 

 5 

 Limitations in estimating a full community-scale GHG footprint that incorporates 6 

quantification of trans-boundary flows of embodied energy, goods (key urban materials), and 7 

full life cycle assessments (Scope 3): 8 

Similar to past practices in defining Scope 1 and Scope 2 sources for local governments and 9 

communities based on the experience and guidance of the WRI/WBCSD GHG Protocol, there is a need 10 

to interpret the definition of Scope 3 emissions for all community sectors based on the recent (2012) 11 

release of the WRI/WBCSD GHG Protocol Scope 3 Standard.  The concept of Scopes is previously 12 

defined in section 2.1.4.  This includes a wide range of additional potential city-based demand-driven 13 

trans-boundary emissions sources (such as the embodied emissions from energy used to feed 14 

demands for food, construction materials, and consumer products). The sources and methods must 15 

be evaluated for their applicability to community-scale emissions inventorying and included based 16 

on a need to contribute towards a complete GHG footprint analysis of the community.   17 

 18 

Given that most Scope 3 accounting methodologies are still evolving with respect to standard data 19 

collection and reporting, the 2012 Standard includes Scope 3 emissions only for existing consistent 20 

accounting and reporting methodologies for these emissions sources. These sources include inter-21 

city aviation, marine-borne navigation, and end-of-life waste and wastewater treatment. 22 

 23 

 Limitations in accounting AFOLU emissions:  24 

Agriculture, forestry and land use are among the most complex categories for GHG accounting.  25 

Guidance for inclusion of these sources in national inventories (IPCC and UNFCCC) was finalized only 26 

in 2006, by combining Agriculture with Land Use, Land Use Change and Forestry.  In addition, for a 27 

long period of time, GHG emissions from these sectors were not considered a priority for community-28 

scale GHG inventories, as these sources rarely exist in urban areas, and when present, represent a 29 

relatively minor share of total emissions.  Therefore, there is currently very limited guidance and 30 

most communities resort to scaling these IPCC methodologies, designed for rural and urban areas, to 31 

the community level. For this reason the AFOLU sector was not included in the 2012 Standard, but is 32 

anticipated for inclusion in future iterations. 33 

 34 

 Different characteristics and capacities of globally dispersed communities to comply with the 35 

2012 Standard:  36 

Many local governments have already completed community-scale GHG inventories, and these 37 

published inventories may not be readily compliant with the categories of the Standard (although the 38 

variations are minimal).  For this reason, immediate compliance is not expected of all communities 39 

who already perform GHG inventories.  Further, communities will have different levels of capacity 40 

(with respect to both data availability and analysis) may require time to acquire new data to account 41 

for a complete GHG inventory as defined by the 2012 Accounting Standard.  Finally, communities 42 

have different characteristics and may therefore find that a particular emissions source is not 43 

applicable to their community.  To accommodate these limitations during this growth phase of global 44 

community-scale GHG inventorying, yet retain substantial comparability between communities, GPC 45 

makes use of notation keys (as used by IPCC/UNFCCC).  While local governments should attempt to 46 

account for all emissions sources in the 2012 Standard, they may utilize notation keys and 47 

accompanying explanation to justify exclusion or partial accounting.  Use of notation keys can also 48 
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assist in transitioning existing inventories to the new Standard and provide for better-informed 1 

comparison between communities, by allowing for interpretation where adjustments had to be made 2 

for compliance with the Standard. The explanation of keys are as follows:  3 

o IE – Included Elsewhere: Emissions for this activity are estimated and included in the inventory 4 

but not presented separately in the category.  The category where these emissions are included 5 

should be noted in explanation. 6 

o NA – Not Applicable: The activity exists but relevant emissions are considered never to occur.  7 

Explanation should be provided as to why the category activity occurs, but emissions do not. 8 

o NO – Not Occurring: An activity or process does not exist within the community. 9 

o NE– Not Estimated: Emissions occur but have not been estimated or reported.  Emissions 10 

sources not estimated should note justification for exclusion.   11 

 12 

 Pragmatic data availability constraints in accounting for a wide range of sectors and 13 

subsectors:  14 

Due to variations in how local governments can access data for emissions sources as disparate as air 15 

travel to automobile traffic, flexibility has been incorporated into the 2012 Standard for both the 16 

emissions sources and the general philosophy behind their accounting approach.  By doing so, GPC 17 

ensures that emissions sources are fundamentally aligned while also accommodating future 18 

improvements in data availability. 19 

1. In-Boundary: Account for the emissions of the line-item based upon and limited to activity 20 

which physically occurs within the geopolitical boundary of the community.  This approach 21 

generally is used when emissions are produced only within the community as a result of 22 

activity within the same community. 23 

2. Proportional Responsibility: Account for the emissions of the line-item by transparently 24 

attributing the emissions to the community’s share of inter-city activities.  In transport (i.e. 25 

regional railways) this can be based on track length within the community’s geopolitical 26 

boundary.  In waste, this can be the mass of waste generated by the community and 27 

deposited at an inter-city communal landfill. This approach is used when emissions sources 28 

cross the geopolitical boundaries of the community in order to accurately identify emissions 29 

resulting from a community’s behaviors. 30 

3. Origination: Account for the emissions of the line item by totaling the activity or (fuel or 31 

energy) loaded onto mobile units which originate their journey within the community’s 32 

geopolitical boundary.  This generally applies to complicated inter-city emissions sources, 33 

such as aviation and is used to ensure that related emissions are accounted and reported for 34 

in only one inventory. 35 

  36 

Additional Emissions Sources to the 2012 Standard 37 

Local governments are encouraged to include emissions listed under this category on an additional basis once 38 

the accounting requirements for the 2012 Standard are met, at the option of the local government. Those local 39 

governments who may be advanced in GHG accounting can assist the global community in developing new 40 

standards accounting and reporting other listed or unlisted drivers of community-scale GHG emissions.  An 41 

example of this would be the inclusion and specification of AFOLU sources, or trans-boundary flows of goods 42 

and embodied energy. 43 

 44 

Local governments should also use this space to report innovative accounting methodologies on existing 45 

emissions sources in the 2012 Standard.  One example of this would be the reporting of on-road 46 

transportation using the origin-destination accounting methodology, which is currently advanced for 47 
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international accounting requirements but could possibly replace the in-boundary approach as communities 1 

develop further capacity for GHG accounting.   2 

 3 

Reporting of these additional items should be transparent in the inventory report, and include activity data, 4 

emissions factors, descriptions of methodologies employed, and data sources (or estimation methods).  This 5 

is guided through use of data collection tables, providing transparency in activity data, emissions factors, and 6 

data sources.. Transparency of this information supports the expansion and evolution of the Standard with 7 

improvements in measurability, accuracy, and inclusion of relevant emissions sources towards a complete 8 

community-scale GHG footprint (Scopes 1, 2, and 3).  9 

 10 

  11 
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2.3.2 Provision of Summary Reporting Templates 1 

While the 2012 Standard provides a common view of GHG emissions at the community-scale, it is not the 2 

recommended format for summarizing CO2e values for two primary reasons: 3 

 In order to prevent double counting of emissions, the GHG Protocol as published by WRI/WBCSD 4 

strongly restricts simply aggregating Scope 1 and Scope 2 emissions. 5 

 The 2006 IPCC Guidelines only account for certain emissions sources and are categorized to reflect 6 

rural and urban (national) GHG emissions drivers.  Thus the data as presented in the 2012 Accounting 7 

Standard table does not interface directly with the 2006 IPCC Guidelines for reporting (Common 8 

Reporting Format).  9 

As discussed, the 2012 Standard is intended to serve as guidance for minimum community-scale GHG 10 

accounting represented through two summary reporting templates.  The Community GHG Profile includes 11 

emissions sources of communities/inventories in a summary report that are the most relevant to local policy 12 

making and action.  This report should enable understanding of the major drivers of GHG emissions of the 13 

community and its economy, while consistently structuring emissions information to allow for comparisons 14 

over time (within a community) or across jurisdictions (comparisons to other communities).  The second 15 

template, the National Aggregation Report, supports efforts to aggregate emissions from multiple GPC-16 

compliant communities at the national or sub-national level by including sources that are linked to national 17 

inventorying categories, as defined IPCC, and subsequent international climate processes.  18 

 19 

The templates serve as summary GHG reports.  In the interest of transparency, GHG reports should be 20 

supported by appropriate information related to all activity data, emissions factors, fuels, data sources, and 21 

methodologies (along with any relevant documentation).  An example template for reporting this information 22 

is provided in Appendix A.  The tables are provided as guidance in order to meet this reporting requirement.  23 

The 2012 Standard has been interpreted for the reporting of this data and standard fuels and energy sources 24 

in Appendix A through reformat of the tables.  There may be more energy sources/fuels than what are listed, 25 

and cities are encouraged to list these additional energy sources/fuels by adding on columns to the table. 26 
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Community GHG Profiles 1 

Community GHG Profiles are designed for local policy makers, providing the appropriate interpretation of the 2 

2012 Standard for totaling emissions sources into a summary CO2e number for the community. Emissions are 3 

summarized in the template, for a total CO2e number, for the community, to enable benchmarking of 4 

performance over time and comparison between cities.  Summarizations are also provided by sector 5 

categorizations, to enable comparison and benchmarking between sectors.  The Community GHG Profile also 6 

presents CO2e totals per scope to facilitate the analysis of emissions by community scopes, for inter-city 7 

benchmarking. 8 

 9 

Specifically, Energy Direct Emissions  (GPC No. I.3.i) and certain Waste Direct Emissions resulting from other 10 

communities’ waste generation (GPC Nos. III.2.ii, III.3.ii, III.4.ii) are not included in the total community CO2e 11 

emissions number (a.k.a. benchmarking number).  12 

 By carefully summarizing emissions sources, as designed in the Community GHG Profile, Energy 13 

Generation Direct Emissions (Scope 1) are not double counted when aggregating energy-related 14 

emissions for the total community CO2e number.  Because the 2012 Standard asks local governments 15 

to report both energy-related indirect emissions from grid-supplied energy consumption (Scope 2) 16 

and direct emissions from energy generation (Scope 1), potential for double counting exists as those 17 

energy from those energy generation facilities within the community is being consumed by the 18 

community itself. 19 

 Similarly, accounting for emissions from other communities’ waste deposited within the community, 20 

in addition to the community’s own total waste disposal, regardless of where disposed, creates 21 

potential for double counting.   22 

These sources are therefore marked as “Indicated Elsewhere,” showing that while these emissions are not 23 

included in this total community CO2e number, they are ultimately being accounted and reported. Future 24 

iterations of GPC will include a more comprehensive accounting for Energy Generation direct emissions 25 

(Scope 1) and energy consumption indirect emissions (Scope 2), with the intent to reflect local efforts to 26 

offset carbon-intensive energy generation with clean technologies by carefully guiding users to balance the 27 

imports and exports of electricity from within the community’s geopolitical boundaries. 28 

 29 

Emissions sources that are additional from the 2012 Standard are also listed separately from the total 30 

community CO2e number.  This ensures a consistent benchmark between cities.  Emissions sources, such as 31 

life-cycle assessments which quantify embodied energy in key urban materials (Scope 3), are scheduled to be 32 

included in future iterations of the accounting standard, but because they are not in the current 2012 33 

Standard, are excluded from the benchmark total community CO2e number at this time. 34 

35 
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National Aggregation Report 1 

The National Aggregation Report enables linkage of community-scale inventories to national GHG inventory 2 

processes by mapping the community’s direct emissions (and certain inter-city domestic transportation) 3 

consistently with IPCC categories such that the GHG emissions data can easily be understood and synthesized 4 

with other communities’ reports.   5 

 6 

Two categories, Domestic Aviation and Water-Borne Navigation (GPC No. II.3.iii and II.5.iii) are considered as 7 

Direct Emissions sources from the perspective of the national governments, and so are included in the key 8 

IPCC categories.  This is different than considering them “Direct Emission Sources” of the community, because 9 

these emissions occur outside of the communities boundaries (making them indirect for the community) but 10 

within the boundary of the nation (making them direct for the national government). Because GPC utilizes an 11 

origination accounting approach, there is no double counting with flights arriving in the community, and no 12 

need to manage the complexities of passenger manifestos (counts of community residents) and calculating 13 

distances traveled based on executed flights. 14 

 15 

This reporting format aims to support but not to replace the overarching GHG inventories of subnational or 16 

national governments, which are mainly guided by IPCC/UNFCCC guidelines:  the responsibility of 17 

aggregating multiple communities’ inventories is not incumbent upon the local government.  This reporting 18 

template is intended to facilitate linkages between local and global climate processes.  These linkages 19 

improve coordination of efforts to reduce global emissions.  20 

  21 
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2.4 Evolution of the Accounting and Reporting Standard Over Time 1 

Core partners have institutionalized a process for incorporating updates and revisions to the 2012 Accounting 2 

and Reporting Standard. Proposals for updates in future iterations of the 2012 Standard, will be primarily 3 

evaluated for adherence to and balancing of all six fundamental guiding principles of GPC.  These proposals 4 

may include the addition of new emissions sources, new or advanced quantification methodologies to existing 5 

sources and updated globally agreed formats for summary GHG reporting,,  6 

 7 

 Developing National/Regional Supplements 8 
There might be a need to provide further guidance for implementation of GPC at the national/regional level, 9 

including country-specific emission factors and unique procedures regarding geopolitical and organizational 10 

boundaries. 11 

 12 

 Updating the 2012 Accounting and Reporting Standard 13 

The updates and revisions will reflect additional sources, methods, and guidance into the minimum 14 

(territorial-based) standard, pursuant to the availability of additional methodologies and relevant global 15 

progress in the field of GHG accounting and reporting. Priority will be given to providing guidance on 16 

accounting AFOLU emissions at the community-scale and further defining the structure and communication 17 

of full life-cycle (Scope 3) GHG accounting methodologies, to be developed in collaboration with the local 18 

governments, core partners, research community, and relevant expert organizations.  19 

 20 

 Enhanced Reporting Guidance: Guidance on Reporting Activity Data and Emission Factors 21 

A supporting guidance document will be developed in order to report activity data and emissions factors that 22 

form the basis of the GHG emissions information compiled in the 2012 Standard. 23 

 24 

 Equity-based reporting of direct and indirect emissions 25 
A quantification approach will be developed so that Scope 1 emissions from energy industries are 26 

appropriately allocated in the Community GHG Profiles without resulting in any double counting with Scope 2 27 

(energy indirect) emissions.  This approach will take into account issues related to the generation of 28 

renewable electricity within the community boundaries, as well as purchase of renewable energy certificates. 29 

 30 

 Synergy with national governments and international processes 31 
Particular emphasis will be on the identification of appropriate partnerships with national and sub-national 32 

governments so that the GPC is appropriately recognized in the integration of community-scale GHG 33 

emissions in efforts at sub-national and national levels. Dialogues are currently underway in order to ensure 34 

appropriate integration in the IPCC, UNFCCC and ISO processes as well.  35 

 36 

 Synergy with Business Community 37 
Donors and international finance institutions will be invited to recognize GPC in their support of climate 38 

actions at the community scale. Software developers will be invited to align their existing tools with the GPC 39 

approach.   40 
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3. Accounting Guidance 1 

 2 

Overview of Accounting Guidance 3 

Provided here is step-by-step data collection and accounting guidance that will enable communities to meet 4 

the requirements of the 2012 Accounting and Reporting Standard.  The guidance is divided into sections, 5 

which reflect the sectors of the 2012 Standard (Stationary Units, Mobile Units, Waste, Industrial Process and 6 

Product Use), with further sub-sections that reflect the emissions sources (e.g. Mobile Units, On-Road 7 

Transportation).  Each section is written to reflect the unique challenges in collecting data needed for each 8 

emissions source.  Quantification follows the basic principles of calculating GHG emissions as established by 9 

all the documents referenced within this protocol: 10 

 11 

 

 12 

Structurally, the guidance provides recommended and alternate approaches to collecting data for all activity 13 

data and emissions factors.  The alternate approaches are listed in descending order of data quality.  The 14 

guidance then provides quantification (equations) for determining emissions by gas.  CO2e is determined by 15 

summarizing all emissions, by multiplying each GHG gas times its global warming potentials as defined in the 16 

table under “Conversion of data to standard units” below. 17 

 18 

Specifications are provided for collecting, calculating, and reporting data under the categories of the 2012 19 

Standard (for example on-road transportation: cars, light trucks, heavy trucks, etc.).  Guidance is also included 20 

with respect to special circumstances (e.g. advanced methods which overlap, T&D losses, etc.), and formatting 21 

data to prevent double counting. 22 

 23 

There may be further nationally specific or sector-specific advanced data collection or quantification 24 

methodologies that are not outlined here.  This is intended to serve the needs of a minimum standard of 25 

accounting, and provide guidance to communities where GHG inventorying is still a relatively new concept.  26 

Communities who opt to pursue advanced data collection and quantification processes should ensure that 27 

they are aligned with the general accounting approaches defined in the 2012 Accounting and Reporting 28 

Standard, and transparently include advanced methodologies in the inventory report. 29 

  30 

All data sources (including derivations), emissions factors, activity data, emissions totals by gas, accounting 31 

methodologies, and other relevant documentation should be transparently reported. 32 

 33 

Developing Complete Data  34 

 35 

Emissions Factors 36 

In cases of direct fuel consumption (combustion), recommended sources for emissions factors are primarily 37 

national agencies.  These agencies are equipped to provide emissions factors that are generally more accurate 38 

than the default IPCC international emissions factors.  Volume 1, Chapter 2: Approaches to Data Collection, 39 

Section 2.2.4, Table 2.2 of the 2006 IPCC Guidelines provides a comprehensive guide to identifying potential 40 

sources of emissions factors at the national level (from national agencies, laboratories, industry papers, 41 

studies, and other sources). 42 

 43 

The IPCC also publishes the Emissions Factor Database (EFDB) which provides peer-submitted emissions 44 

factors for various regions and sources.  These should be evaluated on a case-by-case basis.  In general, the 45 

alternate emissions factor defaults to IPCC published emissions factors for each sector.  No matter the source 46 
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of the emissions factor, guidance is structured to provide for consistency in units when multiplying emissions 1 

factors and activity data. 2 

 3 

Requesting activity data from market operators, and other agencies 4 

A set of guidelines is provided to help local governments establish consistent and reliable data collection 5 

practices when acquiring new activity data from data providers (market operators, government agencies, or 6 

other authorities).  The recommended data provider is listed under each subsector in this guidance.  This will 7 

ensure the quality of the inventory-year data and establish expectations for regular updates to the activity 8 

data in future inventory years.  These guidelines are adopted from the 2006 IPCC Guidelines. Data requests 9 

should include specifications for: 10 

 Definition and description of the data set: 11 
o Time series  12 
o Sectors included 13 
o Sub-sector breakdown, such as building types 14 
o Units 15 
o Uncertainty, assumptions, or known gaps regarding the data 16 

 Identification for routines and timescales for data collection activities 17 
 Contact name and organizations 18 
 Date of availability/need 19 

Further, commitments (e.g., memorandum of understanding or a contract) to these specifications from the 20 

data provider build capacity for maintenance and updates on a regular basis, and may also assist when 21 

transitioning responsibility for inventory compilation within the community. 22 

 23 

National, regional, and state (provincial) activity and emissions factor data11 24 

Where referenced in the guidance below, using national activity data is typically seen as a final alternative to 25 

cultivating locally specific reliable activity data sources.  Unless noted, preference is given first to the use of 26 

regional data, then state or provincial data, and finally use of national data.  This hierarchy supports 27 

development of an inventory that is as locally specific as possible. 28 

 29 

References to national data are made generally as alternates, but where more accurate national data are 30 

known to exist as they pertain to a specific emissions source or sector they have been identified as an 31 

alternate in the source’s data collection table.  All national and regional data will require scaling-down to the 32 

local level using a scaling factor with the suggested variables.  Guidance on scaling national (or apportioning 33 

regional) activity data is provided below.  References to national data can be found from one or more of the 34 

following sources: 35 

 National GHG inventory report / National Inventory Reports from Parties to the UNFCCC 36 
 National statistics agencies 37 
 Sector experts, stakeholder organizations 38 
 National environmental agencies 39 
 National energy agencies 40 
 National transportation agencies 41 
 Scientific and technical articles in environmental books, journals, and reports 42 
 Universities and research institutes 43 

 44 
Surveying a sample set 45 

                                                                    
11 The term national is used to simplify the text, but can interchange to refer to national, regional, or state (provincial) levels of 
government. 
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Surveys conducted should consist of a sample of each sub-sector defined in the sector accounting guidance 1 

(e.g. residential, commercial/institutional, and industrial buildings and facilities for stationary units).  This 2 

approach can be demanding.  In general, the total population of and representative sample set should be 3 

defined, such that surveyed real data can be scaled-up to the total population set.  The American Statistical 4 

Association provides useful guidance on how to plan a survey: 5 

http://www.amstat.org/sections/srms/brochures/survplan.pdf 6 

 7 

Surveys in developing countries provide for additional challenges.  The UN guidelines for surveys in 8 

developing countries provides guidance for household-level data collection: 9 

http://unstats.un.org/unsd/HHsurveys/part1_new.htm 10 

 11 

Utilizing data from previous years 12 

Stationary Units 13 

With respect to building energy use, using data from a previous year presents a need to adjust for inter-14 

annual energy consumption variations due to fluctuations in weather patterns.  This is due to the high 15 

correlation between direct energy consumption and the weather-related need to heat or cool buildings.  16 

Recognizing that weather plays a role amongst other drivers of end-use energy consumption (e.g., space 17 

lighting, industrial demand, appliances, etc.), it provides a basis for adjusting previous year’s data for more 18 

suitable application in the inventory-year.  This adjustment should be made by using a combination of cooling 19 

degree days and heating degree days (CDD and HDD) from the data-year and the real data in a regression 20 

equation.  The inventory-year CDD and HDD are inserted in the equation to produce weather-adjusted 21 

inventory-year consumption figures. 22 

 23 

If the data are from a year in which the population was markedly different than the current year, adjustments 24 

for the growth (or shrinkage) of the city due to changes in population should be applied as well.  Adjustments 25 

for growth can be made wsing population as the scaling factor in the scaling methodology equation below. 26 

 27 

Transportation and Waste 28 

Transportation use and waste generation data attributed to one particular year can be scaled to the current 29 

year by using population as the scaling factor.  Population is primarily used to scale backwards for historical 30 

contributions to landfills. 31 

 32 

Scaling or apportioning methodology 33 

References are made throughout data collection guidance on spatially scaling or apportioning data from 34 

available national or regional level activity data (or emissions), to the community scale.  Where references to 35 

this (mostly alternate) data source are made, a recommended scaling factor is provided.  The scaling factor is 36 

representative of a real data point available at the various scales (national, regional, sub-community and 37 

community), upon which the data can be scaled to the community level, and is typically simple (like 38 

population or GDP).  The factor is chosen for its high degree of correlation to variations in activity data.  The 39 

scaling factor methodology is also applicable to data collected using surveys upon a representative sample-40 

set (sub-community level), and can be used to scale-up real data to represent activity of the entire 41 

community.  The general formula for apportioning and scaling data is: 42 

 43 

 

 44 

Where DataToScale is the activity (or emissions) data to scale-up, scale-down, or apportion.  45 

CommunityScaleData represents the activity (or emissions) data total for the community, FactorCommunity 46 

http://www.amstat.org/sections/srms/brochures/survplan.pdf
http://unstats.un.org/unsd/HHsurveys/part1_new.htm


GLOBAL PROTOCOL FOR COMMUNITY-SCALE GHG EMISSIONS (GPC) 

29 

 

represents the scaling factor data point for the community, FactorRealDataScale represents the scaling factor data 1 

point for the area to which the DataToScale applies (e.g., national, regional, or sub-community). 2 

 3 

If a different scaling factor from the one recommended is chosen, the relationship between the alternate 4 

scaling factor and activity data for the emissions source should be documented in the inventory report, as 5 

well as the data which is scaled, factors for each geographic scale, and data sources. 6 

 7 

Conversion of data to standard units 8 

All GHG emissions data should be reported as metric tonnes of each individual greenhouse and by total CO2e.  9 

To equate gases to CO2e, multiply by the global warming potential (GWP) of each gas. 10 

 11 

The global warming potentials of major gases are based upon a 100-year outlook: 12 

 13 

Name Formula Global Warming Potential (CO2e) 

Carbon Dioxide CO2 1 

Nitrous Oxide N2O 21 

Methane CH4 310 

Sulfur Hexafluoride SF6 23,900 

   

HFC-23 CHF3 11,700 

HFC-32 CH2F2 650 

HFC-41 CH3F 150 

HFC-125 C2HF5 2,800 

HFC-134 C2H2F4 1,000 

HFC-134a CH2FCF3 1,300 

HFC-152a C2H4F2 140 

HFC-143 C2H3F3 300 

HFC-143a C2H3F3 3,800 

HFC-227ea C3HF7 2,900 

HFC-236fa C3H2F6 6,300 

HFC-245ca C3H3F5 560 

 14 

IPCC default emissions factors are kg GHG/GJ, therefore need to be divided by 1000 for metric tonnes. 15 

 16 

Units and abbreviations, and standard equivalents: 17 

 18 

Unit Abbreviation Standard Equivalent Standard Equiv. Abb. 

1 tonne of oil equivalent (toe) 1 toe 1 x 1010 calories 1 x 1010 cal 

1 ktoe  41.868 terajoules 41.868 TJ 

1 short ton 1 sh t 0.9072 tonne 0.9072 t 

1 tonne 1 t 1.1023 short tons 1.1023 sh t 

1 tonne 1 t 1 megagram 1 Mg 

1 kilotonne 1 kt 1 gigagram 1 Gg 

1 kilogram 1 kg 2.2046 pounds 2.2046 lb 

1 hectare 1 ha 104 square meters 104 m2 
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1 atmosphere 1 atm 101.325 kilopascal 101.325 kPa 

1 gram 1 g 0.002205 pounds 0.00205 lb 

1 pound 1 lb 453.6 grams 453.6 g 

1 terajoule 1 TJ 2.78 x 105 kilowatt hour 2.78 x 105 kWh 

1 kilowatt hour 1 kWh 3.6 x 106 Joules 3.6 x 106 J 

 1 

 2 

Uncertainty in data quality  3 

While GPC does not invoke specific tiers of data with each activity data and emissions factor 4 

recommendation, future iterations may seek to clarify by tier of data quality.  At this stage, documentation 5 

should be included in the inventory report with respect to known gaps or inaccuracies in the data.  6 
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A. Stationary Units  1 

 2 

Stationary units refer to the emissions from energy consumption in buildings and sedentary (e.g., non-3 

mobile) equipment or machinery.  Emissions in this category can be produced directly from consumption of 4 

fuels combusted on-site or indirectly through consumption of grid-delivered electricity, heating and/or 5 

cooling.  Emissions data should be reported by subsector categories: 6 

 Residential Buildings 7 

 Commercial/Institutional (including Municipal) Buildings and Facilities (including energy 8 

consumption in street/traffic lights and operations of treatment facilities) 9 

 Energy Use in Industrial Facilities 10 

Quantification guidance for most stationary units in sections below refer to using the total built space for each 11 

building type as an apportioning factor to disaggregate data only available for all buildings in the community 12 

or region, or scaling energy intensity data to the total community-scale.   For reference, this data is typically 13 

available in square meters or square feet and may be obtained from several sources: 14 

 Municipal agencies for finance or taxation who collect data for property taxes  15 

 Municipal building regulation and/or permitting agencies 16 

 City planning agencies charged with monitoring and planning real-estate development 17 

 State or regional planning associations 18 

Additionally, where references to energy intensity figures are made for buildings and facilities, this 19 

information may be available through municipal, state or regional environmental agencies responsible for air 20 

quality or national energy agencies responsible for monitoring energy use patterns.  Be careful to note that 21 

these intensity figures may only apply to stationary combustion (likely in the case of local air quality needs) 22 

or aggregate energy use, meaning direct fuel use and electricity (likely in the case of energy agencies). 23 

 24 

A.1 Stationary Units: Direct Emissions from Stationary Fuel Combustion 25 

 26 

Stationary combustion refers to the burning of fuels—solid, liquid or gaseous—in buildings or by any 27 

equipment or machinery that is in a fixed location.  Sources of stationary combustion are located in all sectors 28 

of the economy (e.g., residential, commercial, industrial, etc.) and typically account for a large percentage of 29 

community GHG emissions.  One of the most common sources of stationary combustion is the use of a boiler 30 

or furnace that is fueled by coal, natural gas or heating oil.  These devices consume carbon-based fuels on-site, 31 

resulting in direct (Scope 1) emissions of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O).  32 

Stationary combustion can also include a variety of industrial equipment, including kilns, ovens, generators, 33 

turbines and incinerators, or any other stationary equipment that burns fuel.        34 

 35 

Inclusion protocol: 36 

Direct emissions (Scope 1) generated by stationary combustion must be reported for all fuels consumed 37 

within the community’s geopolitical boundaries.  Emissions data should be disaggregated by subsector: 38 

 Residential Buildings 39 

 Commercial/Institutional (including Municipal) Buildings and Facilities (including energy 40 

consumption in street/traffic lights and operations of treatment facilities) 41 

 Energy Use in Industrial Facilities 42 

There are two exceptional cases in this category that, if applicable, require special treatment: 43 

 44 
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 Stationary combustion at heat and power generation facilities located within the community  1 

Fuel consumed for the purpose of generating grid electricity and/or centralized heating or cooling 2 

should be reported separately under I.3.i Energy Industries Direct Emissions (Scope 1).  This will 3 

avoid emissions being counted twice when subsequently reported as indirect (Scope 2) emissions at 4 

the point of energy consumption (see A.3 Energy Industries).  Note that this separate reporting does 5 

not apply to situations in which fuel is used to generate on-site electricity or steam, which is not supplied 6 

to the grid. 7 

 8 

 Stationary combustion of non-fossil carbon bearing fuels (e.g. biomass).   9 

CO2 emissions associated with the combustion of biomass and biomass-based fuels (e.g. wood, wood 10 

residuals, landfill gas, etc.) are considered to be of biogenic origin and must be reported separately 11 

from fossil fuel combustion under V.1.i Stationary Units Indirect Emissions (Scope 3).  CH4 and N2O 12 

emissions associated with biomass combustion are not considered biogenic and must be included 13 

under Stationary Units Direct Emissions (Scope 1), disaggregated by subsector.     14 

       15 

Data Collection Requirements: 16 

Local governments will need to know: 17 

 types of fuels consumed by stationary units located within the community, ideally already separated 18 

by building type; and, 19 

 quantity (volume) of each type of fuel combusted by stationary sources in the inventory year 20 

 21 

Calculate emissions from stationary combustion using fuel use activity data and emissions factors by fuel type 22 

with the following steps: 23 

 24 

1. Determine annual consumption of each fuel combusted by stationary units, by building type. 25 

2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 26 

3. Insert emissions factors and fuels consumed and calculate emissions, by each gas. 27 

Step 1: Determine annual consumption of each fuel combusted by stationary units, by building type. 28 

Activity Data 

Recommended  Obtain real consumption data for each fuel type.  This information is typically 
monitored at the point of sale of the fuel, and should ideally be obtained from 
utility or fuel providers.   Specify for consumption data disaggregated by building 
type. 

o Where fuel consumption data by building type is unavailable, but total 
community fuel consumption data for buildings are available, apportion 
by total built space for each building type. 

o Where data are only available for a few of the total number of fuel 
suppliers, determine the population served by real data to scale-up the 
partial data for total community-wide energy consumption.  Alternately 
use built space to scale-up. 

o Where data are only available for one building type, determine a 

stationary combustion energy intensity figure by using built space of that 

building type, and use as a scaling factor with built space for the other 

building types. 

 

Alternate Utilize representative sample set of real consumption data from survey, and scale for total 
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community-wide fuel consumption: 

 While surveying for fuel consumption for each building type, determine the built 
space of the surveyed buildings for scaling factor. 

o Calculate real fuel consumption per unit of area for sample set, by 
building and/or facility type (results in [fuel consumed in Gallons, Liters, 
or MMBTU]/[square meter or square foot]). 

o Multiply by the total built space for each building type. 

 

Alternate Where real consumption data are unavailable, model energy consumption data: 

 Determine energy intensity, by building and/or facility type, expressed as energy 
used per square meter (e.g. GJ/m2/year).  Identify the year the energy intensity 
figures were determined. 

o For energy intensity figures from previous years, adjust for inventory-
year consumption data by using weather. 

o Multiply by the total built space for each building type.   
o Note: Using energy intensity figures may only provide for aggregate energy-

related activity (direct fuel combustion + electricity consumption).  This 

aggregate activity can be disaggregated if real electricity consumption data 

are available (see energy-related indirect emissions below), by subtracting 

total electricity consumption from total modeled energy usage data derived 

here, using standard units (e.g. MMBTU or GJ). 

 

Alternate Use utility-scale building fuel oil permits provided by the municipality or state for each 

building type, to determine fuel oil consumption by building type: 

 Determine the year the permits were issued, and adjust for inventory-year 
consumption data by using weather. 

o Calculate an energy intensity figure by using built space area.   
o Note: This only provides for one fuel category, and overlooks other possible 

fuels  (e.g. natural gas) consumed directly in buildings and facilities.  

Communities should look to methodologies here for a complete activity data 

set for stationary combustion. 

 

Alternate Scale regional or national fuel consumption data down using population.   

 Adjust data from previous years to the inventory-analysis year, using weather. 

 

Alternate Use recommended data obtained in a previous year and adjust for weather.   

 

 1 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 2 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

stationary combustion in buildings/facilities, typically provided by national 

environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for stationary combustion, by building type: 
o Volume 2 Energy; Chapter 2 Stationary Combustion: 

 Residential Buildings: Table 2.5 
 Commercial/Institutional Facilities: Table 2.4 
 Industrial Energy Use: Table 2.3 
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 1 

Step 3: Insert emissions factors and fuels consumed and calculate emissions, by each gas. 2 

Equation A.1a Stationary Units: Direct Emissions from Stationary Fuel Combustion 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b = Fuel consumed in volume (e.g. gallons, liters, cubic 

meters, etc.), by fuel type for each building type 

User Input (see 

Activity Data) 

a = Fuel type (e.g.  natural gas, propane, fuel oil, etc.) User Input 

b = Building type (e.g. residential, 

commercial/institutional, industrial) 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type for each building type 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type for each building type 

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type for each building type 

User Input (see 

Emissions Factor) 

 

 3 

A.2 Stationary Units: Indirect Emissions from Grid-Supplied Energy Consumption 4 

 5 

Depending on the sources of energy generation, emissions associated with the use of grid-supplied (utility-6 

delivered) electricity, heating and/or cooling can represent a significant source of community GHG emissions.  7 

Electricity is the most common form of grid-supplied energy, used in almost all homes, offices, other 8 

buildings, and outdoor lighting.  Grid-supplied energy in the form of direct steam (heating) and/or chilled 9 

water (cooling) are typically provided by district energy systems. 10 

 11 

Unlike stationary fuel combustion, which generates GHG emissions directly at the point of energy 12 

consumption, the emissions associated with the use of grid-supplied energy (e.g. electricity, district heating 13 

and/or cooling) are produced off-site at the facility where the energy is generated.  For this reason, emissions 14 

from the community’s consumption of grid-supplied energy are reported as an energy-related indirect source 15 

of emissions (Scope 2), regardless of where the generation occurs.   16 

 17 

Because this approach examines grid-supplied energy from the consumption perspective, communities are 18 

encouraged to develop local-specific energy emissions coefficients (emissions factors for each unit of 19 

electricity, heating, and/or cooling consumption).  This requires an understanding of where the community 20 

receives its grid-supplied energy.  Oftentimes communities may procure energy at bulk contract; information 21 

about these contracts can help support this type of inquiry.  This is further described under the emissions 22 

factor methodology of this section. 23 
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 1 

Note: This distinction is also applied to steam, heat and cooling that is supplied by a combined heat and power 2 

(CHP) or district energy system.  3 

 4 

Transmission and distribution losses 5 

Grid-supplied electricity experiences transmission and distribution losses, whereby some of the electricity 6 

produced at the power station is lost during delivery to end consumers.  Emissions associated with these 7 

transmission and distribution losses are already included when determining emissions from energy-8 

generating facilities located within the community’s geopolitical boundaries, where they exist.  These 9 

emissions are reported under I.3.i Energy Industries Direct Emissions (Scope 1), covered in section A.3 below. 10 

 11 

Inclusion protocol:  12 

Indirect emissions (Scope 2) must be reported for all grid-supplied electricity, heat, cooling and steam 13 

consumed within the community’s geopolitical boundary.  Emissions data should be disaggregated by 14 

subsector: 15 

 Residential Buildings 16 
 Commercial/Institutional (including Municipal) Buildings and Facilities (including energy 17 

consumption in street/traffic lights and operations of treatment facilities) 18 
 Energy Use in Industrial Facilities 19 

 20 

Data Collection Requirements: 21 

Local governments will need to know: 22 

 The amount of utility-delivered electricity, heating and/or cooling consumed within the community, 23 
segregated by residential buildings, commercial/institutional facilities, and industrial energy use 24 
where possible 25 

 The carbon intensity (emissions factor) of the electricity, heating and/or cooling energy consumed 26 
 27 

To calculate energy-related indirect emissions from utility-delivered electricity, heating and/or cooling, 28 

follow these three steps: 29 

1. Determine annual consumption of electricity, district heating, and/or cooling energy, by building 30 
type. 31 

2. Determine the emissions factors to apply to the electricity, district heating and/or cooling energy 32 
consumed. 33 

3. Insert emissions factors and energy consumption data and calculate GHG emissions, by gas. 34 
 35 

Step 1: Determine annual consumption of electricity, district heating, and/or cooling energy, by building type. 36 

Activity Data 

Recommended Obtain real consumption data from utility providers for electricity, heating and/or cooling: 

 Identify all utilities that provide grid-supplied end-use energy for the community. 
 Specify for consumption data disaggregated by building type. 

o Where consumption data by building type is unavailable, but total 
community energy consumption data for buildings are available by 
energy type, apportion by total built space for each building type.  

o Where data are only available for a few of the total number of energy 
utilities, determine the population served by real data to scale-up for total 
community-wide energy consumption.  Alternately use built space as the 
scaling factor. 

o Where data are only available for one building type, determine an energy 

end-use intensity figure by using built space of that building type, and use 

as a scaling factor with total built space for the other building types. 
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Alternate Utilize representative sample set of real consumption data from survey, and scale for total 

community-wide fuel consumption: 

 While surveying for electricity consumption by building type, determine the built 
space of the surveyed buildings for scaling factor. 

o Calculate real energy consumption per unit of area for sample set, by 
building and/or facility type (results in [energy used, MWh or GJ]/[square 
meter or square foot]). 

o Multiply by the total built space for each building type. 

 

Alternate Where real consumption data are unavailable, model energy consumption data: 

 Determine energy intensity, by building and/or facility type.  This is typically 
provided by a national energy agency in energy used per square meter (e.g. 
GJ/m2/year).  Identify the year the energy intensity figures were determined. 

o For energy intensity figures from previous years, adjust for inventory-
year consumption data by using weather. 

o Multiply by the total built space for each building type.   
o Note: Using energy intensity figures may only provide for aggregate energy-

related activity (direct fuel combustion + electricity consumption).  This 
aggregate activity can be disaggregated if real fuel consumption data are 
available (see direct emissions above), by subtracting total fuel 
consumption from total modeled energy usage data derived here, using 
standard units (e.g. MMBTU or GJ).  

 

Alternate Scale regional or national consumption data down using population. 

 Adjust data from previous years to the inventory-analysis year, using weather. 

 

Alternate Use recommended data obtained in a previous year and adjust for weather.  

 

 1 

Step 2: Determine the emissions factors to apply to the electricity, district heating and/or cooling energy 2 

consumed. 3 

Emissions Factor 

Recommended Develop a locally-specific emissions factor for each energy type: 

 Identify all utilities that provide grid-supplied end-use energy for the community. 
 Determine the quantity of energy supplied by each utility in total energy units (e.g. 

GJ or MWh). 
 Inquire with each utility provider if they have already calculated the carbon 

intensity of energy supplied to the grid. 
o If there is more than one utility provider, calculate a weighted average 

(aggregate emissions factor) of the energy’s carbon intensity apportioning 
based upon the amount of energy each utility supplies to the community 
as identified in equation A.2a below to determine the community’s local-
specific energy emissions factor. 

 Where utilities cannot provide a carbon intensity of their energy generation, 
estimate one based on fuel types: 

o Request the primary fuel used by the facility and reference your national 
energy or environmental agency for a national average carbon intensity, 
typically expressed as “tonnes CO2e per MWh” (or other energy unit, like 
MMBTU) for each fuel type used in combustion for energy generation.   

 Follow quantification guidance in equation A.2a below to determine the 
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community’s local-specific energy emissions factor. 

 

Alternate  Use a regional electricity carbon intensity/emissions factor, typically provided by 

a national energy or environmental agency in emissions released per energy unit 

consumed (e.g., tCO2e/MWh).  

 

Alternate  Use a national electricity carbon intensity/emissions factor, typically provided by 

a national energy or environmental agency in emissions released per energy unit 

consumed (e.g., tCO2e/MWh). 

 

 1 

Equation A.2a  Deriving a weighted average energy emissions factor 

 

AggregateEF =  

 

Description   Value 

AggregateEF = Total weighted emissions factor per energy type Computed 

%Energy from Utilityn = Percentage of total energy consumed by the 

community, delivered by utility or energy generation 

facility (provider) 

User Input (see 

Emissions Factor) 

UtilityEFn = Utility-supplied emissions factor expressed as by gas 

or as CO2e per energy unit (e.g. KWh, GJ, or MMBTU, 

etc.) 

User Input (see 

Emissions Factor) 

n = Number of providers supplying energy to the 

community 

User Input 

 

 2 

Note: Carbon intensities/emissions factors provided in units that differ from units in which energy consumption 3 

data are provided will require conversion.  For example, if electricity carbon intensity is provided in 4 

“CO2e/MMBTU” and electricity consumption data are provided in MWh, MMBTU must be converted to MWh.  5 

The standard 1 MWh = 3.412 MMBTU conversion may be applied to convert electricity only. 6 

 7 

Step 3: Insert emissions factors and energy consumption data and calculate GHG emissions, by gas. 8 

Equation A.2b  Stationary Units: Indirect Emissions from Grid-Supplied Energy Consumption 

 

CO2e Emissions =  

 

Description   Value 

Emissions = Total CO2e emissions from utility-delivered 

electricity, heating and/or cooling 

Computed 

Energya,b = Electricity, heating and/or cooling consumed by 

units of energy (e.g. KWh, GJ, or MMBTU, etc.) 

User input (see 

Activity Data) 

CO2eEmissionsFactora,b = CO2e per unit of energy User input (see 

Emissions Factor)  

a = Energy type (e.g. electricity, heating, or cooling) User Input 

b = Building type (e.g. residential, commercial, etc.) User Input 
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 1 

A.3 Energy Generation 2 

 3 

Communities may have stationary facilities located within their geopolitical boundaries that generate energy 4 

by combusting fossil fuels that result in GHG emissions released within the community’s geopolitical 5 

boundary.  The energy produced by these facilities is supplied to a grid and may be consumed by entities (e.g. 6 

lights in buildings, electric trains, industrial facilities and equipment) located within the community or may 7 

be exported for consumption by other communities. 8 

 9 

Note: Emissions associated with the consumption of grid-supplied electricity, heating and/or cooling by 10 

buildings located within the community’s geopolitical boundaries have been accounted for under Stationary 11 

Units Energy Indirect Emissions (by building type) covered in A.2 above.  Single process emissions associated 12 

with waste-to-energy facilities are reported under III Waste. 13 

 14 

Inclusion Protocol: 15 

Direct (Scope 1) emissions associated with grid-supplied (utility-scale) energy generation must be reported 16 

for all electricity, heating and/or cooling facilities located within the geopolitical boundary of the community, 17 

regardless of whether that energy is consumed within the community’s geopolitical boundaries or exported 18 

for consumption outside of the community. 19 

 20 

Communities that do not have energy producing facilities located within their geopolitical boundaries may 21 

note these emissions sources as “Not Occurring.” 22 

 23 

Note: Oftentimes the energy generating facilities use some of the energy in the operation of the energy 24 

generating facility itself (e.g. to power the lights of the facility).  Where possible and available, these emissions 25 

can be reported as indirect emissions under I.3.ii Energy Industries Energy Indirect Emissions (Scope 2).  26 

Although, these emissions are oftentimes negligible and fall below the de minimis threshold. 27 

 28 

Data Collection Requirements: 29 

Local governments will need to know: 30 

 If there are energy generating plants located within the community’s geopolitical boundaries 31 
 The types of fuels used to produce electricity, heating, and/or cooling at the plants 32 
 The amount of fuel (volume) used to produce energy at these plants or the amount of energy 33 

generated at these facilities 34 
 35 

To calculate Scope 1 emissions associated with the production of utility-scale electricity, heating and/or 36 

cooling, follow these steps: 37 

1. Determine the types and quantity (volume) of fuels consumed at energy producing facilities. 38 
2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 39 
3. Insert emissions factors and fuels consumed and calculate GHG emissions, by gas. 40 

 41 

Step 1: Determine the types and quantity (volume) of fuels consumed at energy producing facilities. 42 

Activity Data 

Recommended Obtain real consumption data for each fuel type consumed for energy generation:   

 This information is typically monitored at the energy generation facility and may 
be obtained from the utilities that operate the energy generation facility. 

o Alternately, regional or national environmental agencies often monitor 
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energy generation facilities for air and water quality purposes and may be 

able to provide real data on fuel types and quantities consumed in 

operations. 

 

Alternate Estimate emissions directly from total energy generation and fuel type: 

 Obtain the total energy generated by each facility in the inventory year and the 
primary fuel used to generate that energy, for example 500,000,000 KWh of 
electricity generated at one facility during the inventory year by a coal-fired power 
plant.  Data are typically obtained by inquiring with the facility operator or 
regional or national environmental agencies that monitor energy generation 
facilities for air and water quality purposes and may be able to provide real annual 
energy generation data and fuel types. 

o Where this information is unavailable, reference the nameplate capacity 
of the facility, for example a 10 MW coal-fired power plant. 

o Determine the capacity factor of the facility (real energy output during the 
inventory year expressed as a percentage of the nameplate capacity), by 
inquiring to the operator or regional or national environmental agencies 
that monitor energy generation facilities for air and water quality 
purposes.   

o If none is available, assume the plant operates at a 100% capacity factor.  
o Determine total energy generated by multiplying the nameplate capacity 

times 24 hours a day times 365 days a year times the capacity factor.  
 Inquire to the facility for the primary fuel type burned at the facility and reference 

your national energy or environmental agency for a national average carbon 
intensity, typically expressed as “tonnes CO2e per MWh” (or other energy unit, like 
MMBTU) for each fuel type used in combustion for energy generation.   

 Aggregate the total energy generated by fuel type, for electricity, heating, and 
cooling 

 Follow quantification guidance in equation A.3b below. 

 

Alternate Use recommended data obtained in a previous year and adjust for weather.   

 

Alternate Estimate the facility’s GHG emissions by determining its size/age/technology and 

comparing this to another (similar) facility where emissions data exist.    

 CARMA that allows users to view/query info on GHG emissions associated with 

50,000 power stations around the world. 

 See: http://carma.org/plant 

 

 1 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 2 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

stationary combustion in energy generation, typically provided by national 

environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for stationary combustion: 
o Volume 2 Energy; Chapter 2 Stationary Combustion; Energy Industries: 

Table 2.2 
 

http://carma.org/plant
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 1 

Step 3: Insert emissions factors and fuels consumed and calculate GHG emissions, by gas. 2 

Equation A.3a Energy Generation: Direct Emissions 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b = Fuel consumed in volume (e.g. gallons, liters, cubic 

meters, etc.), by fuel type for each energy type 

User Input (see 

Activity Data) 

a = Fuel type (e.g.  natural gas, coal, fuel oil, etc.) User Input 

b = Energy type (electricity, heating, or cooling) User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type for each energy type 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type for each energy type 

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type for each energy type 

User Input (see 

Emissions Factor) 

 

 3 

Equation A.3b Energy Generation: Direct Emissions, Alternate Methodology 

 

CO2e Emissions =  

 

Description   Value 

CO2e Emissions = Total CO2e emissions from energy generation Computed 

Energy Generateda,b = Total energy generated, by energy type and fuel type User Input (see 

Activity Data 

CO2eEmissionsFactora,b = CO2e per unit of energy generated (e.g. kg 

CO2e/MWh) 

User Input (see 

Activity Data) 

a = Fuel type (e.g. coal, oil, natural gas, etc.) User Input 

b = Type of energy generated (electricity, heating and/or 

cooling) 

User Input 

 

  4 
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B. Mobile Units  1 

 2 

Mobile combustion refers to the burning of fuels by transportation devices and mobile equipment or 3 

machinery.  Sources of mobile combustion include on- and off-road vehicles, as well as rail, air and water 4 

transport systems.  Emissions from these sources can be produced directly from fuel consumed by vehicles or 5 

indirectly through utility-delivered electricity.  6 

 7 

B.1 On-Road Transportation 8 

 9 

On-road vehicles are designed for transporting people, property or material on common or public roads, 10 

thoroughfares or highways.  This category includes passenger cars, light trucks, vans and sport utility 11 

vehicles, commercial vehicles, buses, freight trucks, motorcycles, mopeds and motorhomes.  An internal 12 

combustion engine that burns gaseous or liquid fuel typically powers on-road vehicles.  The combustion of 13 

these fuels produces direct emissions (Scope 1) of carbon dioxide (CO2), methane (CH4), and nitrous oxide 14 

(N2O), often referred to collectively as tailpipe emissions.  On-road vehicles powered by utility-delivered 15 

electricity produce indirect emissions (Scope 2) associated with the generation of grid electricity.     16 

 17 

Inclusion protocol: 18 

Direct emissions (Scope 1) must be reported for all on-road transportation (tailpipe emissions) occurring 19 

within the community’s geopolitical boundary.  Where relevant and possible, energy-related indirect 20 

emissions (Scope 2) should also be reported for on-road transportation (e.g. electric vehicle energy 21 

consumption).  If electricity consumption data are available for this source, quantification should follow that 22 

of stationary units, provided the electricity is grid-supplied. 23 

 24 

Commuting trips in large metropolitan areas typically transcend the geopolitical boundaries of the 25 

community, as drivers move to and from other communities in the region.  The current standard promotes a 26 

boundary-limited methodology as a basic approach.  A more advanced approach, known as the origin-27 

destination accounting methodology is currently being evaluated and tested in select cities.  The origin-28 

destination approach uses regional on-road transportation modeling to identify 100% of all trips which both 29 

begin and end within a jurisdiction (Scope 1), 50% of all trans-boundary trips which either begin or ends 30 

within a jurisdiction (Scope 3) and none of the on-road transportation trips which pass through the 31 

boundary.  This accounting approach includes trans-boundary on-road transportation in the region, thus 32 

reflecting suburban-urban commuter activity.  These emissions largely overlap with the GPC standard 33 

methodology, thus care should be taken not to double count. 34 

 35 

At a minimum, local governments should calculate the total in-boundary tailpipe emissions from on-road 36 

transportation and report them under II.1.i On-Road Transportation Direct Emissions (Scope 1).   Emissions 37 

calculated using the origin-destination model if quantified, should be itemized separately and reported under 38 

the Optional-Mobile Units category.  Those emissions from trips that both originate and end within the 39 

geopolitical boundary of the community should be reported as direct emissions (Scope 1) and those trips 40 

which transcend the community’s geopolitical boundary may be reported as indirect emissions (Scope 3) 41 

with descriptive itemized emissions source titles, such as “On-Road Transportation (from trips that originate 42 

and end within the community) Scope 1” for trips within the boundary and “On-Road Transportation (from 43 

trips that originate or end within the community) Scope 3” for trans-boundary trips. 44 

 45 

Data Collection Requirements: 46 

Local governments will need to know: 47 



GLOBAL PROTOCOL FOR COMMUNITY-SCALE GHG EMISSIONS (GPC) 

42 

 

 The types of vehicles operated on roads and highways within the community and their respective 1 
fuel economies 2 

 Total vehicle kilometers (or miles, abbreviated as VKT or VMT) traveled by vehicles within the 3 
community 4 

 The types of fuels consumed by vehicles on community roads (e.g. gasoline, diesel, etc.) 5 
 6 
If modeled data are unavailable as above, local governments will need to know: 7 

 The quantity (volume) and types of fuel consumed by vehicles operating within the community  8 
 9 
To calculate emissions from on-road transportation vehicle use, follow these steps: 10 

1. Determine the amount of fuel consumed by fuel type for on-road transportation, by vehicle class: 11 
a. These can include cars, SUVs, light trucks, heavy-duty trucks, etc. 12 
b. Vehicle classifications may vary between regions or countries. 13 

2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 14 
3. Insert fuel consumption figures and emissions factors and quantify annual GHG emissions, by gas. 15 

 16 

Step 1: Determine the amount of fuel consumed by fuel type for on-road transportation, by vehicle class: 17 

Activity Data 

Recommended Use modeled distance traveled data, using distinctions for vehicle class:  

 Modeled or estimated on-road miles or kilometers traveled (VKT or VMT) data are 
typically provided by a regional government or planning authority.  These figures 
reflect the distances traveled by all drivers of on-road vehicles within the 
geopolitical boundary during the inventory year, and are typically broken down by 
vehicle type. 

o Some models may provide the number of trips taken in the traffic analysis 
zone (TAZ), provided by “links” of street lengths.  Where model data are 
provided as such, each link length should be determined through maps or 
inquiring with the modeling agency, and multiplied by the number of trips 
to establish total annual distance traveled.  Vehicle type breakdowns 
should be maintained here. 

o If data are provided on a regional basis, which supports the origin-
destination approach, spatial allocation of distances traveled can be 
apportioned based upon the population served by the region’s model and 
the population of the community, to derive an in-boundary number. 

o Note: Regional data may provide capacity to additionally report trans-
boundary commuting trips using origin-destination approach.  

 Obtain respective vehicle type fuel economy figures for vehicle classes provided in 
modeled distance traveled data, as distance traveled per unit of fuel consumed 
(e.g. miles/gallon or kilometers/liter): 

o Where makes, models, and model year of registered vehicles in the 
community are available, a locally-specific fuel economy figure should be 
calculated by matching registered vehicles with their respective listed fuel 
economies and deriving an average, by vehicle class. 

o National or regional average fuel economy figures for vehicles operated 
during the inventory year are typically available from regional 
transportation agencies (e.g. vehicle registration data) or national energy 
agencies. 

 Follow quantification guidance in equation B.1a below. 

 

Alternate Obtain direct consumption data from sales data at fuel dispensing facilities and/or 

distributors within the community, by fuel type. 

 Allocate total fuel sales by vehicle class.  Apportioning factors can be determined 
by distribution of vehicle registrations, by vehicle class.  Preference should be 
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given to registrations within the community, then state or region, and finally 
national. 

 Oftentimes a strictly in-boundary consumption figure is unavailable, and data are 

only available at the regional scale (through distributors).  This data should be 

scaled-down by using population. 

 

Alternate Use national or regional mobile on-road fuel consumption data and scale down using 

population. 

 

 1 

Equation B.1a  On-Road Vehicle Fuel Consumption from VMT or VKT 

 

=  

 

Description   Value 

Fuela,b = Total fuel consumed (volume) by on-road vehicles Computed 

DistanceTraveleda,b = Total annual distance traveled in miles or kilometers User Input (see 

Activity Data) 

FuelEconomya,b = Average fuel economy expressed in miles per gallon or 

kilometers per liter 

User Input (see 

Activity Data) 

a = Fuel type (e.g. gasoline, diesel, compressed natural gas, 

etc.) 

User Input 

b = Vehicle type, where possible to obtain (e.g. passenger 

car, truck, etc.) 

User Input 

 

 2 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 3 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

mobile combustion in on-road transportation, typically provided by national 

environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for road transportation: 
o Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.2 Road 

Transportation; CO2 Table 3.2.1 and CH4 and N2O Table 3.2.2 (3.2.3 for 

more advanced calculations). 

 

 4 

Step 3: Insert fuel consumption figures and emissions factors and quantify annual GHG emissions, by gas. 5 

Equation B.1b  On-Road Vehicle Fuel Consumption Direct Emissions 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 
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CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b 

 

= Total fuel consumed (volume) by on-road vehicles, by 

fuel type for each vehicle class 

User Input (see 

Activity Data) 

a = Fuel type (e.g. gasoline, diesel, compressed natural 

gas, etc.) 

User Input 

b = Vehicle class, where possible to obtain (e.g. 

passenger car, truck, etc.) 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type for each vehicle class 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type for each vehicle class 

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type for each vehicle class 

User Input (see 

Emissions Factor) 

 

 1 

B.2 Railways (Including urban metro/rail transport systems) 2 

 3 

Railways in the community-scale context refer to emissions from urban rail-based transit systems (e.g. the 4 

Hong Kong underground transit system), regional commuter rail transport, national, and international rail 5 

systems.  Railways can be used to transport people and goods (i.e. freight), and are powered by a locomotive 6 

typically using energy through combustion of diesel fuels or electricity (known as traction). Emissions from 7 

energy used for transportation by rail systems, which serve passenger transport and freight needs often 8 

occur on an inter-city basis, and the 2012 Standard recommends consistency with how On-Road 9 

Transportation is accounted above, by limiting activity data to the geopolitical boundaries of the community.   10 

Further quantification and reporting of inter-city rail transport trips that originate and end in the community 11 

can be provided as optional information. 12 

 13 

Inclusion protocol: 14 

Direct (Scope 1) and indirect (Scope 2) emissions must be reported for all railways operating within the 15 

community.  In cases where a railway is operated as part of a larger inter-city transit or rail system, emissions 16 

(or activity data) should be apportioned using one of the variables (e.g. distance traveled) within the 17 

geopolitical boundaries of the community.   18 

 19 

Rail trips can transcend the geopolitical boundaries of the community, to and from other communities, as rail 20 

systems are typically linked into regional, national, and international networks.  The current standard 21 

promotes a boundary-limited methodology as a basic approach.  As with on-road transportation, an origin-22 

destination approach identifies 100% of all trips which both begin and end within a jurisdiction (Scope 1), 23 

50% of all trans-boundary trips that either begin or end within a jurisdiction (Scope 3) and none of the trips 24 

that pass through the boundary.  This accounting approach includes trans-boundary rail in the region, thus 25 

reflecting suburban-urban commuter activity.  26 

 27 

At a minimum, local governments should calculate the total in-boundary emissions from railways and report 28 

them under II.2 Mobile Units, Railways Direct and Energy Indirect Emissions (Scope 1 and 2), based on 29 

whether they are powered by electric or combustion locomotives.   Emissions calculated using the origin-30 

destination model should be itemized separately and reported under the Optional-Mobile Units category.  31 
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Those emissions from trips that both originate and end within the geopolitical boundary of the community 1 

should be reported as direct emissions (Scope 1) and those trips which transcend the community’s 2 

geopolitical boundary may be reported as indirect emissions (Scope 3) with descriptive itemized emissions 3 

source titles, such as “Railways (from trips that originate and end within the community)” for trips within the 4 

boundary and “Railways (from trips that originate or end within the community)” for trans-boundary trips. 5 

 6 

Data Collection Requirements: 7 

Local governments will need to know: 8 

 Railways which exist within the community, service to and from the community, and how they are 9 
powered 10 

 Quantity (volume or energy units) of each type of fuel or energy consumed 11 
 12 

To calculate emissions from railways, follow these steps: 13 

1. Identify the various railways servicing the community, and their energy sources (in electric trains, 14 

identify if the electricity is grid-supplied), application, including freight, subway, regional transit, 15 

amongst others. 16 

2. Determine the quantity of energy consumed by railways within the community’s geopolitical 17 

boundary: 18 

a. Fuel volumes by fuel type used in combustion locomotives. 19 

b. Electricity to power trains, trams, and other electrified rail options. 20 

3. Determine appropriate emissions factors by energy type. 21 

4. Insert emissions factors and activity data and calculate GHG by energy type and railway application, 22 

where possible (e.g. freight, subway, inter-city transit). 23 

Step 1: Identify the various railways servicing the community, and their energy sources, maintaining 24 

separation by application, where possible: 25 

Energy type Scope 

Fuel combustion 1 

Grid-delivered electricity 2 

 26 

Note: Rail fuel combustion is typically diesel, but may include CNG or biofuels.  Per annotation on biofuels above, 27 

only the CH4 and N2O from biofuel consumption are included for quantification.  CO2 from biofuel consumption 28 

may optionally be reported as a Scope 3 source under Optional-Mobile Units, and should be itemized with an 29 

appropriate title, such as “Railways Biofuel Consumption CO2.”  30 

 31 

Railways powered by an internal combustion engine (Direct emissions) 32 

 33 

Step 2: Determine the quantity of energy consumed by railways within the community’s geopolitical 34 

boundary: 35 

Activity Data 

Recommended Obtain real fuel consumption data from the railway operator(s), and fuel types: 

 Specify by application (e.g. transit system, freight, etc.) 
 Where fuel consumption data for the geopolitical boundary is unavailable, but 

total fuel consumed by the regional transit system is available, allocate 
consumption with one of two apportioning methods: 

o Based upon the population served by the region’s model and the 
population of the community, to derive an in-boundary number. 

o Based upon the share of transit revenue service miles served by the 
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region (utilize data on scheduled stops and length of the railway) and 

the number of miles that are within the community’s geopolitical 

boundary, to derive an in-boundary number. 

 

Alternate  Survey rail companies for real fuel consumption and amount of goods or people 
moved (movement driver). 

 Calculate real fuel consumption per tonne of freight and/or per person (e.g. 
gallons of diesel per person). 

 Scale-up to community total using movement driver data (e.g. tonnes freight 
and/or people movement). 

 Total community activity may be determined through local, state, or 

national statistics or transportation agencies for the community. 

 

Alternate Scale national level data down using population.   

 

 1 

Step 3: Determine appropriate emissions factors by energy type. 2 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

mobile combustion in locomotives/railways, typically provided by national 

environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for railways: 
 Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.4 Railways; 

Table 3.4.1. 

 

 3 

Step 4: Insert emissions factors and activity data and calculate GHG emissions, by gas. 4 

Equation B.2a  Direct emissions from railways 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b 

 

= Total fuel consumed (volume) by locomotives, by fuel 

type and railway application 

User Input (see 

Activity Data) 

a = Fuel type (typically only diesel, but may have biofuels 

or CNG) 

User Input 

b = Railway application (e.g. regional transit, freight, 

subway, etc.) 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type for each vehicle class 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg User Input (see 
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N2O/L), by fuel type for each vehicle class Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type for each vehicle class 

User Input (see 

Emissions Factor) 

 

 1 

Railways powered by utility-delivered electricity (Energy indirect emissions) 2 

 3 

Step 2: Determine the quantity of energy consumed by railways within the community’s geopolitical 4 

boundary: 5 

Activity Data 

Recommended Obtain real electricity consumption data from the railway operator(s): 

 Specify by application (e.g. transit system, freight, etc.) 
 Where electricity consumption data for the geopolitical boundary is unavailable, 

but total electricity consumed by the regional transit system is available, allocate 
consumption with one of two methods: 

o Based upon the population served by the region’s model and the 
population of the community, to derive an in-boundary number. 

o Based upon the share of transit revenue service miles served by the 

region (utilize data on scheduled stops and length of the railway) and 

the number of miles that are within the community’s geopolitical 

boundary, to derive an in-boundary number. 

 

Alternate Survey rail companies for real fuel consumption and amount of goods or people moved 

(movement driver). 

 Calculate real fuel consumption per tonne of freight and/or per person (e.g. 
gallons of diesel per person). 

 Scale-up to community total using movement driver data (e.g. tonnes freight 
and/or people movement). 

o Total community activity may be determined through local, state, or 

national statistics or transportation agencies for the community. 

 

Alternate Scale national level data down using population.   

 

 6 

Step 3: Determine appropriate emissions factors by energy type. 7 

Emissions Factor 

Recommended  Identify if electricity for railway operations are grid-supplied: 
o If grid-supplied, apply the same emissions factor derived in A.2 above. 
o If not, see alternate emissions factor. 

 

Alternate  If electricity supplied for railway use is supplied through a special arrangement 

with the railway operator(s), contact the operator(s) or their utility provider to 

ascertain the carbon intensity of that electricity supply. 

 

 8 

Step 4: Insert emissions factors and activity data and calculate GHG emissions, by gas. 9 

Equation B.2b Energy indirect emissions from railways 
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CO2eEmissions =  

 

Description   Value 

CO2eEmissions = Total CO2e emissions from electricity consumption in 

railways 

Computed 

ElectricityUsage = Total annual electricity consumption by railways within 

the community’s geopolitical boundary 

User Input (see 

Activity Data) 

ElectricityEF = Emissions factor for electricity consumption by 

railways 

User Input (see 

Emissions Factor) 

a = Railway application (e.g. inter-city freight, subway, etc.) User Input 

 

 1 

B.3 Water-Borne Navigation 2 

 3 

Water-borne navigation refers to emissions resulting from ships, ferries, and other boats operating within the 4 

community’s geopolitical boundary as well as those marine-vessels whose journeys originate or end at ports 5 

within the community’s geopolitical boundary, but travel to destinations outside of the community.  Seaports 6 

and marinas can be a significant source of emissions but present similar complexities as those associated with 7 

air travel, covered below, as a significant portion of the emissions from inter-city ships occurs outside of the 8 

geopolitical boundaries of the community.  Ports and marinas, like airports, also typically serve a greater 9 

regional population. 10 

 11 

Nevertheless, this standard requires that communities account for freight and passenger ships that embark 12 

and arrive from ports located within the community. 13 

 14 

Inclusion Protocol: 15 

Direct emissions (Scope 1) must be accounted and reported for all water-borne navigation originating and 16 

ending within the community’s geopolitical boundary.  Indirect emissions (Scope 3) from inter-city domestic 17 

marine trips and international marine trips originating at ports located within the community’s geopolitical 18 

boundary must be accounted and reported as well.  Where possible, communities should ascertain if ships 19 

(not ports, but the marine-vessels themselves) or boats use electricity while docked at the port.  These 20 

emissions should be reported under II.3.ii Water-Borne Navigation, Energy Indirect Emissions (Scope 2) and 21 

can be estimated by using the grid-supplied electricity emissions factor derived in A.2 and obtaining real 22 

electricity consumption data by the port operator(s). 23 

 24 

Oftentimes the separation of data between strictly in-city, inter-city, and international marine activity may be 25 

difficult to obtain.  The ports or marinas servicing boats or ships should indicate whether they service local, 26 

national, or international needs, but where this information is difficult to obtain, all activity and emissions 27 

should be reported under II.3.iv Water-Borne Navigation, Indirect Emissions from International Marine Trips.   28 

At the very least, indication of whether the port services international needs can be inferred by whether or 29 

not the port has customs and/or immigration officers stationed there. 30 

 31 

Communities that do not have ports located within the geopolitical boundary may note these emissions 32 

sources as “Not Occurring.” 33 

 34 

Note: Fuel use data is disaggregated from national and international trips in this analysis because of 35 

UNFCCC/IPCC reporting requirements.  Under the 2006 IPCC Guidelines, national governments are required to 36 
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calculate domestic (trips occurring within the geopolitical boundary of the country) water-borne navigation and 1 

aviation trips, while international trips are designated as optional. 2 

 3 

Data Collection Requirements: 4 

Local governments will need to know: 5 

 The types of fuels consumed in water-borne navigation for trips that originate at ports located within 6 
the community’s geopolitical boundary. 7 

 Quantity (volume or energy) of each type of fuel loaded onto these water-borne vessels as they begin 8 
their trips. 9 

 Whether the water-borne navigation trips are in-city, nationally domestic, or international trips. 10 
 11 
Calculating emissions from water-borne navigation involves the following steps: 12 

1. Determine the fuel volumes by fuel type used in water-borne navigation, separated by 13 
geographic scale of the activity (whether the navigation is in-city, national, or international). 14 

2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 15 
3. Insert emissions factors and activity data and calculate GHG emissions, by gas. 16 

 17 
Step 1: Determine the fuel volumes by fuel type used in water-borne navigation, separated by geographic 18 

scale of the activity (whether the navigation is in-city, national, or international). 19 

Activity Data 

Recommended  Obtain total real fuel sales estimates of fuel loaded onto marine vessels by 
inquiring with shipping companies, fuel suppliers (e.g. quantity of fuels delivered 
to port facilities), or individual port and marine authorities, separated by 
geographic scale of activity. 

o Where a representative sampling survey is used, identify the driver of 
activity at the sample site (e.g. tonnes of freight or number of people), and 
use driver information to scale-up the activity data to the community-
scale. 

o Total community activity may be determined through local, state, or 
national statistics or transportation agencies for the community. 

 Where in-city water-borne navigation real fuel consumption data are unavailable: 
o Use ferry movement schedules to calculate distances traveled 
o Utilize fuel economy figures for boats 
o Estimate total fuel consumption based upon similar methodology 

employed by on-road vehicles in equation B.1a. 

 

Alternate  Scale national level data down using population or GDP/capita.   
o National marine navigation data may be found through national maritime 

(marine) administration agencies (e.g. US FMC). 

 

 20 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 21 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

mobile combustion in boats, ships, and other marine-borne navigation, typically 

provided by national environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for water-borne navigation: 
o Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.5 Water-Borne 

Navigation; CO2 Table 3.5.2 and CH4 and N2O Table 3.5.3. 
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 1 

Step 3: Insert emissions factors and activity data calculate GHG emissions, by gas. 2 

Equation B.3a Water-Borne Navigation 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b 

 

= Total fuel consumed (volume) by marine vessels, by 

fuel type and geographic scale 

User Input (see 

Activity Data) 

a = Fuel type (e.g. gasoline, diesel, compressed natural 

gas, etc.) 

User Input 

b = Geographic scale, where possible designate between 

within the community’s boundary, domestic, or 

international marine trips 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

 

 3 

B.4 Aviation 4 

 5 

Aviation refers to air-borne trips occurring within the community itself (e.g. helicopters operating within the 6 

city), but also airplane trips originating at airports located within the community’s boundaries.  These trips 7 

can be domestic or international, and must also be accounted for in the GHG inventory.  Civil aviation, or air 8 

travel, can be a significant source of emissions.  Currently the IPCC does not require the reporting of 9 

international air travel as part of a national inventory.  Additionally, a significant amount of emissions 10 

associated with air travel occur outside the community’s territory, and airports located within a community, 11 

or under control of the local government jurisdiction, typically service the greater region in which the 12 

community exists.  These complexities make it difficult to properly account for and attribute aviation 13 

emissions. 14 

 15 

Nevertheless, this standard establishes guidance that communities should account for air travel originating 16 

from airports serving the community. 17 

 18 

Inclusion Protocol: 19 

Direct emissions (Scope 1) must be accounted and reported for all aviation trips occurring and ending within 20 

the community’s geopolitical boundary (these will probably only be helicopter trips).  Indirect emissions 21 
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(Scope 3) from domestic aviation trips (inter-city) and international aviation trips originating at airports 1 

located within the community’s geopolitical boundary must be accounted and reported as well. 2 

 3 

Oftentimes, the separation of data between strictly in-city, inter-city, and international aviation may be 4 

difficult to obtain.  Classification of the airports should indicate whether they service local, national, or 5 

international needs, but where this information is difficult to obtain all activity and emissions should be 6 

reported under II.4.iv Aviation, Indirect Emissions from International Flights.   At the very least, international 7 

airports can be identified by whether the airport has customs and/or immigration officers stationed there. 8 

 9 

Communities that do not have airports located within its geopolitical boundary may note these emissions 10 

sources as “Not Occurring. 11 

 12 

Note: Fuel use data is disaggregated from national and international trips in this analysis because of 13 

UNFCCC/IPCC reporting requirements.  Under the 2006 IPCC Guidelines, national governments are required to 14 

calculate domestic (trips occurring within the geopolitical boundary of the country) water-borne navigation and 15 

aviation trips, while international trips are designated as optional. 16 

 17 

Data Collection Requirements: 18 

Local governments will need to know: 19 

 Types of fuels consumed in aviation trips that originate from airports within the community’s 20 
geopolitical boundaries. 21 

 Quantity (volume or energy) of each type of fuel consumed by the aircraft which are associated with 22 
these flights 23 

 Whether the aviation trips are in-city, national, or international trips. 24 
 25 
Calculating emissions from aviation involves the following steps: 26 

1. Determine the fuel volumes by fuel type used in aviation, separated by geographic scale of the 27 
activity (whether the trips are in-city- helicopter only, national, or international) 28 

2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used 29 
3. Insert emissions factors and activity data and calculate GHG emissions, by gas. 30 

 31 

Step 1: Determine the fuel volumes by fuel type used in aviation, separated by geographic scale of the activity 32 

(whether the trips are in-city- helicopter only, national, or international). 33 

Activity Data 

Recommended  Obtain total real fuel sales estimates of fuel loaded onto airplanes by inquiring 
with airports, airlines, or port authorities, separated by geographic scale of 
activity. 

o Where real data for all airports are unavailable, utilize a survey of a 
sample of airports.  Identify the driver of activity at the sample site (e.g. 
goods and freight or passenger movement), and use driver information to 
scale-up the activity data to the community-scale. 

o Total community activity may be determined through local, state, or 
national statistics or transportation agencies for the community. 

 Where in-city aviation data are unavailable: 
o Survey local helicopter companies for fuel use data. 
o Estimate other local aviation use through schedule information and fuel 

economy estimates. 
o Estimate total fuel consumption based upon similar methodology 

employed by on-road vehicles in equation B.1a. 

 



GLOBAL PROTOCOL FOR COMMUNITY-SCALE GHG EMISSIONS (GPC) 

52 

 

Alternate  Scale national level data down using population or GDP/capita.  
o National aviation data may be found through national aviation 

administration agencies (e.g. US FAA). 

 

 1 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 2 

Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

mobile combustion in aviation, typically provided by national environmental 

agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for aviation: 
o Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.6 Civil 

Aviation; CO2 Table 3.6.4 and CH4 and N2O Table 3.6.5 

 

 3 

Step 3: Insert emissions factors and activity data and calculate GHG emissions, by gas. 4 

Equation B.5a  Aviation Emissions 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b 

 

= Total fuel consumed (volume) by aviation, by fuel 

type and geographic scale 

User Input (see 

Activity Data) 

a = Fuel type (e.g. jet fuel A, jet fuel B, etc.) User Input 

b = Geographic scale, where possible designate between 

within the community’s boundary, domestic, or 

international trips 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type and geographic scale 

User Input (see 

Emissions Factor) 

 

 5 

B.5 Off-road 6 

 7 

Off-road vehicles are vehicles designed or adapted for travel on unpaved (unsurfaced) terrain.  This category 8 

includes all-terrain vehicles, landscaping and construction equipment, tractors, amphibious vehicles, 9 

snowmobiles and other off-road recreational vehicles.      10 
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 1 

Inclusion protocol: 2 

Direct (Scope 1) emissions must be reported for all off-road vehicles operated within the community’s 3 

geopolitical boundary.  4 

 5 

Note: Comprehensive top-down activity data on off-road vehicles are often unavailable, and alternative methods 6 

are typically necessary to estimate emissions within this category. 7 

 8 

Data Collection Requirements: 9 

Local governments will need to know: 10 

 Types of fuels consumed by off-road mobile combustion 11 
 Quantity (volume or energy) of each type of fuel consumed for off-road mobile combustion 12 

 13 

Calculating emissions from off-road transportation involves the following steps: 14 

1. Determine the fuel volumes by fuel type used in off-road engines. 15 
2. Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 16 
3. Insert emissions factors and activity data and calculate GHG emissions, by gas. 17 

 18 

Step 1: Determine the fuel volumes by fuel type used in off-road engines. 19 

Activity Data 

Recommended Conduct a survey of your community to estimate off-road fuel consumption use: 

 Ensure to include in survey construction households (for garden and recreational 
equipment), and other relevant businesses. 

 Use population served by the survey to scale for the community, generally.  More 
specifically, aggregate scale of sub-sectors for increased accuracy: 

o Construction permits served by the survey to scale for total permits 
issued for the community. 

o Number of households (or population) served by the survey to scale for 

total community households (or population). 

 

Alternate Use national (or regional, where available) off-road modeling software. 

 US EPA has one that can be used for this purpose, NONROAD 2005: 
o Available on the US EPA website: 

http://www.epa.gov/otaq/nonrdmdl.htm  
o Requires inputs on number of engines and technology types: 

 Engine populations (see registration info the row below) 
 Annual hours of use (can be estimated, based upon community 

characteristics) 
 Power rating (derived from off-road vehicle types) 

 

Alternate Inquire to the regional or state level if registration of off-road vehicles are required: 

 If so, obtain make, model and year of off-road vehicles and estimate their usage by 
application: 

o Construction permits for construction equipment 
o Weather for recreational equipment and household yard equipment 

 

Alternate Scale national off-road mobile fuel consumption down using population. 

 

 20 

Step 2: Determine emissions factors for CO2, CH4, and N2O for each fuel type used. 21 

http://www.epa.gov/otaq/nonrdmdl.htm
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Emissions Factor 

Recommended  Disaggregated by fuel type and technology-specific national emissions factors for 

mobile combustion in off-road applications, typically provided by national 

environmental agencies or research institutions. 

 

Alternate  Standard IPCC emissions factors for off-road: 
o Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.3 Off-Road; 

Table 3.3.1. 

 

 1 

Step 3: Insert emissions factors and activity data and calculate GHG emissions, by gas. 2 

Equation B.4a Off-road emissions 

 

CO2 Emissions =  

N2O Emissions =  

CH4 Emissions =  

 

Description   Value 

CO2 Emissions = CO2 emissions in metric tonnes Computed 

N2O Emissions = N2O emissions in metric tonnes Computed 

CH4 Emissions = CH4 emissions in metric tonnes Computed 

Fuela,b 

 

= Total fuel consumed (volume) off-road, by fuel type 

and application 

User Input (see 

Activity Data) 

a = Fuel type (e.g. gasoline, diesel, etc.) User Input 

b = Off-road application (e.g. construction, garden 

equipment, etc.) 

User Input 

CO2EmissionsFactora,b = CO2 per volume unit of fuel combusted (e.g. kg 

CO2/L), by fuel type and application 

User Input (see 

Emissions Factor) 

N2OEmissionsFactora,b = N2O per volume unit of fuel combusted (e.g. kg 

N2O/L), by fuel type and application  

User Input (see 

Emissions Factor) 

CH4EmissionsFactora,b = CH4 per volume unit of fuel combusted (e.g. kg 

CH4/L), by fuel type and application  

User Input (see 

Emissions Factor) 

 

  3 
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C. Waste  1 

 2 

Community-generated waste can encompass a variety of waste types (e.g. industrial waste, construction and 3 

demolition waste, agricultural waste, etc.).  This section focuses on the GHG emissions associated with the 4 

disposal of municipal solid waste (commonly known as trash or garbage) and wastewater handling and 5 

treatment.   6 

 7 

Similar to inter-city issues associated with transportation, waste and wastewater emissions are complicated 8 

by the fact that in some communities waste and wastewater are treated both at facilities within the 9 

community and facilities located outside of the community’s geopolitical boundaries.  Further, other 10 

communities (located outside of the jurisdiction) may dispose of their waste and/or wastewater at facilities 11 

located within the community.    12 

 13 

MSW 14 

Municipal solid waste (MSW) refers to the everyday items that are consumed and discarded within a 15 

community.  This type of waste is predominantly composed of food and yard wastes, containers and product 16 

packaging, paper, and miscellaneous inorganic waste from residential, commercial and institutional sources.  17 

There are a variety of waste disposal options that communities may employ.  One of the most common 18 

methods of organized waste disposal is to bury waste at a landfill site.  As the MSW deposited at these landfill 19 

sites decomposes, embedded carbon is released in the form of methane (CH4) and carbon dioxide (CO2).12  20 

These emissions are released gradually over a period of several years.  Another waste disposal option is 21 

incineration, which converts MSW to ash, flue gas and heat.  This option is most common in regions where 22 

suitable landfill space is scarce.  Emissions associated with waste incineration can include carbon dioxide 23 

(CO2), methane (CH4) and nitrous oxide (N2O).   24 

 25 

Inclusion protocol: 26 

Emissions must be accounted and reported for all MSW generated and disposed by the community.  Many 27 

times the waste is handled at different facilities and in different ways; communities should determine how 28 

and where their waste is handled and apply the appropriate emissions estimation methodologies: 29 

 In cases where MSW is landfilled, communities should quantify the CH4 of landfill gas, regardless of 30 
whether the landfill is located within the geopolitical boundaries of the community or outside of the 31 
community’s boundaries.  These emissions are based on the future downstream commitment of 32 
emissions from the waste generated by the community in the analysis-year. 33 

 In cases where MSW is incinerated, communities should report the CH4, N2O and non-biogenic CO2 34 
emissions associated with MSW combustion based upon the amount of community generated waste 35 
incinerated in the analysis year, regardless of whether the incineration facility is located within the 36 
geopolitical boundaries of the community (Scope 1) or outside of the community’s boundaries (Scope 37 
3). 38 

 In cases where MSW is biologically treated (e.g. composting, etc.), communities should report the 39 
CH4, N2O and non-biogenic CO2 emissions associated with the biological treatment of waste based 40 
upon the amount of community generated waste treated in the analysis year, regardless of whether 41 
the location of the treatment facility is within the geopolitical boundary of the community (Scope 1) 42 
or outside of the community’s boundaries (Scope 3). 43 

 44 

In addition, where the community has a landfill, waste incineration, or biological treatment facility located 45 

within its geopolitical boundaries, and which accepts waste generated by other communities, the proportion 46 

                                                                    
12 Note that the CO2 fraction of landfill gas is considered to be of biogenic origin. 
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of emissions resulting from the fraction of other communities’ waste deposits must also be accounted and 1 

reported as separate line-items.  For in-boundary facilities that only provide data by aggregate activity, 2 

apportioning methods are detailed in C.4 below. 3 

 4 

Steps for calculating emissions resulting from solid waste are as follows: 5 

1. Determine the quantity (mass) of waste generated by the community 6 
a. Determine the quantity (mass) of waste that is landfilled, incinerated, and/or treated 7 

biologically within the community’s boundaries 8 
i. Determine the quantity (mass) of waste that is landfilled, incinerated, and/or 9 

biologically treated within the community’s boundaries and generated by the 10 
community 11 

ii. Determine the quantity (mass) of other communities’ waste that is landfilled, 12 
incinerated, and/or biologically treated within the community’s boundaries 13 

iii. Calculate percentages based upon mass, to apportion the totals in reporting, for the 14 
community’s waste and other communities’ waste. 15 

b. Determine the quantity (mass) of community-generated waste that is landfilled, incinerated, 16 
and/or treated biologically outside of the community’s boundaries 17 

2. Determine the composition of the community’s waste 18 
3. Determine CO2e of the community’s waste as disposed 19 

 20 
Step 1: Determine the quantity (mass) of waste generated by the community. 21 

The calculation of the inventory analysis-year emissions associated with the waste generated by the 22 

community is based upon how that waste is ultimately disposed of.  Waste that is deposited in landfills is 23 

calculated based upon the total future emissions associated with landfilling the waste (Scope 3, end-of-life 24 

emissions).  25 

 26 

Waste that is incinerated or treated biologically can be estimated using the mass of waste generated by the 27 

community in the inventory analysis year.  Emissions should be estimated for all three disposal types; where 28 

the community does not incinerate or biologically treat the waste, these emissions categories can be labeled 29 

as “Not Occurring.” 30 

 31 

Where it is not possible to determine the total waste generated by the community in the analysis year, the 32 

2006 IPCC Guidelines provide national default values for waste generation rates based upon a 33 

tonnes/capita/year basis and default breakdowns of fraction of waste disposed in landfills (SWDS), 34 

incinerated, composted (biological treatment), and unspecified (should use landfill methodology here).  This 35 

information is available in Volume 5: Waste, Chapter 2: Waste Generation, Composition, and Management 36 

(Annex2A.1). 37 

 38 

Step 2: Determine the composition of the community’s waste. 39 

Much of the analysis of MSW resulting from the disposal of solid waste depends on the composition of the 40 

waste stream.  As is clarified in sections below, a main factor influencing the decomposing waste in landfills, 41 

incineration, or biological treatment of waste is the different amounts of degradable organic carbon (DOC) 42 

and fossil carbon present in the waste stream. 43 

 44 

The preferred method for ascertaining the composition of the waste stream is to undertake a waste 45 

composition study, using survey data and a systematic approach to analyze the waste stream and determine 46 

the fraction of waste that is, for example, food waste, garden waste, paper, wood, textiles, plastics, amongst 47 

other matter types present in the waste stream.  Further the analysis should indicate the fraction of DOC and 48 

fossilized carbon present in each matter type and the dry weight percentages of each matter type. 49 

 50 
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In the absence of a comprehensive waste composition study, the 2006 IPCC Guidelines for National Greenhouse 1 

Gas Inventories provide ample regional and country-specific data to determine waste composition and carbon 2 

factors in the weight of wet waste.  Default values are available in Volume 5: Waste, Chapter 2: Waste 3 

Generation, Composition, and Management (Table 2.3). 4 

 5 

In addition to understanding the composition of the waste stream, the DOC, total carbon content, fossil 6 

carbon fraction and default dry matter content of each matter type (e.g. paper, food, textiles, etc.) should also 7 

be used in the calculations as described below.  Where the waste composition study does not provide for this 8 

data, default values can be used.  Default values are available in Volume 5: Waste, Chapter 2: Waste 9 

Generation, Composition, and Management (Table 2.4). 10 

 11 

DOC can be calculated from a weighted average of the carbon content of various components of the waste 12 

stream. The following equation estimates DOC using default carbon content values: 13 

 14 

Equation C.1a Degradable organic carbon (DOC) 

 

DOC = (0.15 x A) + (0.2 x B) + (0.4 x C) + (0.43 x D) + (0.24 x E) + (0.15 x F) 

 

Where: 

A = Fraction of MSW that is food 

B = Fraction of MSW that is garden waste and other plant debris 

C = Fraction of MSW that is paper 

D = Fraction of MSW that is wood  

E = Fraction of MSW that is textiles 

F = Fraction of MSW that is industrial waste 
 

Source : Equation adapted from IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas 

Inventories (2000). Default carbon content values sourced from IPCC Waste Model spreadsheet, available at: 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html  

 15 

Step 3a: Determine GHG associated with waste disposal.  Note: with all of the below quantifications, 16 

distinctions must be made between in-boundary disposal facilities, and disposal at facilities outside of the 17 

community’s geopolitical boundaries. 18 

 19 

C.1 Landfilled MSW 20 

 21 
Downstream emissions associated with MSW landfilled in the inventory year can be calculated using the 22 
following equation for each landfill (future emissions associated with waste landfilled in the inventory-year 23 
also known as end-of-life through life cycle): 24 
 25 

Equation C.1b  Methane commitment for MSW sent to landfill 

 

CH4 Emissions = Mwaste x L0 x (1-frec) x (1-OX) 

 

Description 

   

Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

Mwaste = Mass of MSW sent to landfill in inventory year, 

measured in metric tonnes 

User input 

L0 = Methane generation potential, see below. User input  

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html
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frec = Fraction of methane recovered at the landfill 

(flared or energy recovery) 

User input 

OX = Oxidation factor 0.1 for well-managed 

landfills; 0 for unmanaged 

landfills 
 

Source : Toronto and Region Conservation Getting to Carbon Neutral: A Guide for Canadian Municipalities.  Adapted from Revised 1996  

IPCC Guidelines for National Greenhouse Gas Inventories. 

 1 

Methane Generation Potential, L0 2 

The methane generation potential (L0) is an emission factor that specifies the amount of CH4 generated per 3 

tonne of solid waste. L0 is based on the portion of degradable organic carbon (DOC) that is present in solid 4 

waste, which is in turn based on the composition of the waste stream. L0 can also vary depending on the 5 

characteristics of the landfill. Unmanaged landfills produce less CH4 from a given amount of waste than 6 

managed landfills because a larger fraction of waste decomposes aerobically in the top layers of the landfill. 7 

L0 can be determined using the IPCC equation below: 8 

 9 

Equation C.1b  Methane generation potential, L0 

 

L0 = MCF x DOC x DOCF x F x 16/12 

 

Description   Value 

MCF = Methane correction factor based on type of landfill 

site (managed, unmanaged, etc.)  

Managed = 1.0 

Unmanaged (≥5 m deep) = 

0.8 

Unmanaged (<5 m deep) = 

0.4 

Uncategorized = 0.6 

DOC = Degradable organic carbon User input; see Equation C.1a  

DOCF = Fraction of DOC that is ultimately degraded (reflects 

the fact that some organic carbon does not degrade) 

Assumed equal to 0.6 

F = Fraction of methane in landfill gas Default range 0.4-0.6 

(usually taken to be 0.5) 

16/12 = Stoichiometric ratio between methane and carbon  

    
 

Source : IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (2000). 

 10 

C.2 Incinerated MSW 11 

CO2 emissions associated with incineration facilities can be estimated based on the mass of MSW incinerated 12 

at the facility, the total carbon content in the MSW and the fraction of carbon in the MSW that is of fossil 13 

origin.  Non-CO2 emissions, such as CH4 and N2O, are more dependent on technology and conditions during 14 

the incineration process. For further information, local governments should follow the quantification 15 

guidelines outlined in the 2006 IPCC Guidelines (Volume 5, Chapter 5). 16 

 17 

Data Collection Requirements: 18 

Local governments will need to know: 19 
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 Quantity (mass) of total MSW generated by the community and incinerated in the inventory analysis-1 
year  2 

 For in-boundary incineration facilities: Quantity (mass) of total MSW generated by other 3 
communities and incinerated in the inventory analysis-year  4 

 Composition of the MSW being incinerated (fraction of MSW that is paper, food, plastic, etc.) 5 
 Proportion of carbon in waste that is of fossil origin (default values available) 6 
 Type of technology and conditions used in the incineration process 7 
 “Energy transformation efficiency” (applies to incineration with energy recovery) 8 

 9 

Equation C.2a  CO2 Emissions from the incineration of waste  

 

CO2 Emissions =  

 

Description   Value 

CO2 Emissions = Total CO2 emissions from incineration of MSW in metric 

tonnes 

Computed 

m = Mass of waste incinerated User input 

WFi = Fraction of waste of consisting of type I matter User input (see waste 

composition) 

dmi = Dry matter content in the type I matter User input (see waste 

composition) 

CFi =  Fraction of carbon in the dry matter of type I matter User input (see waste 

composition) 

FCFi = Fraction of fossil carbon in the total carbon component of 

type I matter 

User input (see waste 

composition) 

OFi = Oxidation fraction or factor User input 

I = Matter type of the MSW incinerated such as 

paper/cardboard, textile, food waste, etc. 

See waste 

composition 

    

NOTE:     
 

Source : 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

 10 

C.3 Biologically Treated MSW 11 

 12 
The biological treatment of waste refers to composting and anaerobic digestion of organic waste, such as food 13 
waste, garden and park waste, sludge, and other organic waste sources.  Biological treatment of solid waste 14 
reduces overall waste volume for final disposal (in landfill or incineration) and reduces the toxicity of the 15 
waste.   16 
 17 

1. Collect data on the amount and type of solid waste that is treated biologically.  Composting data and 18 
anaerobic treatment should be collected separately. 19 

a. Determine total quantity (mass) for each treatment method based upon the amount 20 
generated from the community and treated inside and outside of the community’s 21 
geopolitical boundaries. 22 

b. Determine total quantity (mass) for each treatment method based upon the amount 23 
generated by other communities and treated at sites located within the community’s 24 
geopolitical boundary. 25 

2. Estimate CH4 and N2O emissions from biological treatment of solid waste using the appropriate 26 
equations. 27 
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3. Where there is gas recovery from anaerobic digestion, subtract recovered gas amount from total 1 
estimated CH4 to determine net CH4 from anaerobic digestion. 2 

 3 

Emissions Factor 

Treatment Type CH4 Emissions Factors (g CH4/kg waste) N2O Emissions Factors (g N2O /kg waste) 

Dry waste Wet waste Dry waste Wet waste 

Composting 10 4 0.6 0.3 

Anaerobic 

digestion at 

biogas facilities 

2 1 N/A N/A 

Source: 2006 IPCC Guidelines  

 4 

Equation C.3a Direct emissions from biologically treated MSW 

 

CH4 Emissions =   

N2O Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

N2O Emissions = Total N2O emissions in metric tonnes Computed 

m = Mass of organic waste treated by biological 

treatment type i 

User input 

EF_ CH4 = CH4 emissions factor based upon treatment type, i See Emissions Factor 

EF_ N2O = N2O emissions factor based upon treatment type, 

i 

See Emissions Factor 

I =  Treatment type: composting or anaerobic 

digestion 

User input 

R = Total amount of CH4 recovered in the inventory 

year, if gas recovery system is in place 

User input, measured 

at recovery point 
 

Source : 2006 IPCC Guidelines  

 5 

C.4 Apportioning In-Boundary Emissions 6 

 7 
If the waste disposal facility (landfill, incineration, or biological treatment) site accepts waste generated by 8 
other communities, it is important for reporting, policy relevance, promoting understanding of resident 9 
consumption patterns, and to avoid double counting that these emissions are apportioned based upon the 10 
proportion of waste contributed by the community and the proportion contributed by other communities 11 
(attribution).  Where attributed waste generation mass contributed to a facility or disposal-type are 12 
unavailable, use population as the apportioning factor.  Apportioning should be done on a facility basis for 13 
greatest accuracy, or where unavailable on the basis of disposal type. 14 
 15 
This step is only necessary if waste generation data for in-boundary waste disposal is not disaggregated to 16 
begin with, thus the emissions calculations are already combined with other communities.  In other words, if 17 
emissions calculations for in-boundary waste disposal are already attributed to the contributing community 18 
and are itemized to reflect disposal type and attribution, further apportioning is not necessary. 19 
 20 

C.5 Wastewater Treatment and Handling  21 

 22 
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Municipal wastewater can be treated aerobically (in presence of oxygen) or anaerobically (in absence of 1 

oxygen).  When wastewater is treated anaerobically, methane (CH4) is produced.  Both types of treatment 2 

also generate nitrous oxide (N2O) through the nitrification and denitrification of sewage nitrogen. N2O and 3 

CH4 are potent greenhouse gases that are accounted for during wastewater treatment, while CO2 from 4 

wastewater treatment is considered to be of biogenic origin and not included in this accounting or reporting.   5 

 6 

Inclusion protocol: 7 

Direct and indirect emissions (Scope 1 and 3) from wastewater that is generated by the community and 8 

treated, regardless of the location must be included in the inventory.  Emissions resulting from wastewater 9 

treated within the community’s boundaries are Scope 1.  Emissions resulting from wastewater treated 10 

outside of the community’s boundaries are Scope 3.   11 

 12 

If the community has a wastewater treatment facility located within its geopolitical boundary, and accepts 13 

wastewater from other communities, the emissions resulting from additional wastewater treatment must be 14 

included and reported.  These direct emissions (Scope 1) are to be itemized separately based on the portion 15 

of wastewater treatment emissions that are caused by other communities’ wastewater generation and 16 

treatment within the community.  Apportioning can be approached in a manner similar to waste (Section C.4 17 

above), but instead of using the quantity (mass) of waste, the recommended factor is population served by 18 

the wastewater treatment facility (number of people in the community versus the number of people outside 19 

of the community’s geopolitical boundary). 20 

 21 

There are a variety of ways wastewater is handled, collected, and treated.  Distinctions between capacities 22 

and methods of wastewater handling vary greatly country-to-country and city-to-city.  GPC defers questions 23 

to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories for specific technical guidance, but also 24 

provides basic accounting guidance here, primarily based upon the ICLEI-USA Local Government Operations 25 

Protocol (2010). 26 

  27 

Data Collection Requirements: 28 

Local governments will need to know: 29 

 How wastewater and sewage is treated 30 
 Proportion of wastewater treated for other communities, at facilities located within the community’s 31 

boundaries (this can be estimated based upon other communities’ population served) 32 
 33 
To calculate emissions from wastewater handling follow these steps: 34 

1. Determine the methods by which wastewater is handled and/or treated and apply the appropriate 35 
equation 36 

2. Apply relevant wastewater generation amounts and treatment types to the specific quantification 37 
methodologies and summarize for reporting 38 

3. Disaggregate wastewater treatment at facilities located within the community’s geopolitical 39 
boundary that handle and treat wastewater from other communities. 40 

 41 
Step 1: Determine the methods by which wastewater is handled and/or treated and apply the appropriate 42 

equation. 43 

Wastewater Treatment Process GHG Source Data Available Equation 

Centralized wastewater treatment 

plant with anaerobic digestion of 

biosolids 

Incomplete 

combustion of 

digester gas 

resulting in CH4 

emissions 

 Digester gas (m3 /day) 
 Fraction of CH4 in biogas 

C.5a 

 Population served C.5b 
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Anaerobic and facultative 

wastewater treatment treatment 

lagoons 

Process CH4 

emissions from 

digestion 

 BOD5 load (kg BOD5/day) 
 Fraction of overall BOD5 

removal performance 

C.5c 

 Population served C.5d 

Septic system Fugitive CH4 

emissions 

 BOD5 load (kg 

BOD5/person/day) 

C.5e 

 Population served C.5f 

Centralized wastewater treatment 

plant with 

nitrification/denitrification 

Process N2O 

emissions from 

treatment 

 Population served C.5g 

Centralized wastewater treatment 

plant without 

nitrification/denitrification 

Process N2O 

emissions from 

treatment 

 Population served C.5h 

Industrial nitrogen discharge into 

bodies of water 

Effluent discharge 

resulting in N2O 

emissions 

 N load (kg N/day) C.5i 

 Population served C.5j 

Sources: ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010), 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories 

 1 

Equations: 2 

 3 

Centralized wastewater treatment plant with anaerobic digestion of biosolids resulting in CH4 4 

emissions from incomplete combustion of digester gas 5 

 6 

Equation C.5a  Emissions from incomplete combustion of digester gas at a centralized wastewater 

treatment plant with anaerobic digestion of biosolids 

 

CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

Digester Gas = Measured in m3 of digester gas produced per day 

(m3/day) 

User input 

FCH4 = Fraction of methane in biogas User input 

  = Density of methane at standard conditions (g/m3)  662.00 

DE = Methane destruction efficiency  0.99 
 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 7 

Equation C.5b Emissions from incomplete combustion of digester gas at a centralized wastewater 

treatment plant with anaerobic digestion of biosolids, using population (alternate) 

 

CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

P = Population served by the wastewater treatment User input 
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plant 

Digester Gas = Cubic meters of digester gas produced per person 

per day 

0.0283 

FCH4 = Fraction of methane in biogas 0.65 

  = Density of methane at standard conditions (g/m3)  662.00 

DE = Methane destruction efficiency  0.99 
 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 1 

Anaerobic and facultative wastewater treatment lagoons, process CH4 emissions 2 

 3 

Equation C.5c Emissions from anaerobic and facultative wastewater treatment lagoons 

 

CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

BOD5 = Amount of BOD5 produced per day (kg BOD5/day) User input 

  = Fraction of BOD5 removed in primary treatment User input 

Bo = Maximum CH4-producing capacity for domestic 

wastewater 

0.6 

MCFanaerobic = CH4 correction factor for anaerobic systems  0.8 

 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 4 

Equation C.5d Emissions from anaerobic and facultative wastewater treatment lagoons, using population 

(alternate) 

 

CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

P = Population served by lagoons adjusted for industrial 

discharge 

User input 

  = Factor for industrial and commercial co-discharge 

waste into sewer system 

1.25 

BOD5 = Amount of BOD5 produced per day (kg BOD5/day) 0.090 

  = Fraction of BOD5 removed in primary treatment 0.325 

Bo = Maximum CH4-producing capacity for domestic 

wastewater 

0.6 

MCFanaerobic = CH4 correction factor for anaerobic systems  0.8 
 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 5 

Septic system fugitive CH4 emissions 6 

 7 

Equation C.5e    Emissions from septic systems (fugitive) 
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CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

BOD5 = Amount of BOD5 produced per day (kg BOD5/day) User input 

Bo = Maximum CH4-producing capacity for domestic 

wastewater 

0.6 

MCFseptic = CH4 correction factor for septic systems  0.5 
 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 1 

Equation C.5f   Emissions from septic systems (fugitive), using population (alternate) 

 

CH4 Emissions =  

 

Description   Value 

CH4 Emissions = Total CH4 emissions in metric tonnes Computed 

P = Population served by the septic system User input 

BOD5 = Amount of BOD5 produced per day (kg BOD5/day) 0.090 

Bo = Maximum CH4-producing capacity for domestic 

wastewater 

0.6 

MCFseptic = CH4 correction factor for septic systems  0.5 
 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 2 

Centralized wastewater treatment plant with nitrification/denitrification process N2O emissions 3 

 4 

Equation C.5g   Emissions from the wastewater treatment process with plants with 

nitrification/denitrification 

 

N2O Emissions =  

 

Description   Value 

N2O Emissions = Total N2O emissions in metric tonnes Computed 

  = Total population that is served by the centralized 

WWTP adjusted for industrial discharge 

User input 

  = Factor for industrial and commercial co-discharge 

waste into the sewer 

1.25 

  = Emissions factor for a WWTP with 

nitrification/denitrification (g N2O /person/year)  

7 

 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 5 

Centralized wastewater treatment plant without nitrification/denitrification process N2O emissions 6 

 7 

Equation C.5h   Emissions from the wastewater treatment process with plants without 
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nitrification/denitrification 

 

N2O Emissions =  

 

Description   Value 

N2O Emissions = Total N2O emissions in metric tonnes Computed 

  = Total population that is served by the centralized 

WWTP adjusted for industrial discharge 

User input 

  = Factor for industrial and commercial co-discharge 

waste into the sewer 

1.25 

  = Emissions factor for a WWTP with 

nitrification/denitrification (g N2O /person/year)  

3.2 

 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 1 

Industrial nitrogen discharge into bodies of water (effluent discharge resulting in N2O emissions) 2 

 3 

Equation C.5i    Industrial nitrogen discharge into water 

 

N2O Emissions =  

 

Description   Value 

N2O Emissions = Total N2O emissions in metric tonnes Computed 

  = Measured average total nitrogen discharged (kg 

N/day) 

User input 

  = Emissions factor (kg N2O -N/kg sewage-N produced) 0.005 

 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 4 

If direct nitrogen load rates are not available (measured in kg), then population may be used as an alternate 5 

means of estimating nitrogen discharge.  In order to appropriately estimate using the alternate method, it is 6 

necessary to determine whether the WWTP facility is aerobic or anerobic and if it has 7 

nitrification/denitirification or not.  The respective variables for each instance are listed below and noted. 8 

 9 

Equation C.5j    Industrial nitrogen discharge into water, using population (alternate) 

 

N2O Emissions = 

 

 

Description   Value 

N2O Emissions = Total N2O emissions in metric tonnes Computed 

  = Population served User input 

  = Factor for industrial and commercial co-discharge 

waste into the sewer system 

1.25 

  = Total nitrogen load (kg N/person/day) 0.026 

N uptake* = Nitrogen uptake for cell growth in aerobic system 0.05 
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N uptake* = Nitrogen uptake for cell growth in anaerobic system 0.005 

  = Amount of BOD5 produced per person per day 0.090 

  = Emissions factor (kg N2O -N/kg sewage-N produced) 0.005 

  

= Fraction of nitrogen removed for the centralized 

WWTP with nitrification/denitrification 

0.7 

  

= Fraction of nitrogen removed for the centralized 

WWTP without nitrification/denitrification 

0.0 

 
*only one of these variables are to be used in each instance (only one N Uptake and one F plant nit/denit) based upon whether the plant 

is aerobic or anaerobic and if it is with or without denitrification 

Source : ICLEI-USA Local Government Operations Protocol, Chapter 10 (2010). 

 1 

Step 2: Apply relevant wastewater generation amounts and treatment types to the specific quantification 2 

methodologies and summarize for reporting. 3 

 4 

Simply summarizing the data (addition) of equations C.5a-C.5j will allow aggregation of GHG emissions, by 5 

gas, from wastewater treatment.  A few important caveats: 6 

o Be sure to maintain distinction between totals for wastewater treated within the community and 7 
outside the community’s boundaries 8 

o For wastewater treated within the community, if the treatment facility treats other communities’ 9 
wastewater, apportion this amount based on population. 10 

 11 

  12 
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D. Industrial Process and Product Use Emissions 1 

 2 

GHG emissions can result from non-energy related industrial activities and product uses.  The manufacture of 3 

concrete, steel, aluminum, ammonia, and other minerals and chemicals result in greenhouse gases as a 4 

byproduct.  Additionally, petroleum-based products used in non-energy applications can lead to GHG 5 

emissions, from their evaporation or use.13 6 

 7 

All end-use energy consumption in industrial facilities are to be reported under I.4 Stationary Units, 8 

Industrial Energy Use. 9 

 10 

D.1 Industrial Processes  11 

 12 

Typical sources of industrial process emissions, per 2006 IPCC Guidelines, include: 13 

 Production and consumption of mineral products such as cement, lime and soda ash 14 

 Production of metals such as iron and steel, aluminum, zinc and lead 15 

 Chemical production (e.g., ammonia, petrochemicals and titanium dioxide) 16 

 Consumption of petroleum products in feedstocks and other end-uses 17 

 18 

Inclusion protocol: 19 

Direct emissions (Scope 1) resulting from industrial processes occurring within the community’s geopolitical 20 

boundaries must be included.  Local governments should identify the major product use sources in the 21 

categories below and apply relevant quantification methodologies as referenced. 22 

 23 

As it pertains to community-scale inventory processes, there are a select group of industrial processes which 24 

are prevalent at the community level and have been identified in the table below.  The quantification 25 

methodologies associated with each emissions source has been linked to the relevant section in the IPCC 26 

Guidelines for National Greenhouse Gas Inventories, in order to harmonize accounting methodologies, and 27 

facilitate national aggregation. 28 

 29 

Data Collection Requirements: 30 

Local governments will need to know: 31 

 Major industrial sectors which occur within the community 32 
 Annual raw material used in these industrial processes, in terms of quantity (mass or volume) 33 
 Annual outputs of the industrial processes, in terms of quantity (mass or volume) 34 

 35 

Calculating emissions for industrial processes involves the following steps: 36 

1. Determine the major sources emissions from industrial processes, within the community’s 37 
boundaries.   38 

a. Use the table below to identify the most commonly occurring industrial processes at the 39 
community-scale as a guide for determining the sources. 40 

b. Estimated sources of emissions that fall below the de minimis threshold can be excluded 41 
from this analysis. 42 

2. Contact the operators or owners of the industrial facilities at which the processes occur and 43 
obtain relevant activity data. 44 

3. Look up the industrial process source below and reference the appropriate section of the IPCC 45 
Guidelines for quantification methodology. 46 

                                                                    
13 US EPA Website: http://www.epa.gov/climatechange/emissions/co2_human.html#industrial 
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4. Prepare activity data, emissions factors, and GHG emissions by gas for reporting. 1 
 2 

Quantification: 3 

In general, quantification methodologies, including how to apply activity data, sources of emissions factors, 4 

and detailed guidance on formulaic calculations are referenced directly to the 2006 IPCC Guidelines by specific 5 

industry. 6 

 7 

Three major industries have been identified and web links for each industry are outlined below.  The 8 

subsequent table identifies the specific industrial processes within each industry and references the section 9 

header in the 2006 IPCC Guidelines, for direct and specific guidance. 10 

 11 

Industry Web Link 

Mineral Products http://www.ipcc-

nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf  

Chemical Industry http://www.ipcc-

nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf  

Metal Products http://www.ipcc-

nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_4_Ch4_Metal_Industry.pdf  

 12 

 13 

Industry Process IPCC Reference 

Mineral Products Cement Production Volume 3; Chapter 2: Section 2.2 

Lime Production Volume 3; Chapter 2; Section 2.3 

Glass Production Volume 3; Chapter 2; Section 2.4 

Chemical Industry Ammonia Production Volume 3; Chapter 3; Section 3.2 

Nitric Acid Production Volume 3; Chapter 3; Section 3.3 

Adipic Acid Production Volume 3; Chapter 3; Section 3.4 

Petrochemical and Carbon 

Black Production 

Volume 3; Chapter 3; Section 3.9 

Metal Production Iron and Steel Production Volume 3; Chapter 4; Section 4.2 

Aluminum Production Volume 3; Chapter 4; Section 4.4 

Magnesium Production and 

Casting 

Volume 3; Chapter 4; Section 4.5 

 14 

In certain instances, limestone, dolomite, soda ash, and magnesite (carbonates) may be used as materials in 15 

the production of other industrial outputs.   If these raw materials have been identified as being inputs in the 16 

production of other minerals in the industrial outputs of activities within the community, they must be 17 

accounted for and reported. 18 

 19 

In instances where the industrial processes within the community produce soda ash to be used as inputs for 20 

other industrial processes (e.g. glass production), a methodology for calculating emissions from the 21 

production of soda ash has also been identified below. 22 

 23 

Industry Raw Material  IPCC Reference 

Mineral Products Limestone Use Volume 3; Chapter 2; Section 2.5 

Dolomite Use Volume 3; Chapter 2; Section 2.5 

Soda Ash Use Volume 3; Chapter 2; Section 2.5 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_4_Ch4_Metal_Industry.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_4_Ch4_Metal_Industry.pdf
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Magnesite Use Volume 3; Chapter 2; Section 2.5 

Chemical Industry Soda Ash Production Volume 3; Chapter 3; Section 3.8 

 1 

D.2 Product Use 2 

 3 

The use of certain products for non-energy use applications can result in greenhouse gas emissions.  These 4 

products include lubricants, paraffin waxes, bitumen/asphalt, and solvents.  This section estimates emissions 5 

from the first use of these products, while their disposal is covered in the Waste section. 6 

 7 

Inclusion Protocol: 8 

Direct emissions (Scope 1) resulting from industrial product use occurring within the community’s 9 

geopolitical boundaries must be included in the basic standard.  Local governments should identify the major 10 

product use sources in the categories below and apply relevant quantification methodologies as referenced.   11 

As with industrial processes, this accounting guidance primarily defers to the 2006 IPCC Guidelines for 12 

methodological guidance. 13 

 14 

Per the 2006 IPCC Guidelines Chapter 5: Non-Energy Products from Fuels and Solvent Use, calculating CO2e 15 

emissions from non-energy product uses follow a standard formula. 16 

 17 

Note: The use of refrigerants (e.g. HFCs) and SF6 are covered under fugitive emissions below. 18 

 19 

 Non-energy product uses of fuels and other chemicals: 20 
o Lubricants used in transportation and industry 21 

 Reference 2006 IPCC Guidelines Volume 3; Chapter 5; Section 5.2 22 
o Paraffin waxes (candles, corrugated boxes, paper coating, board sizing, adhesives, food 23 

production, and packaging) 24 
 Reference 2006 IPCC Guidelines Volume 3; Chapter 5; Section 5.3 25 

o Bitumen; Road oil and other petroleum diluents 26 
 Reference 2006 IPCC Guidelines Volume 3; Chapter 5; Section 5.4 27 

o White spirit, kerosene, and other aromatics as solvents (e.g. painting, dry cleaning) 28 
 Reference 2006 IPCC Guidelines Volume 3; Chapter 5; Section 5.5 29 

o Nitrous oxide (e.g. propellant in aerosol products, medical applications) 30 
 Reference 2006 IPCC Guidelines Volume 3; Chapter 8; Section 8.431 
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Appendix A – Guidance for Data Collection and Future Verification 
 

GHG Emission Sources 
          

Electricity 
District 
Heating 

District 
Cooling 

Natural 
Gas 

Liquid Gas 
Heating 
Oil 

Diesel Gasoline Coal 
Other 
Fuels 

Biofuel 
Other 
Biomass 

Solar 
Thermal 

Stationary Units 
Residential Buildings                           

Activity Data                           
Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                           

Emissions Factors (CO2, N2O, CH4)                           
Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                           

Notes on data sources, methodologies                           

Commercial/Institutional Facilities                           

Activity Data                           

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                           

Emissions Factors (CO2, N2O, CH4)                           

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                           

Notes on data sources, methodologies                           

Energy Generation                           
Activity Data                           

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                           
Emissions Factors (CO2, N2O, CH4)                           

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                           
Notes on data sources, methodologies                           

Energy Use in Industrial Activities                           
Activity Data                           

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                           
Emissions Factors (CO2, N2O, CH4)                           

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                           
Notes on data sources, methodologies                           
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GHG Emission Sources 
                      

Electricity 
Natural 
Gas 

Diesel Gasoline Coal Jet Fuel Bunker Fuel Other Fuels Biofuel 
Other 
Biomass 

Solar 
Thermal 

Mobile Units 

On-Road Transportation (Cars, LDV, HDV/Buses, others)                        
Activity Data                       

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                       
Emissions Factors (CO2, N2O, CH4)                       

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                       
Notes on data sources, methodologies                       

Railways (including urban metro/rail transport systems)                       
Activity Data                       

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                       
Emissions Factors (CO2, N2O, CH4)                       

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                       
Notes on data sources, methodologies                       

Water-Borne Navigation                       
Activity Data                       

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                       
Emissions Factors (CO2, N2O, CH4)                       

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                       
Notes on data sources, methodologies                       

Aviation                       
Activity Data                       

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                       
Emissions Factors (CO2, N2O, CH4)                       

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                       
Notes on data sources, methodologies                       

Off-Road                       
Activity Data                       

Activity Data Units (e.g. GJ, kWh, Gal, L, etc.)                       
Emissions Factors (CO2, N2O, CH4)                       

Emissions Factor Units (e.g. kg CO2/GJ, kg N2O/L, etc)                       
Notes on data sources, methodologies                       
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GHG Emission Sources 

    

Activity Driver (e.g. mass of waste, industry 
production, etc.) 

Notes on data sources, methodologies 

Waste 
Solid Waste Disposal             

Future Indirect Emissions from Community Generated Waste Landfilled in the Community in the Analysis-Year  
            

Future Indirect Emissions from Other Communities' Waste Landfilled in the Community in the Analysis-Year 
            

Future Indirect Emissions from Community Generated Waste Landfilled outside the Community in the Analysis-
Year              

Biological Treatment of Waste             
Direct Emissions from Community Generated Waste             
Direct Emissions from Other Communities' Waste Treatment             

Emissions from Community Generated Waste Treated Outside the Community 
            

Incineration and open burning             
Direct Emissions from Community Generated Waste Incineration             
Direct Emissions from Other Communities' Waste Incineration             

Emissions from Community Generated Waste Incinerated Outside the Community 
            

Wastewater Treatment and discharge             
Direct Emissions from Community Generated Wastewater Treatment             
Direct Emissions from Other Communities' Wastewater Treatment             

Emissions from Community Generated Wastewater Treated Outside the Community 
            

IPPU 
Industrial Processes and Product Uses             

Direct Emissions from Industrial Processes             
Direct Emissions from Product Use             
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