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PART | Introduction
Background

In response to a scientific consensus linking greenhouse gas (GHG) emissions from human activities to
global climate change!, many local governments are looking inwards to identify opportunities to reduce
GHG emissions not only from their communities, but also within their own operations. Local governments
can inventory the emissions from their operations in order to track their performance and ensure that
their actions reduce GHG emissions. This GHG inventory is the foundation of actions to address climate
change. Complete, consistent and accurate measurement enables local governments to assess their risks
and opportunities, track their progress, and create a strategy to reduce emissions in a quantifiable and
transparent way.

The Local Government Operations Protocol (Protocol) is designed to provide a standardized set of
guidelines to assist local governments in quantifying and reporting GHG emissions associated with their
government operations.

The Protocol was developed in partnership by the California Air Resources Board (ARB), California Climate
Action Registry (CCAR), and ICLEI — Local Governments for Sustainability (ICLEI), in collaboration with
The Climate Registry and dozens of stakeholders. Through this Protocol, the partners have sought to
enable local governments to measure and report GHG emissions associated with government operations
in @ harmonized fashion. The Protocol facilitates the standardized and rigorous inventorying of GHG
emissions, which can help track emissions reduction progress over time and in comparison to GHG
reduction targets.

The Protocol provides the principles, approach, methodology, and procedures needed to develop a local
government operations GHG emissions inventory. It is designed to support the complete, transparent,
and accurate reporting of a local government’s GHG emissions. The Protocol guides participants through
emissions calculation methodologies and reporting guidance applicable to all U.S. local governments.

Purpose
The purpose of the Local Government Operations Protocol is to:

e Enable local governments to develop emissions inventories following internationally recognized GHG
accounting and reporting principles defined below with attention to the unique context of local
government operations;

e Advance the consistent, comparable and relevant quantification of emissions and appropriate,
transparent, and policy-relevant reporting of emissions;

Enable measurement towards climate goals;
Promote understanding of the role of local government operations in combating climate change; and

e Help to create harmonization between GHG inventories developed and reported to multiple programs.

The Protocol is a tool for accounting and reporting GHG emissions across a local government’s
operations. Reductions in emissions are calculated by comparing changes in a local government’s
emissions over time. By tracking emissions over time, local governments should be able to measure the
GHG reduction benefits from policies and programs put in place to reduce emissions within their
operations.

! See Intergovernmental Panel on Climate Change, The Physical Science Basis, Fourth Assessment,
Working Group | Report, 2007.
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The Protocol is not designed for quantifying the reductions from GHG mitigation projects that will be used
as offsets. Offsets are discrete GHG reductions used to compensate for (i.e., offset) GHG emissions
elsewhere. Offsets are calculated relative to a baseline that represents a hypothetical scenario for what
emissions would have been in the absence of the project.?

Project based GHG reductions that are to be used as offsets should be quantified using a project
quantification method that addresses issues like baseline scenario, additionality, permanence and
ownership. This Protocol does not address such issues and is not suitable for calculating reductions to be
used as offsets in a voluntary or mandatory GHG reduction system.

Furthermore, the Protocol does not include guidance on how to quantify carbon stocks (or “sinks").
Biological stocks of carbon and estimations of project-specific GHG reductions may be reported optionally.

Benefits of a Developing a GHG Inventory

The benefits of developing a GHG inventory are numerous and varied, and include:

Risk Management. Voluntarily reporting GHG emissions may help local governments manage climate
risk by documenting early actions to reduce GHG emissions. Such information may be accepted by future
state, federal or international regulatory GHG programs.

Addressing Inefficiencies. Accounting for emissions has helped many organizations gain better
insights into the relationship between improving efficiency (reducing factor inputs and waste) and
reducing emissions. As a result, organizations have redesigned business operations and processes,
implemented technological innovations, improved products and services, and ultimately saved money and
resources.

Readiness for a Carbon Constrained Future. Identifying emissions sources to develop a GHG profile
and management strategies may help local governments prepare for and respond to the potential impact
of new regulations.

Recognition as an Environmental Leader. Voluntarily reporting GHG emissions provides local
governments with a pathway to recognize, publicize, and promote their environmental stewardship.

Stakeholder Education. Assembling an annual GHG emissions inventory can help inform management,
constituents, employees, and the public about a local government’s GHG emissions profile.

Background on the Partners

The California Air Resources Board

The California Air Resources Board is the State agency responsible for protecting public health and the
environment from the harmful effects of air pollution. The ARB is also the lead agency implementing the
State of California’s pioneering efforts to reduce GHG emissions. The landmark legislation known as AB
32, The Global Warming Solutions Act of 2006, requires reducing greenhouse gas emissions to 1990
levels by 2020.

Development of local government greenhouse gas emissions inventory protocols are an integral tool in
ARB’s implementation of AB 32. ARB staff is partnering with the California Climate Action Registry, The
Climate Registry, and ICLEI to develop local government protocols for GHG assessment.

2 WRI/WBCSD GHG Protocol Corporate Standard, March 2004.
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More information is available at www.arb.ca.gov/cc/protocols/localgov/localgov.htm.

The California Climate Action Registry

The California Climate Action Registry is the predecessor organization and legacy program of the Climate
Action Reserve. It was created as a not-for-profit corporation by the State of California in 2000 to
encourage and ensure recognition of early voluntary actions to manage and reduce GHG emissions.
Through this mandate, the California Registry established protocols to guide emission inventories and
created an online tool, the Climate Action Registry Reporting Online Tool (CARROT), to serve as a central
database for emissions reports.

California Registry members voluntarily measure, verify, and publicly report their GHG emissions, are
leaders in their respective industry sectors, and are actively participating in solving the challenge of
climate change. In turn, the State of California offers its best efforts to ensure that California Registry
members receive appropriate consideration for early actions in light of future state, federal or
international GHG regulatory programs. California Registry members are well prepared to participate in
market based solutions and upcoming regulatory requirements.

More information is available at www.climatereqistry.org.

ICLEI — Local Governments for Sustainability

Founded in 1990, ICLEI — Local Governments for Sustainability is an association of city and county
governments dedicated to improving global environmental conditions through cumulative local action.
Through its campaigns, ICLEI generates political awareness of key environmental issues, provides
technical assistance and training to build capacity in local governments to address these issues and
evaluates their progress toward sustainable development.

ICLET assists local governments in their efforts to reduce the GHG emissions that contribute to both
global climate change and declining air quality. To this end, ICLEI provides local governments with
analytical tools and methods to measure emissions so that they can set and achieve their emission
reduction goals. ICLEI encourages action by focusing on improvement to the quality of life for the entire
community by reducing greenhouse gas emissions (i.e. improving air quality, reducing traffic congestion
and achieving financial savings for residents and businesses).

More information is available at www.iclei-usa.org.

The Climate Registry

Established in 2007, The Climate Registry sets consistent and transparent standards for the
measurement, verification, and public reporting of greenhouse gas emissions throughout North America
in a single unified registry. The Climate Registry is a non-profit organization that supports both voluntary
and mandatory reporting programs, provides meaningful information to reduce greenhouse gas
emissions, and embodies the highest levels of environmental integrity.

More information is available at www.theclimateregistry.org.

Partner Objectives

In addition to achieving the general purpose of the Protocol described above, each partner has additional
objectives:

The California Air Resources Board intends to provide this Protocol to enable local governments in
California to develop and report consistent and accurate GHG inventories that can track reductions in
overall GHG emissions to support the State’s AB 32 program and goals.
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The California Climate Action Registry intends for this Protocol to provide “sector-specific” guidance for
CCAR’s local government members to enable more policy-relevant quantification and reporting of GHG
emission inventories.

ICLEI seeks to offer standardized guidance to all local governments in the U.S. (including but not limited
to ICLEI members) on the development of GHG emissions inventories. This Protocol effectively serves as
the translation of ICLEI's International Local Government Greenhouse Gas Protocol for use in developing
local government operations emissions inventories in the U.S.

The Climate Registry adopted this protocol in 2009 for use by its local government reporters. Local
Government Members of The Climate Registry will be required to report according to this protocol
beginning with 2010 emissions.

California Local Governments and AB 32

The State of California believes that local governments have an important role to play in the
State’s efforts to meet its GHG reduction goals under AB 32. ARB is dedicated to providing
California’s local governments with the tools and guidance they need to help California meet its
reduction goals.

ARB is partnering in this process in order to give California’s local governments a powerful tool
that will allow them to take a critical first step in addressing their GHG emissions - developing a
comprehensive, rigorous GHG emissions inventory.

ARB encourages California’s local governments to use this Protocol to annually inventory and
report their GHG emissions so that reductions made by local governments are tracked in a
transparent, consistent and accurate manner.

Protocol Audience

This Protocol has been developed for use by local governments throughout the United States, with future
application by local governments in Canada and Mexico. Components of this Protocol may also be
applicable to state and provincial agencies, quasi-governmental agencies, service districts, special districts
and other local agencies in the act of developing similar GHG emissions inventories. For those elements
of the Protocol applicable to special districts, they are encouraged to use this Protocol.

Given the wide diversity of local and state agency activities, these agencies may in some cases need to
supplement guidance contained in this Protocol with additional guidance from other sources to ensure
measurement and reporting in alignment with the guiding principles outlined above. Accounting for all
possible variations and special circumstances that might occur within these other agencies and districts,
falls outside the scope of this Protocol.

Protocol Origin

This Protocol is based on the Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard,
developed by the World Business Council for Sustainable Development and the World Resources Institute
(WRI/WBCSD) through a multi-stakeholder effort to develop a standardized approach to the voluntary
reporting of GHG emissions. Perceiving a need for additional guidance to local governments on applying
the Greenhouse Gas Protocol within the context of local government operations inventory efforts, the
partners chose to collaborate in developing this Local Government Operations Protocol. The partners
have drawn upon their combined experience in GHG protocol development and assistance to local
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governments in measuring and reporting GHG emissions, as well as the experience of a wide variety of
stakeholders that have participated in the development of this Protocol via participation in a Technical
Workgroup or Advisory Group to the development process. This resulting Protocol serves as a shared
standard enabling consistency and harmonized reporting by all local governments.

The partners have also drawn from the following existing GHG programs and protocols in the
development of this Protocol:

e California Air Resources Board, Regulation for the Mandatory Reporting of Greenhouse Gas Emissions
(2009).

e (California Air Resources Board, California Greenhouse Gas Inventory (2000-2006).
e California Climate Action Registry, General Reporting Protoco/ and various industry-specific protocols.

e ICLEI - Local Governments for Sustainability, nternational Local Government GHG Emissions Analysis
Protocol.

e International Organization for Standardization (ISO) 14064-1, Specification with guidance at the
organization level for quantification and reporting of greenhouse gas emissions and removals.

e The Climate Registry, General Reporting Protocol.
e U.S. Environmental Protection Agency Climate Leaders Greenhouse Gas Inventory Guidance.

e U.S. Environmental Protection Agency Inventory of U.S. Greenhouse Gas Emissions and Sinks. 1990-
2007 (20089).

Protocol Structure

The Protocol is meant to be a “program neutral” guidance document available for use by any local
government engaging in a GHG inventory exercise. It brings together GHG inventory guidance from a
number of existing programs, namely the guidance provided by ICLEI to its Cities for Climate Protection
campaign members over the last 15 years, the guidance provided by CCAR and The Climate Registry
through their General Reporting Protocols, and the guidance from ARB’s mandatory GHG reporting
regulation under AB 32.

Ill

If a local government is a member of ICLEI, CCAR, The Climate Registry or has a facility that is part of
mandatory reporting under AB 32, it is subject to program-specific requirements in addition to the
general guidance embodied in the Protocol. These local governments should refer to Appendices A-D to
ensure their inventories are being prepared in accordance with program-specific requirements. This
structure allows all U.S. local governments, regardless of program affiliation, to utilize a single guidance
document when developing GHG emissions inventories.

Evolution and Availability of the Protocol

This Protocol is intended to reflect best practices associated with GHG accounting and will continue to
evolve periodically as new science or technical knowledge becomes available. Version 1.0 was adopted by
ARB, CCAR and ICLEI in 2008. The Climate Registry adopted Version 1.0 in 2009 and also updated
Appendix D to reflect changes in their program at that time. Version 1.1 was released in May 2010. The
most current version of this Protocol will be maintained on the websites of each of the partner
organizations.

PART | Introduction 7



Local Government Operations Protocol

May 2010

Technical Assistance

The partners can assist local governments in a number of ways related to use of this Protocol for the
development of GHG emissions inventories. CCAR, ICLEI, and The Climate Registry have software tools
available to their members that simplify the tracking and calculation of GHG emissions. See the program-
specific appendices of this Protocol for further information on the technical assistance offered by each of

the partners.

Partner Contact Information

California Air Resources Board
1001 I Street

P.O. Box 2815

Sacramento, CA 95812

(800) 242-4450

www.arb.ca.gov

California Climate Action Registry
523 West Sixth Street, Suite 428
Los Angeles, CA 90014

(213) 891-1444
help@climateregistry.org
www.climateregistry.org

ICLEI-Local Governments for Sustainability
436 14th Street, Suite 1520

Oakland, CA 94612

(510) 844-0699

icleiusa@iclei.org

www.icleiusa.org

The Climate Registry

PO Box 712545

Los Angeles, CA 90071
(866) 523-0764
info@theclimateregistry.org
www.theclimateregistry.org

PART I Introduction



Local Government Operations Protocol May 2010

PART Il IDENTIFYING YOUR EMISSIONS

Chapter 1 Introduction
The Protocol is divided into several parts. These parts mirror the chronology of the reporting process:

e Identifying the emissions to be included in your inventory;
e Quantifying your emissions; and
e Reporting your emissions.

Part I provides background on the origin and development of the Protocol, and an overview of its
purpose and audience.

Part II provides guidance on determining the specific emission sources you should include in your
inventory and how your emissions data should be categorized and consolidated for reporting purposes. It
is recommended that you read Part II in its entirety to ensure that you have identified all appropriate
emission sources.

Part III provides the methodologies for quantifying your emissions from various emission sources. You
should read those chapters of Part III that provide quantification guidance for emission sources owned or
operated by your local government, but you may skip over those chapters and/or sections that do not
pertain to your operations and activities.

Part IV provides guidance on how to report your emissions in a standardized and consistent manner once
they have been quantified using the methodologies explained in Part III.

Appendices A-D provide program-specific requirements that must be taken into account if you are
participating in CCAR, The Climate Registry, ICLEI Cities for Climate Protection campaign, or mandatory
reporting under AB 32.

1.1 GHG Accounting and Reporting Principles

This Protocol has adopted five overarching accounting and reporting principles, which are intended to
help you ensure that your GHG data represent a faithful, true, and fair account of your local
government’s GHG emissions. These principles, adapted from the WRI/WBCSD GHG Protocol Initiative
(March 2004), serve to guide the measurement and reporting of emissions.

Relevance: The greenhouse gas inventory should appropriately reflect the greenhouse gas emissions of
the local government and should be organized to reflect the areas over which local governments exert
control and hold responsibility in order to serve the decision-making needs of users.

Completeness: All greenhouse gas emission sources and emissions-causing activities within the chosen
inventory boundary should be accounted for. Any specific exclusion should be justified and disclosed.

Consistency: Consistent methodologies should be used in the identification of boundaries, analysis of
data and quantification of emissions to enable meaningful trend analysis over time, demonstration of
reductions, and comparisons of emissions. Any changes to the data, inventory boundary, methods, or any
relevant factors in subsequent inventories should be disclosed.
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Transparency: All relevant issues should be addressed and documented in a factual and coherent
manner to provide a trail for future review and replication. All relevant data sources and assumptions
should be disclosed, along with specific descriptions of methodologies and data sources used.

Accuracy: The quantification of greenhouse gas emissions should not be systematically over or under
the actual emissions. Accuracy should be sufficient to enable users to make decisions with reasonable

assurance as to the integrity of the reported information.

10
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Chapter 2 Inventory Guidelines
2.1 GHGs to be Assessed

Local governments should assess emissions of all six internationally-recognized greenhouse gases
regulated under the Kyoto Protocol:

e Carbon dioxide (CO,);

e Methane (CH,);

¢ Nitrous oxide (N,0);

¢ Hydrofluorocarbons (HFCs);
e Perfluorocarbons (PFCs); and
e Sulfur hexafluoride (SFg).

You should account for emissions of each gas separately and report emissions in metric tons of each gas
and metric tons of CO, equivalent (CO,e). A complete list of the internationally-recognized GHGs,
including individual HFC and PFC compounds, is provided in Appendix E. This list also includes the Global
Warming Potential (GWP) of each GHG, which is used to calculate CO,e of the non-CO, gases.

Converting emissions of non-CO, gases to units of CO,e allows GHGs to be compared on a common basis
(i.e. on the ability of each GHG to trap heat in the atmosphere). Non-CO, gases are converted to CO,e
using internationally recognized GWP factors. GWPs were developed by the Intergovernmental Panel on
Climate Change (IPCC) to represent the heat-trapping ability of each GHG relative to that of CO,. For
example, the GWP of methane is 21 because one metric ton of methane has 21 times more ability to trap
heat in the atmosphere than one metric ton of carbon dioxide. Refer to Appendix E for more information
on converting non-CO, gases to CO,e.

Tracking each gas separately will allow your local government to see the relative impact from different
sources of GHG emissions, and may help you prioritize the most efficient and effective way to reduce
your overall GHG emissions. It will also make your inventory more transparent, and may simplify updates
to your inventory, as the internationally recognized GWP values are expected to change over time as
science improves. Local governments may optionally report other GHGs beyond the six Kyoto gases (e.g.
CFCs, NF;, etc.), but this Protocol does not contain guidance or GWPs for non-Kyoto GHGs.

2.2 Inventory Frequency and Base Year

A local government’s emissions inventory should comprise all GHG emissions occurring during a selected
calendar year. Reporting GHG inventories on a calendar year basis is considered standard internationally;
UNFCCC, the Kyoto Protocol, EU ETS, The Climate Registry, the California Climate Action Registry, and
the state of California’s mandatory reporting regulation under AB 32 all require GHG inventories to be
tracked and reported on a calendar year basis. In cases where local government records are available
only on a fiscal year basis, efforts should be made to reorganize these records and report according to
the calendar year, not the fiscal year.

A meaningful and consistent comparison of emissions over time requires that local governments set a
performance datum with which to compare current emissions. This performance datum is referred to as a
base year. Prior to beginning data collection, local governments should examine the range of data
sources available and select a year for which accurate records of all key emission sources exist in
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sufficient detail to conduct an accurate inventory. Simultaneously it is often preferable to establish a base
year several years in the past so as to be able to account for the emissions benefits of recent actions.

It is good practice to compile an emissions inventory for the earliest year for which complete and
accurate data can be gathered. The base year for the UNFCCC and subsequent Kyoto Protocol is calendar
year 1990. However, required data from 1990 is often prohibitively difficult or impossible to collect. Given
that the priority for a greenhouse gas management program should be on practical results, it is more
important that the base year be documented with enough detail to provide a good basis for local action
planning than it is that all local governments produce an inventory with the same, stipulated base year.

The methodologies in this Protocol are not appropriate for “back-casting” or creating a rough estimate of
your emissions in a past year, but rather for the development of high-quality, comprehensive GHG
inventory. Local governments need not try to back-cast to 1990 because of the Kyoto or California 1990
baseline under AB 32, but should rather concentrate their GHG inventory efforts on years for which that
have complete and accurate data.

Moreover, it is good practice to aim for a base year that is likely to be representative of the general level
of emissions over the surrounding period. Energy use in a year that was particularly hot or particularly
cold would usually differ to energy use in an average year, due to the greater level of use of air
conditioning or heating respectively. Similarly, local governments that have an electricity supply
comprising a high proportion of hydroelectricity should avoid abnormally dry years during which the
amount of hydroelectricity generation is lower than usual.

When choosing a base year, it is important to remember that this is the emissions level against which
changes in emissions are measured. Therefore, any emission reduction activities put in place before the
base year are considered to be part of the status quo and will not be seen as a reduction against an
emission reduction target that may be adopted.

In addition to conducting an inventory of base year emissions, you should complete a comprehensive
inventory of emissions at regular intervals following the base year. Standard practice for entity-level GHG
accounting is to inventory your emissions on an annual basis.

Over time, there may be changes that affect a local government’s emissions, such as annexing previously
unincorporated areas, outsourcing activities that generated GHG emissions (e.g. waste hauling), or
improvement in the accuracy of emission factors. These changes will be reflected in your current GHG
inventory, but should also be reflected in your base year inventory. In other words, base year emissions
should be retroactively recalculated to reflect changes in the local government that would otherwise
compromise consistency and relevance of the reported GHG emissions.

Once a base year has been chosen, local governments should develop a base year emissions
recalculation policy. You may want to define a “significance threshold” to help determine when base year
emissions are calculated. A significance threshold is a qualitative or quantitative criterion used to define
any significant change to the data, inventory boundary, methods, or any other relevant factor. Once a
local government has determined its policy on how it will recalculate base year emissions, it should apply
this policy in a consistent manner (e.g. it should recalculate for both GHG increases and decreases). Note
that base year emissions should not be recalculated for organic growth or decline.? For local
governments, organic growth/decline refers to increases or decreases due to things like change in
population size, expansion or closure of city-owned facilities, change in city-operated transit ridership,
etc.

® WRI/WBCSD GHG Protocol, p. 35 (2004).
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Note that there are program-specific requirements for setting a base year, adjusting a base year due to
structural changes, and calendar year reporting. Refer to Appendices A-C for details on these program
specific requirements.

2.3 Sources to be Assessed

Under this Protocol, local governments should quantify and report all sources of GHG emissions within
their operations. The Protocol does not include guidance on or expect local governments to quantify
carbon stocks (or “sinks”) that local governments may control. Furthermore, the Protocol does not
provide guidance on quantifying emissions from GHG mitigation projects for use as offsets of greenhouse
gas credits.

e Carbon stocks and estimations of project-specific GHG reductions may be reported optionally. Note
that biological stocks and project-specific reductions should be reported separately from your
inventory emissions, and no line item adjustments should be made to your inventory based on these
activities.

e Local governments can explore the following resources for more information on how to quantify
biological stocks and project-specific GHG reductions:

e California Climate Action Registry Forest Sector Protocol, September 2007.

e California Climate Action Registry Project Protocols, various.
(www.climateregistry.org/tools/protocols/project-protocols.html)

e JPCC Guidelines for National Greenhouse Gas Inventories, 2006.

e World Resources Institute and World Business Council for Sustainable Development 7he GHG
Protocol for Project Accounting, November 2005.

e U.S. EPA Climate Leaders Offset Project Methodologies, various.
(www.epa.gov/stateply/resources/optional-module.html)
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Chapter 3 Organizational Boundaries

Local governments vary in their legal and organizational structures, and may contain a diverse number of
departments, boards, facilities, joint ventures, etc. For the purposes of financial accounting, entities are
treated to established rules that depend on the structure of the organization and the relationships among
parties involved. Setting your local government’s organizational boundary for GHG accounting and
reporting will follow a similar process - you will select an approach for consolidating GHG emissions and
then consistently apply the selected approach to define the departments, activities and operations that
constitute your local government for the purpose of reporting GHG emissions.

Local governments utilizing this Protocol should account for and report their emissions according to one
of two control approaches: operational control or financial control.

Under both control approaches, a local government accounts for 100 percent of the GHG emissions from
operations over which it has control. It does not account for GHG emissions from operations in which it
owns an interest but has no control. In most cases, whether or not an operation is controlled by the local
government does not vary based on whether the financial control or operational control criterion is used.
However, there are situations where your control approach choice will determine whether a source falls
within or outside of your organizational boundary. You must choose one control approach and apply it
consistently across all of your operations. How to assess your local government’s boundaries based on
each control approach is provided below. Table 3.1 also provides an illustration of the reporting
responsibility under the two different control approach options.

3.1 Control Approach Recommendation

The Protocol strongly encourages local governments to utilize operational control when defining their
organizational boundary. The stakeholders involved in the development of this Protocol believe that
operational control most accurately represents the emission sources that local governments can
influence. Operational control is also the consolidation approach required under AB 32’s mandatory
reporting program and is consistent with the requirements of many other types of environmental and air
quality reporting.

3.1.1 Operational Control

A local government has operational control over an operation if the local government has the full
authority to introduce and implement its operating policies at the operation. This approach is consistent
with the current accounting and reporting practice of many organizations that report on emissions from
facilities, which they operate (i.e., for which they hold the operating license). It is expected that except in
very rare circumstances, if the local government is the operator of a facility, it will have the full authority
to introduce and implement its operating policies and thus has operational control. One or more of the
following conditions establishes operational control:

e Wholly owning an operation, facility, or source; or

e Having the full authority to introduce and implement operational and health, safety and
environmental policies (including both GHG- and non-GHG- related policies). In many instances, the
authority to introduce and implement operational and health, safety, and environmental (HSE)
policies is explicitly conveyed in the contractual or legal structure of the partnership or joint venture.
In most cases, holding an operator’s license is an indication of your organization’s authority to
implement operational and HSE policies. However, this may not always be so. If your organization
holds an operating license and you believe you do not have operational control, you will need to
explicitly demonstrate that your authority to introduce operational and HSE policies is significantly
limited or vested with a separate entity.
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Under the operational control approach, a local government accounts for 100 percent of emissions from
operations over which it has operational control. It should be emphasized that having operational control
does not mean that a local government necessarily has authority to make all decisions concerning an
operation. For example, big capital investments will likely require the approval of all the partners that
have joint financial control.

3.1.2 Financial Control

This approach is consistent with international financial accounting standards; therefore, a local
government has financial control over an operation for GHG accounting purposes if the operation is fully
consolidated in financial accounts.* One or more of the following conditions establishes financial control:

e Wholly owning an operation, facility, or source;

e Considering an operation to be, for the purposes of financial accounting, a group company or
subsidiary, and consolidating its financial accounts in your organization’s financial statements;

e Governing the financial policies of a joint venture under a statute, agreement or contract; or

e Retaining the rights to the majority of the economic benefits and/or financial risks from an operation
or facility that is part of a joint venture or partnership (incorporated or unincorporated), however
these rights are conveyed. These rights may be evident through the traditional conveyance of equity
interest or working/participating interest or through nontraditional arrangements. The latter could
include your organization casting the majority of votes at a meeting of the board of directors or
having the right to appoint/remove a majority of the members of the board in the case of an
incorporated joint venture.

Under this control approach, the economic substance of the relationship between the local government
and the operation takes precedence over the legal ownership status, so that the local government may
have financial control over the operation even if it has less than a 50 percent interest in that operation. In
assessing the economic substance of the relationship, the impact of potential voting rights, including both
those held by the local government and those held by other parties, is also taken into account.

If this approach is chosen to determine control, emissions from joint ventures where partners have joint
financial control are accounted for proportionally based on each partner’s interest in the joint venture’s
income, expenses, assets and liabilities.

Note that while financial control is one condition used to prove operational control, operational control
does not prove financial control. Also, having financial control does not automatically mean that the local
government retains operational control. There are situations where a local government owns an asset
(e.g. a transit fleet), but does not maintain operational control of that asset (e.g. if the transit fleet’s
operations and maintenance is contracted out). Thus, the control approach chosen by that local
government would determine whether or not the asset falls within its organizational boundary (e.g.
emissions from transit fleet included under financial control and not included under operational control).

3.1.3 Joint Control

Sometimes a local government can have joint financial control over an operation, but not operational
control. In such cases, the local government would need to look at the contractual arrangements to
determine whether any one of the partners has the authority to introduce and implement its operating

* Financial accounting standards use the generic term “control” for what is denoted as “financial control” in
this chapter.
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policies at the operation and thus has the responsibility to report emissions under operational control. If

the operation itself will introduce and implement its own operating policies, the partners with joint

financial control over the operation will not report any emissions under operational control.

Table 3.1 Reporting Based on Financial Versus Operational Control
% of Emissions to Report | % of Emissions to Report

Level of Control of Facility Under Under
Financial Control Operational Control

Wholly owned 100% 100%
Partially owned with financial and operational control 100% 100%
Partially owned with financial control; no operational 100% 0%
control
Partially owned with operational control; no financial 0% 100%
control
Joint financial control with operational control Based on % ownership 100%
Joint financial control; no operational control Based on % ownership 0%

Associated entity (not consolidated in financial

. ) 0% 100%

accounts) with operational control
Associated entity (not consolidated in financial

] . 0% 0%
accounts); no operational control
Fixed asset investments 0% 0%
Not owned but have a capital or financial lease 100% 100%
Not owned but have an operating lease 0% 100%

3.2 Autonomous Departments, Municipal Utilities, Ports and Airports

Local governments’ organizational structures can vary greatly from jurisdiction to jurisdiction. One of the
goals of this Protocol is to promote consistency in the activities and emission sources reported by all local
governments. Large local governments may be divided into a number of departments with a wide variety
of autonomy, including autonomous, self-supporting departments that control a municipal utility, a port,
an airport, a water or wastewater system/facility, or other large industrial or non-industrial facilities. To
ensure consistency, this Protocol provides clarifying guidance on how to apply operational and financial
control criterion to these departments specifically.

Operational Control. It is often the case that autonomous departments like municipal utilities, ports
and airports are managed by their own board of commissioners or executives. If this board is appointed
by local government officials (e.g. appointed by the Mayor and confirmed by the City Council) and the
local government officials have some level of oversight of the board (e.g. the local government can help
guide policy decisions of the department, the actions of the Board can be reviewed and overturned by the
City Council, etc.), then the local government is considered to have operational control over the
department and should report the emissions associated with the municipal utility/port/airport as part of
the local government’s GHG inventory.

Financial Control. It is possible that even if the local government maintains operational control of an
autonomous department, it may not maintain financial control of the department. Because municipal
utilities, ports and airports often have large assets, the autonomous department may maintain ownership
of its assets separate from the local government. If the assets of the utility/port/airport/etc. do not
appear as part of or are not consolidated under the financial report of the local government, then it is
assumed that the local government does not have financial control over the autonomous department.
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Using the guidance above, it is possible that a local government would include the emissions from a
municipal utility/port/airport in its inventory if using operational control to define its organizational
boundaries, but would exclude the emissions from a municipal utility/port/airport from its inventory if
using financial control to define its organizational boundaries. As discussed in Section 3.1, the Protocol
recommends local governments to define their organizational boundary according to operational control.

It is also important to note that the control approach selected can affect whether emissions from airport
or port tenants is included in your inventory. Under operational control, a local government should not
report any emissions associated with tenant activities. Under financial control, a local government should
quantify and report Scope 2 emissions associated with electricity used by tenants (see Section 3.7.2.).
Please note that under no circumstance does a local government include the emissions from tenant-
owned equipment in the local government’s inventory (e.g., tenant-owned planes, trucks, ships, etc). The
local government has neither operational nor financial control over tenant-owned equipment.

3.3 Joint Powers Authorities, Special Districts and Community Choice
Aggregation

Joint Powers Authorities

A Joint Powers Authority (JPA) is an institution permitted under the laws of some states, whereby two or

more public authorities (e.g. local governments, utility districts or transport districts) can operate

collectively.® While JPAs are found throughout the country, they are particularly widely used in California.

JPAs have separate operating boards of directors, and these boards can be given any of the powers

inherent in all of the participating agencies. The joint authority can employ staff and establish policies

independently of the constituent authorities.

As a JPA is considered a distinct entity from its member authorities, emissions from JPAs should not be
reported as part of a local government’s inventory, regardless of the control approach being used by the
local government.

Special Districts

A special district is a political subdivision of a state established to provide a single public service (e.g.
water supply or sanitation) within a specific geographic area.® Like JPAs, a special district is considered a
distinct entity from the local governments it serves, and does not fall under the operational or financial
control of any one local government. Thus, local governments should not report any Scope 1 or Scope 2
emissions associated with services provided by a special district. A local government may optionally
report these emissions as Scope 3 emissions (e.g. the fugitive CH, emissions generated by the local
government’s waste in the landfill).

Community Choice Aggregation

In 2002, California passed AB 117, which permits any city, county or a combination of cities and/or
counties to aggregate the electric load of the residents, businesses, and municipal facilities that are
located within their city or county limits and enter into electric power contracts on their behalf; this is
called Community Choice Aggregation (CCA).” Currently, the California Public Utilities Commission has
authorized one CCA, which was submitted by a Joint Powers Authority. Under the law, two or more cities,
counties, or cities and counties may participate as a group in a community choice aggregation through a
JPA. Thus CCA programs with two or more participants should be treated like JPAs - as distinct entities
from the local government.

® California Government Code, Section 6500-6536.
® Merriam-Webster's Collegiate® Dictionary, Eleventh Edition.
" California Public Utilities Code, Section 366.2
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Additional guidance on CCA programs and organizational boundaries will be added as more CCA
programs are created in California.

3.4 Leased Facilities/Vehicles and Landlord/Tenant Arrangements

You should account for and report emissions from leased facilities and vehicles according to the type of
lease associated with the facility or source and the organizational boundary approach selected. This
guidance applies to leased office space, vehicles, and other facilities or sources (e.g., industrial
equipment).

There are two types of leases:

Finance or capital lease. This type of lease enables the lessee to operate an asset and also gives the
lessee all the risks and rewards of owning the asset. Assets leased under a capital or finance lease are
considered wholly owned assets in financial accounting and are recorded as such on the balance sheet. If
you have an asset under a finance or capital lease, this asset is considered to be wholly owned by you.

Operating lease. This type of lease enables the lessee to operate an asset, like a building or vehicle,
but does not give the lessee any of the risks or rewards of owning the asset. Any lease that is not a
finance or capital lease is considered an operating lease. In most cases, operating leases cover office
space and leased vehicles, whereas finance or capital leases are for large industrial equipment.

3.41 Emissions from Leased Assets

You should account for and report emissions from a facility or source under a finance or capital lease as if
it is an asset wholly owned and controlled by your local government, regardless of the organizational
boundary approach selected. Therefore, you should account for and report these emissions under both
financial control and operational control.

With respect to facilities or sources under an operating lease (e.g., most office space and vehicle leases),
the organizational boundary approach selected (operational control or financial control) will determine
whether reporting the asset’s associated emissions is required or optional.

When consolidating using the operational control approach, you should report emissions from assets for
which you have an operating lease and these will be counted as Scope 1 or Scope 2 emissions (see
Chapter 4 for a discussion of scopes). This follows from the fact that a lessee has operational control over
an asset it leases under an operating lease. For example, the lessee of office space has control over the
office’s lights, as well as the various office equipment (computers, copy machines, etc.) located in the
office. Under the operational control approach, it is the lessee’s control of these emission sources that
makes the lessee responsible for reporting the emissions from these sources.

If you use the financial control approach, then reporting the emissions from a facility or source with an
operating lease is optional. If you choose to report these emissions, they are counted as Scope 3
emissions (see the following chapter for a detailed discussion of the various scopes, including Scope 3).

Lessees of office space should report emissions from electricity use, heating and cooling of the space
whenever possible. If you cannot report emissions from heating and cooling because it is not possible to
obtain the necessary data, then you should at least report emissions from electricity use.

Please note that this guidance is appropriate for long-term leases. Emissions related to short-term leases,
like car rentals, need not be included in your inventory.

Figure 3.1 is a decision tree designed to help lessees determine what sources from leased assets are
within the organizational boundaries of a lessee.
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3.4.2 Assessing Emissions for a Lessor

In general, the guidance for a lessor is the opposite of the lessee’s. For example, the lessor should not
report emissions for assets leased under a capital or finance lease regardless of the consolidation method
applied by the lessor (although the lessor may opt to report these emissions as Scope 3 emissions).
Similarly, the lessor should not report emissions for assets leased under an operating lease if the lessor is
using the operational control consolidation method. However, the lessor should report such emissions if it
is using the financial control approach.

Please note that if your local government is a lessor and reports based on financial control, and any of
your tenants report based on operational control, those emissions will be double counted in the two
inventories. This is another reason why the Protocol strongly recommends all local governments report
based on operational control. Efforts should be made to avoid double counting whenever possible.

Figure 3.2 is a decision tree providing guidance in determining what sources are within the organizational
boundaries of a lessor.
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Figure 3.1 Organizational Boundary Decision Tree from a Lessee’s Perspective
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Figure 3.2 Organizational Boundary Decision Tree from a Lessor’s Perspective
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Chapter 4 Operational Boundaries

After your local government has determined its organizational boundaries in terms of the operations that
it owns or controls, you then need to set your operational boundaries. This involves identifying emissions
associated with your operations, categorizing them as direct and indirect emissions,® and choosing the
scope of accounting and reporting for optional emissions.

4.1 GHG Emission Scopes

To separately account for direct and indirect emissions, to improve transparency, and to provide utility for
different types of climate policies and goals, this Protocol follows the WRI/WBCSD GHG Protocol/
Corporate Standard in categorizing direct and indirect emissions into “scopes” as follows:

Scope 1: All direct GHG emissions (with the exception of direct CO, emissions from biogenic sources).

Scope 2: Indirect GHG emissions associated with the consumption of purchased or acquired electricity,
steam, heating, or cooling.

Scope 3: All other indirect emissions not covered in Scope 2, such as emissions resulting from the
extraction and production of purchased materials and fuels, transport-related activities in vehicles not
owned or controlled by the reporting entity (e.g., employee commuting and business travel), outsourced
activities, waste disposal, etc.

Together the three scopes provide a comprehensive accounting framework for managing and reducing
direct and indirect emissions.

Figure 4.1 provides an overview of the relationship between the scopes and the activities that generate
direct and indirect emissions along an entity’s value chain. Scopes 1 and 2 are carefully defined in this
Protocol to ensure that two or more entities will not account for the same emissions in the same scope.

Local governments should, at a minimum, quantify and report all Scope 1 and Scope 2 emissions.
Reporting of Scope 3 emissions is optional - see Sections 4.6 and Chapter 12 for more information on
Scope 3 emissions. Biogenic CO, emissions from the combustion of biomass should also be quantified and
reported, but should not be included in Scope 1 emissions. Biogenic emissions from combustion should
instead be reported separately from the scopes (see Section 4.5).

4.2 Local Government Sectors

Along with scopes, emissions are also categorized into local government sectors under this Protocol. The
local government sectors are:

Buildings and other facilities
Streetlights and traffic signals
Water delivery facilities

Port facilities

Airport facilities

Vehicle fleet

Transit fleet

Power generation facilities

® The terms “direct” and “indirect” as used in this document should not be confused with their use in
national GHG inventories where ‘direct’ refers to the six Kyoto gases and ‘indirect’ refers to the precursors
NOx, NMVOC, and CO.
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e Solid waste facilities
¢ Wastewater facilities
e Other process and fugitive emissions

The local government sectors are meant to create a framework that is based on internationally
recognized GHG accounting terms (i.e., Scope 1, Scope 2, stationary combustion, mobile combustion,
etc.) but that is more policy relevant to local governments. By categorizing your GHG inventory according
to these sectors, you may be able to more easily communicate your inventory results to the public and
identify opportunities for reductions.

Because these sectors are familiar to local governments, the quantification guidance in the Protocol is
structured according to sector, as is the Standard Inventory Report (see Chapter 13).

4.3 Scope 1: Direct Emissions

Direct GHG emissions are emissions from sources within the local government’s organizational boundaries
(see previous chapter) that the local government owns or controls. These emissions should be further
subdivided into emissions from four separate types of sources:

e Stationary combustion to produce electricity, steam, heat or power using equipment in a fixed
location (found in most local government sectors);

e Mobile combustion of fuels in fleet transportation sources (e.g., cars, trucks, marine vessels and
planes) and emissions from off-road equipment such as in construction, agriculture and forestry
(found in the Vehicle Fleet sector - see Chapter 7);

e Process emissions from physical or chemical processing, other than fuel combustion (e.g., from the
manufacturing of cement, aluminum, adipic acid, ammonia, etc.); and

e Fugitive emissions that are not physically controlled but result from intentional or unintentional
releases, commonly arising from the production, processing, transmission, storage, and use of fuels
and other substances, often through joints, seals, packing, gaskets, etc. (e.g., HFCs from
refrigeration leaks, SFs from electrical power distributors, and CH, from solid waste landfills).

Figure 4.1 Overview of Scopes and Emission Sources

5F; CH, N,O HFCs PFCs
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Source: WRI/WBCSD GHG Protocol Corporate Standard, Chapter 4 (2004).
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4.4 Scope 2: Indirect Emissions

Scope 2 is a special category of indirect emissions and refers only to indirect emissions associated with
the consumption of purchased or acquired electricity, steam, heating, or cooling. Indirect GHG emissions
are emissions that are a consequence of activities that take place within the organizational boundaries of
the reporting entity, but that occur at sources owned or controlled by another entity. Scope 2 emissions
physically occur at the facility where electricity® is generated. For example, emissions that occur at a
power plant as a result of electricity used by a local government’s administrative buildings represent the
local government'’s indirect emissions.

Scope 2 emissions typically represent one of the largest sources of emissions for local governments;
therefore, they embody a significant opportunity for GHG management and reduction. Local governments
can reduce their use of electricity by investing in energy efficient technologies and energy conservation. A
local government could also install an efficient on site co-generation plant, particularly if it replaces the
purchase of more GHG intensive electricity from the grid or electricity supplier. Reporting of Scope 2
emissions enables transparent accounting and reporting of emissions and reductions associated with such
opportunities.

Scope 2 emissions are found throughout the local government sectors, but guidance on calculating these
emissions is found in Chapter 6.

4.5 Biogenic Emissions from Combustion

The combustion of biomass and biomass-based fuels (such as wood, wood waste, landfill gas, ethanol,
etc.) emit CO, emissions, but these CO, emissions are distinct from Scope 1 emissions generated by
combusting fossil fuels. The CO, emissions from biomass combustion are tracked separately because the
carbon in biomass is of a biogenic origin—meaning that it was recently contained in living organic
matter—while the carbon in fossil fuels has been trapped in geologic formations for millennia. Because of
this biogenic origin, the IPCC Guidelines for National Greenhouse Gas Inventories requires that CO,
emissions from biomass combustion be reported separately.

Because of the distinction between biogenic and anthropogenic emissions, local governments should
track the biogenic CO, emissions from biomass combustion separately from Scope 1 direct emissions.

Biogenic emissions related to forestry and land management should not be quantified under this Protocol
as the Protocol is designed to account primarily for the anthropogenic sources of GHG emissions, and is
not designed to assess the carbon stocks of government-owned lands (see Section 2.3). Biogenic
emissions also occur from sources other than combustion, such as the aerobic decomposition of organic
matter. These non-combustion biogenic emissions should not be included in your GHG inventory.

Because biofuels are often mixed with fossil fuels prior to combustion (e.g., wood waste with coal in a
power plant, ethanol with gasoline in an automobile, or biomass with fossil-based materials in municipal
solid waste), you must separately calculate your CO, emissions from biomass combustion from your CO,
emissions from fossil fuel combustion. Chapter 6 and Chapter 7 in Part III of the Protocol provide
methodologies you can use to calculate your biogenic CO, emissions from combustion separately from
your anthropogenic CO, emissions.

® The term “electricity” is used in this chapter as shorthand for electricity, steam, and district
heating/cooling.
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Box 4.1 The Life Cycle Impact of Biofuels

In some cases, biofuels can be derived from sources that have significant embodied energy or other
environmental consequences. For example, ethanol derived from a crop that requires significant
petrochemical inputs such as fertilizers and pesticides. This can vary widely depending on the fuel
crop, the region and the growing practices. While this is a distinct issue from the question of how to
treat biogenic carbon sources, it is an important one nonetheless. Like coal mining and oil refining,
upstream emissions from these sources could be considered Scope 3 within the protocol. Guidance
on lifecycle assessments is beyond the scope of this Protocol. However, local governments are
encouraged to consider the upstream emissions from the specific source of biofuels in making
decisions about the use of those fuels.

The State of California recently adopted a Low-Carbon Fuel Standard. This standard will spark
research to into the efficacy of low-carbon fuels, including biofuels. This anticipated research should
greatly improve local governments’ ability to make informed decisions about the GHG benefits of
biofuels, and should advance the quantification of GHG associated with fuel combustion. More
information about California’s Low-Carbon Fuel Standard is available at:
http://www.energy.ca.gov/low carbon fuel standard/.

Note that the distinction of emissions from biomass combustion applies only to CO, and not to CH, and
N,O, which are also emitted from biomass combustion. Unlike CO, emissions, CH; and N,O emitted from
biomass combustion are not of a biogenic origin. This is because no CH, or N,O would have been
produced had the biomass naturally decomposed. It is only the combustion of the biomass that caused
these emissions to be produced. Therefore, CH,and N,O emissions from biomass combustion should be
considered part of your Scope 1 emissions and should not be tracked separately from your other CH4 and
N,O emissions.

Biogenic CO, emissions from biomass combustion should be reported as an Information Item in your
Standard Inventory Report. See Chapter 13 for more information.

4.6 Scope 3 Emissions

In addition to the Scope 1 and 2 emission sources, a number of additional emission sources of potential
policy relevance to local government operations can be measured and reported. These include emission
sources related to local government operations, but for which local governments do not have financial or
operational control.

Scope 3 emissions include all other indirect emissions not covered in Scope 2, such as emissions resulting
from the extraction and production of purchased materials and fuels, transport-related activities in
vehicles not owned or controlled by the local government (e.g., employee commuting and business
travel), outsourced activities, waste disposal, etc.

Local governments are encouraged to identify and measure all Scope 3 emission sources to the extent
possible. While reporting of Scope 3 emissions is considered optional, doing so provides an opportunity
for innovation in GHG management. Local governments may want to focus on accounting for and
reporting those activities that are relevant to their GHG programs and goals, and for which they have
reliable information. Scope 3 sources that are particularly relevant for local governments and that many
local governments have been estimating to date include:

e Emissions from waste generated by government operations, but disposed of outside its organizational
boundary;

e Emissions from employee commuting; and

e Emissions from employee business travel.
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While data availability and reliability may influence which Scope 3 activities are included in the inventory,
it is accepted that data accuracy for Scope 3 emissions may be lower than Scope 1 and Scope 2 data. It
may be more important to understand the relative magnitude of and possible changes to Scope 3
activities. Emission estimates are acceptable as long as there is transparency with regard to the
estimation approach and the data used for the analysis are adequate to support the objectives of the
inventory.

Note that it is possible that the same Scope 3 emissions may be reported as Scope 3 emissions by more
than one entity. For example, both a local government and a landfill operator who outsources its waste
hauling may choose to report the emissions associated with transporting waste from its point of
generation to the landfill as Scope 3 emissions. For this reason, Scope 3 emissions should not be summed
across entities or combined with Scope 1 or Scope 2 emissions.

Further information on Scope 3 emissions is provided in Chapter 12.

4.7 Scopes and Double Counting

GHG accounting programs recognize that the Scope 2 emissions reported by one entity may also be
reported as Scope 1 emissions by another entity. For example, the Scope 2 emissions from electricity use
reported by a local government may also be reported as Scope 1 emissions by the regionally-serving
utility that produced the electricity. This dual reporting does not constitute double counting of emissions
as the entities report the emissions associated with the electricity production and use in different scopes
(Scope 1 for the regionally-serving utility and Scope 2 for the local government). Emissions can only be
aggregated meaningfully within a scope, not across scopes. By definition, Scope 2 emissions will always
be accounted for by another entity as Scope 1 emissions. Therefore, Scope 1 and 2 emissions must be
accounted for separately.

This also applies to Scope 3 emissions (see Section 4.6.), as one entity’s Scope 3 emissions is also
another entity’s Scope 1 or 2 emissions. Furthermore, multiple entities can report the same emission
source as Scope 3 (e.g., both a product manufacturer and a product user could report the emissions
associated with the extraction of a product’s raw materials as Scope 3.) Thus, all scopes should be
accounted for separately, and, in particular, Scope 3 emissions should not be aggregated across entities.

Reporting both Scope 1 and Scope 2 emissions helps ensure that local governments create a
comprehensive emissions profile that reflects the decisions and activities of their operations.
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PART IIl QUANTIFYING YOUR EMISSIONS
Chapter 5 Choosing the Appropriate Calculation Methodology

After determining your local government’s boundaries, you must next quantify your GHG emissions. Part
III provides emissions quantification guidelines that provide step-by-step guidance on how to quantify
GHG emissions from your various sources of emissions.

This Protocol is designed to allow local governments with different levels of resources and data
availability to create a complete and consistent inventory of the GHG emissions occurring within their
organizational boundary. In order to do this, the Protocol contains a variety of calculation methodologies
with different levels of data requirements, rigor and accuracy.

5.1 Calculation-Based Methodologies

Local governments will use calculation-based methodologies to quantify most of their GHG emissions.
Calculation-based methodologies involve the calculation of emissions based on “activity data” and
“emission factors”.

5.1.1 Activity Data

Activity data is the relevant measurement of energy use or other GHG generating processes. Examples of
activity data referenced in this Protocol include fuel consumption by fuel type, metered annual energy
consumption, and annual vehicle mileage by vehicle type. Activity data is used in conjunction with an
emission factor (see below) to determine emissions using the following generalized equation:

Activity Data x Emission Factor = Emissions

5.1.2 Emission Factors

Emission factors are calculated ratios relating GHG emissions to a proxy measure of activity at an
emissions source.® Emission factors are used to convert activity data, like energy usage, into the
associated GHG emissions and thus are central to creating your emissions inventory. They are usually
expressed in terms of emissions/energy used (i.e., Ibs of CO,/kWh).

Emission factors are determined by means of direct measurement, laboratory analyses or calculations
based on representative heat content and carbon content. This Protocol provides default emission factors
for most calculation methodologies included in the document in Appendix G.

When default emission factors are not available, local governments should use the best available
information to derive site-specific emission factors that are representative of the technology employed at
their facilities.

5.1.3 Recommended vs. Alternate Activity Data and Emission Factors

The use of common quantification guidelines ensures that local governments creating GHG inventories
based on this Protocol quantify their emissions consistently, such that a “tonne!! of CO, is a tonne of
CO," across all participating local governments.

' WRI/WBCSD GHG Protocol Corporate Standard (2004).

" A “tonne”, also called a metric ton, is the standard international unit for measuring GHG emissions. It is
different than a U.S. short ton (or “ton”). 1 U.S. short ton (ton) = 0.9072 metric tons (tones). See Appendix
F for additional standard conversion factors.
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In theory, all local governments would use comparable activity data and consistent emission factors to
calculate their GHG inventories. In practice, not all local governments have the same level of time,
resources, and data available to do so. To address this, the Protocol uses the terms “recommended” and
“alternate” to present activity data and emission factors according to their level of rigor and accuracy.

In this system, recommended designates the preferred, or most accurate, approach for a given emission
source; alternate represents a less accurate approach that often requires less intensive data collection
and documentation.

Each chapter will identify recommended activity data, sources of emission factors, and calculation
approaches, as well as alternate activity data and sources of emission factors that may be used if you are
unable to use the recommended approach.

Note that in some cases there may be multiple approaches designated as recommended or alternate,
while for other sources there may only be one or two available quantification approaches for a given
source.

Local governments should strive to use the recommended activity data and emission factors when
calculating their GHG emissions, and work to improve their management systems and data collection so
that, if they must use an alternate approach, they can move towards the recommended calculation
approaches over time.

Please keep in mind that individual GHG reporting programs, like the California Climate Action Registry
and The Climate Registry, may require certain activity data and sources of emission factors to be used in
order to meet their standards for third party verification. While these will usually be consistent with what
is denoted as recommended, there are some exceptions. All activity data and emission factors accepted
by CCAR and The Climate Registry are denoted in the Protocol with the following icon:

]

If you are Member of CCAR or The Climate Registry, please ensure that you have used acceptable activity
data and emission factors when calculating your emissions. In most cases, alternate activity data and
emission factors would be appropriate for de minimis estimations under CCAR, but not for third party
verification. Under The Climate Registry, alternate activity data and emission factors are generally
accepted for simplified estimation methodologies. A complete checklist of methodologies accepted by The
Climate Registry is available in Appendix D.

Please refer to Appendices A-D for more program-specific requirements on activity data and emission
factors.

5.2 Measurement-Based Methodologies

Measurement-based methodologies determine emissions by means of continuous measurement of the
exhaust stream and the concentration of the relevant GHG(s) in the flue gas. Direct measurement will
only be relevant to local governments with facilities using existing continuous emission monitoring
systems (CEMS), such as power plants or industrial facilities with large stationary combustion units. Local
governments without existing monitoring systems do not need to install new monitoring equipment to
calculate emissions from these sources, but rather can use the calculation-based methodologies provided.
Those with CEMS should follow the guidance provided in Chapter 8, Section 8.1.

5.3 Calculation Methodology Disclosure

To increase transparency and comparability, all local governments should disclose the type of activity
data and emission factors used in calculating their emissions inventory. The Protocol provides a
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standardized report template in Chapter 13, with recommendations on how to provide this methodology
disclosure.

Furthermore, CCAR, ICLEI, and The Climate Registry have software tools available to their members that
simplify the tracking and calculation of GHG emissions inventories. See the program-specific appendices
of this Protocol for further information on the technical assistance offered by each of the partners.

California Local Governments and AB 32

The State of California has begun to develop rules and regulations to drive GHG reductions
across sectors in order to meet the state’s GHG reduction target. One of these regulations is a
mandatory reporting regulation for the state’s largest sources of GHG emissions, which requires
facility-level reporting and third-party verification. These sources include: electricity generating
facilities, electricity retail providers, electricity marketers, petroleum refineries, hydrogen plants,
cement plants, cogeneration facilities, and other facilities that emit over 25,000 metric tons of CO,
per year.

Some local government operations will include stationary combustion sources emitting over
25,000 metric tons of CO, per year, or co-generation/electric power facilities with a total
generating capacity of at least 1 MW that emit 2,500 metric tons of CO, or more per year.

If your local government operates any facilities in California that may bring them under ARB’s
mandatory reporting regulation, you are expected to follow the quantification guidance provided in
the mandatory reporting regulation. The regulation has additional reporting requirements beyond
what is described in this Protocol.

For more information, see Appendix A and to download the mandatory reporting requirements,
visit www.arb.ca.gov/cc/reporting/ghg-rep/ghg-rep.htm.
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Chapter 6 Facilities

Local governments own, operate, and occupy a large variety of buildings and facilities, and these facilities
contain a diverse array of GHG emission sources. This chapter identifies the Scope 1 and Scope 2
emission sources you may have within your buildings and facilities, and provides guidance on how to

calculate the GHG emissions from those sources.

6.1 Stationary Combustion

Stationary combustion refers to the combustion of
fuels to produce electricity, heat, or motive power
using equipment in a fixed location. Stationary
combustion is a Scope 1 emission source. Typical
stationary sources you will find in your buildings and
facilities include furnaces, boilers, burners and internal
combustion engines that consume fossil fuels like
natural gas, heating oil, coal, and diesel.

Below are the recommended and alternate activity
data and emission factors for calculating your Scope 1
emissions from stationary combustion. The following
sections detail how to calculate your emissions based
on the activity data and emission factors you choose
to utilize.

The default emission factors for stationary combustion
are in Appendix G, Table G.1.

Local governments should report Scope 1 emissions
from stationary combustion in seven different sectors:

Water delivery facilities;

Power generation facilities (see Chapter 8);
Solid waste facilities (See Chapter 9);
Wastewater facilities (see Chapter 10);
Port facilities;

Airport facilities; and

Nouhwne

Box 6.1 Common Local Government
Buildings and Facilities

e Owned and leased office space

¢ Police and fire stations

o Recreation centers and facilities,
including:
- Auditoriums
- Museums
- Zoos
- Other cultural facilities

o Warehouse, fleet and equipment yards,
service facilities

Water pumpl/lift stations
Water treatment plants
Wastewater treatment plants

e Transportation facilities
e Port and airport facilities
e Hospitals and schools

e Courts

e Prisons

e Housing

[ ]

[ ]

[ ]

All other buildings and facilities not included in the sectors above.

Although the quantification methodologies for various types of stationary combustion sources are the
same, there are generally different types of emissions reduction opportunities at facilities in these sectors

than at other types of facilities. Additionally, reporting these sectors separately facilitates a more useful

comparison of a local government’s emissions over time, and a more accurate comparison between local

governments that may not provide these other services.

See Chapter 13 for more information on how to report emissions according to these sectors.
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RECOMMENDED ALTERNATE
Proxy year data
ACTIVITY Known fuel use &1
DATA (meter readings/utility bills) Fuel estimates based on comparable facilities and
square footage
EMISSION RECOMMENDED ALTERNATE
FACTOR Default by fuel type M N/A

California Local Governments and AB 32

Note: If your local government operates a stationary combustion source that emits over 25,000
metric tons of CO, per year, you will be subject to ARB’s mandatory reporting regulation under AB
32. The regulation has additional reporting requirements beyond what is described in this
Protocol.

For more information and to download the mandatory reporting requirements, visit
www.arb.ca.gov/cc/reporting/ghg-rep/ghg-rep.htm.

6.1.1 Recommended Approach

Calculating emissions from stationary combustion using fuel use activity data and default emission factors
by fuel type involves the following six steps:

Determine annual consumption of each fuel combusted at your facilities;
Determine the appropriate CO, emission factors for each fuel;

Determine the appropriate CH, and N,O emission factors for each fuel;

Calculate each fuel’s CO, emissions;

Calculate each fuel’s CH4 and N,O emissions; and

Convert CH4 and N,O emissions to CO, equivalent and determine total emissions.

oUuhwNE

Step 1: Determine annual consumption of each fuel combusted at your facilities.

First identify all fuels combusted at your facilities.

Examples of fuel types include bituminous coal, residual Box 6.2 Potential Sources for Facility
fuel oil, distillate fuel (diesel), liquefied petroleum gas Fuel Use Activity Data

(LPG), and natural gas.
Accounts payable
Departmental records
Engineering department
Facility engineer

For stationary combustion sources, the preferred method Fuel vendors/suppliers
is to determine the amount of fuel combusted at each e Insurance company
combustion unit by reading individual meters located at
the fuel input point, if applicable. Alternatively, you may

Then determine your annual fuel use by fuel type,
measured in terms of physical units (mass or volume).

o Real estate department
e  Utility provider

'2 This icon signifies that the activity data and/or emission factor meets the standard of rigor required for
third party verification under the California Climate Action Registry and The Climate Registry programs. It
also represents ARB’s preferred calculation methodology.
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use fuel receipts or purchase records to calculate your total fuel usage. Convert fuel purchase and
storage data to estimates of measured fuel use using Equation 6.1.

Accounting for Changes in Fuel
Stocks

Equation 6.1

Total Annual Fuel Consumption = Annual Fuel Purchases -
Annual Fuel Sales + Fuel Stock at Beginning of Year -
Fuel Stock at End of Year

Step 2: Select the appropriate CO, emission factor for each fuel.
The Protocol provides default emission factors for a wide variety of fuels in Appendix G, Table G.1.

Emission factors are provided in units of CO, per unit energy and CO, per unit mass or volume. If you
combust a fuel that is not listed in the table, you should derive an emission factor based on the specific
properties of the fuel.

Please note that if you are combusting non-fossil fuels or fuels partly derived from biomass, these CO,
emissions are considered biogenic and should be reported separately from Scope 1 emissions. See Table
G.2 for default emission factors for non-fossil fuels.

Step 3: Select the appropriate CH; and N,O emission factors for each fuel.

Estimating CH4 and N,O emissions depend not only on fuel characteristics, but also on technology type
and combustion characteristics, usage of pollution control equipment, and maintenance and operational
practices. Due to this complexity, estimates of CH, and N,O emissions from stationary sources are much
more uncertain than estimates of CO, emissions. CH4 and N,O also account for much smaller quantities of
emissions from stationary combustion than CO,.

Use Table G.3 and G.4 to obtain default emission factors by fuel type and sector. For most local
government operations, you will use the “commercial/institutional” sector emission factors. However,
because local government services are so diverse, the Protocol includes other sectors that may be more
appropriate, depending on the facility in question.

Step 4: Calculate each fuel’s CO, emissions and convert to metric tons.

To determine your CO, emissions from stationary combustion, multiply your fuel use from Step 1 by the
CO, emission factor from Step 2, and then convert kilograms to metric tons. Repeat the calculation for
each fuel type, then sum (see Equation 6.2).

Note that Equation 6.2 expresses fuel use in gallons. If fuel use is expressed in different units (such as
short tons, cubic feet, MMBtu, etc.), replace “gallons” in the equation with the appropriate unit of
measure. Be sure that your units of measure for fuel use are the same as those in your emission factor.
Refer to Appendix F for a list of standard conversion factors.
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Calculating CO, Emissions
Equation 6.2 | From Stationary Combustion
(gallons)

Fuel A CO, Emissions (metric tons) =
Fuel Consumed x Emission Factor + 1,000
(gallons) (kg COy/gallon) (kg/metric ton)

Fuel B CO; Emissions (metric tons) =
Fuel Consumed x Emission Factor + 1,000
(gallons) (kg COy/gallon) (kg/metric ton)

Total CO, Emissions (metric tons) =
CO, from Fuel A + CO, from Fuel B +
(metric tons) (metric tons) (metric tons)

Step 5: Calculate each fuel’s CH4 and N>,O emissions and convert to metric tons.

To determine your CH4 emissions from stationary combustion, multiply your fuel use from Step 1 by the
CH, emission factor from Step 3, and then convert kilograms to metric tons. Repeat the calculation for
each fuel and sector type, then sum (see Equation 6.3).

Note that Equation 6.3 and Equation 6.5 express fuel use in MMBtu, while Equation 6.4 and Equation 6.6
express fuel use in gallons. If your fuel use is expressed in MMBtu use Equation 6.3 and Equation 6.5. If
your fuel use is expressed in gallons, use Equation 6.4 and Equation 6.6. If your fuel use is expressed
different units (such as short tons, cubic feet, etc.), you must convert your fuel use data to units of
MMBLtu or gallons. Be sure that your units of measure for fuel use are the same as those in your emission
factor. Refer to Appendix F for a list of standard conversion factors.

Follow the same procedure above, using Equation 6.5 or Equation 6.6, to calculate total emissions of N,O
at your facility.

Calculating CH4 Emissions
Equation 6.3 From Stationary Combustion
(MMBtu)

Fuel/Sector A
CH,4 Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (MMBtu) (kg CHs/MMBtu) (kg/metric ton)

Fuel/Sector B
CH,4 Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (MMBtu) (kg CH4/MMBtu) (kg/metric ton)

Total CH, Emissions (metric tons)
= CH, from Type A + CH, from Type B + ...
(metric tons) (metric tons) (metric tons)

Calculating CH, Emissions
Equation 6.4 From Stationary Combustion
(gallons)

Fuel/Sector A
CH, Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (gallons) (kg CHa/gallon) (kg/metric ton)

Fuel/Sector B
CH,4 Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (gallons) (kg CHa/gallon) (kg/metric ton)

Total CH, Emissions (metric tons)
= CH, from Type A + CH, from Type B + ...
(metric tons) (metric tons) (metric tons)
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Calculating N,O Emissions From

Equation 6.5 Stationary Combustion (MMBtu)

Fuel/Sector A
N,O Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (MMBtu) (kg N;O/MMBtu) (kg/metric ton)

Fuel/Sector B
N,O Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (MMBtu) (kg N,O/MMBtu) (kg/metric ton)

Total N,O Emissions (metric tons) =
N,O from Type A + N,O from Type B +

(metric tons) (metric tons) (metric tons)
. Calculating N,O Emissions From
Equation 6.6 Stationary Combustion (gallons)
Fuel/Sector A

N2O Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (gallons) (kg N.O/gallons) (kg/metric ton)

Fuel/Sector B
N,O Emissions = Fuel Use x Emission Factor + 1,000
(metric tons) (gallons) (kg N,O/gallons) (kg/metric ton)

Total N,O Emissions (metric tons) =
N,O from Type A + N,O from Type B +
(metric tons) (metric tons) (metric tons)

Step 6: Convert CH, and N,O emissions to units of CO, equivalent and determine total

emissions from stationary combustion.

Use the IPCC global warming potential factors provided in Equation 6.5 (and Appendix E) to convert CH,4
and N,O emissions to units of CO, equivalent. Then sum your emissions of all three gases to determine

your total GHG emissions from stationary combustion at your facilities (see Equation 6.7).

Converting to CO,e and

Equation 6.7 Determining Total Emissions

CO, Emissions = CO, Emissions x 1
(metric tons CO,e)  (metric tons) (GWP)

CH, Emissions = CH,Emissions x 21
(metric tons CO,e)  (metric tons) (GWP)

N.O Emissions = N,O Emissions x 310
(metric tons CO,e)  (metric tons) (GWP)

Total Emissions = CO,+ CH,; + N.O
(metric tons CO,e)  (metric tons CO.e)
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Box 6.3 gives an example of calculating emissions from a city’s stationary combustion emissions.

Box 6.3. Example Calculation of GHG Emissions from a Stationary Combustion Source

A local government has two stationary combustion sources: a power plant and an air pump. Because
the Protocol provides guidance on calculating emissions from power plants in Chapter 8, the city only
needs to calculate the emissions from the air pump here. The air pump is used at the municipal fuel
station and uses 125 gallons/year of distillate fuel no. 2 (diesel). To perform this calculation, the city
should use equations 6.2-6.5; standard conversion factors in Appendix F; and emission factors in
Appendix G. The calculation is shown below.

Eq. 6.2: CO, Emissions (MT) = fuel consumed (gallons) x emission factor (kg CO,/gal) + 1000
(kg/MT)
=125 gallons x 10.21 kg COy/gallon* + 1,000 kg/metric ton
=1.28 MTCO,

*Emission factor is from Table G.1.

Eq. 6.4: CH, Emissions (MT) = fuel use (gallons) x emission factor (kg CH,/gallons) + 1,000
(9/MT)
= 125 gallons x .0015 kg CH,/gallons* + 1,000 kg/metric tons
= 0.00019 MTCH,

*Emission factor is from Table G.4 under Petroleum Products,
Commercial/lnstitutional.

Eq. 6.6: N,O Emissions (MT) = fuel use (gallons) x emission factor (kg N,O/gallons) + 1,000
(g/MT)
= 125 gallons x 0.6 kg N,O/MMBtu* + 1,000 (kg/metric ton)
=0.00001 MTN,O

*Emission factor is from Table G.3 under Petroleum Products,
Commercial/Industrial.

Eq. 6.5: Total Emissions (MTCO,e) = (CO, emissions (MT) x 1 GWP) + (CH, emissions (MT) x 21
GWP) +(N,O emissions (MT) x 310 GWP)
=(1.28 MT x 1) + (0.00019 MT x 21) + (0.00001 MT x 310)
=1.28 MTCO.e

6.1.2 Activity Data Alternate Approaches

If you are unable to obtain fuel use data for your buildings or facilities, there are two alternate
approaches for estimating your fuel use at facilities.

6.1.2.1 Fuel Use Estimates - Proxy Year Data

Where actual fuel consumption records are not available, you can estimate fuel consumption based on
the fuel consumed at the facility in another year. Typically this approach is used in cases of one or a few
minor facilities. Generally, it should not be used as a substitute for a significant group of buildings or
facilities or the entire facilities sector.
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Local governments should disclose the use of any proxy years in reporting as part of the calculation
methodology disclosure.

Use the following steps to estimate fuel consumption at your facility:

1. Determine annual fuel consumption of fuel in the proxy year; and
2. Normalize for heating and cooling degree days.

Step 1: Determine the annual fuel consumption by fuel type in the proxy year.
The proxy year can be either another calendar year or else a fiscal year.
Step 2: Normalize for heating degree days and cooling degree days.

Estimate the proportion of fuel used in a year for heating and cooling as a percentage of the total fuel
consumed. This should be based on the increased fuel consumed during winter months and summer
months respectively. Where monthly data is not available, the best recommendation of a facility manager
may be used. In cases where heating is the sole use of a fuel, the proportion of fuel used as a
percentage of fuel consumed will be 100 percent. In most cases, cooling will be exclusively electric and
so cooling may be zero percent of the total fuel consumed.

Then, determine the annual heating and cooling degree days in the region in the year being estimated
and the proxy year. The national climate data center website provides information on the heating and
cooling degree days by month and by state at www?7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp#.

Normalize for heating and cooling degree days using Equation 6.8.

Equation 6.8 Normalizing for Heating Degree Days And Cooling Degree Days

Estimated fuel consumed in inventory year =

Fp xFp) Dui_ _Fpx Fc.  Dg
Dpp X 1 + Dep X 1 + [ (1-Fh—=F¢) XFp

Where:

Fp = fuel used in proxy year (kWh)

Fn = percentage of fuel used for heating
Due = heating degree days in the proxy year
Du = heating degree days in inventory year
Fc = percentage of fuel used for cooling
Dcp = cooling degree days in the proxy year
D¢g = cooling degree days in inventory year

Now you can use your estimated fuel use from Equation 6.8 to follow the guidance in the recommended
approach (Section 6.1.1) to estimate your CO2, CH4 and N20 Scope 1 stationary combustion emissions
from the facility.

6.1.2.2 Fuel Use Estimates - Comparable Facilities and Square FootageWhere actual fuel
consumption records are not available, you can estimate fuel consumption based on the size and function
of the building or facility. Typically this approach is used in cases of one or a few minor facilities.
Generally, it should not be used as a substitute for a significant group of buildings or facilities or the
entire facilities sector.
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Local governments should disclose the use of any comparable facilities as part of the methodology
disclosure.

Use the following steps to estimate fuel consumption at your facility:

Identify fuel combusted at the facility;

Determine the size of the facility measured in floor area (square feet);

Identify comparable facilities with known annual fuel consumption rates and square footage;
Determine fuel used per square foot at comparable facility; and

Estimate total annual fuel consumed at the facility.

kRN

Step 1: Identify fuels combusted at the facility where fuel use is to be estimated.

First identify all fuels combusted at the facility. Examples of fuel types include bituminous coal, residual
fuel oil, distillate fuel (diesel), liquefied petroleum gas (LPG), and natural gas.

Step 2: Determine the size of the facility measured in floor area (square feet).

Step 3: lIdentify comparable facilities with known annual fuel consumption rates and square
footage.

If possible, these should be facilities owned or operated by your local government. The determination of
comparability should include consideration of the primary function of the facility and types of fuel used.
You may also consider the age, hours of operation, number of occupants and the type of heating and
cooling systems employed.

If fuel consumption for another comparable facility owned or operated by the local government is not
available, you may consult Table E8 of the US Energy Information Administration’s Commercial Building
Energy Consumption Survey for average energy use by fuel type, by facility type, and by region of the
country at www.eia.doe.gov/emeu/cbecs/.

Step 4: Determine fuel used per square foot at comparable facility.

Divide the annual fuel use for each fuel type at the comparable facility by its square footage to obtain a
gallon or MMBtu/square foot coefficient for each fuel type.

Step 5: Estimate total annual fuel consumed at the facility.

For each fuel, multiply the coefficient from Step 4 by the area of the facility for which you are estimating
the fuel use per Equation 6.9.

Equation 6.9 Estimated Annual Fuel Consumption - Square Footage

Estimated annual fuel consumption =

Annual fuel consumption at comparable facility (volume or mass units) X Size of facility being estimated
Size of comparable facility (sq. ft.) (sq. ft.)

Now you can use your estimated fuel use from Equation 6.9 to follow the guidance in the recommended
approach (Section 6.1.1) to estimate your CO,, CH4 and N,O Scope 1 stationary combustion emissions
from the facility.
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6.2 Electricity Use

All local governments are likely to have indirect emissions associated with the purchase and use of
electricity. In some cases, indirect emissions from electricity use may comprise the largest source of a
local government’s GHG emissions.

The generation of electricity through the combustion of fossil fuels typically yields CO,, and to a smaller
extent, N,O and CHa.

Below are the recommended and alternate activity data and emission factors for calculating your Scope 2
emissions from electricity use. The following sections detail how to calculate your emissions based on the
activity data and emission factors you choose to utilize.

Local governments should report Scope 2 emissions in the following separate sectors:

1. Streetlights and traffic signals;

2. Water delivery facilities;

3. Port facilities;

4. Airport facilities;

5. Vehicle fleet;

6. Transit fleet;

7. Power generation facilities (see Chapter 8);

8. Solid waste facilities (See Chapter 9);

9. Wastewater facilities (see Chapter 10); and

10. All other buildings and facilities not included in the sectors above.

Although the quantification methodologies for various types of Scope 2 emissions sources are the same
(with the exception of an additional estimation methodology available for streetlights), there are generally
different types of emission reduction opportunities for these sectors than at other types of facilities.

Additionally, reporting these sectors separately facilitates a more useful comparison of a local
government’s emissions over time, and a more accurate comparison between local governments that do
not provide the same services. See Chapter 13 for more information on how to report emissions
according to these sectors.

RECOMMENDED ALTERNATE

Estimated electricity use for leased space M

Proxy year electricity use data

Known electricity use 4

ACTIVITY DATA (metered readings/utility bills)

Estimated electricity use based on
comparable facilities and square footage 4

Installed wattage (streetlights only)
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RECOMMENDED ALTERNATE
Verified utility-specific
emission factor ¥
-or- Utility-specific emission factor
€eGRID subregion default
emission factor® M

EMISSION FACTOR

6.21 Recommended Approach
To calculate Scope 2 emissions from electricity use, follow these three steps:
1. Determine your annual electricity use from each facility;
2. Select the appropriate emission factors that apply to the electricity used; and
3. Determine your total annual emissions in metric tons of carbon dioxide equivalent.

Step 1: Determine annual electricity consumption.

Box 6.4 Potential Sources for Facility

Reporting Scope 2 emissions from electricity consumption Electricity Activity Data

begins with determining annual electricity use at each

facility. e Accounts payable

Energy office

Property management office
Public works department
Real estate department
Utility

The preferred sources for determining annual electricity
use are monthly electric bills or electric meter records.
Both sources provide the number of kilowatt hours (kWh)
or megawatt hours (MWh) of electricity consumed, giving
a measure of the energy used by electric loads, such as
lights, office equipment, air conditioning, or machinery.

Record the electricity consumed each month at each facility. Then aggregate monthly bills to determine
annual electricity use (in kWh or MWh) for each facility.

Step 2: Select appropriate emission factors.

An electricity emission factor represents the amount of GHGs emitted per unit of electricity consumed. It
is usually reported in units of pounds of GHG per kWh or MWh. There are two options for recommended
electricity emission factors under this Protocol:

1. Utility-specific emission factors that have been third party verified to the standard of the CCAR
Power/Utility Protocol or The Climate Registry Electric Power Sector Protocol (emission factors will be
available in 2011); and

2. eGRID regional default emission factors (by subregion) or California Grid Average Factors (see box
below).

If your electricity provider is a member of the California Climate Action Registry and has verified an
electricity deliveries metric under CCAR’s Power/Utility Protocol, you can use this factor to determine your
CO, emissions from purchased electricity. These third-party verified emission factors can be found in
Table G.6. As there is a delay in reporting and verifying these utility-specific metrics, it is appropriate to
use the most recent metric available when calculating your Scope 2 emissions from purchased electricity.
A regularly updated table of these metrics is available at:

'3 Local governments in California should use the California Grid Average Electricity Emission Factor
instead of the eGRID subregion default emission factor. See Step 2 in Section 6.2.1 for more information.
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http://www.climateregistry.org/tools/protocols/industry-specific-protocols/power-utility.html. Emission
factors verified through The Climate Registry’s Electric Power Sector Protocol will be available on The
Registry’s website beginning in 2011.

For CH4 and N,O emissions, use the default eGRID emission factors, as these emission factors are not
being calculated under CCAR's Power/Utility Protocol. If you are a local government in California, use the
CH, and N,O default emission factors supplied by ARB in Table G.7 per the “California Local Governments
and AB 32" information box below.

California Local Governments and AB 32

If you are a California local government and your electricity provider does not report a utility-specific
emission factor through CCAR, you should use the California Grid Average Electricity Emission
Factors instead of the default eGRID subregion emission factors. Emission factors are available for
1990-2007 in Table G.7. Use the 2007 emission factor as a proxy for more recent years until new
emission factors become available.

These California-specific emission factors have been developed by ARB based on the total in-state
and imported electricity emissions divided by the state’s total consumption. These data came from
ARB'’s statewide greenhouse gas inventory, 1990-2007 and the California Energy Commission.

As it is not yet standard practice for utilities to calculate and verify company-specific electricity GHG
emission factors, many local governments will be unable to obtain utility-specific factors. In this case, you
should use the regional power pool emission factors supplied by US EPA eGRID that represent the
average emissions rate of electric generators supplying power to the grid in your region.

To find the appropriate default emission factor for your local government, determine your eGRID
subregion from the map in Figure G.1. If you are unsure of your subregion, use the EPA Power Profiler
tool, available at www.epa.gov/cleanenergy/powerprofiler.html to find your subregion based on its zip
code. Then, based on your subregion, find the appropriate emission factors for each gas in Table G.8.

Please note that the emission factors in Table G.8 are based on 2005 data, which are currently the most
recent data available from eGRID. When possible, use emission factors that correspond to the calendar
year of data you are reporting. When this is not possible, use the emission factor from the year closest to
the year your emissions occurred. Because there is a lag between when eGRID data is collected and
when EPA makes it public, you should refer to the 'data year' when determining which factor to use. Use
the 2005 emission factors provided in Table G.8 as a proxy for more recent years until new eGRID
emission factors become available. Use the historical eGRID CO, emission factors in Table G.9 and G.10
for years prior to 2005. Always use the emission factor closest to the year for which you are reporting.

Also note that the Protocol does not include historical eGRID CH4 and N,O default emission factors for
years prior to 2004; please use the CH4 and N,O default emission factors in Table G.8 and Table G.7
(California only) for historical reporting purposes.

Step 3: Determine total annual emissions and convert to metric tons of carbon dioxide
equivalent.

To determine annual emissions, multiply annual electricity use (in MWh) from Step 1 by the emission
factors for CO,, CH,, and N,O (in pounds per MWh) from Step 2.

Note: If your electricity use data is in units of kWh, divide by 1,000 to convert to MWh. Then convert
pounds into metric tons by dividing the total by 2,204.62 Ibs/metric ton. To convert kilograms into metric
tons, divide by 1,000 kg/metric ton (see Equation 6.10). Repeat this step for each gas.
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. Calculating Indirect Emissions
Equation 6.10 from Electricity Use

CO, Emissions (metric tons) =
Electricity Use x Emission Factor +2,204.62
(MWh) (Ibs CO/MWh)  (Ibs/metric ton)

CH, Emissions (metric tons) =
Electricity Use x Emission Factor + 2,204.62
(MWh) (Ibs CHs/MWh)  (Ibs/metric ton)

N.O Emissions (metric tons) =
Electricity Use x Emission Factor + 2,204.62
(MWh) (Ibs NoO/MWh)  (Ibs/metric ton)

To convert CH4 and N,O into units of carbon dioxide equivalent, multiply total emissions of each gas (in
metric tons) by its IPCC global warming potential (GWP) factor provided in Equation 6.11. Then sum the
emissions of each of the three gases in units of CO, to obtain total greenhouse gas emissions (see

Equation 6.11).

Converting to CO,-Equivalent
Equation 6.11 | and Determining Total
Emissions

CO; Emissions = CO; Emissions x 1
(metric tons CO,e) (metric tons)  (GWP)

CH,; Emissions = CH;Emissions x 21
(metric tons COze) (metric tons) (GWP)

N.O Emissions = N,O Emissions x 310
(metric tons CO,e) (metric tons) (GWP)

Total Emissions = CO, + CH; + N;O
(metric tons CO,e)  (metric tons CO.e)

Box 6.5 provides an example of calculating a city’s Scope 2 emissions from electricity use.
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Box 6.5. Example Calculation of GHG Emissions from Electricity Use

A city in California is preparing its 2009 emissions inventory. Electricity consumption from municipal
operations in the city is 12 million kWh (12,000 MWh). The city uses emission factors from Table G.7
(California Grid_Average Electricity Emission Factors) to calculate its Scope 2 electricity emissions.
These calculations are shown below.

Eq. 6.10: Emissions from Electricity Use:
CO, emissions (MTCO,) = electricity use (MWh) x emission factor (Ibs CO,/MWh) + 2,204.62
(Ibs/MT)
= 12,000 MWh x 919.64 Ibs CO,/MWh + 2,204.62 |bs/MT
= 5,006 MT CO,
CH,4 emissions (MTCH,) = electricity use (MWh) x emission factor (Ibs CHs/MWh) + 2,204.62
(Ibs/MT)
12,000 MWh x 0.029 Ibs CH,/MWh =+ 2,204.62 Ibs/MT
0.16 MT CH4
N,O emissions (MTN,0) = electricity use (MWh) x emission factor (Ibs N,O/MWh) =+ 2,204.62
(Ibs/MT)
= 12,000 MWh x 0.010 Ibs N;O/MWh =+ 2,204.62 (Ibs/MT)
= 0.05 MTN,0

Eq. 6.11: Total emissions (MTCO,e) = (CO, emissions (MT) x GWP) + (CH, emissions
(MT) x GWP) + (N,O emissions x GWP)
= (5,006 MT CO; x 1) + (0.16 MT CH4 x 21) + (.05 MT N,O x 310)
= 5,026 MTCO,e

6.2.2 Alternate Activity Data

If you are unable to obtain metered electricity use for your buildings or facilities, there are three alternate
approaches for estimating your Scope 2 emissions:

1. Estimate electricity use for leased space based on the facility’s total annual consumption;
2. Estimate electricity use based on proxy year data; or
3. Estimate electricity use based on known electricity use at comparable facilities.

6.2.2.1 Estimated Electricity Use - Leased Space

If purchase records, electricity bills, or meter readings are not available or applicable (for example if you
lease office space in a building owned by another entity or your space is not separately metered), an
alternate method is to estimate electricity use based on your share of the building’s floor space and the
building’s total electricity consumption.

This method yields less accurate estimates than the recommended electricity use method because it is
not specific to the particular space you occupy in the building and assumes that all occupants of the
building have similar energy consuming habits.

Local governments should disclose the use of alternate activity data in reporting as part of the calculation
methodology disclosure.

To follow this method, you will need the following information, which should be available from your
building’s property manager:

e Total building area (square feet);
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e Area of entity’s space (square feet);
e Total building annual electricity use (kWh); and
e Building occupancy rate (e.g., if 75 percent of the building is occupied, use 0.75).

Use this information and Equation 6.12 to estimate your facility’s share of the building’s electricity use.

Equation Estimating Electricity Use for
6.12 Leased Space

Estimated Electricity Use (kWh) =

Entity's + Building x Building Electricity + Occupancy
Area (sq ft) Area (sq ft) Use (kWh) Rate

Now you can use your estimated electricity use from Equation 6.12 to follow the guidance in the
recommended approach (Section 6.2.1) to estimate to your CO,, CH,4 and N,O Scope 2 emissions from
the facility.

6.2.2.2 Estimated Electricity Use - Proxy Year Data

If purchase records, electricity bills, or meter readings are not available, you can estimate energy
consumption for a facility based on the energy consumed at the building or facility in another year.

Typically this approach is used in cases of one or a few minor facilities. Generally, it should not be used
as a substitute for a significant group of buildings or facilities or the entire buildings sector. Local
governments should disclose the use of any proxy years in reporting as part of the calculation
methodology disclosure.

Use the following steps to estimate the annual electricity use at your facility:

1. Determine the electricity used in each facility in the proxy year; and
2. Normalize for heating and cooling degree days.

Step 1: Determine the electricity used in each facility in the proxy year.
The proxy year can be either another calendar year or else a fiscal year.
Step 2: Normalize for heating and cooling degree days.

Estimate the proportion of electricity used in a year for heating as a percentage of the total electricity
consumed and the proportion of annual electricity used in a year for cooling as a percentage of the
electricity consumed. This should be based on the increased electricity consumed during winter months
and summer months respectively. Where monthly data is not available, the best recommendation of a
facility manger may be used.

Then, determine annual heating and cooling degree days in the region in the year being estimated and
the proxy year. The national climate data center website provides information on the heating and cooling
degree days by month and by state at www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp#.

Normalize for heating and cooling degree days using Equation 6.13.
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Equation 6.13 | Normalizing for Heating Degree Days And Cooling Degree Days

Estimated energy consumed in inventory year (kWh)=

Ep X En)  Dui_ _Epx Ec_ Dei
Dpp X 1 + Dcp X 1 + |(1- En—Ec) X Ep

Where:

Ep = electricity used in proxy year (kWh)

E, = percentage of electricity used for heating
Dyp = heating degree days in the proxy year
Dy = heating degree days in inventory year
Ec = percentage of electricity used for cooling
Dcp = cooling degree days in the proxy year
D¢ = cooling degree days in inventory year

Now you can use your estimated electricity use from Equation 6.13 to follow the guidance in the
recommended approach (Section 6.2.1) to estimate your CO,, CH4 and N,O Scope 2 emissions from the
facility.

6.2.2.3 Estimated Electricity Use - Comparable Facilities and Square Footage

Where actual electricity records are not available and total annual electricity consumption from the facility
is unknown, you can estimate electricity based on the size and function of the facility.

Typically this approach is used in cases of one or a few minor facilities. Generally, it should not be used
as a substitute for a significant group of buildings, facilities or the entire facilities sector. Local
governments should disclose the use of any comparable facilities data in reporting as part of the
calculation methodology disclosure.

Use the following steps to estimate the electricity use at your facility:

Determine the size of the facility measured in floor area (square feet);

Identify comparable facilities with known annual electricity use and square footage;
Determine electricity used per square foot at comparable facility; and

Estimate electricity used at facility.

e

Step 1: Determine the size of the facility measured in floor area (square feet).

Step 2: Identify comparable facilities with known annual electricity use rates and square
footage.

If possible these should be facilities owned or operated by the same government. The determination of
comparability should include consideration of the primary function of the facility and the primary uses of
electricity at each facility. You may also consider the age, hours of operation, number of occupants and
the type of heating and cooling systems employed.

If electricity consumption for another comparable facility owned or operated by the local government is
not available, you may use the average intensity factors listed below in Table 6.1 from the US Energy
Information Administration’s Commercial Building Energy Consumption Survey.
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Table 6.1 Annual Electricity Intensity Values
Annual Electricit)( Intensity
)

Principal Building Activity

(kWh/ft
Education 11.0
Food Sales 49.4
Food Service 38.4
Health Care 22.9
Inpatient 27.5
Outpatient 16.1
Lodging 13.5
Retail (Other Than Mall) 14.3
Office 17.3
Public Assembly 12.5
Public Order and Safety 15.3
Religious Worship 4.9
Service 11.0
Warehouse and Storage 7.6
Other 22.5
Vacant 24
Source: Energy Information Administration, 2003 Commercial
Buildings Energy Consumption Survey (CBECS): Consumption and
Expenditures Tables, Table C14. Electricity Consumption and
Expenditures Intensities for Non-Mall Buildings, 2003; December
2006.

Step 3: Determine electricity used per square foot at comparable facility.

Divide the annual electricity use at the comparable facility by its square footage to obtain a kWh/square
foot coefficient.

Step 4: Estimate electricity used at facility.

Multiply this coefficient by the area of the facility for which you are estimating the electricity use.

Equation 6.14 | Estimated Annual Electricity Use - Square Footage

Estimated Electricity Use (kWh) =

Annual electricity use at comparable facility (kWh) X Size of facility being estimated
Size of comparable facility (sq. ft.) (sq. ft.)

Now you can use your estimated electricity use from Equation 6.14 to follow the guidance in the
recommended approach (Section 6.2.1) to estimate your CO,, CH, and N,O Scope 2 emissions from the
facility.

6.2.2.4 Streetlights Only: Estimated Electricity Use - Installed Wattage

In many cases, metered electricity consumption records are not available for streetlights and traffic
signals. In these cases, the most accurate alternate methodology for estimating activity data is based on
installed wattage. To estimate Scope 2 emissions from streetlight use based on installed wattage, follow
the steps below:

1. Determine the number and wattage of all bulbs in the system;
2. Estimate the average annual daily operating hours for each group of lights; and
3. Estimate annual electricity consumption for each group of lights.

Chapter 6 Facilities 45



Local Government Operations Protocol May 2010

Step 1: Determine the number and wattage of all bulbs in the system.

Typically this information is available from either the streets department or the electric utility.

Step 2: Estimate the average annual daily operating hours for each group of lights.

Average annual operating hours of streetlights will depend upon management practices, but is typically
between 10 and 13 hours per day. Average annual operating hours for traffic signals will depend upon
the use of the light but is generally about 8 hours per day. Consult the streets department or the electric
utility for assistance estimating average annual daily operating hours.

Step 3: Estimate annual electricity consumption for each group of lights.

Use Equation 6.15 for each lighting group, and then sum all lighting groups for total estimated electricity
use.

. Estimated Annual Streetlight Electricity
Equation 6.15 Use - Installed Wattage

Estimated Annual Electricity Use (kWh) =

Total installed wattage X Avg. annual daily operating hours X 365
(watts) (hours/day) (days/year)
1000
(watts/kWh)

Now you can use your estimated electricity use from Equation 6.15 to follow the guidance in the
recommended approach (Section 6.2.1) to estimate your CO,, CH4 and N,O Scope 2 emissions from the
streetlights.

6.2.3 Alternate Emission Factors

Situations may occur in which there is a desire to use utility-specific emission factors associated with
electricity consumption rather than regional factors, but where utility-specific emission factors have not
yet been derived and verified in accordance with either the California Climate Action Registry or The
Climate Registry as described in Section 6.2.1. Under such circumstances, it may be possible to obtain
and use unverified utility-specific emission factors to estimate emissions associated with electricity
consumption.

Unverified utility-specific emission factors should be obtained directly from the applicable utility company.
Care should be taken to ensure that these emission factors take into account all of the power transmitted
by the utility, including purchased electricity, not just power directly generated by the utility. These
emission factors should be based on total quantities of fuel consumed and resulting power generated and
delivered for end-use consumption, along with combustion technologies and other factors.

Once obtained, these unverified utility-specific emission factors should be used in Equation 6.10 as
described above to estimate electricity-related emissions.

Note that this methodology may be disallowed under future versions of this protocol as the proportion of
utilities with third-party verified emission factors increases throughout the U.S.
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6.2.4 Green Power and Renewable Energy Certificate Purchases

Some local governments may purchase “green power” or “renewable energy certificates” from an electric
utility or an independent power provider. Renewable energy resources are essential to the fight against
climate change and these purchases represent bold and committed leadership.

The partners encourage these purchases, which you should report as supplemental information in your
Local Government Operations Standard Inventory Report. You may not, however, deduct these purchases
from your Scope 2 emissions because doing so would constitute double counting. This is because the
renewable energy portion of a utility’s power supply is already accounted for in the region’s eGRID factor.
For example, a utility may use funds from green power purchases to build a wind farm. This would lower
the utility’s carbon intensity and thus the carbon intensity of the entire eGRID region. Thus, deducting
RECs or green power purchases from an entity’s Scope 2 emissions is considered double counting.

Despite the methodological challenges involved, the partner organizations recognize the need to develop
a specific accounting framework for green power purchases in order to further incentivize emission
reduction efforts. Until such guidance is available, we encourage local governments to disclose
information about these activities as an information item in Section 2 of the Local Government Operations
Standard Inventory Report. This approach is consistent with existing GHG accounting guidance provided
by CCAR, The Climate Registry, WRI and EPA.

The partner organizations will continue to monitor and track the evolution of green power programs and
the REC market. We hope that a broadly used, credible tracking, and retirement processes will soon be in
place and that we will be able to provide better guidance to account for the GHG reductions associated
with these purchases in future versions of this Protocol.

6.2.5 Local Governments who Generate Electricity
Local governments may generate electricity in a variety of ways, including:

e Operating a public utility
e Generating on-site renewable energy

Local governments should take care that they do not double count the emissions associated with power
generation. Guidance on how to avoid double counting for each of these scenarios is below.

Electricity Purchased from a Public Utility Operated by the Local Government

Many local governments purchase electricity from their municipally operated utility. For example, city-
owned buildings in Los Angeles use electricity generated by the Los Angeles Department of Water and
Power, a City department. Local governments should not report Scope 2 emissions from electricity
generated by a utility they operate. This is because these emissions are reported as Scope 1 emissions
for the facility that generates the electricity. Reporting these emissions as Scope 1 emissions and Scope 2
emissions would be double counting within an entity, which goes against standard greenhouse gas
accounting principles. If, however, the municipally owned utility purchases electricity from another power
generator and sells that purchased power to the local government for use in local government
operations, the associated emissions are not accounted for within the local government’s Scope 1
emissions and should be counted as Scope 2 emissions. Therefore, local governments must report Scope
2 emissions that come from electricity purchased (but not generated) by their municipally owned utility
and consumed by the local government.

Local governments who generate power should follow the guidance in Chapter 8 to quantify their Scope 1
emissions from power generation. These local governments should also disclose how much self-
generated power they consume in the Power Generation Facilities section of the Standard Inventory
Report (see Section 13.1.2.4).
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Emissions from On-Site Renewable Energy

If your local government is generating renewable power on-site (e.g. rooftop photovoltaic systems), the
kWh you generate with your on-site system will decrease the grid electricity you purchase. Your total
annual kWh purchased will decrease, therefore decreasing your Scope 2 emissions. Thus, you do not
need to do any additional calculations for renewable energy systems.

6.2.6 Accounting for Transmission and Distribution Losses

Some electricity is lost during the transmission and distribution (T&D) of power from electric generators
to end-users. T&D losses should be reported by the entity that owns or controls the T&D lines, not by the
end-user of the power. To avoid double counting, the default emission factors in the Protocol do not
account for T&D losses and are therefore appropriate for end users of purchased electricity.

Three organizational structures are described below to help you determine whether or not you need to
report the emissions associated with T&D losses.

Local Governments Who Do Not Own or Operate the T&D System

If your local government does not own or operate the T&D system delivering the electricity it consumes,
you should not report T&D losses as Scope 2 in your GHG inventory. You should only report the
emissions associated with the amount of electricity you purchase and consume within your facilities as
Scope 2.

Local Governments Who Own or Operate the T&D system and Generate the Electricity

If your local government owns or operates the T&D system and generates (rather than purchases) the
electricity transmitted through the system, you should not report the emissions associated with T&D
losses under Scope 2. These emissions are accounted for under Scope 1. This is the case when
generation, transmission, and distribution systems are vertically integrated and owned or controlled by
the same entity.

Local Governments Who Own or Operate the T&D System and Purchase the Electricity

If you purchase (rather than generate) electricity and transport it through a T&D system that you own or
operate, you should report the emissions associated with T&D losses from power purchases under Scope
2. These emissions would not be accounted for elsewhere in your inventory.

See Chapter 8 for more information on how to calculate these Scope 2 emissions.

6.3 Steam and District Heating Purchases

Some local governments purchase steam or district heating for purposes like providing space heating in
the buildings or providing process heating for industrial needs. Emissions associated with these sources
are considered to be indirect. If you own or operate a combined heat and power (CHP) facility or
conventional boiler plant, you should calculate your Scope 1 emissions from the combustion of the fossil
fuels at the plant as described in Section 6.1 or Chapter 8.

This section provides guidance on calculating Scope 2 emissions from imported steam or district heating
that is produced at a conventional boiler plant (i.e., not a CHP facility). If you purchase steam or heat
from a CHP facility, please refer to Section 6.4.

To estimate your GHG emissions from imported steam or district heating, follow these four steps:
1. Determine energy obtained from steam or district heating;

2. Determine appropriate emission factors for the steam or district heating;
3. Calculate emissions from imported steam or district heating; and
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4. Convert to units of carbon dioxide equivalent, and determine total emissions.
Step 1: Determine energy obtained from steam or district heating.

First, determine the quantity of acquired steam or district heating. You may use metered records of
energy use, purchase records, or utility/supplier energy bills to determine annual consumption. Monthly
energy bills must be summed over the year to give annual consumption.

Consumption data should be expressed in units of million British thermal units (MMBtu). If your
consumption data is expressed in therms, you can convert the values to units of MMBtu by multiplying by
0.1, as shown in Equation 6.16.

Converting Steam Consumption
from Therms to MMBtu

Equation 6.16

Energy Consumption = Energy Consumption x 0.1
(MMBtu) (therms) (MMBtu/therm)

If your steam consumption is measured in pounds (Ibs), you either need to monitor the temperature and
pressure of the steam you have received, or request the information from the steam supplier. This
information can be used with standard steam tables to calculate the steam’s energy content. Calculate
the thermal energy of the steam using saturated water at 212°F as the reference (Source: American
Petroleum Institute, Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and
Gas Industry, 2001). The thermal energy consumption is calculated as the difference between the
enthalpy of the steam (or heat content) at the delivered conditions and the enthalpy of the saturated
water at the reference conditions (or heat content).

The heat content of the steam can be found in standard steam tables (for example, the Zndustrial
Formulation 1997 for the Thermodynamic Properties of Water and Steam published by the International
Association for the Properties of Water and Steam (IAPWS)). The enthalpy of saturated water at the
reference conditions is 180 Btu/Ib. The thermal energy consumption for the steam can then be calculated
as shown in Equation 6.17.

Converting Steam Consumption

Equation 6.17 from Pounds to MMBtu

Energy Consumption (MMBtu) =
[ Enthalpy of Delivered Steam (Btu/lb) - 180 (Btu/lb) ] x

Steam Consumed (Ibs) + 1,000,000 (Btu/MMBtu)

Step 2: Determine the appropriate emission factors for the steam or district heating.

Because emissions vary with fuel type, you must know the types of fuels that are burned in the plant
supplying your steam or hot water. You can obtain this information from the plant’s energy supplier.
Once you know the fuels combusted to generate the steam or hot water, determine the appropriate
emission factors for each fuel combusted. You can then use default emission factors for CO,, CH,4, and
N,O from Table G.1 and Table G.3.

Next, you should determine the efficiency of the boiler used to produce the steam or hot water and any
transport losses that occur in delivering the steam, and calculate a total efficiency factor using Equation
6.18. Boiler efficiency is the ratio of steam output to fuel input, in units of energy, which you should
obtain from your steam or heat supplier. If transport losses or boiler efficiency vary seasonally, these
factors should be calculated on a monthly or seasonal basis and summed to yield total annual factors.
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Equation 6.18 | Calculating System Efficiency

Total Efficiency Factor (%)

= Boiler Efficiency x (100% - Transport Losses)
(%) (%)

Calculate CO,, CH4, and N,O emission factors that reflect the efficiency and fuel mix of the boiler
employed to generate your steam or hot water using Equation 6.19.

Equation 6.19 | Calculating Emission Factors

CO, Emission Factor (kg CO,/ MMBtu)
= Fuel-Specific Emission Factor + Total Efficiency Factor
(kg CO, / MMBtu) (%)

CH, Emission Factor (kg CH,/ MMBtu)
= Fuel-Specific Emission Factor + Total Efficiency Factor
(kg CH4 / MMBtu) (%)

N.O Emission Factor (kg N,O / MMBtu)
= Fuel-Specific Emission Factor + Total Efficiency Factor
(kg N2O / MMBtu) (%)

If you are unable to obtain the specific system efficiency of the boiler that generated your steam or heat,
apply a default total efficiency factor—boiler efficiency and transport losses combined—of 75 percent in
Equation 6.19.

Step 3: Calculate emissions from imported steam or district heating.

Once you have both the value of total energy consumed from Step 1 and the appropriate emission
factors from Step 2, use Equation 6.20 to calculate GHG emissions from imported steam or hot water.

Calculating Emissions From

Equation 6.20 Imported Steam or Heat

Total CO, Emissions (metric tons)
= Energy Consumed x Emission Factor + 1,000
(MMBtu) (kg CO2/ MMBtu)  (kg/metric ton)

Total CH, Emissions (metric tons)
= Energy Consumed x Emission Factor + 1,000
(MMBtu) (kg CHs / MMBtu)  (kg/metric ton)

Total N,O Emissions (metric tons)
= Energy Consumed x Emission Factor + 1,000
(MMBtu) (kg N2O / MMBtu) (kg/metric ton)

Step 4: Convert to units of carbon dioxide equivalent and determine total emissions.

Use the IPCC global warming potential factors provided in Equation 6.21 to convert CH, and N,O
emissions to units of CO, equivalent. Sum your emissions of all three gases to determine your total in
Scope 2 GHG emissions from imported heat or steam (see Equation 6.21).

Chapter 6 Facilities 50



Local Government Operations Protocol May 2010

Converting to CO,
Equation 6.21 Equivalent and Determining
Total Emissions

CO; Emissions = CO, Emissions x 1
(metric tons CO,e) (metric tons) (GWP)
CH, Emissions = CH,Emissions x 21
(metric tons CO,e)  (metric tons) (GWP)
N.O Emissions = N,O Emissions x 310
(metric tons CO,e)  (metric tons) (GWP)

Total Emissions = CO, + CH; + N,O
(metric tons CO,e) (metric tons CO,e)

6.4 Heat and Power Purchases from a Combined Heat & Power Facility

Emissions from CHP facilities represent a special case for estimating Scope 2 emissions. Because CHP
simultaneously produces electricity and heat attributing total GHG emissions to each product stream
would result in double counting. Thus, when two or more parties receive the energy streams from CHP
plants, GHG emissions must be determined and allocated separately for heat production and electricity
production.

Since the output from CHP results simultaneously in heat and electricity, you can determine what “share”
of the total emissions is a result of electricity and heat by using a ratio based on the Btu content of heat
and/or electricity relative to the CHP plant’s total output.

Below are the recommended and alternate approaches for calculating you Scope 2 emissions for heat or
power purchases from a CHP facility.

RECOMMENDED ALTERNATE

Simplified method for heat purchases
Simplified method for electricity purchases

Product stream method ¥

6.41 Recommended Approach: Product Stream Method

The product stream approach is the most accurate method for determining Scope 2 emissions related to
heat or electricity purchases from a CHP plant. However, it does require access to detailed data about the
CHP plant from whom you are buying heat or electricity.

The process for estimating Scope 2 emissions from the heat and power product streams produced at a
CHP facility involves the following four steps:

Obtain total emissions, power and heat generation information from CHP facility;
Determine emissions attributable to net heat production and electricity production;
Calculate emissions attributable to your portion of heat and electricity consumed; and
Convert to units of carbon dioxide equivalent and determine total emissions.

PN

Step 1: Obtain emissions and power and heat information from the CHP facility.

You will need to obtain the following information from the CHP plant owner or operator to estimate Scope
2 GHG emissions:

e Total emissions of CO,, CH,4, and N,O from the CHP facility, based on fuel input information;
e Total electricity production from the CHP plant, based on generation meter readings; and
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e Net heat production from the CHP plant.

Net heat production refers to the useful heat that is produced in CHP, minus whatever heat returns to the
boiler as steam condensate, as shown in Equation 6.22.

Equation 6.22 | Calculating Net Heat Production

Net Heat Production (MMBtu) =

Heat of Steam Export - Heat of Return Condensate
(MMBtu) (MMBtu)

Step 2: Determine emissions attributable to net heat production and electricity production
for the CHP plant.

The most consistent approach for allocating GHG emissions in CHP applications is the efficiency method,
which allocates emissions of CHP plants between electric and thermal outputs on the basis of the energy
input used to produce the separate steam and electricity products. To use this method, you must know:

e The total emissions from the CHP plant;
e The total steam (or heat) and electricity production; and
e The steam (or heat) and electricity efficiency of the facility.

Use the following steps to determine the share of emissions attributable to steam (or heat) and electricity
production.

Determine the total Scope 1 emissions from the CHP system.

Calculate total Scope 1 GHG emissions using the methods described in Section 6.1.1 or Chapter
8.

Determine the total steam and electricity output for the CHP system.

To determine the total energy output of the CHP plant attributable to steam production, use
published tables that provide heat content values for steam at different temperature and
pressure conditions (for example, the Industrial Formulation 1997 for the Thermodynamic
Properties of Water and Steam published by the International Association for the Properties of
Water and Steam (IAPWS)). Energy content values multiplied by the quantity of steam produced
at the temperature and pressure of the CHP plant yield energy output values in units of MMBtu.

Alternatively, determine net heat (or steam) production (in MMBtu) by subtracting the heat of
return condensate (MMBtu) from the heat of steam export (MMBtu). To convert total electricity
production from MWh to MMBtu, multiply by 3.412 MMBtu/MWh.

Determine the efficiencies of steam and electricity production.

Identify steam (or heat) and electricity production efficiencies. If actual efficiencies of the CHP
plant are not known, use a default value of 80 percent for steam and a default value of 35
percent for electricity. The use of default efficiency values may, in some cases, violate the energy
balance constraints of some CHP systems. However, total emissions will still be allocated between
the energy outputs. If the constraints are not satisfied, the efficiencies of the steam and
electricity can be modified until constraints are met.
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Determine the fraction of total emissions allocated to steam and electricity
production.

Allocate the emissions from the CHP plant to the steam (or heat) and electricity product streams
by using Equation 6.23.

Equation 6.23 | Allocating CHP Emissions to Steam and Electricity

Stepl: EH:(H+eH)+[(H+eH)+(P+ep)]XET

Step 2: Ep = ET = EH
where:

Ey = Emissions allocated to steam production;
H = Total steam (or heat) output (MMBtu);
ey = Efficiency of steam (or heat) production;
P = Total electricity output (MMBtu);
ep = Efficiency of electricity generation;
Er = Total direct emissions of the CHP system; and
Epr = Emissions allocated to electricity production.

Step 3: Calculate emissions attributable to your portion of heat and electricity consumed.

Once you have determined total emissions attributable to heat and electricity production, you will need to
determine your portion of heat or electricity consumed, and thus your indirect GHG emissions associated
with heat or electricity use. First, obtain your electricity and heat consumption information, and then use
Equation 6.24 and Equation 6.25 to calculate your share of emissions, as appropriate.

Equation 6.24 | Calculating Indirect Emissions Attributable To Electricity Consumption

Indirect Emissions Attributable to Electricity Consumption (metric tons) =

Total CHP Emissions Attributable to Electricity Production x (Your Electricity Consumption + Total CHP Electricity Production)
(metric tons) (kwh) (kwh)

Equation 6.25 | Calculating Indirect Emissions Attributable To Heat (or Steam) Consumption

Indirect Emissions Attributable to Heat Consumption (metric tons) =

Total CHP Emissions Attributable to Heat Production x (Your Heat Consumption + CHP Net Heat Production)
(metric tons) (MMBtu) (MMBtu)

Step 4: Convert to units of CO, equivalent and determine total emissions.

Finally, use the IPCC GWP factors provided in Equation 6.26 to convert CH, and N,O emissions to units of
CO.e. Then sum your emissions of all three gases to determine your total emissions from stationary
combustion (see Equation 6.26).
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Converting to CO, Equivalent
Equation 6.26 | and Determining Total
Emissions
CO; Emissions = CO;Emissions x 1
(metric tons CO,e)  (metric tons) (GWP)
CH, Emissions = CH,Emissions x 21
(metric tons CO,e)  (metric tons) (GWP)
N.O Emissions = N,O Emissions x 310
(metric tons CO,e) (metric tons) (GWP)
Total Emissions = CO, + CH, + N,O
(metric tons CO,e)  (metric tons COe)

6.4.2 Alternate Approaches

If you cannot obtain the necessary data from the CHP facility you purchase from to use the product
stream method, you should use the alternate approaches below. These approaches will result in an over-
estimation of your Scope 2 emissions, as they assume you are purchasing electricity and heat from less
efficient systems.

Simplified Method for Heat Purchases

If you purchase steam or district heating from a CHP facility, you can use the methodology in Section 6.3
to estimate your Scope 2 emissions from this source. This methodology assumes that you are purchasing
steam or district heating from a conventional boiler plant. Conventional boiler plants produce steam and
heat less efficiently than CHP facilities, so this will result in an over-estimation of your Scope 2 emissions.
Thus, you should only use this methodology if the data from your CHP facility is unavailable.

Simplified Method for Electricity Purchases

If you purchase electricity from a CHP facility, you can use the methodology in Section 6.2.1 to estimate
your Scope 2 emissions from this source. This methodology assumes that you are purchasing electricity
from the grid. Grid-average electricity may be produced less efficiently than electricity produced at a CHP
facility, so this may result in an over-estimation of your Scope 2 emissions. Thus, you should only use this
methodology if the data from your CHP facility is unavailable.

6.5 District Cooling

Some local governments purchase cooling, such as chilled water, for either cooling or refrigeration when
they do not operate cooling compressors on-site at their facilities. Conceptually, purchased chilled water
is similar to purchased heat or steam, with the primary difference being the process used to generate the
chilled water. When you purchase cooling services using district cooling, the compressor system that
produces the cooling is driven by either electricity or fossil fuel combustion. Your Scope 2 emissions from
district cooling represent your share of the total cooling demand from the cooling plant, multiplied by the
total GHG emissions generated by that plant.

This approach allows you to estimate the portion of energy used at the district cooling plant directly
attributable to your cooling by utilizing the ratio of cooling demand to energy input for the cooling plant,
known as the “coefficient of performance” (COP).

Step 1: Determine your annual cooling demand.
While your cooling bill may be reported in terms of million Btu (MMBtu), it will typically report cooling

demand in ton-hours. You can convert ton-hours of cooling demand to MMBtu using Equation 6.27. If
you are billed monthly, sum together your monthly cooling demand to yield an annual total.
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Calculating Annual Cooling

Equation 6.27 Demand

Cooling Demand = Cooling Demand x 12,000 + 1,000,000
(MMBtu) (ton-hour) (Btu/ton-hour) (MMBtu/Btu)

Step 2: Estimate COP for the plant’s cooling system.

The preferred approach is to obtain the source-specific COP for your cooling plant. If you can obtain the
COP for the cooling plant, proceed to Step 3.

If you cannot obtain the COP for the plant itself, determine the type of chiller used by the district cooling
plant. With that information, an estimate of the COP may be selected from the default values shown in
Table 6.1.

Table 6.2 Typical Chiller Coefficients of Performance

Chiller Type COP Energy Source
Absorption Chiller 0.8 Natural Gas
Engine-Driven 1.2 Natural Gas
Compressor

Electric-Driven 4.2 Electricity
Compressor

Step 3: Determine energy input.

To determine the energy input to the system resulting from your cooling demand, use Equation 6.28. For
an electric driven compressor, convert the energy input in MMBtu into kWh by multiplying by 293.1.

Equation 6.28 Calculating Energy Input

Energy Input = Cooling Demand + COP
(MMBtu) (MMBtu)

Where Cooling Plant Uses Absorption Chillers or Combustion Engine-Driven Compressors. In
this case, calculate the compressor’s emissions using the stationary combustion methods outlined in
Section 6.1. If you can determine what type of fuel is being used, multiply the energy input by source-
specific or default emission factors for CO,, CH4, and N,O from Table G.1 and Table G.3. If the fuel type
cannot be determined, assume the fuel used is natural gas. Use Equation 6.29 to calculate emissions.

Calculating Total Cooling

Equation 6.29 Emissions

Total CO, Emissions (metric tons)
= Energy Input x Emission Factor + 1,000
(MMBtu) (kg CO, / MMBtu) (kg/metric tons)

Total CH, Emissions (metric tons)
= Energy Input x Emission Factor + 1,000
(MMBtu) (kg CH4/ MMBtu) (kg/metric tons)

Total N,O Emissions (metric tons)
= Energy Input x Emission Factor + 1,000
(MMBtu) (kg N.O / MMBtu) (kg/metric tons)

Where Cooling Plant Uses Electric-Driven Compressors. In this case, calculate emissions using the
procedures for estimating Scope 2 emissions from electricity use described in Section 6.2.
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Step 4: Calculate GHG emissions resulting from cooling, convert to units of carbon dioxide
equivalent, and determine total emissions.

Finally, convert emissions to units of CO,e using Equation 6.30 and sum to determine total emissions
from cooling.

Converting to CO,e and

Equation 6.30 Determining Total Emissions

CO; Emissions
(metric tons COx

CO; Emissions x 1
(metric tons) (GWP)

e)
CH; Emissions = CH4Emissions x 21
e)

(metric tons COx (metric tons) (GWP)
N.O Emissions N,O Emissions x 310
(metric tons CO,e  (metric tons) (GWP)

Total Emissions = CO,+ CH,; + N.O
(metric tons CO,e) (metric tons CO,e)

6.6 Fugitive Emissions from Refrigerants & Fire Suppression Equipment

Your buildings and facilities likely contain refrigeration systems, like air conditioners, chillers and
refrigerators. These systems may use refrigerants that contain or consist of HFC compounds that are to
be reported under this Protocol. Through the installation, use and disposal of these systems, refrigerant
leaks are likely to occur. These leaks are considered Scope 1 fugitive emissions. While leakage from
refrigeration systems may not seem like large source of GHG emissions, some of these compounds have
high GWPs, and thus even small fugitive emissions can translate into significant emissions in terms of CO,
equivalent.

Note that only those refrigerants that contain or consist of compounds of the GHGs in Appendix E should
be reported. It is also possible that you use a refrigerant that is a blend of a number of compounds -
refrigerant blends that should be reported under this Protocol and their associated GWPs are listed in
Appendix E, Table E.2.

Your local government may also use HFCs in its fire suppression equipment, including hand-held fire
extinguishers. HFCs are the most widely employed replacements for Halon 1301 in total flooding
applications, and are also employed as replacements for Halon 1211 in streaming applications. Since the
production and sale of halons were banned in the United States in 1994, these non-ozone depleting
extinguishing agents have emerged as the halon replacement agent of choice in some applications.'*

As fire protection equipment is tested or deployed, emissions of these HFCs are released. Thus, if your
local government owns or operate fire suppression systems and equipment and has tested or deployed
these systems, you should assess whether any HFCs have been released.

Before beginning any calculations in this section, you should first confirm what refrigerants and HFCs are
being used within your local government operations. Only those compounds listed in Table E.1 and Table
E.2 should be included in your GHG inventory.

" US EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2006, April 2008, 4.20.
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Box 6.6 Ozone Depleting Substances and Climate Change

Did you know that not all HFCs that affect climate change are considered greenhouse gas emissions? A
number of widely-used refrigerants, including R-22 (more commonly known as Freon), are classified as
ozone depleting substances (ODS) and are being phased out under the Montreal Protocol, an
international treaty designed to protect the ozone layer that entered into force in 1989. While these
substances do have a global warming potential, and therefore contribute to climate change, they are not
classified as greenhouse gas emissions under the Kyoto Protocol because they are already being phased
out under the Montreal Protocol.

When assessing your fugitive emission sources, please keep in mind that CFCs and HCFCs, including
Freon, should not be included in your emissions report. You should only include emissions of the HFCs
listed in Appendix E. For more information on ozone depleting substances and the Montreal Protocol, visit
EPA's ozone depletion website at http://www.epa.gov/ozone/strathome.html.

Below are the recommended and alternate approaches for calculating your Scope 1 fugitive emissions
from refrigerant systems and fire suppression equipment in your facilities.

RECOMMENDED ALTERNATE

Simplified mass balance M
Estimations based on equipment inventory and use

Mass balance method M

6.6.1 Recommended Approach: Mass Balance Method

The mass balance method is the most accurate method for determining HFC emissions. This method is
recommended for local governments who service their own equipment. To calculate HFC emissions using
the mass balance approach, follow these three steps:

1. Determine the base inventory for each HFC in use at

each facility; Box 6.7 Potential Sources for Facility
2. Calculate changes to the base inventory for each HFC HFC Activity Data

based on purchases and sales of HFC and changes in

total capacity of the equipment; and * Accounts Payable
3. Calculate annual emissions of each type of HFC, convert | ¢ HV/AC maintenance

to units of CO,e, and determine total HFC emissions for
each facility.

Step 1: Determine the base inventory for each HFC.

First determine the quantity of the HFC in storage at the beginning of the year (A) and the quantity in
storage at the end of the year (B), as shown in Table 6.3. HFC in storage (or in inventory) is the total
stored on site in cylinders or other storage containers and does not include HFC contained within
equipment.

Step 2: Calculate changes to the base inventory.
Next, include any purchases or acquisitions of each HFC, sales or disbursements of each HFC, and any
changes in capacity of equipment. Additions and subtractions refer to HFC placed in or removed from the

stored inventory, respectively.

Purchases/Acquisitions. This is the sum of all the HFC acquired during the year either in storage
containers or in equipment (item C in Table 6.3). Purchases and other acquisitions may include HFC:

e Purchased from producers or distributors,
e Provided by manufactures or inside equipment,
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e Added to equipment by contractors or other service personnel (but not if that HFC is from your
inventory), and
e Returned after off-site recycling or reclamation.

Sales/Disbursements. This is the sum of all the HFC sold or otherwise disbursed during the year either
in storage containers or in equipment (item D in Table 6.3). Sales and disbursements may include HFC:

e In containers or left in equipment that is sold,
e Returned to suppliers, and
e Sent off-site for recycling, reclamation, or destruction.

Net Increase in Total Full Charge of Equipment. This is the net change to the total equipment
volume for a given HFC during the year (item E in Table 6.3). Note that the net increase in total full
charge of equipment refers to the full and proper charge of the equipment rather than to the actual
charge, which may reflect leakage. It accounts for the fact that if new equipment is purchased, the HFC
that is used to charge that new equipment should not be counted as an emission.

It also accounts for the fact that if the amount of HFC recovered from retiring equipment is less than the
full charge, then the difference between the full charge and the recovered amount has been emitted.
Note that this quantity will be negative if the retiring equipment has a total full charge larger than the
total full charge of the new equipment.

If the beginning and ending total capacity values are not known, this factor can be calculated based on
known changes in equipment. The total full charge of new equipment (including equipment retrofitted to
use the HFC in question) minus the full charge of equipment that is retired or sold (including full charge
of HFC in question from equipment that is retrofit to use a different HFC) also provides the change in
total capacity.

Step 3: Calculate annual emissions of each type of HFC, convert to units of CO.e, and
determine total HFC emissions.

For each type of HFC or refrigerant blend, use Equation 6.31 and your data from Table 6.3 to calculate
total annual emissions of each type of HFC at each of your facilities.
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Table 6.3 Base Inventory and Inventory Changes
Inventory

Base Inventory
A HFC in inventory (storage) at the beginning of the
year

B HFC in inventory (storage) at the end of the year

Additions to Inventory

1 Purchases of HFC (including HFC in new
equipment)
2 HFC returned to the site after off-site recycling

- C | Total Additions (1+2)

Subtractions from Inventory

3 Returns to supplier

4 HFC taken from storage and/or equipment and
disposed of

5 HFC taken from storage and/or equipment and

sent off-site for recycling or reclamation
= D | Total Subtractions (3+4+5)

Net Increase in Full Charge/Nameplate Capacity

6 Total full charge of new equipment
7 Total full charge of retiring equipment
- E | Change to nameplate capacity (6-7)

Calculating Emissions of Each
Equation 6.31 | Type of HFC Using the Mass
Balance Method

Total Annual Emissions (metric tons of HFC) =
(A-B+C-D-E)=+ 1,000
(kg) (kg) (kg) (kg) (kg) (kg/metric tons)

Next, use Equation 6.32 and the appropriate GWP factors from Appendix E to convert each HFC to units
of CO.e.

Equation 6.32 | Converting to COe

HFC Type A Emissions = HFC Type A Emissions x GWP
(mt COze) (metric tons HFC Type A) (HFC A)

Finally, sum the totals of each type of HFC, in units of CO,e, to determine total HFC emissions (see
Equation 6.33) at each facility.

Determining total HFC

Equation 6.33 . .
emissions

Total HFC Emissions = HFC Type A+ HFC Type B + ...
(mt CO.e) (mtCOe) (mt CO.e)
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6.6.2 Alternate Approaches

6.6.2.1 Simplified Mass Balance Method

If you do not have the necessary data to use the mass balance approach outlined above, you should use
the simplified mass balance approach. This method may be used either by local governments that service
their own equipment or by local governments that have contractors service their equipment. This method
requires information on the quantity of HFC used to charge new equipment during installation, the
quantity of HFC used to service equipment, the quantity of HFC recovered from retiring equipment, and
the total full charges of new and retiring equipment.

To calculate HFC emissions using the simplified mass balance approach, follow these three steps:

1. Determine the types and quantities of HFC used at each facility;
2. Calculate annual emissions of each type of HFC; and
3. Convert to units of carbon dioxide equivalent and determine total HFC emissions at each facility.

Step 1: Determine the types and quantities of HFC used.

For each type of HFC used, determine the following quantities used or recovered during the reporting
year, if applicable:

e Quantity of HFC used to charge new equipment during installation (if you installed new equipment
that was not pre-charged by the manufacturer)

e Total full charge (capacity) of new equipment using this HFC (if you installed new equipment that
was not pre-charged by the manufacturer)

e Quantity of HFC used to service equipment.

e Total full charge (capacity) of retiring equipment (if you disposed of equipment during the reporting
year)

e Quantity of HFC recovered from retiring equipment (if you disposed of equipment during the
reporting year)

If you have contractors that service your equipment, you should obtain the required information from the
contractor. Always track and maintain the required information carefully in order to obtain accurate
estimates of emissions.

Note that “total full charge” refers to the full and proper charge of the equipment rather than to the
actual charge, which may reflect leakage. For more information, see the description of “Net Increase in
Total Full Charge of Equipment” from Step 2 in the Mass Balance Approach above.

Step 2: Calculate annual emissions of each type of HFC.

Next, use Equation 6.34 to calculate emissions for each type of HFC used at your facility. Repeat Equation
6.34 for each type of HFC used.
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Calculating Emissions of Each

Equation 6.34 Type of HFC

Total Annual Emissions (metric tons) =
(Pn-Cn+Ps+Cp-Rp)+ 1,000
(kg) kg) (kg) (kg) (kg) (kg/metric tons)

Where:

Pn = purchases of HFC used to charge new equipment *
Cn = total full charge of the new equipment *

Ps = quantity of HFC used to service equipment

Cp = total full charge of retiring equipment

Rp = HFC recovered from retiring equipment

* Omitted if the equipment has been pre-charged by the
manufacturer

Step 3: Convert to units of CO,e and determine total annual HFC emissions.

Use Equation 6.32 and the appropriate GWP factors from Appendix E to convert each HFC to units of
COse.

Finally, sum the totals of each type of HFC, in units of CO,e, to determine total HFC emissions (see
Equation 6.33).

6.6.2.2 Estimation Based on Equipment Inventory and Refrigerant Use

This alternate approach estimates emissions by multiplying the quantity of refrigerants used by default
emission factors. Because default emission factors are highly uncertain, the resulting emissions estimates
are considered much less accurate than the mass balance approach, and may result in an overestimation
of your Scope 1 fugitive emissions.

Note: default emission factors are currently not available for fire suppression equipment or systems.

To estimate emissions using the alternative approach, follow these three steps:

1. Determine the types and quantities of refrigerants used;

2. Estimate annual emissions of each type of HFC; and

3. Convert to units of CO,e and determine total HFC emissions.

Step 1: Determine the types and quantities of refrigerants used.

To estimate emissions, you must determine the number and types of refrigeration and air conditioning
equipment, by equipment category; the types of refrigerant used; and the refrigerant charge capacity of
each piece of equipment (see Table 6.4). If you do not know the refrigerant charge capacity of each
piece of equipment, use the upper bound of the range provided by equipment type in Table 6.4.

Step 2: Estimate annual emissions of each type of refrigerant.

For each type of refrigerant, use Equation 6.35 to estimate annual emissions. Default emission factors are
provided in Table 6.4 by equipment type. The equation includes emissions from installation, operation,
and disposal of equipment. If you did not install or dispose of equipment during the reporting year, do
not include emissions from these activities in your estimation.

Note that refrigerants may be blends of HFCs. Table E.2 lists the GWP factors for selected blends.
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Step 3: Convert to units of CO,e and determine total HFC emissions.

Use Equation 6.32 and the appropriate global warming potential factors from Appendix E to convert each
HFC to units of CO,e.

Finally, sum the totals of each type of HFC, in units of CO,e, to determine total HFC emissions (see
Equation 6.33).

Table 6.4 Default Emission Factors for Refrigeration / Air Conditioning Equipment

Installation Operating Refrigerant Recovery
Capacity Emission Emission Factor | Remaining at Efficiency
Type of Equipment (kg) Factor X Disposal z
k (% of capacity / y (% of
(% of capacity) year) (% of capacity) remaining)
Domestic Refrigeration | o 1% 0.5 % 80 % 70 %
Stand-alone
Commercial 0.2-6 3% 15 % 80 % 70 %
Applications
Medium & Large 50 -
Commercial 2 000 3% 35 % 100 % 70 %
Refrigeration ’
Industrial Refrigeration
including Food 10 - o o o o
Processing and Cold 10,000 3% 25% 100 % 90 %
Storage
Chillers 21,80'0 1% 15 % 100 % 95 %
Residential and
Commercial A/C 0.5-100 1% 10 % 80 % 80 %
including Heat Pumps

Source: IPCC, Guidelines for National Greenhouse Gas Inventories (2006), Volume 3: Industrial Processes and Product
Use, Table 7.9.

Note: Emission factors above are the most conservative of the range provided by the IPCC. The ranges in capacity are
provided for reference. You should use the actual capacity of your equipment. If you do not know your actual capacity, you
should use the high end of the range provided (e.g., use 2,000 kg for chillers).
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Equation 6.35 | Estimating Emissions of Each Type of Refrigerant

For each type of refrigerant:
Total Annual Emissions =[ (Cy x k) +(CxxxT) + (Cpxyx(1-2))]+ 1,000
(metric tons) (kg) (%) (kg) (%) (years) (kg) (%) (%) (kg/metric ton)

Where:

Cn= quantity of refrigerant charged into the new equipment '

C = total full charge (capacity) of the equipment

T = time in years equipment was in use (e.g., 0.5 if used only during half the year and then disposed)
Cp = total full charge (capacity) of equipment being disposed of 2

k = installation emission factor '

X = operating emission factor

y = refrigerant remaininzq at disposal 2

z = recovery efficiency

Omitted if no equipment was installed during the reporting year or the installed equipment was
pre-charged by the manufacturer
2 Omitted if no equipment was disposed of during the reporting year

Box 6.8 provides a sample for calculating emissions from an air conditioning system.

Box 6.8. Example Calculation of Emissions from an Air Conditioning System*

Based on billing receipts for refrigerants (and using Table 6.3), the total release of a city’s R-
412A was 12 kg/year. Using equation 6.32 and Table E.2, the calculation for its emissions from
air conditioning are shown below.

Eq. 6-32: Converting to CO.e
HFC type A emissions (MTCO,e) = HFC type A emissions (MT) x GWP
(HFC A)
R-412A emissions (MTCO,e) =0.012 MT R-412A x 350

=4.2 MT COge

*Note that the high GWP for HFCs lead to small amounts of material with high CO.e
emissions.
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Chapter 7 Vehicle Fleet

A local government’s vehicle fleet may contain a wide array
of vehicles running on a variety of fuels (see Box 7.1). This Box 7.1 Common Types of Local
chapter provides guidance on calculating all GHGs emissions | Government Fleet Vehicles

from your vehicle fleet including: Eiagslftenrgzzliflzﬁt ;ﬁglﬂeeasvy-duty trucks

Police and fire equipment

Transit vehicles

Sanitation and street sweeping equipment
Port and airport on and off-road vehicles
Aircraft and maritime equipment
Construction Equipment

Forklifts and scissorlifts

Groundskeeping equipment

e Scope 1 mobile combustion emissions;

e Scope 1 fugitive emissions from mobile air conditioning;

e Biogenic CO, emissions from the combustion of
biofuels; and

e Emissions from alternative fuel vehicles.

Your local government’s vehicle fleet should be reported as
two sectors:

1. Transit fleet
2. All other fleet vehicles

Tracking and reporting these sectors separately facilitates a more useful comparison of a local government’s
emissions over time, and a more accurate comparison between local governments that may not provide
transit services.

See Chapter 13 for more information on how to report your fleet emissions according to these sectors.

7.1 Mobile Combustion

Mobile combustion sources include both on-road and off-road vehicles such as automobiles, trucks, buses,
trains, ships and other marine vessels, airplanes, tractors, and construction equipment. The combustion of
fossil fuels in mobile sources emits CO,, CH4 and N,0.

Emissions from mobile combustion can be estimated based on vehicle fuel use and miles traveled data. CO,
emissions, which account for the majority of emissions from mobile sources, are directly related to the
quantity of fuel combusted and thus can be calculated using fuel consumption data. CH4 and N,O emissions
depend more on the emission control technologies employed in the vehicle and distance traveled.
Calculating emissions of CH, and N,O requires data on vehicle characteristics (which takes into account
emission control technologies) and vehicle miles traveled. Because of this distinction, guidance on calculating
CO, is provided separately from guidance on calculating CH4 and N,0.

7.1.1 Mobile Combustion CO, Emissions

Below are the recommended and alternate activity data and emission factors for calculating your Scope 1
CO, emissions from mobile combustion. The following sections detail how to calculate your emissions based
on the activity data and emission factors you choose to utilize.
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RECOMMENDED ALTERNATE

Known fuel use M | Fuel estimates based on detailed annual mileage and vehicle fuel
ACTIVITY economy M

DATA Fuel estimates based on annual mileage and vehicle fuel economy
Fuel estimates based on dollars spent

Proxy year fuel use data

RECOMMENDED ALTERNATE
Default by fuel type (national) @ | Published emission factor by fuel type (state- or
region-specific)

EMISSION
FACTOR

7.1.1.1 Recommended Approach

The recommended approach requires obtaining data on actual fuel consumption by fuel type to be used as
activity data, and using national default emission factors for each fuel type.

Calculating CO, emissions using this approach involves three steps:
1. Identify total annual fuel consumption by fuel type;

2. Determine the appropriate emission factor; and

3. Calculate total CO, emissions.

Step 1: Identify total annual fuel consumption by fuel type.

Methods include direct measurements of fuel use (official logs

of vehicle fuel gauges or storage tanks); collected fuel Box 7.2 Potential Sources for Fleet
receipts; and purchase records for bulk storage fuel purchases Activity Data
(in cases where you operate a fleet and store fuel at a facility).

For bulk purchase records, use Equation 7.1 to account for e Accounts payable
changes in fuel stocks when determining your annual fuel e Departmental records
consumption. Total annual fuel purchases should include both e Fleet manager

fuel purchased for the bulk fueling facility and fuel purchased e Fuel tracking system
for vehicles at other fueling locations. e Fuel vendors/suppliers

e Insurance department

Accounting for Changes in Fuel .
9 g e Maintenance records

Equation 7.1 | 54,cks From Bulk Purchases

Total Annual Consumption = Total Annual Fuel Purchases + ° Mlleage reimbursement records

Amount Stored at Beginning of Year — Amount Stored at End of

Year

Please note that it is not necessary to track the fuel usage of individual on-road and non-highway vehicles as
long as your local government has systems in place that can show all of the fuel from a tank or fueling
system has been used to support fleet vehicles under your control.

Step 2: Determine the appropriate CO, emission factor for each fuel.
As many states (and even some regions or air districts within states) are adopting renewable fuels

standards'® that mandate different blends of transportation fuels sold within their state, emission factors
based on national fuel averages available from national agencies may not be the most accurate emission

!> A renewable fuel standard is a government mandate calling for a certain amount of renewable fuel
production by a set date, or a requirement of petroleum blenders to mix a certain percentage of ethanol with
gasoline.
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factors for fuels sold in your region. However, as it is not yet standard practice for states or regions to
develop state- or region-specific GHG emission factors for their fuel blends, this Protocol recommends
widely-accepted national averages as the emission factor of choice. See Appendix G, Table G.11 for these
default emission factors.

Local governments are encouraged to contact their regional or state transportation or environmental agency
to see if they have published CO, emission factors for the fuel blend sold in your jurisdiction.

Step 3: Calculate total CO, emissions and convert to metric tons.
To determine your CO, emissions from mobile combustion, first multiply your fuel use from Step 1 by the

CO, emission factor from Step 2, and then convert kilograms to metric tons. Repeat the calculation for each
fuel type, then sum (see Equation 7.2).

Calculating CO, Emissions From
Mobile Combustion

Equation 7.2

Fuel A CO, Emissions (metric tons) =
Fuel Consumed x Emission Factor + 1,000
(gallons) (kg CO2/gallon)  (kg/metric ton)

Fuel B CO, Emissions (metric tons) =
Fuel Consumed x Emission Factor + 1,000
(gallons) (kg COy/gallon)  (kg/metric ton)

Total CO, Emissions (metric tons) =
CO, from Fuel A + CO; from Fuel B + ...
(metric tons) (metric tons) (metric tons)

Box 7.3 at the end of this section provides an example of how to calculate emissions from a vehicle fleet
using the recommended approach.

7.1.1.2 Alternate Approaches

71.1.21 Detailed Annual Mileage and Fuel Efficiency

If you do not have fuel use data, but have detailed information about your fleet and annual mileage by
vehicle, you may estimate your fuel consumption using the following steps:

Identify the vehicle make, model, fuel type, and model years for all the vehicles you operate;
Identify the annual distance traveled by vehicle type;

Determine the fuel economy of each vehicle; and

Convert annual mileage to fuel consumption.

e

Step 1: Identify the vehicle make, model, fuel type, and model years for all the vehicles you
operate.

Step 2: Identify the annual mileage traveled by vehicle.

Sources of annual mileage data include odometer readings, maintenance records or trip manifests that
include distance to destinations.

Alternately, if you have reimbursement records that detail reimbursement amounts for trips made in local
government fleet vehicles, you can use Equation 7.3 to convert dollars spent on reimbursement to mileage.
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Estimating Annual Mileage
Equation 7.3 Based on Travel
Reimbursement Cost

Annual Mileage (miles) =
Dollars Spent + Reimbursement Rate
(dollars) ($/mile)

Step 3: Determine the fuel economy of each vehicle.

You can obtain fuel economy factors for passenger cars and light trucks from the EPA website
www.fueleconomy.gov, which lists city, highway, and combined fuel economy factors by make, model,
model year, and specific engine type.

Step 4: Convert annual mileage to fuel consumption.

If you have accurate information about the driving patterns of your fleet, you should apply a specific mix of
city and highway driving, using Equation 7.4. Otherwise use the combined fuel economy factor from EPA,
which assumes 45 percent of your vehicles” mileage is highway driving and 55 percent is city driving.

For heavy-duty trucks, fuel economy data may be available from vehicle suppliers, manufactures, or in
company records. If no specific information is available, you should assume fuel economy factors of 8.0 mpg
for medium trucks (10,000-26,000 Ibs) and 5.8 mpg for heavy trucks (more than 26,000 Ibs).®

If you operate more than one type of vehicle, you must calculate the fuel use for each of your vehicle types
and then sum them together.

Estimating Fuel Use Based on

Equation7.4 | o i hce

Estimated Fuel Use (gallons) =
Distance + [(City FE x City %) + (Highway FE x Hwy %)]
(miles) (mpg) (mpg)

FE = Fuel Economy

Now you can use your estimated fuel use from Equation 7.4 to follow the guidance in the recommended
approach (Section 7.1.1.1) to estimate your CO, Scope 1 emissions from your vehicles.

71.1.2.2 Fuel Estimates Based on Dollars Spent

If you cannot obtain fuel use data, mileage records or reimbursement data, but have information on dollars
spent for fuel used by the vehicle fleet, you can still estimate your fuel consumption.

Typically this approach is used in cases of one or a few vehicles. Generally, it should not be used as a
substitute for a significant group of fleet vehicles or the entire vehicle fleet sector. Local governments should
disclose the use of any fuel estimates as part of the calculation methodology disclosure.

Use the following steps to estimate fuel consumption based on dollars spent:
1. Identify total annual dollars spent by fuel type;

2. Identify the cost per gallon for each fuel type;
3. Convert annual dollars spent to fuel consumption for each fuel type.

'® U.S. Department of Energy, Transportation Energy Data Book, Ed. 26, 2007, Table 5.4.
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Step 1: lIdentify total annual dollars spent by fuel type.

Sources of annual dollars spent data include collected fuel receipts and purchase records for fuel station
accounts. Note that local governments often pay fewer taxes on fuel than is reflected in national average
data on retail fuel cost. This can skew your fuel consumption estimate. If your local government has tax
exemptions for fuel, and you obtain fuel price data from the EIA, you should subtract taxes from both your
fuel purchase data and from the price of fuel before calculating fuel consumption. If the full tax amount is
included in both fuel purchases and the fuel price, you do not have to complete this step.

Step 2: Identify the cost per gallon for each fuel type.
If the cost per gallon of fuel is not indicated on the fuel receipts or purchase records, you can obtain

average annual fuel prices for your region from the Energy Information Administration at
http://tonto.eia.doe.gov/oog/info/gdu/gasdiesel.asp.

Step 3: Convert annual dollars spent to fuel consumption for each fuel type.

For each fuel type, use Equation 7.5 to convert annual dollars spent to estimated fuel use.

Estimating Fuel Use Based on
Dollars Spent

Equation 7.5

Estimated Fuel Use (gallons) =
(Dollars Spent - Taxes) + Fuel Cost
%) ($/gallon)

Now you can use your estimated fuel use from Equation 7.4 to follow the guidance in the recommended
approach (Section 7.1.1.1) to estimate your CO, Scope 1 emissions from your vehicles.

71.1.23 Proxy Year Fuel Use Data

If you cannot obtain fuel use data for the given analysis year, but have fuel use data for the following year
or the prior year, you may estimate your fuel consumption using proxy data.

Typically this approach is used in cases of one or a few vehicles. Generally, it should not be used as a

substitute for a significant group of fleet vehicles or the entire vehicle fleet sector. Local governments should

disclose the use of any fuel estimates as part of the calculation methodology disclosure.

Use the following steps to estimate fuel consumption based on proxy year fuel use data:

1. Identify total annual fuel consumption by fuel type in proxy year;

2. Adjust the fuel consumption by fuel type based on any changes in fleet size and composition between
the proxy year and the inventory year;

Step 1: Identify total annual fuel consumption by fuel type in proxy year

The proxy year can be either another calendar year or else a fiscal year.

Step 2: Adjust the fuel consumption by fuel type based on any changes in fleet size and
composition between the proxy year and the inventory year.

You should consult the Fleet Manager or other knowledgeable source to identify any significant shifts in fleet
size and composition. Where documented data is not available, best available estimates should be used to
determine fuel consumption by fuel type in the inventory year.
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Now you can use your estimated fuel use from Step 2 to follow the guidance in the recommended approach
(Section 7.1.1.1) to estimate your CO, Scope 1 emissions from your vehicles.

7.1.2 CO; Emissions from Vehicles Combusting Biofuels

Biofuels such as ethanol, biodiesel, and other various blends of biofuels and fossil fuels may be combusted in
your vehicle fleet. Due to their biogenic origin, you must report CO, emissions from the combustion of
biofuels separately from your fossil fuel CO, emissions (see Chapter 4, Section 4.5).

For vehicles that run on pure biofuels (also called “neat” biofuels), such as B100 (100 percent biodiesel) and
E100 (100 percent ethanol), you can use the methodology in Section 7.1.1.1 with the non-fossil fuel
emission factors provided in Appendix G, Table G.11 to calculate the biogenic CO2 emissions from
combustion.

For biofuel blends, such as E85 (85 percent ethanol and 15 percent gasoline) and B20 (20 percent biodiesel
and 80 percent diesel), combustion creates emissions of both fossil CO, and biogenic CO,. You must
separately report both types of CO, emissions for each fuel.

Note that when calculating emissions from mobile combustion, you are responsible to account only for
emissions resulting from your own activities (i.e., tailpipe emissions from fuel combustion) rather than taking
into account life cycle impacts, such as the CO, sequestered during the growing of crops or emissions
associated with producing the fuels. The life cycle impacts of combusting fuels falls into Scope 3.

Follow the steps below to calculate the anthropogenic and biogenic CO, emissions from a biofuel blend.
Step 1: Identify the biofuel blend being used.

E85 (85 percent ethanol and 15 percent gasoline) and B20 (20 percent biodiesel and 80 percent diesel) are
popular blends, but many different biofuel blends are possible.

Step 2: Identify total annual biofuel consumption.

If you are a fleet operator and store fuel at any of your facilities, you can also determine your annual fuel
consumption from bulk fuel purchase records.

Step 3: Based on the blend, calculate the annual consumption of petroleum-based fuel and
biomass-based fuel for each biofuel blend consumed.

For example, if you are using B20, your annual consumption would have to be split into 20 percent biodiesel
and 80 percent diesel fuel.

Step 4: Select the appropriate emission factor to separately calculate your anthropogenic and
biogenic CO, emissions.

Table G.11 provides default CO, emission factors for fuel combusted in motor vehicles and other forms of
transport, including a number of biofuels.

Step 5: Multiply each fuel consumed by its emission factor to calculate total CO, emissions and
convert to metric tons.

Multiply your petroleum-based diesel fuel use from Step 3 by the CO, emission factor from Step 4 (see
Equation 7.2) and convert kilograms to metric tons.
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Then multiply your biomass-based fuel use from Step 3 by the biogenic CO, emission factor from Step 4 and
convert kilograms to metric tons.

To calculate the CH4 and N,0 emissions from biofuels, follow the guidance given in Section 7.1.3 below.

7.1.3 Mobile Combustion CH; and N,O Emissions

Below are the recommended and alternate activity data and emission factors for calculating your Scope 1
CH,4 and N,O emissions from mobile combustion. The following sections detail how to calculate your
emissions based on the activity data and emission factors you choose to utilize.

RECOMMENDED ALTERNATE
Fuel use by vehicle type, model year and

ACTIVITY Annual mileage by vehicle type, model year fuel type &

DATA and fuel type & tAynpré:ual mileage by vehicle type and fuel
Proxy year data

EMISSION | RECOMMENDED ALTERNATE

FACTOR

Default emission factor by vehicle type, model | Default emission factor by fuel type and
year and fuel type 4 vehicle type

7.1.3.1 Recommended Approach

Estimating emissions of CH4 and N,O from mobile sources using the recommended activity data and
emission factors involves five steps:

Identify the vehicle type, fuel type, and model year of each vehicle you own and operate;

Identify the annual mileage by vehicle type;

Select the appropriate emission factor for each vehicle type;

Calculate CH4 and N,O emissions for each vehicle type and sum to obtain total CH4 and N,O emissions;
and

5. Convert CH,4 and N,O emissions to units of CO, equivalent and sum to determine total emissions.

HwnE=

Note that this procedure applies to highway vehicles and alternative fuel vehicles, but not to non-highway
vehicles such as ships, locomotives, aircraft, and non-road vehicles. For these vehicles, estimation of CH,4
and N,O emissions is based on fuel consumption rather than distance traveled. For these vehicles, use the
same fuel consumption data used to estimate CO, emissions in the previous section. Then follow Steps 3-5
below to estimate emissions using default factors provided in Table G.14.

Step 1: Identify the vehicle type, fuel type, and technology type or model year of all the
vehicles you own and operate.

You must first identify all the vehicles you own and operate, their vehicle type (such as passenger car or
heavy-duty truck), their fuel type (such as gasoline or diesel), and their model year.

Step 2: Identify the annual mileage by vehicle type.
CH4 and N,O emissions depend more on distance traveled than volume of fuel combusted. Therefore, the

recommended approach is to use vehicle miles traveled data by vehicle type. Sources of annual mileage data
include odometer readings or trip manifests that include distance to destinations.
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Step 3: Select the appropriate emission factor for each vehicle type.

Obtain emission factors for highway vehicles from Table G.12. Use Table G.13 for alternative fuel and
Table G.14 for non-highway vehicles.

Step 4: Calculate CH4 and N,O emissions by vehicle type and sum to obtain total CH,; and N,O
emissions.

Use Equation 7.6 to calculate CH4 emissions by vehicle type, convert to metric tons, and obtain total CH,4
emissions. Then repeat the procedure using Equation 7.7 to obtain total N,O emissions.

Calculating CH, Emissions From

Equation 7.6 Mobile Combustion

Vehicle Type A

CH, Emissions (metric tons) =

Annual Distance x Emission Factor + 1,000,000
(miles) (g CH4/mile) (g/metric ton)

Vehicle Type B

CH, Emissions (metric tons) =

Annual Distance x Emission Factor + 1,000,000
(miles) (g CH4/mile) (g/metric ton)

Total CH,; Emissions =
CH,4 from Type A + CH, from Type B +
(metric tons) (metric tons) (metric tons)

Calculating N,O Emissions From

Equation 7.7 | 1obile Combustion

Vehicle Type A
N.O Emissions (metric tons) =
Annual Distance x Emission Factor + 1,000,000
(miles) (g N,O/mile) (g/metric ton)

Vehicle Type B

N.O Emissions (metric tons) =

Annual Distance x Emission Factor + 1,000,000
(miles) (g N,O/mile) (g/metric ton)

Total N,O Emissions =
N2O from Type A + N,O from Type B +
(metric tons) (metric tons) (metric tons)

Step 5: Convert CH, and N,O emissions to units of CO, equivalent and determine total
emissions from mobile combustion.

Use the IPCC GWP factors in Equation 7.8 to convert CH, and N,O emissions to units of CO, equivalent.

Then sum your emissions of all three gases to determine your total GHG emissions from mobile combustion

(see Equation 7.8).

Converting to CO, equivalent
Equation 7.8 | and determining total
emissions

CO; Emissions = CO, Emissions x 1
(metric tons COe) (metric tons) (GWP)

CH, Emissions = CH,Emissions x 21
(metric tons CO,e) (metric tons) (GWP)

N.O Emissions = N,O Emissions x 310
(metric tons COe) (metric tons) (GWP)

Total Emissions = CO, + CH4 + N,O
(metric tons CO,e) (metric tons CO,e)
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7.1.3.2 Alternate Activity Data

71.3.21 Fuel use by vehicle type, model year and fuel type

If you do not have mileage data, but you do have fuel consumption data by vehicle type, you can estimate
the vehicle miles traveled using fuel economy factors by vehicle type. See Step 3 in Section 7.1.1.2 for a
discussion of determining appropriate fuel economy factors. If you operate more than one type of vehicle,
you must separately calculate the fuel use for each of your vehicle types. If you have only bulk fuel purchase
data, you should allocate consumption across vehicle types and model years in proportion to the fuel
consumption distribution among vehicle type and model years, based on your usage data. Then use
Equation 7.9 to estimate annual mileage.

Estimating Mileage Based on

Equation 7.9 Fuel Use

Estimated Annual Mileage =
Fuel Use x [(City FE x City %) + (Highway FE x Hwy %)]
(gallons)  (mpg) (mpg)

FE = Fuel Economy|

Now you can use your estimated annual mileage from Equation 7.9 to follow the guidance in the
recommended approach (Section 7.1.3.1) to estimate your CH4 and N,O Scope 1 emissions from your
vehicles.

7.1.3.2.2 Annual mileage by vehicle type and fuel type

If you have mileage data categorized by fuel type and vehicle class but not the model years for the vehicles,
you can estimate the CH, and N,O from mobile sources using these five steps:

Identify the vehicle type and fuel type of each vehicle you own and operate;

Identify the annual mileage by vehicle type;

Select the appropriate emission factor for each vehicle type;

Calculate CH4 and N,O emissions for each vehicle type and sum to obtain total CH4 and N,O emissions;
and

5. Convert CH,4 and N,O emissions to units of CO, equivalent and sum to determine total emissions.

e

Step 1: Identify the vehicle type, fuel type, and technology type for all the vehicles you own
and operate.

You must first identify all the vehicles you own and operate, their vehicle type (such as passenger car or
heavy-duty truck), and their fuel type (such as gasoline or diesel).

Step 2: Identify the annual mileage by vehicle type.

CH,4 and N,0 emissions depend more on distance traveled than volume of fuel combusted. Therefore, the
recommended approach is to use vehicle miles traveled data by vehicle type. Sources of annual mileage data
include odometer readings or trip manifests that include distance to destinations.

Step 3: Select the appropriate emission factor for each vehicle type.

Obtain emission factors for highway vehicles from Table G.15.
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Steps 4-5:

Steps 4 and 5 should be conducted as per the recommended methodology above (7.2.1.1) substituting the
emission factors from Table G.15.

71.3.2.3 Proxy year data

If you cannot obtain vehicle mileage data for the current year, but have mileage use data for the following
year or the prior year or a fiscal year, you may estimate your annual mileage using the proxy year data.

Typically this approach is used in cases of one or a few vehicles. It should not be used as a substitute for a
significant group of fleet vehicles or the entire vehicle fleet sector. Local governments should disclose the
use of any fuel estimates as part of the calculation methodology disclosure.

Use the following steps to estimate annual mileage based on proxy year fuel use data:

1. Identify the vehicle type and fuel type of each vehicle you own and operated in the proxy year;

2. Identify the annual mileage by vehicle type in the proxy year and adjustment mileage based on any
changes in fleet size and composition between the proxy year and the inventory year;

3. Select the appropriate emission factor for each vehicle type;

4. Calculate CH4 and N,O emissions for each vehicle type and sum to obtain total CH, and N,O emissions;
and

5. Convert CH4 and N,O emissions to units of CO, equivalent and sum to determine total emissions.

Step 1: Identify the vehicle type, fuel type, and technology type for all the vehicles you own
and operate.

You must first identify all the vehicles you own and operate, their vehicle type (such as passenger car or
heavy-duty truck), their fuel type (such as gasoline or diesel).

Step 2: Identify the annual mileage by vehicle type in the proxy year and adjustment mileage based on any
changes in fleet size and composition between the proxy year and the inventory year.

You should consult the Fleet Manager or other knowledgeable source to identify any significant shifts in fleet
size and composition. Where documented data is not available, best available estimates should be used to
determine mileage by vehicle type in the inventory year.

Step 3: Select the appropriate emission factor for each vehicle type.

Obtain emission factors for highway vehicles from Table G.15.

Steps 4-5:

Steps 4 and 5 should be conducted as per the recommended methodology above (7.2.1.1) substituting the
emission factors from Table G.15.

7.1.3.3 Alternate Emission Factors

If you do not have data on the vehicle type, fuel type, and model year for each vehicle in your vehicle fleet,
you can use the default emission factors in Table G.15.

These emission factors require you to break down your vehicle fleet based on vehicle type and fuel type
only.
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Box 7.3 provides an example of how to calculate mobile GHG emissions from municipal fleet using the
recommended approach.

Box 7.3. Example Calculation of Emissions from a Municipal Vehicle Fleet

A town has a vehicle fleet of 25 passenger vehicles from 2002. A total of 10,000 gallons of gasoline
were used to fuel the fleet in 2009 and the fleet drove a combined total of 250,000 miles. The city
calculates its mobile emissions using the recommended approach found in Section 7.1.1.1 along with
Table E.2, G.11, and G.12. The calculations are shown below.

Eq. 7.2: Calculating CO, emissions from mobile combustion
Gasoline CO, emissions (MT) = fuel consumed (gal) x emissions factor (kg/gal) +
1000

= 10,000 gal x 8.78 kg CO,/gal* + 1000 kg/MT
= 87.8 MT CO,
*Gasoline emission factor was obtained from Table G.11

Eq. 7.6: Calculating CH, emissions from mobile combustion
Passenger vehicle (MT) = Annual distance (mi) x emissions factor (g/mi) + 1000000
= 250,000 miles x 0.0107 g/mile* = 1000000 g/MT
= 0.0027 MTCH4
*Model Year 2002 CH4 emission factor was obtained from Table G.12.

Eq. 7.7: Calculating N,O emissions from mobile combustion
Passenger vehicle (MT) = Annual distance (mi) x emission factor (g/mi) + 1000000
(g/MT)

= 250,000 miles x 0.0153 g/mi* + 1000000 g/MT
= 0.0038 MT N,0O
*Model Year 2002 N,O emission factor was obtained from Table G.12.

Eq. 7.8: Converting to CO,e and determining total emissions

Total emissions = (CO, emissions x GWP) + (CH4 emissions x GWP) + (N,O
emissions x GWP)

= (87.8 MT CO,e x 1) + (0.0027 MT CH, x 21) + (0.0038 MT N,O
x 310)
= 89.0 MT CO,e

7.2 Emissions from Non-Highway Vehicles

To calculate CO, emissions from non-highway vehicles, you should use fuel consumption data and the
recommended approach provided in Section 7.1.1.1. Please note that it is not necessary to track the fuel
usage of individual non-highway vehicles or pieces of equipment as long as your local government has a
system in place that can show all of the fuel from a tank or fueling system is used to support fleet vehicles
under your control.

To calculate the emissions of non-CO, gases (CH4 and N,0) from non-highway vehicles and equipment, you
should use fuel consumption data and the non-highway vehicles default emission factors in Appendix G,
Table G.14.
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These fuel use-based emission factors are more appropriate than the distance-based emission factors used
to calculate emissions of non-CO, gases from other mobile sources because non-highway vehicles do not
have the emission control technologies required of on-road vehicles and, in many instances, do not record
miles traveled.

Please note that if any off-road equipment has been permitted by a local air regulatory authority as a
stationary source, its emissions should be included as a stationary combustion source, not in the vehicle fleet
sector.

7.3 Emissions from Alternative Fuel Vehicles/Electric Vehicles

Emissions from alternative fuel vehicles are calculated in the same manner as other gasoline or diesel mobile
sources, with the exception of electric vehicles. For instance, if you operate compressed natural gas or
propane fueled vehicles, you must, as with gasoline or diesel, determine the total amount of fuel consumed
and apply the appropriate emission factor to calculate your emissions. Electric vehicles are powered by
internal batteries that receive a charge from the electricity grid. Therefore, using electric vehicles produces
Scope 2 emissions from purchased electricity as opposed to Scope 1 emissions from mobile combustion. To
calculate these emissions, you must determine the quantity of electricity consumed and apply an appropriate
emission factor (see Chapter 6, Section 6.2).

7.4 Fugitive Emissions from Motor Vehicle Air Conditioning

Most on-road vehicles owned and operated by your local government have air conditioning systems. These
systems may use refrigerants that contain or consist of compounds that should be reported under this
Protocol. Through the use and maintenance of these systems, refrigerant leaks are likely to occur. These
leaks are considered Scope 1 fugitive emissions. While leakage from vehicle air conditioning systems may
not seem like large source of GHG emissions, some of the refrigerant compounds used in these systems
have high GWPs, and thus even small fugitive emissions can translate into significant emissions in terms of
CO, equivalent.

Note that only those refrigerants that contain or consist of compounds of the GHGs listed in Appendix E
should be reported. Hydrofluorocarbons (HFCs) are the primary GHG of concern for motor vehicle air
conditioners. Today, HFC-134a is the standard refrigerant used for mobile air conditioning systems. It is also
possible that your vehicles use a refrigerant that is a blend of a number of compounds - refrigerant blends
that should be reported under this Protocol and their associated GWPs are also listed in Appendix E.

Below are the recommended and alternate approaches for calculating your Scope 1 fugitive emissions from
mobile sources. Before beginning any calculations in this section, you should first confirm what refrigerants
are being used within your air conditioning units. Only those HFCs and refrigerants blends listed in Appendix
E are to be included in your inventory.

RECOMMENDED ALTERNATE

Mass balance method A Estimation based on fleet inventory and
refrigerants used

7.41 Recommended Approach

The mass balance approach is the most accurate method for determining HFC emissions. This method is
recommended for local governments who service their own fleet vehicles. To calculate HFC emissions using
the mass balance approach, follow these three steps:

1. Determine the base inventory for each refrigerant used in your fleet vehicles;
2. Calculate changes to the base inventory for each refrigerant based on purchases and sales of
refrigerants and changes in total capacity of the equipment; and
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3. Calculate annual emissions of each type of refrigerant, convert to units of carbon dioxide equivalent, and
determine total HFC emissions.

Step 1: Determine the base inventory for each HFC.

First determine the quantity of the refrigerant in storage at the beginning of the year (A) and the quantity in
storage at the end of the year (B), as shown in Table 7.1. Refrigerant in storage (or in inventory) is the total
stored on site in cylinders or other storage containers and does not include refrigerants contained within
vehicles.

Step 2: Calculate changes to the base inventory.

Next, include any purchases or acquisitions of each refrigerant, sales or disbursements of each refrigerant,
and any changes in capacity of refrigeration equipment. Additions and subtractions refer to refrigerants
placed in or removed from the stored inventory, respectively.

Purchases/Acquisitions of Refrigerant. This is the sum of all the refrigerants acquired during the year
either in storage containers or in equipment (item C in Table 7.1). Purchases and other acquisitions may
include refrigerant:

Purchased from producers or distributors,
Provided by manufactures or inside vehicles,

e Added to vehicles by contractors or other service personnel (but not if that refrigerant is from your
inventory), and

e Returned after off-site recycling or reclamation.

Sales/Disbursements of Refrigerant. This is the sum of all the refrigerants sold or otherwise disbursed
during the year either in storage containers or in vehicles (item D in Table 7.1). Sales and disbursements
may include refrigerant:

e In containers or left in vehicles that are sold,
e Returned to suppliers, and
e Sent off-site for recycling, reclamation, or destruction.

Net Increase in Total Full Charge of Equipment. This is the net change to the total equipment volume
for a given refrigerant during the year (item E in Table 7.1). Note that the net increase in total full charge of
equipment refers to the full and proper charge of the vehicle rather than to the actual charge, which may
reflect leakage. It accounts for the fact that if new vehicles are purchased, the refrigerant that is used to
charge those new vehicles should not be counted as an emission.

It also accounts for the fact that if the amount of refrigerant recovered from retiring vehicles is less than the
full charge, then the difference between the full charge and the recovered amount has been emitted. Note
that this quantity will be negative if the retiring vehicles have a total full charge larger than the total full
charge of the new vehicles.

If the beginning and ending total capacity values are not known, this factor can be calculated based on
known changes in equipment. The total full charge of new vehicles minus the full charge of vehicles that are
retired or sold also provides the change in total capacity.
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Table 7.1 Base Inventory and Inventory Changes
Inventory Amount (kg)
Base Inventory

A Refrigerant in inventory (storage) at the beginning
of the year

B Refrigerant in inventory (storage) at the end of the
year

Addlt ons to Inventory

Purchases of refrigerant (including refrigerant in
new vehicles)

2 Refrigerant returned to the site after off-site
recycling

Total Additions (1+2)

Subtractlons from Inventory

Returns to supplier

4 HFCs taken from storage and/or equipment and
disposed of
5 HFCs taken from storage and/or equipment and

sent off-site for recycling or reclamation
= D | Total Subtractions (3+4+5)

Net Increase in Full Charge/Nameplate Capacity

Total full charge of new vehicles
7 Total full charge of retiring vehicles
- E | Change to nameplate capacity (6-7)

Step 3: Calculate annual emissions of each type of HFC, convert to units of CO.e, and determine
total HFC emissions.

For each type of refrigerant or refrigerant blend, use Equation 7.10 and your data from Table 7.1 to
calculate total annual emissions of each type of HFC used in your fleet vehicles.

Calculating Emissions of Each
Equation 7.10 | Type of HFC Using the Mass
Balance Method

Total Annual Emissions (metric tons of HFC) =
(A-B+C-D-E)=+ 1,000
(kg) (kg) (kg) (kg) (kg) (kg/metric tons)

Next, use Equation 7.11 and the appropriate GWP factors from Appendix E to convert each HFC to units of
COse.

Equation 7.11 | Converting to COe

HFC Type A Emissions = HFC Type A Emissions x GWP
(mt COze) (metric tons HFC Type A) (HFC A)

Finally, sum the totals of each type of HFC, in units of CO.,e, to determine total HFC emissions (see Equation
7.12) from your vehicle fleet.
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Determining total HFC
emissions

Equation 7.12

Total HFC Emissions = HFC Type A+ HFC Type B + ...
(mt COze) (mt COz-e) (mt COe)

7.4.2 Alternate Approach

The alternate approach estimates emissions by multiplying the quantity of refrigerants used by default
emission factors. Because default emission factors are highly uncertain, the resulting emissions estimates
are considered much less accurate than the mass balance approach, and will probably result in a significant
overestimation of your Scope 1 fugitive emissions.

To estimate emissions using the alternate approach, follow these three steps:

1. Determine the types and quantities of refrigerants used;
2. Estimate annual emissions of each type of HFC; and
3. Convert to units of CO,e and determine total HFC emissions.

Step 1: Determine the types and quantities of refrigerants used.

To estimate emissions, you must determine the number of vehicles with air conditioning equipment; the
types of refrigerant used; and the refrigerant charge capacity of each piece of equipment (see Table 7.2). If
you do not know the refrigerant charge capacity of each piece of equipment, use the upper bound of the
range provided by equipment type in Table 7.2.

Step 2: Estimate annual emissions of each type of refrigerant.

For each type of refrigerant, use Equation 7.13 to estimate annual emissions. Default emissions for
estimation purposes are provided in Table 7.2 by equipment type. The equation includes emissions from
installation, operation, and disposal of equipment. If you did not install or dispose of equipment during the
reporting year, do not include emissions from these activities in your estimation.

Note that refrigerants may be blends of HFCs. Table E.2 lists the GWP factors for selected blends.

Table 7.2 Default Emissions for Mobile Refrigeration / Air Conditioning Equipment

Installation Operating Refrigerant Recovery
Capacity Emission Emission Factor | Remaining at Efficiency
Type of Equipment (kg) Factor X Disposal z
k (% of capacity / y (% of
(% of capacity) year) (% of capacity) remaining)
Transport Refrigeration 3-8 1% 50 % 50 % 70 %
Mobile Air Conditioning | 0.5-1.5 0.5 % 20 % 50 % 50 %

Source: IPCC, Guidelines for National Greenhouse Gas Inventories (2006), Volume 3: Industrial Processes and Product
Use, Table 7.9.

Note: Emission factors above are the most conservative of the range provided by the IPCC. The ranges in capacity are
provided for reference. You should use the actual capacity of your equipment. If you do not know your actual capacity, you
should use the high end of the range provided (e.g., use 2,000 kg for chillers).
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Equation 7.13 | Estimating Emissions of Each Type of Refrigerant

For each type of refrigerant:
Total Annual Emissions =[ (Cy xk)+(Cx x xT) + (Cpxyx(1-2z))]+ 1,000
(metric tons) (kg) (%) (kg) (%) (years) (k@) (%) (%) (kg/metric ton)

Where:

Cn = quantity of refrigerant charged into the new equipment !

C = total full charge (capacity) of the equipment

T = time in years equipment was in use (e.g., 0.5 if used only during half the year and then disposed)
Cp = total full charge (capacity) of equipment being disposed of 2

k = installation emission factor

X = operating emission factor

y = refrigerant remainin2q at disposal 2

z = recovery efficiency

' Omitted if no equipment was installed during the reporting year or the installed equipment was
pre-charged by the manufacturer
2 Omitted if no equipment was disposed of during the reporting year

Step 3: Convert to units of CO,e and determine total HFC emissions.

Use Equation 7.11 and the appropriate GWP factors from Appendix E to convert each HFC to units of CO,e.

Finally, sum the totals of each type of HFC, in units of CO.,e, to determine total HFC emissions (see Equation

7.12).
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Chapter 8 Power Generation Facilities

Local governments that own or operate large
combustion facilities may burn any combination of
the following fuels: coal, oil, natural gas, biomass,
MSW or others for the production of electricity
and/or heat and steam. Although hydrocarbon fuel
combustion emits CO,, CH,4, and N,O, the CO,
emissions associated with stationary combustion
facilities will be the largest source of emissions from
these power generating facilities.

Please note that if you are generating power or heat
at a wastewater treatment or solid waste facility and
the electricity and/or heat are used entirely within

California Local Governments and AB 32

Note: If your local government operates a
power generation facility with a nameplate
capacity of 1 MW or higher and emits at least
2,500 metric tons of CO; per year, you will be
subject to ARB’s mandatory reporting
regulation under AB 32. The regulation has
additional reporting requirements beyond
what is described in this Protocol.

For more information and to download the
mandatory reporting requirements, visit

www.arb.ca.gov/cc/reporting/ghg-rep/ghg-
rep.htm.

that facility, you should report the Scope 1 stationary
combustion emissions from generating that power in
those sectors, not in the Power Generation Facilities

sector of your Standard Inventory Report. See Chapter 13 for more information.

Emergency generators, while they do generate power, should be included in the Facilities sector. Only if the
emergency generators are located at the power generation facility would it be included in the Power
Generation Facilities sector.

The amount of CO, emitted from hydrocarbon combustion predominantly depends on the quantity of the
fuel and carbon content of fuel consumed. To a lesser extent, the oxidation fraction of a particular fuel,
under standard operating conditions and practices, also influences CO, emissions. (An oxidation fraction
reflects an incomplete combustion process, to the extent that all the carbon contained in the fuel does not
oxidize into CO, but remains as ash or unburned carbon.)

Non-fossil carbon bearing fuels (e.g., landfill gas, wood and wood waste, etc.) may also be combusted in
power generating facilities. You should not report biogenic CO, emissions as Scope 1 GHG emissions (see
Chapter 4, Section 4.5). However, it is important to identify the contribution of these emissions as a part of
your overall activities. Thus, you must identify and report biomass CO, emissions as biogenic emissions in a
category separate from fossil fuel emissions. Note that CH, and N,O emissions from the combustion of
biomass are not considered biogenic and should be calculated and reported as part of your direct emissions
inventory.

Power generation facilities use a number of stationary combustion technologies to generate, transmit, and
distribute electricity and produce heat and/or steam. Municipal utilities may also combust natural gas and
other fossil fuels to transport, store, and distribute natural gas.
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Note to CCAR Members and Members of The Climate Registry

If your local government generates and sells electric power and you are a Member of either CCAR
or The Climate Registry, you are required to report your power generation-related emissions
according your program’s sector specific guidance in addition to the guidance provided in this
protocol.

CCAR Members must report using the Power/Utility Protocol (2009) in addition to the guidance in
this Protocol. This includes completing the Power/Utility Protocol Report with its associated metrics.
You can download the Power/Utility Protocol and Report
at:http://www.climateregistry.org/tools/protocols/industry-specific-protocols/power-utility.html.

Beginning with 2010 emissions, Members of The Climate Registry must report power-generation
related emissions using the Electric Power Sector Protocol, which you can be, download here:
http://www.theclimateregistry.org/resources/protocols/electric-power-sector-protocol/.

To quantify CO, emissions from stationary combustion a power generating facilities, local governments
should use one of the following two methods:

1. Measurement-based methodology
2. Fuel use calculation-based methodology

For most municipal utilities, the information needed to quantify direct stationary combustion GHG emissions
should be available or easily derived from existing reporting activities. For major stationary sources, most
municipal utilities already account for and report air pollution emissions to local, state and/or federal
regulatory agencies, as well as total annual fuel use, and electricity, steam and heat production.

Most large electric generating units have continuous emissions monitoring systems (CEMs) that track their
CO, emissions. Smaller units, however, may not have these monitors, but rather may rely on fuel use data
to determine their emissions. Because of these varying requirements, you may have to use both the
measurement-based and the calculation-based methodologies to fully quantify your GHG emissions from
power generation activities.

To maintain consistency with other programs, entities that are required to report emissions to the U.S. EPA
according to 40 CFR Part 75 and/or state or local environmental agencies are encouraged to report the same
CO, emissions information through this Protocol.

Whichever method or combination of methods are used to calculate your GHG emissions inventory, you
should use the same reporting methodology from year to year to maintain consistency and comparability
between inventory years.

8.1 Stationary Combustion: Measurement-Based Methodology

Continuous emissions monitoring systems (CEMS) are the primary emissions monitoring method used in the
power/utility sector. Local governments that report CO, emissions data to the U.S. EPA according to 40 CFR
Part 75 and/or state/province or local environmental agencies can use the same CO, emissions information
in their GHG inventory. CO, data should be monitored in accordance with the requirements of the 40 CFR
Part 75 rule, which includes requirements for installing, certifying, operating, and maintaining CEMS for
measuring and reporting CO, as well as SO,, NO,, O,, opacity, and volumetric flow. You may use either of
the two following CEMS configurations to determine annual CO, emissions:
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A monitor measuring CO, concentration percent by volume of flue gas and a flow monitoring system
measuring the volumetric flow rate of flue gas can be used to determine CO, mass emissions. Annual CO,
emissions are determined based on the operating time 