








gas turbines instead of diesel generators), meeting a

certain standard of performance (e.g., fuel efficiency

standards for vehicles), or managing operations accord-

ing to a certain set of criteria or practices (e.g., forest

management practices).

These legal requirements should be laws that have been

passed by a legislative body, have been enacted, and are

being enforced at a national, state/provincial, or local

level. Generally, they should not include voluntary agree-

ments with no enforcement mechanism, laws or

regulations under discussion, and general government

policies—none of which are considered mandatory. 

Baseline candidates comply with legal requirements

when either:

• there are no applicable mandatory laws or regulations

concerning the baseline candidates in the defined

geographic area and temporal range (or concerning

the GHG source in the country/area where the affected

source is located); or 

• the technology or practices employed by the baseline

candidates perform as well as any standard and meet

all the conditions prescribed by existing and enforced

mandatory laws and regulations. 

A number of challenges arise with defining legal 

requirements, including: 

• unclear and/or contradictory written law(s) 

or regulation(s);

• questions regarding how to treat pending legislation;

• varying levels of enforcement of particular laws 

and regulations; and

• laws or regulations applying to project activities where

the sites, facilities, production, or delivery systems

affected and the GHG sources or sinks affected are

located in different regulatory jurisdictions.

If legal requirements are used to constrain the geographic

area and temporal range, or to constrain the final list of

baseline candidates, project developers should be trans-

parent about how they decided which legal requirements

to consider. Additional discussion and further guidance

on legal requirements can be found in Annex A.

7 . 4 . 2  B A S E L I N E  C A N D I D AT E S  
A N D  C O M M O N  P R A C T I C E

In some cases it may be advisable to eliminate from the

list of relevant baseline candidates those whose GHG

emissions are higher than those of “common practice”

technologies or practices. This will generally be the case

only if the project-specific procedure is used to estimate

baseline emissions.

Common practice refers to the predominant technologies

or practices in a given market, as determined by the

degree to which those technologies or practices have

penetrated the market (defined by a specified geographic

area). Collecting data on all baseline candidates within

the geographic area and calculating a relative percent-

age for each different technology or practice will give 

the level of penetration for each technology or practice.

This percentage could be based on the number of plants

or sites using each technology or practice, or could be

weighted by the proportion of the total output for the

market that is attributed to each technology or practice.
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The level of penetration that represents common prac-

tice may differ between sectors and geographic areas,

and may depend on the diversity of different baseline

candidates within a geographic area. For example, in

one area a certain technology may have a 60 percent

market share, while in another area it may only have a

15 percent market share. In both instances, the technol-

ogy may be common practice. Low rates of penetration

or market shares that represent common practice

usually occur in areas where there is a large diversity of

baseline candidates. If there are few alternative tech-

nologies or practices, the common practice penetration

rate may be quite high. 

Common practice technologies or practices may or may

not correspond to what is legally required. 

7.5 Identifying the Final List 
of Baseline Candidates

7 . 5 . 1  R E L AT I O N S H I P  B E T W E E N  B A S E L I N E
C A N D I D AT E S  A N D  B A S E L I N E  P R O C E D U R E S
The number of baseline candidates to be identified and

how baseline candidates are defined may differ, depend-

ing on the procedure used to identify baseline emissions.

For the performance standard, the baseline candidates

include all individual plants, instances of a technology,

or practices that provide the same product or service as

the project activity. For the project-specific procedure,

baseline candidates usually include a more limited

number of individual instances and/or representative

types of plants, technologies, or practices. 

For example, there may be six plants producing the

same product as the project activity—three plants

utilizing technology X (plants A, B and C), two plants

using technology Y (plants D and E) and one plant

using technology Z (plant F). The baseline candidates

for the performance standard would include the six

individual plants (plants A, B, C, D, E and F). For the

project-specific procedure, the baseline candidates

could be the representative technologies—X, Y and Z

(see Figure 7.3).

For the project-specific procedure, representative types

of technologies or practices should be carefully defined

and explained. In some cases, an individual plant or 

instance of a technology or practice may be chosen as

representative. In other cases, it may make sense to

define a representative type using average performance

characteristics or GHG emissions from a number of

individual plants. For example, the GHG emission rate

of technology X may be characterized as the average

GHG emission rate of plants A, B, and C. Sometimes

there are wide variations in performance for a certain

type of technology—e.g., coal-fired boilers with a wide

range of fuel-use efficiencies. For these technologies, it

will often make sense to define baseline candidates

corresponding to different performance levels—or for

specific makes and models—of the technology.

Representative types of technologies or practices should

always be present in some form within the appropriate

geographic area and temporal range.

Finally, for the project-specific procedure, each baseline

candidate should also be capable of providing an equiv-

alent quantity of product or service as the project

activity. In certain situations, this may mean that a

single baseline candidate is defined as a number of simi-

lar smaller plant technologies or practices that in

aggregate provide an equivalent quantity of product or

service as the project activity.

7 . 5 . 2  S E L E C T I N G  A  F I N A L  L I S T
The final baseline candidates used to estimate baseline

emissions are those that fall within the defined

geographic area and temporal range and provide the

same product or service as the project activity.

Completeness, relevance, and transparency are the most

important principles to use when identifying the base-

line candidates. The final list of baseline candidates,

their characteristics, and a description of how they were

identified within the geographic area and temporal

range should be documented before undertaking one of

the baseline procedures. 

In some cases, the number of specific baseline candi-

dates within the geographic area and temporal range

may be quite large. In these cases, a statistical

sampling may be used to define the final list of baseline

candidates used in the baseline procedures. Methods

used to identify a sample of baseline candidates should

be fully described and explained.

Identifying the Baseline Candidates
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7.6 Identifying the Baseline Candidates 
that Represent Common Practice 

If the project-specific procedure is used to estimate base-

line emissions, project developers should identify any

baseline candidates that represent what could be consid-

ered common practice. The guidance provided above in

section 7.4.2 can assist in defining common practice

technologies or practices. Instances where common prac-

tice cannot be meaningfully defined should be explained.

If the performance standard procedure is used to esti-

mate baseline emissions, identifying common practice

baseline candidates is not necessary. This is because

rates of market penetration for different baseline candi-

dates (and thus what constitutes common practice) will

be directly reflected in the baseline emission rate derived

using that procedure.
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For the performance standard baseline procedure, the baseline candidates include all individual plants, instances of a technology, or
practices that provide the same product or service as the project activity. For the project-specific procedure, baseline candidates include
a more limited number of representative types of plants, technologies, or practices.

Project-Specific Procedure
Baseline Candidates:
Representative Types of Plants/
Technologies/Practices

Performance Standard Procedure
Baseline Candidates: Individual
Plants/Instances of a Technology
or Practice

F I G U R E  7 . 3  Relationship between baseline candidates and baseline procedures

} } }
A B C D E F

Technology Type X Technology Type ZTechnology Type Y

Hisham Zerriffi, Program on Energy and Sustainable Development
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Estimating Baseline Emissions—
Project-Specific Procedure

PA R T  I I48

8

he project-specific procedure produces an estimate of baseline emissions for a project

activity’s primary effect through the identification of a baseline scenario linked to the

specific circumstances surrounding the project activity. The baseline scenario is identified

through a structured analysis of the project activity and the baseline candidates identified in

Chapter 7. This procedure has two components. The first component involves identifying the

baseline scenario. The second component involves estimating the GHG emissions associated with

the baseline scenario. 

T
David Parsons, National Renewable Energy Lab
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Requirements
For each project activity, the following steps shall be

performed to identify the baseline scenario and estimate

baseline emissions:

8.1 Perform a comparative assessment 
of barriers.

8 . 1 . 1 Identify all barriers that would affect deci-
sions to implement the project activity or any
of the baseline candidates. 

8 . 1 . 2 Identify barriers to the continuation of
current activities.

8 . 1 . 3 Assess the relative importance of the identi-
fied barriers for each alternative. 

8.2 Identify and justify 
the baseline scenario. 

8 . 2 . 1 Explain the significance of any barriers that
affect the project activity and how these
barriers will be overcome. 

8 . 2 . 2 Identify the baseline scenario using the
results of the comparative assessment of
barriers. Where it is not possible to identify the

baseline scenario using the results of the

comparative assessment of barriers, either:

a) identify the baseline scenario as the most

conservative viable alternative, which will

have the lowest GHG emissions or the highest

GHG removals compared to other viable

alternatives; or 

b) identify the baseline scenario using a net bene-

fits assessment. The baseline scenario will be

the alternative with the greatest net benefits—

excluding any benefits resulting from GHG

reductions—relative to assessed barriers. 

8 . 2 . 3 Justify the identified baseline scenario.

8.3 Estimate baseline emissions.
Use assumptions, calculations, and emission factors

specific to the identified baseline scenario.

C H A P T E R  8 :  Estimating Baseline Emissions—
Project-Specific Procedure
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Guidance
The baseline scenario is a reference case for the project

activity. It describes an activity or a set of activities that

result in GHG emissions (referred to as “baseline emis-

sions”), against which project activity emissions can be

compared for the purpose of quantifying GHG reduc-

tions. Broadly speaking, there are three types of possible

alternatives for a baseline scenario:

• The baseline scenario involves implementation of

the same technologies or practices involved in the

project activity.

• The baseline scenario involves the configuration,

deployment, implementation, operation, and decom-

missioning of new technologies or practices described

by one of the baseline candidates from Chapter 7.

• The baseline scenario involves the continuation of

current activities that, where relevant, provide the

same type, quality, and quantity of product(s) or serv-

ice(s) as the project activity. 

C O N T I N U AT I O N  O F  C U R R E N T  A C T I V I T I E S
The “continuation of current activities” can be thought

of as the “do nothing” alternative. It will mean slightly

different things depending on the type of project activity.

Examples include:

• Provision of grid-connected electricity from existing

power plants, where the project activity involves

construction of new generation equipment that would

displace grid-connected electricity.

• Continued operation of existing equipment, where the

project activity involves retrofitting the equipment to

improve its efficiency.

• Continued emissions of methane from a landfill, where

the project activity involves capturing and destroying

this methane.

• Continued operation of working forests, where the

project activity involves additional carbon sequestra-

tion through enhanced forest management.

In some cases, these kinds of possibilities may be identi-

fied as baseline candidates in Chapter 7. Within the

project-specific procedure, however, they are considered

separately from a consideration of other baseline candi-

dates. This is primarily because they are unlikely to face

the same kinds of barriers as other baseline candidates,

and in some instances will face unique types of barriers

that do not apply to other baseline candidates. The

assessment of the continuation of current activities is

thus qualitatively different from the assessment of other

alternatives for the baseline scenario.

8.1 Performing a Comparative Assessment 
of Barriers

The comparative assessment of barriers determines to

what extent the project activity and each baseline candi-

date are affected by barriers to their implementation.

Estimating Baseline Emissions—Project-Specific Procedure
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A determination of additionality is implicit in this procedure in the
sense that if the identified baseline scenario is not the project
activity, the project activity will be additional. However, the identi-
fication of the baseline scenario will always be subject to some
degree of subjectivity. It will be up to project developers and those
reviewing a GHG project to decide what constitutes a significant
set of barriers for a project, whether barriers are insurmountable,
and ultimately how to weigh and compare the cumulative signifi-
cance of barriers for different alternatives (see section 8.1).
Similarly, subjective decisions will be required in any assessment
of net benefits, if such an assessment is employed to help identify
the baseline scenario (see section 8.2.2). Because of the subjec-
tivity involved, strong attention should be paid to the principles of
transparency, conservativeness, completeness, and relevance in
performing the project-specific procedure.

In performing this procedure, project developers may also wish
to consider how it relates to the policy objectives of GHG
programs concerning additionality, as outlined in Chapter 3. The
stringency of this procedure is determined by the weight of
evidence required to establish any particular claim concerning
the final identification of the baseline scenario. GHG programs
that desire a stringent additionality determination may impose
specific informational requirements for substantiating any
claims, or may require that certain methods be used. They may
also choose to require certain additionality tests prior to identi-
fying the baseline scenario (which could, for example, eliminate
certain baseline candidates from consideration). 

B O X  8 . 1 The project-specific procedure, 
additionality, and GHG programs
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8 . 1 . 1  I D E N T I F Y I N G  B A R R I E R S   
T O  T H E  P R O J E C T  A C T I V I T Y  
A N D  B A S E L I N E  C A N D I D AT E S  

Identified barriers should include anything that would

discourage a decision to try to implement the project

activity or baseline candidates. All possible barriers

should be considered. The project activity and baseline

candidates may each face multiple barriers. Table 8.1

lists major categories of possible barriers. How each

category is addressed in identifying and defining actual

barriers should be explained. 

8 . 1 . 2  I D E N T I F Y I N G  B A R R I E R S  T O  T H E  
C O N T I N U AT I O N  O F  C U R R E N T  A C T I V I T I E S

In most cases, there are no barriers to the continuation

of current activities. However, if barriers do exist, they

are often prohibitive or insurmountable. Barriers to the

continuation of current activities could include:

• The end of a piece of equipment’s useful lifetime, where

the GHG project involves retrofitting this equipment 

(see Box 8.2).

• Market or regulatory changes that force a shift in

existing production, management practices, or tech-

nologies. These would be changes that necessitate

large-scale shutdown or replacement of existing facili-

ties and equipment, or force changes in current

practices (e.g., if a law were passed requiring the

destruction of HFC-23 at HCFC-22 production facili-

ties). Such conditions should be fully explained.

8 . 1 . 3  A S S E S S I N G  T H E  R E L AT I V E  I M P O R T A N C E  
O F  T H E  I D E N T I F I E D  B A R R I E R S

In some cases, an identified barrier may eliminate an

alternative from further consideration. This can occur if

the barrier makes the alternative infeasible, or is other-

wise prohibitive or insurmountable. However, barriers

C H A P T E R  8 :  Estimating Baseline Emissions—
Project-Specific Procedure
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T A B L E  8 . 1  Barrier categories

B A R R I E R  T Y P E S

Financial and Budgetary

Technology Operation 
and Maintenance

Infrastructure

Market Structure

Institutional / Social /
Cultural / Political

Resource Availability

B A R R I E R  E X A M P L E S *  

• High costs
• Limited or no access to capital
• High perceived risks, resulting in high borrowing costs or lack of access to credit or capital. Perceived

risks might be associated with, among other things:
• political instability • currency fluctuations
• regulatory uncertainty • poor credit rating of project partners 
• unproven technologies or business models • general risk of project failure

• Lack of trained personnel capable of maintaining, operating, or managing a technology and lack of
education or training resources

• Inadequate supply or transport infrastructure for inputs, spare parts, fuels, etc.
• Lack of infrastructure required to integrate and maintain new technologies/practices

• Market barriers or uncorrected market “failures” impede the adoption of the technology or practice in question

• Institutional or political opposition to the implementation of the technology or practice in question
• Limited or no institutional capacity required to facilitate the technology or practice in question
• Low social acceptance of the technology or practice in question
• Aversion to high upfront costs or lack of awareness of benefits results in limited uptake of a product 

or service (e.g., energy-efficient appliances)
• Lack of consensus on future management decisions (e.g., with respect to land-use)

• Irregular or uncertain supply of resources required to implement or operate a technology or practice

*This list is not intended to be exhaustive. Project developers or GHG programs may identify other forms of barriers that are not described here.
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are rarely “absolute” in the sense that they are impossi-

ble to overcome. In most cases, therefore, the relative

importance of barriers should be assessed relative to

each other and for each possible alternative. 

Such an assessment can be qualitative, although quantita-

tive components of an assessment should be incorporated

where possible. In many cases, an identified barrier either

will be specific to one alternative, or will affect all alter-

natives equally. If an identified barrier affects different

alternatives to different degrees, then any differences

should be characterized and fully explained. In principle,

this could mean distinguishing between: 

• the likelihood that a particular barrier would be 

present for a particular alternative, and

• the significance or extent of the barrier where it 

is present.

The degree to which an identified barrier affects each

alternative may be characterized qualitatively using

descriptive explanations and relative rankings (e.g.,

high, medium, or low).

The relative importance of the identified barriers should

be estimated by determining the cumulative effect of all

identified barriers on each alternative, and providing a

rough ranking of the alternatives according to the barriers

they face. Assessments of the cumulative effects of barri-

ers should be substantiated and explained. One way to

present the final results is in matrix form, as in Table 8.2.

For the purpose of identifying a baseline scenario, it is not

always necessary to finely distinguish the rank of each

baseline scenario alternative (e.g., in Table 8.2., base-

line candidates 2 and 3 both face “medium” barriers).

8.2 Identifying the Baseline Scenario 
Before attempting to identify a baseline scenario, project

developers should check that the data needed to do so are

available. Available data should be relevant, reliable, and

verifiable and may involve industry, country, regional,

and local information. All possible sources for obtaining

the necessary information should be documented. For the

comparative assessment of barriers, the data must be

adequate to describe the relevance of each barrier in its

local context, and to demonstrate how identified barriers

affect (or do not affect) the project activity and each

baseline candidate. Annex B contains a list of useful

information sources. If net benefits are assessed, the

Estimating Baseline Emissions—Project-Specific Procedure
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A retrofit project activity involves modifying existing equipment, 
or replacing existing equipment with new parts, devices, or
systems that: 

• improve the equipment’s efficiency and lower its rate of GHG
emissions; and/or

• increase the equipment’s utilization so that it produces more
of a particular product or service.

Thus, many retrofit project activities result in two primary
effects: (1) lowering the rate of GHG emissions associated with
the equipment, and (2) displacing GHG emissions from other
sources, for any amount of production greater than historical
levels, due to increased utilization.

For the first primary effect, “continuation of current activities”
would involve continued operation of the equipment that the
project activity is retrofitting. For the second primary effect,
“continuation of current activities” would involve continued
production from other existing facilities that the project activ-
ity’s expanded production displaces.

For the first primary effect, the most significant barrier to the
continuation of current activities would be the breakdown of
existing equipment (e.g., by reaching the end of its useful life-
time). If a piece of equipment would have to be replaced in the
near future, then in practical terms this would constitute an
absolute barrier to the continuation of current activities, and
the continuation of current activities should not be considered
as a baseline scenario alternative.

Predicting the remaining life of a piece of equipment can 
be challenging. It can depend on many variables, such as 
maintenance practices, owner policies about repairing versus
replacing equipment, replacement schedules, the date of
installation, and cumulative operating hours. Estimates of
remaining equipment life can be derived from manufacturers’
specifications, current commercial practice, regulatory stan-
dards governing equipment replacement, or the equipment’s
economically competitive life. The rationale for any equipment
life estimates should be explained. If the retrofit involves
replacing a component of a larger piece of equipment (e.g.,
installing more energy-efficient burners in a boiler), the life of
the component (burner) should be used, rather than the life of
the entire equipment (boiler).

B O X  8 . 2 Retrofit project activities 
and the continuation of current activities
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T A B L E  8 . 2  Example of rough ranking of baseline scenario alternatives by cumulative significance of barriers

B A R R I E R  1
( H ) *

Present

Not present

Not present

Not present

Not present

B A R R I E R  2
( L ) *

Present

Not present

Present

Not present

Not present

B A R R I E R  3
( M ) *

High

Low

Medium

Medium

Not present

B A R R I E R  4
( L ) *

Present

Present

Present

Present

Not present

R A N K  B Y  
C U M U L AT I V E  I M P A C T

(5) Highest barriers

(2) Second-lowest barriers

(4) Medium barriers

(3) Medium barriers

(1) Lowest (no) barriers

data must be adequate to substantiate the magnitude of

benefits for each alternative.

8 . 2 . 1  E X P L A I N I N G  B A R R I E R S  T O  
T H E  P R O J E C T  A C T I V I T Y  A N D  
H O W  T H E Y  W I L L  B E  O V E R C O M E

The significance of any barriers facing the project activ-

ity should be fully explained, and all measures and

design features intended to overcome these barriers

should be documented. For example, to overcome project

activity barriers, GHG projects may be designed to:

• contribute to the transfer of technologies or practices;

• strengthen local manufacturing and maintenance

capacities;

• introduce innovative financing arrangements;

• raise awareness of new products, technologies, and

practices;

• increase consumer demand; and

• increase competitive pressure for technological or

management change in the local market.

8 . 2 . 2  I D E N T I F Y I N G  T H E  B A S E L I N E  
S C E N A R I O  U S I N G  T H E  C O M P A R AT I V E  
A S S E S S M E N T  O F  B A R R I E R S

The comparative assessment of barriers can be used to

identify the baseline scenario. For example, if only one

alternative faces few or no barriers and all other alterna-

tives (including the project activity) face significant or

insurmountable barriers, it can be argued that the baseline

scenario is the alternative that faces few or no barriers.

However, the comparative assessment of barriers may be

inconclusive where:

• Barriers facing the project activity are not significant.

In this case, either the comparative assessment of

barriers will be inconclusive or the project activity (if

it is the only viable alternative) will be identified as the

baseline scenario. 

• More than one alternative faces barriers that are not

significant or that could be realistically overcome. 

In such cases there are two options for identifying the

baseline scenario: (a) using the most conservative viable

alternative, or (b) conducting a net benefits assessment.

All reasoning and conclusions behind the identification of

the baseline scenario should be fully explained. Any

contention that barriers for a particular alternative are

prohibitive or insurmountable should be substantiated, and

explanations should focus on how the barriers would

prevent the implementation of the alternative. Any barri-

ers for a particular alternative that are thought to be

surmountable but still significant should also be explained. 

a) Identifying the Baseline Scenario 
as the Most Conservative Viable Alternative 

The alternative with the lowest level of GHG emissions

or the highest level of GHG removals is identified as the

baseline scenario. If the project activity does not face

*Relative importance of barriers compared to each other: 
H = Significant barrier; M = Moderately significant barrier; L = Less significant barrier  
Note:  Describing a barrier as “present” may be sufficient in instances where a barrier affects more than one alternative to roughly the same extent. 

B A S E L I N E  S C E N A R I O
A L T E R N AT I V E S

Project Activity

Baseline Candidate 1

Baseline Candidate 2

Baseline Candidate 3

Continuation of Current Activities
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significant barriers, it will most likely be the most

conservative viable alternative. If the project activity is

not considered a viable alternative, its exclusion from

consideration should be fully explained.

b) Identifying the Baseline Scenario 
Using a Net Benefits Assessment

Where the project activity does not face significant

barriers, or where it is not possible to identify a baseline

scenario using only the comparative assessment of barri-

ers, it may be possible to identify the baseline scenario

using an assessment of net benefits. This approach

demonstrates that the baseline scenario would involve a

particular alternative because it would have had the

greatest net payoff, rather than the fewest barriers. A

net benefits assessment should be conducted for each

alternative whose barriers can be realistically overcome.

A net benefits assessment identifies the baseline scenario

as the alternative that would provide the greatest incen-

tives (identified as benefits) to its decision-makers relative

to any disincentives (already identified as barriers).

Identifying the baseline scenario involves three steps:

1. assessing benefits for each alternative,

2. comparing benefits to identified barriers, and

3. identifying the alternative with the greatest benefits

relative to barriers.

Step 1: Assessing Benefits for Each Alternative
Benefits from implementing the GHG project 

(see Box 8.3) or baseline candidates can take many

forms, including:

• expected financial returns (assessed either qualita-

tively or quantitatively);

• research and demonstration value for a new technol-

ogy or practice; 

• positioning in or entry into a specific market, strategic

alignment, other competitive benefits; and 

• public relations benefits. 

Regardless of the kinds of benefits identified, the goal is

to determine which of the possible alternatives has the

highest net benefits—absent any benefit resulting from

GHG reductions (see Box 8.4)—and whether the project

activity or any of the baseline candidates would be

preferable, from the standpoint of decision-makers, to

continuing current activities.

It is important to assess benefits only from the stand-

point of those responsible for making the decision

whether to implement the GHG project or activities asso-

ciated with a particular alternative. For example, a GHG

project may incidentally provide widespread benefits to a

local community—e.g., by reducing local air pollution or

providing supplemental income to local residents (say,

from forestry products). These benefits, however, may

not directly influence a decision to implement a project

activity (assuming the community is not in charge of the

decision). Rather, such benefits should be considered only

to the extent that they translate into direct benefits for

Estimating Baseline Emissions—Project-Specific Procedure
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The baseline scenario is specific to an individual project activity
and primary effect. However, benefits are usually assessed as
they relate to an entire GHG project or baseline candidate, rather
than a specific project activity or component activity of a base-
line candidate. This is because the decision to implement a
particular project activity almost always depends on a decision
about implementing the entire GHG project with which it is asso-
ciated. In some cases, meaningfully assigning benefits (e.g.,
revenues or public relations value) for an entire GHG project to a
specific project activity may be difficult or impossible.

B O X  8 . 3 Assessing benefits 
with respect to the GHG project

The baseline scenario is intended to represent what would have
been most likely to occur absent any consideration of the project
activity’s potential for climate change mitigation. For this
reason, any potential benefits resulting from GHG reductions are
excluded from the assessment of benefits. For example,
revenues generated from the sale of GHG reduction “credits”
should be excluded from the assessment because they result
from the GHG reductions. Similarly, research and demonstration
benefits should be excluded if they directly relate to climate
change mitigation. On the other hand, benefits that are associ-
ated with, but are not the direct result of GHG reductions should
still be assessed. For example, there may be costs savings asso-
ciated with measures that also happen to reduce GHG
emissions. These savings should be assessed as benefits. 

B O X  8 . 4 Excluding benefits 
resulting from GHG reductions

C H A P T E R  8
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the decision-makers—i.e., the project developer—and

thus contribute to a decision on whether to implement a

project activity.

Benefits may be assessed qualitatively and quantita-

tively. Some types of benefits (e.g., public relations

benefits) may be difficult or impossible to quantify, and

should therefore be assessed qualitatively. A largely

qualitative assessment (see Box 8.5) may be sufficient

and appropriate if the relative net benefits of the GHG

project and baseline candidates can be differentiated

clearly enough to identify an unambiguous choice for the

baseline scenario (i.e., after benefits are netted against

identified barriers, in Step 3, below). 

A matrix, such as the one in Table 8.3, can be used to

present a ranking of the benefits of possible alternatives

according to their relative magnitude. As with the identi-

fication of barriers, the final assessment and ranking

may be qualitative rather than numerical, but should be

based on substantiated assessments for each alternative.

Step 2: Comparing Benefits to Identified Barriers
The net benefits of each alternative can be determined by

comparing benefits to identified barriers. Net benefits

may be positive or negative. Negative net benefits could

occur, for example, if implementing a baseline candidate

would be expected to result in a financial loss, or would

otherwise result in negative repercussions for decision-

makers (e.g., adverse publicity). Alternatives may be

excluded from further consideration if it is determined

that the expected benefits would offer insufficient incen-

tive for overcoming the identified barriers. Table 8.4

offers a sample matrix for assessing net benefits and

screening out unviable alternatives. Some alternatives

may have already been rejected at this point—e.g., if

they faced insurmountable barriers. 
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A GHG project that captures landfill gas (LFG) to generate elec-
tricity would have two project activities: (1) capturing methane
that would otherwise be emitted; and (2) displacing GHG emis-
sions from grid-connected electricity plants. The first project
activity might have three baseline scenario alternatives: the
project activity itself (i.e., capturing methane as part of an LFG-
to-energy project); flaring the gas instead of using it for energy;
and doing nothing (continuing current activities). Because flar-
ing the gas would incur costs and generate no revenue, it would
have negative net benefits. With some basic representative cost
analysis and reference to natural gas prices, the project devel-
oper might be able to demonstrate that potential revenues from
using the gas as a fuel would not cover the cost of installing
electricity generation equipment—again resulting in negative
financial benefits. Assuming there are no barriers to the contin-
uation of current activities (e.g., no laws requiring LFG flaring),
it could be convincingly demonstrated that “doing nothing” is
the appropriate baseline scenario without the need for detailed
quantitative financial analysis.

B O X  8 . 5 Example of a qualitative 
benefits assessment

T A B L E  8 . 3  Example of rough ranking of alternatives by magnitude of benefits 

B A S E L I N E  S C E N A R I O  A L T E R N AT I V E S *

Project Activity 

Baseline Candidate 1

Baseline Candidate 2

Baseline Candidate 3

Continuation of Current Activities 

M A G N I T U D E  O F  B E N E F I T S

Small

Large

Medium

Zero

Small

R E L AT I V E  R A N K I N G S

Low

Highest

Middle 

Lowest

Low

This table summarizes the results of a benefits assessment by ranking the baseline scenario alternatives according to the relative
magnitude of their benefits. It is not necessary to distinguish the rank of every alternative (e.g., the Project Activity and Continuation of
Current Activities are both ranked “Low”) to identify the baseline scenario, it is only necessary to find the alternative with the greatest
benefits relative to identified barriers.
*This assumes all alternatives did not face significant barriers.
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Comparing financial benefits and barriers (e.g., revenues

and costs) is usually straightforward. In many cases,

however, benefits will be “netted” against barriers quali-

tatively. Such analysis may be subjective and should be

fully explained for the sake of transparency. If financial

returns are a significant source of benefits for more than

one alternative, it may be desirable for the sake of trans-

parency and credibility to quantify net financial benefits

using an investment analysis. Guidelines for conducting

an investment analysis are provided in Annex C.   

Step 3: Identifying the Baseline Scenario 
Each possible alternative should be assessed with respect

to how decision-makers would weigh benefits against

perceived barriers. The baseline scenario will have the

greatest net benefits relative to the disincentives

presented by barriers. The alternative with the highest

benefits will not necessarily be the baseline scenario if it

faces more significant barriers than other alternatives. If

all alternatives have negative net benefits, the alterna-

tive with the least negative net benefits should be

identified as the baseline scenario. A table like Table 8.5

could be provided to summarize the analysis used to

identify the baseline scenario. A full explanation of how

the baseline scenario was identified should be provided

for transparency.

If making an unambiguous distinction between the net

benefits of two or more alternatives is difficult, two

options are available for identifying the baseline scenario:

• Undertake a more detailed assessment of the barriers

and benefits to try to distinguish more clearly between

the alternatives—provided the additional level of

detail can be substantiated with available information.

Estimating Baseline Emissions—Project-Specific Procedure
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T A B L E  8 . 4  Example of assessing net benefits and screening out unviable alternatives

B A S E L I N E  S C E N A R I O  A L T E R N AT I V E S

Project Activity 

Baseline Candidate 1

Baseline Candidate 2

Baseline Candidate 3

Continuation of Current Activities 

B E N E F I T S

Small

Large

Medium

Zero

Small

I D E N T I F I E D  B A R R I E R S

Highest barriers

Second-lowest barriers

Medium barriers

Medium barriers

Lowest (no) barriers

N E T  B E N E F I T S

Large negative [Exclude]

Large positive

Zero

Negative [Exclude]

Small positive

This table summarizes the comparison of benefits to identified barriers for each baseline scenario alternative. The resulting “net benefits”
may be positive or negative. Negative net benefits could occur, for example, if implementing a baseline candidate would be expected to
result in a financial loss, or would otherwise result in negative repercussions for decision-makers. Alternatives may be excluded from
further consideration if it is determined that benefits would offer insufficient incentive for overcoming the identified barriers. 

T A B L E  8 . 5  Sample summary of the net benefits assessment

B A S E L I N E  S C E N A R I O  A L T E R N AT I V E S

Baseline Candidate 1

Continuation of Current Activities

Baseline Candidate 2

N E T  B E N E F I T S

Large positive net benefits

Small positive net benefits

Zero net benefits

C O N C L U S I O N S

Baseline scenario will involve implementation of
Baseline Candidate 1

Viable, but not most attractive to decision-makers

Least attractive viable alternative for decision-makers

This table summarizes the final results of the net benefits assessment and indicates the identified baseline scenario, in this case
Baseline Candidate 1. The identified baseline scenario is the alternative with the highest net benefits.
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• Choose the most conservative viable alternative—i.e.,

the one with the least GHG emissions or most GHG

removals. Note that if the project activity remains as

one of the viable alternatives, it will most likely be the

most conservative alternative.

8 . 2 . 3  J U S T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O
The baseline scenario may be justified using the analysis

and documentation associated with the comparative

assessment of barriers and, where undertaken, the net

benefits assessment. In some cases, the baseline scenario

will involve a baseline candidate that would have been

implemented later than the project activity. In these cases,

additional explanations and justifications for the timing of

the baseline scenario should be provided (see Box 8.6).

In some cases, a final “reality check” involving a review

of common practice will help strengthen the justification

for the baseline scenario. This kind of reality check

should involve three steps:

1. Listing all the baseline candidates identified as

common practice in Chapter 7, section 7.6.

2. Indicating if the technologies or practices employed

by the project activity are common practice, using the

same analysis applied to the baseline candidates.

3. Explaining any instances where common practice

technologies or practices were rejected from consider-

ation as the baseline scenario. Explanations should be

supported by evidence pertaining to the project activ-

ity’s specific circumstances and discuss why

decision-makers would not have implemented a

common practice alternative in the baseline scenario.

G
U

I
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A
N

C
E

If the identified baseline scenario involves the implementation
of a particular baseline candidate, the presumption is usually
that the baseline candidate’s implementation would have coin-
cided with the project activity’s implementation. In many cases,
however, a particular baseline candidate could have been imple-
mented significantly later than the onset of the GHG project (but
still within the GHG project’s lifetime). This might occur if: 

•  barriers to the baseline candidate are temporary, 

•  the baseline candidate would only be implemented after a
barrier arises to the continuation of current activities, or 

•  the net benefits from implementing the baseline candidate
are low in the near term but would increase substantially
under future conditions.

If these kinds of circumstances are expected, they should be
explained. In such circumstances, the identified baseline
scenario will consist of: 

•  a period during which the baseline scenario involves the
continuation of current activities, and

•  a subsequent period during which the baseline scenario
involves the implementation of a baseline candidate. 

The length of time until a baseline candidate would have been
implemented can depend on a variety of factors, including the
type of technology or practice involved, economic trends or market
conditions, and the nature of any barriers. Precise predictions
about the timing of implementation may be difficult; for trans-
parency, all assumptions and analyses should be explained.

B O X  8 . 6 Baseline scenarios that involve later
implementation of a baseline candidate

Courtesy of Holcim Cement
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8.3 Estimating Baseline Emissions
Baseline emission estimates for the project activity’s

primary effect should be derived from the types of 

technologies or practices represented in the baseline

scenario. In most cases, it should be possible to specify

a GHG emission rate for these technologies or practices,

in the form of GHG emissions per unit of product or

service (identified in Chapter 7, section 7.1). Total base-

line emissions can then be calculated using the project

activity’s level of production of the product or service.1

Box 8.7 provides guidance on how to estimate baseline

emissions when the baseline scenario involves continua-

tion of current activities. The GHG emission rate for the

baseline scenario should be fully explained, and support-

ing assumptions and calculations should be documented.

Absolute baseline emissions should be estimated when 

it is difficult or inappropriate to specify a baseline GHG

emission rate. This is generally the case for land-use 

and some fugitive emission project activities.

Box 8.8 provides guidance on estimating baseline 

emissions when the baseline scenario involves the later

implementation of a baseline candidate.

Estimating Baseline Emissions—Project-Specific Procedure
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•  Project Activities That Displace or Reduce Production from
Other Sources. For these project activities, baseline emissions
are estimated from the GHG emission rates of existing sources
whose production will be displaced or reduced. A common exam-
ple is estimating the “operating margin” for grid electricity
production, where electricity will either be displaced (e.g., energy
supply projects) or reduced (e.g., end-use energy conservation
projects). The method used to estimate GHG emissions from
displaced existing sources should be fully explained.

•  Project Activities That Reduce the GHG Emission Rate of an
Existing Process (Retrofit Projects). For these project activities,
baseline emissions from the continuation of current activities
may be estimated as the historical GHG emission rate for the
process or equipment that is being retrofitted.

B O X  8 . 7 Estimating baseline emissions 
when the baseline scenario involves the continuation of current activities

•  Project Activities That Capture or Destroy Fugitive Emissions.
For these project activities, baseline emissions from the continu-
ation of current activities may be estimated from historical
emission rates at the GHG sources affected by the project activ-
ity. Where the project activity does not affect the underlying
production of GHGs at these sources, baseline emissions will be
equivalent to the amount of GHG emissions captured or destroyed
by the project activity.

•  Project Activities That Remove or Store GHGs. For these project
activities, baseline emissions from the continuation of current
activities will either be equivalent to GHG emissions sequestered
by the project activity, or can be estimated using land-use trends
or other projections related to GHG removal rates. 

Baseline emissions from the continuation of current activities can be estimated differently, depending on the type of project activity.
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Where a baseline candidate is implemented later than the proj-
ect activity, the baseline scenario will initially involve the
continuation of current activities. In this situation, there are two
options for estimating baseline emissions:

•  Specify different baseline emission rates (or absolute baseline
emission estimates) for different time periods. For example,
identify a baseline emission rate for the continuation of current
activities that will apply up until the baseline candidate is
implemented. Then specify another baseline emission rate —
derived for the baseline candidate— that will be used for the
period after the baseline candidate’s implementation.

•  Specify a single, combined baseline emission rate for the
valid time length of the baseline scenario (see Chapter 2,
section 2.11). This generally involves weighting different
baseline emission rates according to the length of time
during which they will apply. For example, the baseline
scenario may be valid for 10 years. The baseline scenario
involves the continuation of current activities for three years,
after which a baseline candidate will be implemented. In this
case, the baseline emission rate can be calculated as 0.3
multiplied by the baseline emission rate for the continuation
of current activities plus 0.7 multiplied by the baseline emis-
sion rate for the baseline candidate.

B O X  8 . 8 Estimating baseline emissions when the
baseline scenario involves the later
implementation of a baseline candidate

NOTES
1   Using the project activity’s level of output to calculate baseline emissions

assumes equivalence in output between the project activity and baseline

scenario (see section 2.13). A different basis for calculating total baseline

emissions may be necessary if the baseline scenario would not produce 

equivalent output.

Gary Kramer, Natural Resources Conservation Service
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9

he performance standard procedure analyses the GHG emission rates of all baseline

candidates identified in Chapter 7 to construct a GHG emission performance standard

against which project activity emissions can be compared. The performance standard is

used to determine baseline emissions for the project activity’s primary effect. Once a perform-

ance standard is developed, any number of similar project activities may be compared to it. A

performance standard is periodically updated to reflect changing circumstances within the

relevant geographic area or temporal range identified in Chapter 7.

T
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The GHG emission rate for a performance standard can

be expressed in different ways, depending on the type of

project activity involved (see Table 9.1). For energy effi-

ciency, energy generation, and industrial process project

activities, a GHG performance standard will generally be

defined as a rate of GHG emissions per unit of a product

or service produced by all the baseline candidates. This

type of performance standard is referred to as a produc-

tion-based performance standard. 

For project activities involving storage or removals of

CO2 by biological processes, fugitive emissions, or waste

emissions—where there is no easily measured produc-

tion of a product or service—the performance standard

will usually be defined as a rate of GHG emissions (or

removals) per unit of time and size or capacity of the

baseline candidates. This type of performance standard

is referred to as a time-based performance standard.
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T A B L E  9 . 1  Types of performance standard emission rates 

T Y P E S  O F  
P E R F O R M A N C E  S TA N D A R D S

Production-Based

Time-Based

R E L E VA N T  T Y P E S  O F
P R O J E C T  A C T I V I T I E S  

Energy efficiency, energy gener-
ation, and industrial processes

Waste and fugitive emissions
and storage or removals of CO2

by biological processes 

P E R F O R M A N C E  S T A N D A R D
E X P R E S S E D  A S :

GHG Emissions
Unit of Product or Service

GHG Emissions
(Unit of Time) . (Unit of Baseline Candidate Size or Capacity)

The GHG emission rate for a performance standard can be expressed in different ways, depending on the type of project activity
involved. For energy efficiency, energy generation, and industrial process project activities, a GHG performance standard will generally
be defined as a rate of GHG emissions per unit of a product or service produced by all the baseline candidates. For project activities
involving storage and removals of CO2 by biological processes, fugitive emissions, or waste emissions—where there is no production of
a product or service—the performance standard will usually be defined as a rate of GHG emissions (or removals) per unit of time and
size or capacity of the baseline candidates. 
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Requirements
The steps outlined below shall be followed to derive a

performance standard relevant to the type and location

of the GHG project being proposed.

9.1 Specify appropriate performance 
metrics for all baseline candidates

Select and report an appropriate performance metric(s),

depending on the type of project activity and the number

of relevant inputs used by the baseline candidates.

9 . 1 . 1  P R O D U C T I O N - B A S E D  
P E R F O R M A N C E  S T A N D A R D S

For energy efficiency, energy generation, and industrial

process project activities, a performance metric shall be

identified for each set of baseline candidates that uses

the same type of relevant input. 

Performance Metric =   
Ic

P

Where:

• Ic = Units of a relevant input common to all baseline

candidates of type c

• P = Units of a product or service, common to all base-

line candidates, that depends on input Ic

Justify the choice of input, and product or service, for

each identified performance metric. The product or serv-

ice (denominator) shall be the same as that identified in

Chapter 7, section 7.1.

Where a baseline candidate does not use any inputs

related to the project activity’s primary effect, a separate

performance metric does not need to be identified and the

GHG emission rate for the baseline candidate is zero. 

9 . 1 . 2  T I M E - B A S E D  P E R F O R M A N C E  S T A N D A R D S
For project activities involving storage and removals of

CO2 by biological processes, fugitive emissions, or waste

emissions, a single performance metric shall be identi-

fied that relates GHG emissions to a specific length of

time for each baseline candidate:

Performance Metric =    
E

S . t

Where:

• E = Units of GHG emissions or removals

• S = Units of baseline candidate size or capacity

• t = Units of time

Justify why the type of units chosen for S and t are the

most appropriate for developing a performance metric.

Both the type of GHG emissions in the numerator and

the type of units for the denominator shall be common to

all baseline candidates.

9.2 Calculate the GHG emission rate 
for each baseline candidate

For each baseline candidate, calculate and report a 

GHG emission rate using the performance metric(s)

selected above. Perform the following steps, depending

on the type of performance standard being derived:

9 . 2 . 1  P R O D U C T I O N - B A S E D  
P E R F O R M A N C E  S T A N D A R D S

For each baseline candidate: 

• Obtain the quantity of the relevant input required by

the baseline candidate over a specified time period (in

units of Ic, as identified in section 9.1.1). The time

period used to gather the data shall be reported and

justified and shall be comparable for all baseline candi-

dates. Report and justify any discrepancies between the

time periods used for different baseline candidates

(e.g., different lengths or different periods of time).

• Obtain the quantity of product or service produced by

the baseline candidate (in units of P, as specified in

section 9.1.1) over the same time period that was used

to measure the quantity of relevant input used.

Estimating Baseline Emissions—
Performance Standard Procedure
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• Convert the quantity of the relevant input to GHG emis-

sions using an appropriate emission factor. Any and all

emission factors shall be reported and justified.

Each baseline candidate shall have a GHG emission rate

of the form:

• 
Quantity of GHG emissions

P

9 . 2 . 2 T I M E - B A S E D  P E R F O R M A N C E  S T A N D A R D S
For each baseline candidate:

• Identify the size or capacity of the baseline candidate

(in units of S, as specified in section 9.1.2).

• Obtain the quantity of the relevant GHG emissions (in

units of E, as specified in section 9.1.2) produced by

the baseline candidate over a specified time period (in

units of t , as specified in section 9.1.2). Report and

justify the time period and its length. Where GHG

emissions data for a baseline candidate were collected

during a period of time significantly different from

other baseline candidates (e.g., during a different

year), report and justify this discrepancy.

Each baseline candidate shall have a GHG emission rate

in the form:

• 
Quantity of GHG emissions

S . t

9.3 Calculate GHG emission rates 
for different stringency levels

Numerically analyse the GHG emission rates of all base-

line candidates to calculate the GHG emission rates

corresponding to the following stringency levels: 

• Most stringent: The best-performing baseline candi-

date (i.e., the baseline candidate with the lowest GHG

emission rate or highest GHG storage/removal rate).

• The weighted mean GHG emission rate. 

• The median GHG emission rate (i.e., the 50th

percentile, calculated in the same manner as other

percentile calculations).

• At least two better-than-average GHG emission rates

(e.g., the 25th and 10th percentiles). 

The mean, median, and percentile GHG emission rates

shall be calculated to reflect the relative contribution 

of each baseline candidate to total production (produc-

tion-based performance standards) or to the aggregate

size or capacity of all baseline candidates (time-based

performance standards).

9.4 Select an appropriate stringency level 
for the performance standard

Choose the stringency level from those calculated in

section 9.3 that is most appropriate for approximating

baseline emissions. The GHG emission rate associated

with this stringency level shall be the performance stan-

dard. Report the selected stringency level and associated

performance standard and justify why it was chosen.

9.5 Estimate baseline emissions
For production-based performance standards, calculate

baseline emissions by multiplying the level of production

of the project activity (i.e., total units of product or service

produced) by the performance standard emission rate. 

For time-based performance standards, calculate base-

line emissions by multiplying the relevant time period

(e.g., one year) and the project activity size or capacity

by the performance standard emission rate. 
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Guidance
GHG performance standards are derived from an analy-

sis of the GHG emission rates of the baseline candidates

identified in Chapter 7. Calculating GHG emission rates

for the baseline candidates, however, requires identifying

the processes that give rise to their GHG emissions. For

production-based performance standards, baseline

candidate GHG emissions generally arise (directly or

indirectly) from the use of an input, or factor of produc-

tion. GHG emissions for coal-burning power plants, for

example, result directly from the combustion of coal

needed to generate electricity. For time-based perform-

ance standards, baseline candidate GHG emissions arise

from processes inherent to the land or equipment associ-

ated with the baseline candidates. GHG removals on

agricultural  lands, for example, typically arise from the

carbon sequestration process in soils. 

Therefore, the first step in deriving a performance stan-

dard is to identify appropriate performance metrics for

the baseline candidates, connected to the processes that

give rise to their GHG emissions. 

9.1 Specifying the Appropriate 
Performance Metrics

This step involves identifying the units of measure that

will be used to gauge the performance of baseline candi-

dates. Actually measuring performance and converting

this performance to a GHG emission rate for each base-

line candidate is completed in section 9.2. 

The performance metrics that need to be specified will

depend on the type of performance standard being

derived and the types of relevant inputs used by differ-

ent baseline candidates. Table 9.2 provides some

examples of different GHG projects and their possible

performance metrics.

9 . 1 . 1  P R O D U C T I O N - B A S E D  
P E R F O R M A N C E  S T A N D A R D S

Numerous inputs are required to produce most products

and services. A relevant input, however, is one that is

related to the primary effect of the project activity (see

Chapter 5)—i.e., to the intended change in GHG reduc-

tions caused by the project activity.

For example, producing plastic toys requires at least two

major inputs that contribute to GHG emissions: electric-

ity and plastic. A proposed GHG project might involve

producing plastic toys using less electricity, with no

change in the type or quantity of plastic. The GHG project

would consist of a single project activity, whose primary

effect would be to reduce combustion emissions from

generating grid-connected electricity. Units of electricity

(rather than units of plastic) per plastic toy would be used

to specify the performance metric. Any change in GHG

emissions from changes in plastic consumption required

to make toys would be addressed as a secondary effect.

In some cases, baseline candidates may use inputs unre-

lated to a project activity’s primary effect. For example,

a project activity’s primary effect may involve a reduc-

tion in combustion emissions from generating

grid-connected electricity. However, some types of power

plants (e.g., hydroelectric plants) do not produce

combustion emissions. If one of the baseline candidates

is a power plant that does not use fossil fuels as an input,

specifying a performance metric for it is unnecessary

and its GHG emission rate is zero.

When There Is Only a Single Relevant Input 
for All Baseline Candidates
In many cases, all baseline candidates use the same rele-

vant input. If all baseline candidates use only one relevant

input (e.g., electricity) to produce the product or service

provided by the project activity, then only one perform-

ance metric needs to be identified.

For example, a refrigerator efficiency project activity’s

primary effect is reducing combustion emissions from

generating grid-connected electricity. The only relevant

input used by baseline candidates (i.e., alternative

refrigeration technologies) is electricity. Thus, a single

performance metric (e.g., kilowatt-hours per unit of

cooling/refrigeration) would be appropriate for all base-

line candidates.

When Baseline Candidates Use Multiple Relevant Inputs
If baseline candidates use a variety of relevant inputs

(e.g., various types of fuel), then multiple performance

metrics should be identified—one for each type of rele-

vant input identified. 
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T A B L E  9 . 2 Examples of performance metrics for different types of project activities

G H G  
P R O J E C T

Wind Power
Project

Energy
Efficiency
Project

Transport-
ation Fuel
Switch Project

Industrial Fuel
Switch Project

Afforestation
Project

Forest
Management
Project

Agricultural
Tillage Project

Landfill Gas
(LFG) Project

P R O J E C T  
A C T I V I T Y

Generate grid-
connected
electricity from
wind turbines

Improve energy 
efficiency of lighting
by using energy-
efficient light bulbs

Change from 
fossil fuel to
biofuel in buses

Fuel switch to
natural gas at an
off-grid stationary
combustion plant

Change land- 
use to enhance
carbon storage

Change forest
management to
enhance carbon
storage

Change tillage
practices to
enhance carbon
storage

a) Install equip-  
ment to capture
methane

b) Generate grid-
connected
electricity from
captured methane 

P R I M A R Y  
E F F E C T

Reduction in combustion
emissions from generating
grid-connected electricity

Reduction in combustion
emissions from generating
grid-connected electricity

Reduction in combustion
emissions from generating
energy or off-grid electricity,
or from flaring

Reduction in combustion
emissions from generating
energy or off-grid electricity,
or from flaring

Increased storage or
removals of CO2 by 
biological processes

Increased storage or
removals of CO2 by biologi-
cal processes

Increased storage or
removals of CO2 by biologi-
cal processes

a) Reduction in   
waste emissions

b) Reduction in combustion
emissions from 
generating grid-
connected electricity

S A M P L E  B A S E L I N E
C A N D I D AT E S

S
Other electricity-generating 
technologies on the grid, such 
as fossil fuel or other renewable-
energy technologies

• Incandescent light bulbs
• Compact fluorescent light bulbs 
• Halogen light bulbs

• Diesel • Gasoline       
• Ethanol         • Biodiesel
• LNG

• Other fossil fuels, such as coal or oil
• Renewable energy sources

• Continuation of current land-use
• Cropland growing different 

food crops
• Pastureland

• Continuing current 
forest management

• Variations in forest management,
such as increasing thinning 
or fertilisation

• Continuing current tillage practices
• No-till or zero tillage
• Mouldboard ploughing
• Conventional tillage
• Ridge tillage

a) • Continuation of current activity
• Flaring of LFG 
• Use of LFG for fuel

b) Other electricity-generating
technologies on the grid, such
as fossil fuel or renewable
energy technologies

POSSIBLE PERFORMANCE
METRICS

S
• m3 of gas consumed/kWh 

electricity generated
• Tonnes coal/kWh electricity 

generated 

kWh electricity consumed/m2

of lighted space

Litres of diesel fuel
consumed/kilojoules of energy
required for transportation

Tonnes of coal
consumed/tonne of steam
produced

Tonnes of CO2eq
sequestered/ha/yr

Tonnes of CO2eq
sequestered/ha/yr 

Tonnes of CO2eq
sequestered/ha/yr

a) Tonnes of methane/ 
m3 landfill waste/month

b) Tonnes coal/kWh electricity
generated

P R O D U C T I O N - B A S E D  P E R F O R M A N C E  M E T R I C S

T I M E - B A S E D  P E R F O R M A N C E  M E T R I C S
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For example, electricity can be produced using a variety of

generation technologies that rely on different fuels. For a

project activity whose product is electricity production, proj-

ect developers should identify a series of performance

metrics corresponding to all fuel types used by the baseline

candidates (e.g., tonnes of coal per kilowatt-hour, cubic

meters of natural gas per kilowatt-hour, etc.).

As another example, water heaters within a certain

geographic area and temporal range may use either gas

or electricity as a primary energy source. A project

activity that involves reducing water heater energy

consumption should be compared to a GHG performance

standard derived from performance metrics for both gas

and electric water heaters.

9 . 1 . 2  T I M E - B A S E D  P E R F O R M A N C E  S T A N D A R D S
Performance metrics for time-based performance stan-

dards have three components: units of GHG emissions in

the numerator, and units of time and size or capacity in

the denominator. Units of time will often be years, but

could be any other appropriate length of time.

Appropriate units for size could include, for example,

hectares of land, kilometres of natural gas pipeline, or

tonnes of landfill waste. Units of capacity could include

cubic meters of natural gas or potential throughput

volume (e.g., for gas pipelines or compressor stations). 

Where all baseline candidates are of the same size or

capacity, then the “size” units could be expressed simply

in terms of a single baseline candidate—e.g., a piece of

equipment. The performance metric would then take the

form of GHG emissions per specific length of time per

piece of equipment.

9.2 Calculating the GHG Emission Rate 
for Each Baseline Candidate

This step involves measuring the performance of each base-

line candidate using the appropriate performance metric,

and calculating an associated GHG emission rate. 

9 . 2 . 1  P R O D U C T I O N - B A S E D
P E R F O R M A N C E  S T A N D A R D S

For production-based performance standards, the perform-

ance rate is converted to a GHG emission rate. For

example, the performance of a power plant may be meas-

ured in terms of cubic meters of natural gas consumed per

kilowatt-hour produced. This would then be converted to a

GHG emission rate by calculating the amount of CO2 emit-

ted per cubic meter of natural gas consumed.

To measure performance, data should be collected for

each baseline candidate. The appropriate time period

over which input use and production data are collected to

determine GHG emission rates varies by technology and

depends on engineering variables, rates of production,

and possible fluctuations in production efficiency, among

other things. The time period should be sufficiently repre-

sentative for the technology in question. For example, if

the technology’s production is cyclical, it is important

that the entire cycle be considered when establishing

input and production quantities. Similarly, if GHG emis-

sions vary over the course of a baseline candidate’s

operation (e.g., between ramping up periods and steady

operation), or are affected by certain environmental

conditions, it is important to account for such variations.

The appropriate emission factor to use for converting

units of relevant input to units of GHG emissions

depends on whether consumption of the relevant input

results in GHG emissions directly or indirectly. 

For Relevant Inputs That Result Directly 
in GHG Emissions
For relevant inputs whose consumption directly results

in GHG emissions, identifying the appropriate emission

factor is usually straightforward. If the relevant input 

is a fossil fuel, for example, it can be converted to CO2

emissions based on its carbon content and the condi-

tions under which it was burned. Appropriate default

emission factors for different fossil fuels are available

from the Intergovernmental Panel on Climate Change

(IPCC), the GHG Protocol calculation tools, and other

sources. Alternatively, GHG emissions for each baseline

candidate can be monitored directly, avoiding the need

for an emission factor.

For Relevant Inputs That Result Indirectly 
in GHG Emissions
Some types of inputs cause GHG emissions indirectly

during their production. These inputs may have different

emission factors, depending on where and how they were

produced. For example, if the relevant input for the

baseline candidates is electricity, the GHG emissions

Estimating Baseline Emissions—
Performance Standard Procedure
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arise from its generation rather than its consumption,

and the appropriate emission factor will depend on

where and how the electricity is generated. Electricity

may cause zero emissions if it is produced by non-GHG-

emitting generators, such as wind turbines, but may

cause substantial emissions if it is produced by an ineffi-

cient coal plant. 

Emission factors for electricity also differ based on loca-

tions and time periods. For these emission factors, it is

important to consider where and how the relevant input

would have been produced in the project activity’s

absence. There are two basic possibilities:

• The relevant input would have been produced at the

same locations and in the same manner. In this case,

the same emission factor is used for the baseline

candidates as for the project activity. For example, an

energy-efficient industrial motor installed at an exist-

ing factory will reduce combustion emissions from

generating grid-connected electricity. The baseline

candidates—consisting of various motor technolo-

gies—against which this project activity is compared

are drawn from a geographic area encompassing

several different countries. However, the project activ-

ity will reduce electricity consumption only from the

local grid in the country where it is located. Any alter-

native to the project activity would have to be in the

same location as the existing factory. Thus, the GHG

emission rate for each baseline candidate should be

calculated using an emission factor (converting kilo-

watt-hours to kilograms of CO2) for the grid where the 

project activity is located—not where each baseline

candidate is located.

• The relevant input would have been produced at differ-

ent locations or from different sources. Different

emission factors may be required for the same relevant

input produced at different locations and used by

different baseline candidates. For example, a proposed

project activity involves constructing a new energy-

efficient toy factory. Without the factory, the toys that

it produces would have been provided by a combina-

tion of several other factories (baseline candidates) 

in six different countries. The GHG emission rate for

each baseline candidate should be calculated using 

an electricity emission factor for the grid where each

baseline candidate is located.

For baseline candidate GHG emission rates to be credible,

transparency regarding their derivation is essential. For

determining electric grid emission factors, users of this

Protocol are also advised to consult the GHG Protocol

guidance related to grid-connected electricity projects.

9 . 2 . 2  T I M E - B A S E D  P E R F O R M A N C E  S T A N D A R D S
For time-based performance standards, calculating the

GHG emission rate involves measuring GHG emissions

for each baseline candidate over a certain time period,

as well as noting the size or capacity of each baseline

candidate. The length of time over which GHG emission

data are collected to determine the rate should be

comparable for each baseline candidate. 
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9.3 Calculating the GHG Emission Rate 
for Different Stringency Levels

The stringency of a GHG performance standard refers to

how low its GHG emission rate (or how high its GHG

removal rate) is relative to the GHG emission rates of all

the baseline candidates. A stringency level is essentially

a better-than-average GHG emission rate. Different

stringency levels are identified and reported to enhance

the transparency of the performance standard’s deriva-

tion. Stringency levels may be specified as a GHG

emission rate corresponding to a certain percentile

(better than the 50th percentile) or to the lowest-emit-

ting baseline candidate.

For all stringency levels other than the most stringent,

GHG emission rates are derived using basic statistical

measures (i.e., the mean and various percentiles). To

prevent small baseline candidates from skewing the

results, baseline candidate GHG emissions are weighted

by size or contribution to total production. 

The following procedures can be used to derive a GHG

emission rate for each of the required stringency levels.

(An example of the percentile calculations is also

provided in Box 9.1).

Determining the most stringent stringency level 
Identify the GHG emission rate of the best-performing

baseline candidate—i.e., the baseline candidate with the

lowest GHG emission rate, or highest GHG

storage/removal rate.

Calculating the size- or production-weighted mean
GHG emission rate
Use the following formula:

Weighted mean GHG emission rate = 

Where:

• ERj = GHG emission rate of baseline candidate j

• Qj = quantity of product or service produced by

baseline candidate j over a certain time period,

e.g., one year (production-based performance

standards) or the size or capacity of baseline

candidate j (time-based performance standards)

• n = total number of baseline candidates. 

The time period used to quantify production should be

the same for all baseline candidates. However, this

period does not need to coincide with the period used to

determine each baseline candidate’s GHG emission rate. 

Determining the median GHG emission rate
Calculate the GHG emission rate corresponding to the

50th percentile, using the methods described below.

Calculating the GHG emission rate for a given percentile
Use the following approach:

a) For each baseline candidate using a particular relevant

input (where calculating a production-based perform-

ance standard) or for each baseline candidate (where

calculating a time-based performance standard):

•  Quantify total production over a certain time 

period (e.g., one year) or quantify its size or capacity.

•  Assign a GHG emission rate to each unit of product

or service produced (e.g., each individual kilowatt-

hour) by the baseline candidate over that time

period or to each unit of the baseline candidate’s

size or capacity (e.g., each hectare).

Estimating Baseline Emissions—
Performance Standard Procedure
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b) Sort each unit of product or service produced (for all

baseline candidates using a particular relevant input)

or each unit of size or capacity (for all baseline candi-

dates) by their assigned GHG emission rates, from

lowest to highest. Label them so that x1 is the smallest

value, and xa is the largest value, where:  

• xm is the GHG emission rate assigned to each unit,   

m, produced by a baseline candidate 

• a is the aggregate number of items or units

produced by all baseline candidates using a particu-

lar relevant input, or the aggregate units of size or

capacity for all baseline candidates 

• m is the rank of the unit produced with respect to

its assigned GHG emission rate (each unit should

have a distinct rank; assign ranks sequentially to

each unit with the same GHG emission rate)

c) Calculate the GHG emission rate corresponding to a

specific percentile (pc) between 0 and 100  by first

calculating its approximate rank, w :

w =  
(a . pc)

+ 0.5
100

Once w has been calculated, let g be the integer part of

w, and f be the fraction part of w (e.g., if w =

10.375, then g = 10 and f = 0.375). 

d) Calculate the emission rate (pe) of the chosen

percentile (pc) using the following equation:

pe = (1 – f ) xg + fx g+1

(Note: If the aggregate number of units produced, a,

is large, xg and xg+1 will rarely correspond to differ-

ent GHG emission rates. In practice, this means that

any given percentile is likely to correspond to the

GHG emission rate of a specific baseline candidate). 

Where the Baseline Candidates 
Have Multiple Relevant Inputs

• Calculate pe for each type of relevant input (i.e.,

repeat the above four steps for each relevant input).

• Calculate the production-weighted average of the per-

centile GHG emission rates using the following formula: 

Production-Weighted 

Average Percentile    

Where:

• ERi= pe (i.e., the GHG emission rate at percentile pc )

for relevant input i

• Qi = quantity of product or service produced from all

baseline candidates using relevant input i over a

certain time period, e.g. one year (same as a, above)

• n = total number of relevant inputs  

9.4 Selecting an Appropriate Stringency 
Level for the Performance Standard

The final step in deriving a GHG performance standard

is to choose an appropriate stringency level. The GHG

performance standard is the GHG emission rate corre-

sponding to the appropriate stringency level.

An appropriate stringency level reasonably approximates

baseline emissions for the type of project activity under

consideration. What is reasonable depends on many

considerations and ultimately depends on program policy

decisions about additionality (see Chapter 3 and Box

9.2). Generally, an appropriate stringency level should

reflect a performance rate that is better (lower-emitting

or higher-removing) than the (weighted) mean GHG emis-

sion rate, taking into account trends in such factors as:

• regulatory requirements,

• recent and planned investments,

• technology penetration,

• policies or practices, and

• management regimes.

Note that for some technologies, a “best practice” or

“best candidate” stringency level may be most 

i=1

n

i=1

n

(ERi
. Qi )

Qi

=

=
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Consider a set of five baseline candidates representing different power plants, which all use the same fuel and had the following produc-
tion levels and GHG emissions over the past year:

Baseline Candidates 1 2 3 4 5

Production (kWh) 2,500 1,000 5,000 10,000 4,000

GHG emission rate (kg C/kWh) 0.300 0.227 0.217 0.330 0.317

The most stringent stringency level is equal to the lowest GHG emission rate among the baseline candidates: 0.217 kg C/kWh.

The production-weighted mean GHG emission rate is calculated as:

(2,500 . 0.300) + (1,000 . 0.227) + (5,000 . 0.217) + (10,000 . 0.330) + (4,000 . 0.317)

(2,500 + 1,000 + 5,000 + 10,000 + 4,000)

The median (50th percentile), 25th, and 10th percentile emission rates are calculated as follows:
• First, assign each kilowatt-hour produced by each power plant the emission rate of the power plant that produced it. For example, each

kilowatt-hour produced by Baseline Candidate 1 would be assigned an emission rate of 0.300 kg C/kWh. 

• Next, sort every kilowatt-hour by its emission rate from lowest to highest:

Rank, m, for each kWh 1–5,000 5,001–6,000 6,001–8,500 8,501–12,500 12,501–22,500

Assigned GHG emission rate, xm 0.217 0.227 0.300 0.317 0.330

•  To determine the median (50th percentile) GHG emission rate:

w =
(22,500 . 50)

+ 0.5 w = 11,250.5
100

Therefore, g = 11,250 and f = 0.5

pe = (1 – 0.5) . 0.317 + 0.5 . 0.317 = 0.317 kg C/kWh  

•  To determine the 25th percentile GHG emission rate:

w =
(22,500 . 25)

+ 0.5 w = 5,625.5
100

Therefore, g = 5,625 and f = 0.5

pe = (1 – 0.5) . 0.227 + 0.5 . 0.227 = 0.227 kg C/kWh  

B O X  9 . 1 Sample calculation of specific percentiles

= 0.295 kg C/kWh

•  To determine the 10th percentile GHG emission rate:

w =
(22,500 . 10)

+ 0.5 w = 2,250.5
100

Therefore, g = 2,250 and f = 0.5

pe = (1 – 0.5) . 0.217 + 0.5 . 0.217 = 0.217 kg C/kWh 
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appropriate. This is generally the case where lower 

GHG emissions correlate with better economic perform-

ance and fewer implementation barriers (e.g., absent

technical barriers and differences in capital costs, the

most attractive boiler investments may also tend to be

the most efficient in terms of fuel use and, therefore, the

lowest emitting). Less demanding stringency levels may

be appropriate where the best-performing candidates

have higher costs or greater barriers to practical imple-

mentation (e.g., many types of end-use energy efficiency

project activities), or where the baseline candidates

represent planned rather than existing technologies.

Project developers should keep all of these considera-

tions in mind when using the performance standard

procedure. They should also carefully apply the princi-

ples of transparency, conservativeness, completeness,

and relevance in deriving a performance standard.

9.5 Estimating Baseline Emissions
Once a performance standard is derived, calculating

baseline emissions is, in most cases, simply a matter 

of multiplying project activity production levels by the

performance standard GHG emission rate (for produc-

tion-based performance standards), or project activity

size or capacity and length of time by the performance

standard GHG emission rate (for time-based perform-

ance standards). Exceptions to this will occur only where

it is believed that baseline production levels would differ

from project activity production levels (see the discussion

in Chapter 2, section 2.13 on equivalence).

C H A P T E R  9 :  Estimating Baseline Emissions— 
Performance Standard Procedure
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The final selection of the stringency level for the performance
standard is implicitly linked to considerations about additional-
ity. The objective is to ensure that GHG reductions across
multiple project activities are “additional” in aggregate, rather
than to try to determine the additionality of any individual proj-
ect. However, there is no “technically correct” stringency level for
a performance standard. For GHG programs, part of the selection
of a stringency level involves balancing the overall additionality
of registered GHG reductions with program participation. High
stringency levels tend to reduce the incidence of non-additional
GHG reductions receiving credit, but at the same time may elim-
inate many projects from consideration, some of which might
have been additional. Policy objectives will thus play a role in
setting a performance standard. 

Furthermore, in some instances GHG programs may decide that a
performance standard by itself is insufficient to guarantee the
level of environmental integrity they wish to achieve. Under some
circumstances, even a very stringent performance standard might
in practice allow more non-additional GHG reductions to be regis-
tered than additional GHG reductions. In some cases, therefore,
performance standards may be combined with additionality tests
to ensure that only project activities that are likely to be additional
are considered for crediting. Such tests often take the form of
basic eligibility criteria. Examples include:

•  Making eligible only project activities that are not required 
by law.

•  Making eligible only technologies of a certain type or subtype
(e.g., those with low market penetration).

•  Making eligible only project activities of a certain size.

•  Making eligible only project activities that are explicitly
designed to overcome certain barriers.

Finally, some GHG programs may decide to use a high stringency
level to determine which projects are eligible for credit, and then
a lower stringency level for calculating baseline emissions.

B O X  9 . 2 Performance standards, additionality,
and GHG programs

Hisham Zerriffi, Program on Energy and Sustainable Development
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10

his chapter provides requirements and guidance for monitoring GHG emissions related to each

project activity’s primary and secondary effects, and any parameters related to baseline emis-

sions estimates. It also contains requirements and guidance for quantifying GHG reductions.T

Courtesy of Holcim Cement
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Requirements

10.1 Create a plan for monitoring GHG 
emissions and baseline parameters
related to each project activity’s 
GHG effects. 

The monitoring plan shall contain provisions for: 

• monitoring GHG emissions from all GHG sources and

sinks related to primary and significant secondary

effects within the GHG assessment boundary;

• monitoring any data related to assumptions underlying

baseline emission estimates (i.e, baseline parameters);

and

• describing data storage and quality assurance/quality

control (QA/QC) measures.

1 0 . 1 . 1 MONITOR PROJECT ACTIVITY EMISSIONS 
For each GHG source or sink related to a primary or

significant secondary effect, the following shall be

described in the monitoring plan:

• The data that will be monitored relating to GHG emissions.

• Whether the data are measured, modelled, calculated,

or estimated; the level of uncertainty in any measure-

ments or estimates; and how this uncertainty will be

accounted for.

• Where relevant, the project activity operating condi-

tions during periods when data are monitored.

• All measurement or other data collection methods

used. Include all relevant assumptions, constants,

mathematical relationships, and formulas. 

• Technical information related to the collection of

measurement data. 

• For technology-based projects this includes such infor-

mation as the location and specifications of meters;

procedures for meter reading, calibration, and main-

tenance; the length of measurement periods, etc. 

• For practice-based projects, this includes a descrip-

tion of equipment and methods used to gather data,

control sites (if any), procedures for calibrating and

maintaining equipment, etc. 

• The frequency of monitoring activities.

• All sources of data and information.

Justify any instances where GHG emissions associated

with a secondary effect are too costly to monitor and

must therefore be estimated.

10.1.2 MONITOR BASELINE PARAMETERS
All baseline parameters shall be described in the moni-

toring plan, including:

• What data will be monitored and how they relate to

baseline emission estimates for the primary and

secondary effects. 

• Whether the data are measured, modelled, calculated,

or estimated; the level of uncertainty in any measure-

ments or estimates; and how this uncertainty will be

accounted for.

• All measurement or other data collection methods

used. Include all relevant assumptions, constants,

mathematical relationships, and formulas.

• Technical information related to the collection of

measurement data.

• The frequency of monitoring activities.

• All sources of data and information.

1 0 . 1 . 3  D E S C R I B E  Q A / Q C  M E A S U R E S
How the GHG project data will be maintained and how

QA/QC measures will be implemented shall be described in

the monitoring plan and include the following information:

• Entity(ies) or person(s) responsible for measurement

and data collection procedures.

• Length of time the data will be archived.

• Data transmission, storage, and backup procedures

and strategies for identifying and managing lost or

poor-quality data. 

• All QA/QC procedures for measurement, calculation, and

data collection procedures.
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10.2 Quantify GHG reductions for the 
GHG project.

GHG reductions shall be quantified using the 

following steps.

1 0 . 2 . 1 I D E N T I F Y  T H E  T I M E  P E R I O D  O V E R  
W H I C H  G H G  R E D U C T I O N S  W I L L  
B E  Q U A N T I F I E D .  

• For each project activity and primary effect, identify

and justify the valid time length for the corresponding

baseline scenario or performance standard.

• Quantify GHG reductions for a period of time no longer

than the shortest valid time length identified.

1 0 . 2 . 2 U S I N G  M O N I T O R E D  D AT A ,  Q U A N T I F Y   
T H E  G H G  R E D U C T I O N S  F O R  T H E  G H G  
P R O J E C T  O N  A  P E R I O D I C  B A S I S —
E . G . ,  A N N U A L LY.  

• Quantify the project’s GHG reductions as the sum of

all primary effects and significant secondary effects

for all project activities. 

• Document the calculation methods used to quantify

GHG reductions and any uncertainties associated with

estimates of each project activity’s GHG emissions. 

Guidance

10.1 Creating a Monitoring Plan
Monitoring is the process of collecting the data used to

quantify GHG reductions and to validate assumptions

underlying the quantification. A monitoring plan is a

working document that describes procedures for collect-

ing data on project activity emissions, for collecting data

related to baseline emission estimates, and for ensuring

and controlling the quality of the collected data. The

monitoring plan should be updated whenever the

methodologies used to estimate, calculate, or measure

project activity or baseline emissions are changed. Such

changes should also be fully explained. 

Every time GHG reductions are quantified and reported,

the project developer should check:

a) The accuracy, completeness, and consistency of all

monitored data. 

b) The validity of any assumptions made during the proj-

ect development phase regarding baseline emissions

and project activity emissions. This requires analyzing

collected data to verify that:

•  each project activity has been implemented and is

performing as expected; and

•  any parameter values used to estimate the baseline

emissions continue to be valid. 

Monitoring should always be conducted in a way that

allows a complete and transparent quantification of GHG

reductions. In general, project developers should follow

the GHG Accounting Principles (Chapter 4 and Box 10.1)

when designing a GHG project monitoring plan. 

1 0.1.1 MONITORING PROJECT ACTIVITY EMISSIONS
Monitoring GHG emissions (or removals) for the project

activity can be achieved through:  

• direct measurements of GHG emissions (e.g., measur-

ing emissions from a smokestack); and

• indirect measurements of GHG emissions combined

with calculations (e.g., calculating GHG emissions

from fuel consumption data or calculating sequestered

carbon from measured tree diameters). 

Monitoring and Quantifying GHG Reductions
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Both direct measurement and calculation-based

approaches are subject to uncertainties (see Box 10.2).

The relative accuracy of these approaches depends on the

instruments used, the quality of the data collected, and

the rigor of the quality control measures, as well as on

the assumptions underlying any calculations. All data

uncertainties should be fully described and explained,

and any calculation assumptions should also be

explained. Where uncertainty is significant, lower and

upper bounds or confidence intervals for all measure-

ments should be identified. The project developer should

be conservative and use data for quantification that

reflect uncertainties and that will tend to underestimate

GHG reductions.

The GHG sources or sinks that must be monitored can

vary by size, location, and type, and monitoring methods

can differ greatly in terms of cost. Choices will be

required about how much analytical effort and monitor-

ing resources to devote to each GHG source or sink.

These choices may involve tradeoffs among cost, accu-

racy, and uncertainty. Available monitoring methods and

their associated accuracies should be explained. If proj-

ect developers use a less accurate method for monitoring

a particular GHG source or sink, they should explain

why this method was chosen. 

In some cases, changes in GHG emissions associated with

secondary effects may be small, even though they are

significant. They may in turn be costly to monitor. As a

general rule, the cost of monitoring should not exceed the

value of the GHG emissions being monitored. The value of

GHG emissions can be derived from a number of sources,

including prices for tradable GHG allowances or credits.

Where cost does exceed value, it may be prudent to esti-

mate rather than monitor the GHG emissions associated

with a secondary effect. All estimates of GHG emissions

associated with a secondary effect should be explained. 

1 0 . 1 . 2  M O N I T O R I N G  B A S E L I N E  P A R A M E T E R S
In some cases, monitoring data indicative of baseline emis-

sions can aid the credibility of quantifying GHG reductions.

This will most often be the case where the project-specific

procedure was used. There are two basic types of baseline

parameters that can be monitored:

• Baseline parameters that indicate the continued validity
of certain assumptions. For example, it may be neces-

sary to monitor changes in regulations that would affect

baseline emissions, or whether assumptions about the

barriers considered in the project-specific procedure are

still valid. If monitoring these parameters indicates that

a key baseline assumption is no longer valid, then the

CHAPTER 10: Monitoring and Quantifying GHG Reductions 75
G

U
I

D
A

N
C

E

Relevance: The levels of accuracy and uncertainty associated
with monitoring methods should reflect the intended use of the
data and the objectives of the GHG project; some intended uses
may require more accuracy than others.

Completeness: All primary effects and all significant secondary
effects should be monitored or estimated. All monitoring meth-
ods and data collection procedures should be fully documented.

Consistency: Methods used to monitor, check, and store data
should be consistent over time to ensure comparability 
and verifiability. 

Transparency: All monitoring methods, calculations, and
associated uncertainties should be explained. Monitoring
must be sufficient to allow the transparent quantification of
GHG reductions.

Accuracy: Measurements, estimates, and calculations should
be unbiased, and uncertainties reduced as far as practical.
Calculations and measurements should be conducted in a
manner that minimizes uncertainty.

Conservativeness: Where there are uncertainties in monitored
data, the values used to quantify GHG reductions should err on
the side of underestimating GHG reductions. 

B O X  1 0 . 1 Applying the GHG accounting principles
to monitoring

In general terms, uncertainties associated with GHG reductions
can be categorized into “scientific uncertainty” and “estimation
uncertainty.” Scientific uncertainty arises when the science of
the actual emissions and/or removal processes is not completely
understood. Estimation uncertainty arises any time GHG emis-
sions are monitored and quantified, and can be further divided
into “model uncertainty” and “parameter uncertainty.” Chapter
7 of the Corporate Accounting Standard addresses these partic-
ular types of uncertainty in further detail. In addition, an online
uncertainty tool, available on the GHG Protocol Web site,
provides useful information on uncertainty. 

B O X  1 0 . 2 Understanding uncertainty
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baseline scenario (or associated baseline emission esti-

mates) should be reconsidered.

• Baseline parameters that help determine baseline
emission estimates. Some baseline parameters are

monitored to help calculate baseline emissions. For

example, baseline parameters may be monitored prior

to the implementation of a GHG project as a way to

calibrate baseline emission estimates. If baseline 

emissions are estimated dynamically (see Chapter 2,

section 2.12), baseline parameters may include emis-

sion factors or other variables that directly determine

baseline emissions over time. For example, baseline

emissions may be determined by an annually updated

electricity GHG emission factor for project activities

that displace grid-connected power plants. 

1 0 . 1 . 3 D E S C R I B I N G  Q A / Q C  M E A S U R E S
QA/QC measures are necessary to ensure that data

related to GHG emissions are reliable. QA/QC measures

encompass a variety of activities, including site audits,

central data control, site technician reminders, and

maintaining service sheets. In general, QA/QC should

focus primarily on data collection activities, and second-

arily on data processing and storage. The credentials of

any parties responsible for monitoring should be docu-

mented. In addition, for data quality assurance:

• ensure data have been properly entered into data

templates, forms, or software; and 

• assess calculation results to ensure data have been

properly processed. 

Chapter 7 of the Corporate Accounting Standard 

(on “Managing Inventory Quality”) provides additional

guidance that may be useful for QA/QC of monitored

GHG emissions data from project activities.

10.2 Quantifying GHG Reductions
The final step in GHG project accounting is to quantify

GHG reductions. Both ex post quantification and the 

ex ante estimation of GHG reductions can be performed

using the same basic procedures. An ex ante estimate

involves making predictions about the project activity’s

performance (and possibly how baseline emissions may

change). Ex post quantification of GHG reductions 

uses actual monitored data once the GHG project has

been implemented. 

1 0 . 2 . 1 I D E N T I F Y I N G  T H E  T I M E  P E R I O D  
O V E R  W H I C H  G H G  R E D U C T I O N S  W I L L  
B E  Q U A N T I F I E D

How long a baseline scenario or performance standard

should remain valid for the purpose of quantifying GHG

reductions will be subject to uncertainty (see Chapter 2,

section 2.11). It may help to consider the following ques-

tions in justifying a time length:

• How quickly are economic conditions changing?

• How quickly are changes occurring in the technologies

or practices providing the same product or service as

the project activity?

• At what point are the criteria and assumptions used 

to identify the geographic area or temporal range for

baseline candidates likely to change?

• When might the barriers (or net benefits) faced 

by the project activity or baseline candidates 

change significantly?

• If the project activity involves a retrofit, when would

the retrofitted equipment have otherwise reached the

end of its useful lifetime?

• Are baseline emission estimates static or dynamic?

Given the uncertainties involved, there will seldom be a

single “right answer” to what the valid time length

should be; the conservativeness principle should guide

any justification. Alternatively, project developers may

wish to use a standard valid time length prescribed by an

existing GHG program (see Chapter 3 for a discussion of

the policy aspects of this decision).

Monitoring and Quantifying GHG Reductions
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1 0 . 2 . 2 U S I N G  T H E  D AT A  T O  Q U A N T I F Y  G H G  R E D U C T I O N S
The following formulas should be used to quantify the GHG reductions for all GHG projects that involve changes in GHG

emissions as the primary effect:

•  GHG Reductiony (t CO2eq) = z Project Activity Reductionzy

Where: 

Project Activity Reductionzy = Primary Effectszy + Secondary Effectszy

Primary Effectszy = p [Baseline Emissionspzy – Project Activity Emissions pzy]

Baseline Emissionspzy = Baseline GHG emissions related to the primary effect, p, for each project

activity, z, in year y (in t CO2eq)

Project Activity Emissionspy z = GHG emissions related to primary effect, p, for each project 

activity, z, in year y (in t CO2eq)

Secondary Effectszy = s [Baseline Emissionsszy – Project Activity Emissionsszy ]

Baseline Emissionsszy = Baseline GHG emissions related to the secondary effect, s, for each 

project activity, z, in year y (in t CO2eq)

Project Activity Emissionsszy = GHG emissions related to secondary effect, s, for each project 

activity, z, in year y (in t CO2eq)

CHAPTER 10: Monitoring and Quantifying GHG Reductions 77
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The following formulas should be used to quantify the GHG reductions for all GHG projects involving biological GHG

storage or removals as the primary effect:

•  GHG Reductiony (t CO2eq) = z Project Activity Reductionzy

Where: 

Project Activity Reductionzy = Primary Effectzy + Secondary Effectszy

Primary Effectzy (t CO2eq) = Net Stockszy
. 44

t CO2/t carbon12

Net Stockszy (t carbon) = p [Project Activity Carbon Stockspzy – Baseline Carbon Stockspzy]

Project Activity Carbon Stockspzy = k carbon stocks from each biological carbon pool, 

k, related to each primary effect, p, for project activity, z, in year y (in t carbon)

Baseline Carbon Stockspzy = k baseline carbon stocks from each biological carbon pool,

k, related to each primary effect, p, for project activity, z, in year y (in t carbon)

Secondary Effectszy = Emissions Secondary Effectszy + Removals Secondary Effectszy

Emissions Secondary Effectszy = s [Baseline Emissionsszy – Project Activity Emissionsszy]

Baseline Emissionsszy = Baseline GHG emissions related to the secondary effect, s, for each

project activity, z, in year y (in t CO2eq)

Project Activity Emissionsszy = GHG emissions related to secondary effect, s, for each

project activity, z, in year y (in t CO2eq)

Removals Secondary Effectszy (t CO2eq) = Net Stockszy
. 44

t CO2/t carbon12

Net Stockszy (t carbon) = s[Project Activity Carbon Stocksszy – Baseline Carbon Stocksszy]

Project Activity Carbon Stocksszy = k carbon stocks from each biological 

carbon pool, k, related to each secondary effect, s, for project activity, z, in year y
(in t carbon)

Baseline Carbon Stocksszy = k baseline carbon stocks from each biological

carbon pool, k, related to each secondary effect, s, for project activity, z, in year y
(in t carbon)

Where GHG emission rates are used to quantify baseline and project activity emissions, use the following formulas: 

• Project Activity Emissionsy = (Production Levely ) 
. (Project Activity Emission Ratey ) 

• Baseline Emissionsy = (Production Levely ) 
. (Baseline Emission Ratey )

Where:

Project Activity Emission Ratey = tonnes of CO2eq per unit of production in year y for the project activity

Baseline Emission Ratey = tonnes of CO2eq per unit of production in year y specified for the project activity’s

baseline scenario or performance standard 

Production Levely = the amount produced in year y of the project activity’s product or service (as defined 

in Chapter 7)

Monitoring and Quantifying GHG Reductions
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Where measuring the production level is not possible, a

conservative estimate should be made. Unless there are

exceptional circumstances (see discussion of “Equiva-

lence” in Chapter 2, section 2.13), the production level

used to estimate baseline emissions should be equivalent

to the project activity’s actual production level.

NOTE:  The formulas above use annual values for project

activity and baseline emissions as a default. Where there

is significant sub-annual variability in project activity and

baseline emissions, it may be more accurate to quantify

GHG reductions more frequently than on an annual basis.
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Reporting GHG Reductions 
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his chapter presents a list of the information that must be compiled and reported to ensure

transparency and enable third-party reviewers to evaluate the quantification of GHG

reductions for a GHG project. These are minimum reporting requirements and may be

supplemented as necessary based on guidance contained in Chapters 5–10. Project developers

should retain all data, assumptions, criteria, assessments, and explanations used to support

reported information and should follow the principles of transparency and completeness in

reporting GHG reductions.

T
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Requirements
Project developers shall report the following information.

11.1 Description of the GHG Project
The following information describing the GHG project

shall be reported:

• Name of the GHG project.

• Names and contact details of project developers,

including any significant intermediaries. 

• Reason for quantifying the GHG reductions and 

their anticipated use—e.g., internal company strat-

egy, meeting targets in a voluntary or mandatory

GHG program. 

• Short description of the GHG project and of the prod-

ucts or services that its project activities will provide.

Where relevant, describe the type of technology

employed by the GHG project.

• If the GHG project is part of a larger initiative, a brief

summary of the overall initiative, including any other

GHG projects in this larger initiative.

• Geographic location. Indicate if the GHG project

involves activities or effects in more than one 

political jurisdiction.

• Start date of the GHG project, and the date when GHG

reductions are first generated. 

• Expected operational life of the GHG project.

• The valid time length of the baseline scenario or

performance standard for each project activity, and 

its justification.

• General market and regulatory conditions for the

products or services provided by each project activity.

11. 2 The GHG Assessment Boundary
The GHG assessment boundary shall be reported, including: 

• Each project activity associated with the GHG project.

• The primary effect(s) resulting from each 

project activity.

• All significant secondary effects resulting from each

project activity.

• Justifications for excluding any secondary effects and

why they are not significant.

11.3 Baseline Emissions for Each Project 
Activity and Primary Effect

The following shall be reported for each project activity

and primary effect.

1 1 . 3 . 1  A L L  I D E N T I F I E D  B A S E L I N E  C A N D I D AT E S
A list and description of identified baseline candidates

shall be reported, along with: 

• The product or service provided by the project activity

and each baseline candidate. 

• The rationale for the defined geographic area and

temporal range used to identify baseline candidates. 

• Any other criteria used to identify the baseline candi-

dates.

• If the project-specific procedure is used to estimate

baseline emissions, an identification of which baseline

candidates represent common practice.

1 1 . 3 . 2  P R O J E C T- S P E C I F I C  
B A S E L I N E  E M I S S I O N S  E S T I M AT E

If the project-specific procedure is used to estimate base-

line emissions, the estimated baseline emission rate shall

be reported, along with:

• An explanation for why the project-specific procedure

was used to estimate baseline emissions.

• How baseline emissions were estimated, including all

necessary information to show the project-specific

procedure was carried out according to the require-
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ments in Chapter 8. This shall include a description

and justification of the identified baseline scenario.

1 1 . 3 . 3  P E R F O R M A N C E  S T A N D A R D  
B A S E L I N E  E M I S S I O N S  E S T I M AT E

If the performance standard procedure is used, the esti-

mated baseline emission rate shall be reported, including:

• An explanation for why the performance standard

procedure was used to estimate baseline emissions.

• How the baseline emissions were estimated, including

all necessary information to show the performance

standard procedure was carried out according to the

requirements in Chapter 9. This shall include:

• The GHG emission rates for different stringency

levels, including the most stringent level; the mean

GHG emission rate; the median GHG emission rate;

and at least two low-percentile GHG emission rates. 

• The selected stringency level for the performance

standard, including a justification for why it 

is appropriate.

11.4 Estimated GHG Reductions 
for the GHG Project

Before implementing a GHG project, project developers

shall report an estimate of annual and total GHG reduc-

tions expected to result from the GHG project over the

time period for which GHG reductions will be quantified

(see Chapter 10, section 10.2). They shall also report the

calculation methods used to estimate and quantify GHG

reductions and any uncertainties associated with the esti-

mates of each project activity’s GHG emissions.

11.5 Monitoring Plan
How all GHG sources or sinks within the GHG assess-

ment boundary will be monitored once the GHG project

is implemented shall be reported, including the following

elements of the monitoring plan: 

• The procedures for collecting data necessary to deter-

mine actual GHG emissions or removals for each

project activity (and to evaluate whether assumptions

concerning the project activity remain valid), as well

as the frequency of monitoring related to each GHG

source or sink and an assessments of data collected,

e.g., reliability, etc.

• The procedures that will be followed to collect the

data necessary to estimate (and update assumptions

about) baseline emissions, as well as the frequency 

of monitoring related to each GHG source or 

sink and assessments of data associated with any

collected data.

• The data collection and storage system, including:

• Data report format, reporting frequency, and length

of time records are archived.

• Data transmission, storage, and backup procedures

and strategies for identifying and coping with lost or

poor-quality data. 

• Entity (or entities) responsible for measurement and

data collection procedures.

• All QA/QC procedures to be implemented for measure-

ment and data collection procedures—e.g., site audits,

calibration, central data control, site technician

reminders, maintenance procedures, service sheets. 

11.6 Annual Monitoring and GHG Reduction 
Quantification Reports

An annual monitoring and quantification report shall

be produced to confirm that the GHG project has been

implemented as planned and to update or revise any

assumptions. Any changes to the monitoring plan shall

also be reported. The report shall contain a quantifica-

tion of GHG reductions for the GHG project based on

actual monitored GHG emissions data. 

Reporting GHG Reductions 
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GHG Project Accounting Examples

Part III

E X A M P L E  1 Cement Sector GHG Project 
Using the Project-Specific Baseline Procedure

E X A M P L E  2 Compressor Station Efficiency Improvement GHG Project
Using the Performance Standard Baseline Procedure
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his case study illustrates the application of Part II

of the Project Protocol to a hypothetical GHG proj-

ect, using the project-specific procedure to estimate

baseline emissions. The numbering of the sections

in this example corresponds to the numbering of the chap-

ters in Part II of the Project Protocol. This case study is

intended to be illustrative in nature; additional details or

justifications may be needed for various sections for an

actual project. The square brackets found throughout the

text denote where additional explanations and justification

may be required for actual GHG projects.

The GHG project presented here involves the reduction

of GHG emissions associated with a cement manufac-

turing plant, owned by “Company X.” This project is

intended to reduce GHG emissions: (1) by reducing

process GHG emissions associated with cement clinker

production, and (2) by reducing GHG emissions associ-

ated with energy production and consumption.

Background and Overview 
of GHG Emissions from Cement Manufacturing
Portland cement is manufactured by a complex process

of “burning” (pyro-processing) selected raw materials

and then fine-grinding the resulting clinker. The process

entails the conversion of a chemically designed and phys-

ically prepared raw material mixture into cement

clinker. In Company X’s facilities, this is done in a rotary

kiln through the controlled combustion of coal. 

Figure E1.1 illustrates a typical cement manufacturing

process (dry process with rotary kiln), energy consump-

tion, and the types of GHG emissions generated in a
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Indirect GHG emissions 
associated with purchased

electricity or fuel consumption

F I G U R E  E 1 . 1  Flow diagram of cement manufacturing process (dry process with rotary kiln), with energy
consumption points and types of GHG emissions generated in a cement facility

L E G E N D

➡

GHG emissions associated
with purchased electricity or

fuel consumption

➡

Electricity/fuel used in
conveyor or truck transport

Electricity/fuel used in
conveyor or truck transport

Quarrying, mining 
of raw material

Mining and/or 
sourcing of fuel

GHG emissions associated
with purchased electricity

Process CO2 emissions:  
CaCO3+heat = CO2+CaO

GHG emissions from 
heat consumption

GHG emissions associated
with purchased electricity

GHG emissions associated
with purchased electricity

GHG emissions associated
with purchased electricity

GHG emissions associated
with purchased electricity

Cement manufacturing process 

Raw material, including fuel
sourcing activity, generally
located outside the plant site

Heat energy

Electrical energy

Transportation

GHG emissions

Equipment name

Process name

Bold Type

Regular Type

Raw mill
Raw material crushing,

grinding, mixing,
homogenising, drying

Rotary kiln
Calcination and pyro-

processing: Preheating,
calcination, clinkering

Coal mill
Crushing, grinding,

drying

Clinker cooler
Clinker cooling

Cement mill
Fine grinding of 

clinker and blending

Packer
Packing

➡

➡

➡

➡

➡
➡
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cement facility. The raw materials—consisting of lime-

stone, silica sand, clay, and other blending

materials—are quarried and transported by either

conveyor belt or truck, depending on the distance of raw

material sources to the plant. Clinker raw materials,

clay, limestone, and silica sand are crushed, ground, and

homogenized prior to calcination and pyro-processing.

Fuels, particularly those of solid form (coal or alterna-

tive fuels, such as waste tyres, municipal solid waste,

and biofuels) are also ground and dried. The ground raw

material is then preheated. The calcination of limestone

and pyro-processing takes place by burning the fuel and

preheated raw material at a very high temperature

(above 2,000˚C) in the rotary kiln to form clinker

nodules. The clinker nodules are cooled in the clinker

cooler. In the cement mill, clinker is fine-ground and

blended with additives to produce cement.

GHG emissions from cement manufacturing depend on

the fuel mix, energy consumption, plant technology, and

other variables, and are plant-specific. The two main

GHG emission sources are:

• Calcination/pyro-processing, which is generally the

largest source of GHG emissions. (CaCO3+ heat  = >

CaO+CO2). The GHG emissions from this source are

categorized as industrial process emissions, which can

generate 50 percent or more of total cement manufac-

turing GHG emissions (OECD/IEA 2000).

• Fuel burning in pyro-processing, which requires

flame temperatures above 2,000˚C and large quanti-

ties of fuels. Depending on the raw materials and the

actual production process, a cement plant consumes

fuel at a rate between 3,200 and 5,500 megajoules

per tonne (MJ/t) of clinker.

GHG Project Description
The information in this section is intended to provide

context for the GHG project. Some of this information is

reported to meet the requirements in Chapter 11 of the

Project Protocol. Additional information should also be

reported when documenting and reporting an actual

GHG project (see Chapter 11).

Company X has three manufacturing facilities in

Indonesia producing ordinary Portland cement (OPC).

Each facility is equipped with a cement kiln. The facili-

ties are situated in different provinces on different

islands—one in Kalimantan and two in West Java (see

Figure E1.2). 

Company X’s proposed GHG project consists of two proj-

ect activities: 

• Project Activity 1: Reducing clinker content in
cement production by increasing material additives.
Currently, Company X produces OPC clinker with a

clinker-to-cement ratio of 95 percent. Company X

proposes to manufacture blended cement, which uses

increased proportions of limestone and pozzolan addi-

tives in the fine-grinding process. The result is cement

with a lower clinker fraction (81 percent) with a

Cement Sector GHG Project
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X 3  –  K A L I M A N T A N

F I G U R E  E 1 . 2  Location of Company X’s cement manufacturing facilities
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strength comparable to that of OPC. Lowering the

clinker-to-cement ratio reduces both process emissions

and associated fuel-related GHG emissions. 

The pozzolanic additives used include coal fly ash and

volcanic ash (trass). The use of these materials will

require investment in new equipment to improve clinker

quality. With its existing equipment, Company X can

only slightly reduce its clinker-to-cement ratio (from

95 percent to 91 percent).

• Project Activity 2: Switching fuels from coal to
biofuels (palm kernel and rice husk) in kiln burning.
All of Company X’s cement kilns use coal as fuel for

clinker burning. Company X intends to replace a

portion of the coal with biofuels found near its plants,

and consequently to reduce GHG emissions. 

Chapter 5: Defining the 
GHG Assessment Boundary

5 . 1 I D E N T I F Y I N G  P R O J E C T  A C T I V I T I E S
This GHG project consists of two project activities—

reducing clinker content and switching fuels. 

5 . 2  &  5 . 3 I D E N T I F Y I N G  P R I M A R Y   
E F F E C T S  A N D  C O N S I D E R I N G   
A L L  S E C O N D A R Y  E F F E C T S

The primary effects and possible secondary effects asso-

ciated with each project activity are listed below in

section 5.4 & 5.5 along with an estimation of their

magnitude and assessment of significance for the second-

ary effects. [For many GHG projects it will make sense

to list these separately.]

5 . 4  &  5 . 5  E S T I M AT I N G  T H E  R E L AT I V E  
M A G N I T U D E  A N D  A S S E S S I N G  
T H E  S I G N I F I C A N C E  O F  
S E C O N D A R Y  E F F E C T S

Project Activity 1: Reducing Clinker Content
This project activity reduces GHG emissions in two ways,

both of which are related to the reduced amount of

clinker required to produce cement. The activity there-

fore has two primary effects:

• Reduction in industrial process emissions from the

calcination process. 

• Reduction in combustion emissions from generating

energy for pyro-processing. 

EXAMPLE 1 : Cement Sector GHG Project 87
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Possible secondary effects and their magnitude and

significance include:

• Reduction in combustion emissions from reduced elec-

tricity use during the clinker production process (e.g.,

in the operation of the rotary kiln, raw material grind-

ing, and fuel preparation). This positive secondary

effect is smaller than the two primary effects. In the

interest of being conservative, it will not be included in

the GHG assessment boundary.

• Reduction in combustion emissions from the reduced

transport and preparation of raw materials. This posi-

tive secondary effect is expected to be small. As a

conservative measure, it will be excluded from the

GHG assessment boundary.

• Increased combustion emissions from the transporta-

tion of additives (e.g., fly ash and trass) to the plant

site. The increase in GHG emissions is expected to be

small compared to the primary effects (less than one

percent). Because this secondary effect will be coun-

terbalanced by GHG reductions from the reduced

transport and preparation of the raw materials, it is

considered insignificant and will not be included in the

GHG assessment boundary. 

• Increased combustion emissions from additional elec-

tricity required for the preparation of additive

materials. The increase in GHG emissions is expected

to be small compared to the primary effects (less

than half a percent). Because this secondary effect is

counterbalanced by the reduction in GHG emissions

from reduced electricity use in clinker production and

is not expected to change over time, it is considered

insignificant and will not be included in the GHG

assessment boundary. 

• Possible increase in GHG emissions at other cement

companies, who also use fly ash and trass. This could

result from the decreased availability of these inputs

because of Company X’s GHG project (i.e., a market

response). A feasibility study on the availability of

Cement Sector GHG Project
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additive materials suggests that these additive 

materials are abundant. Thus, this market response 

is considered insignificant.

Project Activity 2: Switching Fuels
This project activity is intended to reduce combustion

emissions by substituting coal with biofuels. Coal is used

to produce heat energy in the clinker kilns. 

The project activity’s primary effect is the reduction 

in combustion emissions from generating energy, due 

to the switch from coal to biofuels. Possible secondary

effects include:

• Increased combustion emissions associated with the

transportation of biofuels.

• Reduced combustion emissions associated with the

transportation of coal.

• Reduced waste emissions due to less waste materials

being burned or anaerobically decomposing in land-

fills (the biofuel would have otherwise been disposed

of in landfills).

• Reduced combustion emissions from using less elec-

tricity for coal preparation.

• Possible increase in combustion emissions from gener-

ating energy caused by the reduced availability of

biofuels (i.e., a market response).

A preliminary estimation indicates that the reduced

GHG emissions associated with the second, third, and

fourth secondary effects listed above are greater than the

increased GHG emissions from the transportation of

biofuels (the first secondary effect). Although the effects

yield a further 4 percent reduction in GHG emissions for

this project activity, they have been excluded from the

GHG assessment boundary as a conservative measure. 

Regarding the last secondary effect, other users of rice

husks and palm kernels may need to increase their

consumption of fossil fuels to generate energy, thereby

increasing GHG emissions. However, preliminary

research indicates that rice husks and palm kernel shells

are available in abundance. Based on current demand,

the supply of these materials is approximately 1.5 times

greater than the expected demand. Therefore, this

secondary effect is considered insignificant and is

excluded from the GHG assessment boundary.

Chapter 6: Selecting a Baseline Procedure
The project-specific procedure was chosen to estimate

baseline emissions for both project activities. The proj-

ect-specific procedure was preferred over a performance

standard approach because of difficulties in obtaining

performance data on individual cement kilns in

Indonesia. Further, the total number of comparable

cement kilns in Indonesia is small, making it difficult to

develop a robust statistical performance standard. 

Chapter 7: Identifying the 
Baseline Candidates

For the project-specific procedure, the baseline candi-

dates identified include representative types of plants,

technologies, or practices that produce the same product

or service as the project activities within a specified

geographic area and temporal range.

7 . 1  D E F I N I N G  T H E  P R O D U C T  O R  S E R V I C E  
P R O V I D E D  B Y  T H E  P R O J E C T  A C T I V I T Y

The primary characteristic of the baseline candidates is

that they must provide the same or similar products or

services as those provided by the two project activities. 

• For Project Activity 1, the product is cement that is

equally as strong as OPC.

• For Project Activity 2, the product is heat energy for

kiln burning to create clinker.

7 . 2  I D E N T I F Y I N G  P O S S I B L E  T Y P E S  
O F  B A S E L I N E  C A N D I D AT E S

Project Activity 1: Reducing Clinker Content
Two materials that can be used to replace clinker in

cement production are trass and fly ash. Trass is a fine,

sandy, volcanic ash that is abundant in volcanic regions

of the country. To avoid prohibitive transport costs,

trass deposits that are close to the plants are used. In

West Java, trass is found in Cianjur and Nagrek, and 

in Tasikmalaya, which is near the X1 and X2 plants.

Trass is currently mostly used for small-scale, light

brick-making projects. 

Fly ash is produced in large quantities in Indonesia as a

waste product of electricity generation from coal. Coal is

the preferred national energy generation source because of
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Indonesia’s large coal reserves. The Indonesian Hazardous

Waste Regulation (PP No. 18/1999) classifies fly ash

from power plants as hazardous waste, affecting the 

availability of its beneficial use. Exemption to this classifi-

cation can be granted if fly ash successfully passes Toxic

Characteristic Leaching Procedure (TLCP) and Lethal

Dosis (LD) 50 tests.

Based on this information and the questions outlined in

Chapter 7, section 7.2 of the Project Protocol, the range

of technical options that could produce cement with

strength equal to that of OPC include:

• Production of current OPC cement with a clinker-to-

cement ratio of 95 percent. 

• Production of OPC with a lower clinker-to-cement

ratio (e.g., 91 percent). Existing technologies allow an

increase of additives of up to 4 percent to produce this

type of OPC. 

• Production of Portland Pozzolan Cement (PPC). PPC is

another type of cement with a lower clinker-to-cement

ratio than that of the OPC. However, the strength of

PPC develops more slowly than OPC and generates less

heat during the curing process. The additive used in

PPC is mainly trass.

• Production of OPC with new equipment to achieve an

81 percent clinker-to-cement ratio (as proposed for

project activity 1). 

Project Activity 2: Switching Fuels
A range of possible fuels could be used to provide energy

for producing clinker. These include:

• Coal.

• Natural gas.

• Industrial diesel oil.

• Non-renewable resources, such as waste tyres, waste

oil, and hazardous waste. However, continuous

streams of these resources are not found in Indonesia.

There is no regulation that requires the reuse or recy-

cling of hazardous waste, such as burning of

hazardous wastes in cement kilns. (Waste fuels may

also have negative side effects in terms of dioxin and

other pollutant emissions).

• Renewable energy fuels, such as biomass (which could

partly replace coal or other fuels, as proposed for

Project Activity 2). 

7 . 3  D E F I N I N G  T H E  G E O G R A P H I C  A R E A  
A N D  T E M P O R A L  R A N G E

7 . 3 . 1  D E F I N I N G  T H E  G E O G R A P H I C  A R E A

Project Activity 1: Reducing Clinker Content
The geographic area defined was Indonesia because:

• The principal market for cement produced by Company X

is Indonesia, and the cement produced must comply

with the national standard SNI 15-3500-1994. 

• Company X’s facilities are located in different areas in

Indonesia: two plants are located in West Java within

one province, the other is located on Kalimantan in

South Kalimantan province. 
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• Cement manufacturing facilities need to be located

close to the source of demand. Cement produced in

Kalimantan mostly serves Kalimantan and Sulawesi

(the island next to Kalimantan) customers, while the

facilities in Java mostly serve customers in Java.

Project Activity 2: Switching Fuels 
The geographic area defined was Indonesia because:

• Only dry-process kilns are currently operating in

Indonesia. In a larger geographic area (e.g., Southeast

Asia), different types of kilns are operating. For exam-

ple, in the Philippines, dry-process cement kilns make

up about 51 percent of overall capacity, while the rest

is wet-process cement kilns (Mohanty 1997).

• All fuel is obtained domestically, and fuel prices for

each type of fuel are uniform within the country.

Different fuel prices in different countries in the

Southeast Asia regions make a larger regional

geographic area inappropriate.

• Some cement companies in Indonesia have manufac-

turing facilities in different provinces, including

Company X. This makes the smaller provincial level

inappropriate because the sourcing of fuel may differ

from one province to another. 

7 . 3 . 2  D E F I N I N G  T H E  T E M P O R A L  R A N G E

Project Activity 1: Reducing Clinker Content
The temporal range chosen was from 1997 to the pres-

ent. The beginning of this time period coincides with the

Asian economic crisis, providing a discrete break point

where cement technology changed. A majority of the wet

kilns were shut down at this point, and when the market

recovered, a number of new dry kiln plants were

constructed to meet the growing demand.

Project Activity 2: Switching Fuels
The temporal range chosen was from 1997 to the pres-

ent, for reasons similar to those for Project Activity 1.

Cuts in fuel subsidies have been imposed as part of the

IMF Financial Package granted to Indonesia to support

recovery from the Asian economic crisis in 1997. This

measure was expected to raise general energy efficiency

awareness and bring about fuel switching to renewable

energy. However, reducing fuel subsidies is unpopular,

and in the past has caused civil unrest, so the fuel subsi-

dies still exist.

7 . 4  D E F I N I N G  O T H E R  C R I T E R I A  U S E D  
T O  I D E N T I F Y  B A S E L I N E  C A N D I D AT E S

Project Activity 1: Reducing Clinker Content
Blended cement is classified under the Indonesian standard

SNI 15-3500-1994 (Semen Campur). Following this stan-

dard, blended cement may contain various additives

(artificial and natural trass, limestone, and others) at

unspecified proportions. Therefore, legal requirements are

not relevant, and no other criteria were identified.

Project Activity 2: Switching Fuels
Indonesia has no stated legal requirements with respect

to fuels used in clinker burning, and no other criteria

were identified to define baseline candidates.

7 . 5  I D E N T I F Y I N G  T H E  F I N A L  L I S T  
O F  B A S E L I N E  C A N D I D AT E S

Based on the necessary characteristics and the defined

geographic area and temporal range, the final list of base-

line candidates for each project activity is as follows.

Project Activity 1: Reducing Clinker Content
• Baseline Candidate 1: Continuation of current activi-

ties—production of OPC with a clinker-to-cement ratio

of 95 percent. This candidate also reflects the average

Indonesian clinker-to-cement ratio content. 

• Baseline Candidate 2: Production of OPC with a lower

clinker-to-cement ratio (91 percent). International and

Indonesian cement standards allow OPC to be

produced with additive materials in addition to

gypsum. Company X can produce OPC with a clinker-

to-cement ratio of 91 percent without significant

additional equipment or other investment. This base-

line candidate is considered to be a “safe” business

measure where investment risks are negligible. 

• Baseline Candidate 3: Production of OPC with new

equipment to achieve an 81 percent clinker-to-cement

ratio. This baseline candidate is identical to Project

Activity 1, and so will be referred to as Project

Activity 1 in the rest of the example. 

The production of PPC is eliminated from the list of

baseline candidates because it does not provide similar

types of product characteristics. Although the final

strength is comparable to that of OPC (420 kg/cm2), the

strength of PPC develops more slowly than that of OPC

and generates less heat during the curing process. 
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Project Activity 2: Switching Fuels
• Baseline Candidate 1: Continuation of current activi-

ties—using coal as the primary fuel for clinker

burning. Coal is readily available and is the cheapest

fuel for clinker burning.

• Baseline Candidate 2: Replacement of coal with natural

gas. Natural gas is available, and Company X’s 

manufacturing facility is equipped with a gas pipeline

and gas burner. Prior to 1997, some kilns belonging to

Company X used natural gas for clinker burning, as 

the cost was comparable to the cost of coal. Since the

economic downturn in 1997, however, the natural gas

price has been about 25 percent higher than that of coal. 

• Baseline Candidate 3: Replacement of coal with fuel

oil. Oil (diesel oil or fuel oil) supply is available for

continuous use. Almost all kilns in the Indonesian

cement industry are equipped with oil burners. The

price of fuel oil is about twice that of coal.

• Baseline Candidate 4: Replacement of coal with

renewable energy fuels, such as biomass. This base-

line candidate is identical to Project Activity 2, and

so will be referred to as Project Activity 2 in the rest

of the example. 

Replacement of coal with such non-renewable resources

as waste tyres, waste oil, and hazardous waste is elimi-

nated as a baseline candidate, since a continuous stream

of these sources is not available in Indonesia.

7 . 6  I D E N T I F Y I N G  B A S E L I N E  C A N D I D AT E S  
T H AT  R E P R E S E N T  C O M M O N  P R A C T I C E  

Project Activity 1: Reducing Clinker Content
All cement manufacturing in Indonesia uses a dry process

(i.e., rotary kilns and pre-heaters). There is no significant

difference in the production systems from one cement

company to another. The cement used in Indonesia is

dominated by high-quality OPC with a 28-day strength of

about 420 kg/cm2. Current practice focuses on the produc-

tion of OPC with a clinker-to-cement ratio of 95 percent.

The market share of OPC in Indonesia is about 82 percent,

whereas the market share of the PPC and masonry cement

accounts for about 18 percent (see Table E1.1). 

Table E1.1 indicates that the production of OPC (95

percent clinker-to-cement ratio) is common practice. 

In 1996 Company X introduced blended cement “R.”

Production was discontinued in 1998 due to lack of

acceptance by the market. The blended cement “R”

was of a slightly lower quality than OPC, and many

customers were not satisfied with its performance.

Since then, no other cement companies have attempted

to produce blended cement. 

Project Activity 2: Switching Fuels
Clinker burning in Indonesia is based almost entirely on

coal. Coal is locally available in abundance at a competi-

tive price. There is no significant difference in the

production systems or fuel usage from one cement

company to another. Coal is identified as the common

practice fuel.

Chapter 8: Estimating Baseline Emissions—
Project-Specific Procedure

The project-specific procedure estimates baseline emis-

sions by identifying a baseline scenario for each project

activity. The list of possible alternatives for each project

activity—the baseline candidates—is evaluated using a

comparative assessment of barriers. 

This GHG project consists of two project activities with

a total of three primary effects and the baseline scenar-

ios for these primary effects are interrelated. Project
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T A B L E  E 1 . 1  Indonesian market share for different types of cement (percent)

T Y P E  O F  C E M E N T

OPC

PPC + Masonry

Blended

1 9 9 9

74.8

25.2

0

2 0 0 0

77.2

22.8

0

2 0 0 1

77.7

22.3

0

2 0 0 2

81.9

18.1

0

Source: Indonesia Cement Association, 2002 and laboratory tests on OPC cement from each cement manufacturing plant where published data were unavailable.
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Activity 1 has two primary effects: (1) reduction in

industrial process emissions resulting from reduced

clinker in the calcination process, and (2) reduction 

in combustion emissions from generating energy for

pyro- processing resulting from reduced clinker in the 

calcination process. The baseline scenario identified 

for Project Activity 1 will be used to estimate baseline

emissions for all primary effects. Baseline emissions

for the second primary effect will also depend on the

type of fuel used to produce heat energy, which is deter-

mined by the baseline scenario for Project Activity 2.

Finally, baseline emissions for Primary Effect 3 will in

part depend on the clinker content of cement. 

In sum, two baseline scenarios are identified for the GHG

project, and these are used in combination to estimate the

baseline emissions for the three primary effects (see Figure

E1.3 and descriptions in Table E1.2).

The remainder of this section is organised so that all

the information pertaining to the two project activities

is kept together. 

8 . 1 A P E R F O R M I N G  A  C O M P A R AT I V E  
A S S E S S M E N T  O F  B A R R I E R S :
Project Activity 1—Reducing Clinker Content

The possible alternatives for the baseline 

scenario include:

• Implementation of the same technologies as those

involved in Project Activity 1 (i.e., 81 percent 

clinker content).

• Baseline Candidate 1: Continuation of current activi-

ties (i.e., continued production of OPC cement with a

clinker-to-cement ratio of 95 percent). 

• Baseline Candidate 2: Production of OPC with a lower

clinker-to-cement ratio (91 percent).
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T A B L E  E 1 . 2   How baseline emission estimates are derived

P R I M A RY  E F F E C T

Project Activity 1: Reduction
in process emissions

Project Activity 1: Reduction 
in combustion emissions from
generating energy

Project Activity 2: Reduction
in combustion emissions from
generating energy

B ASELINE SCENARIO ANALYSIS USED 

Clinker composition used in cement production

a) Clinker composition used in cement 
production  (which determines the amount of 
heat required); and

b) Type of fuel used to produce heat energy

Type of fuel used to produce heat energy

E S T I M AT E  O F  B A S E L I N E  E M I S S I O N S

Baseline emissions derived from the percentage of
clinker used in cement production

Combustion emissions derived from the amount of
heat required to produce the clinker and an emis-
sion factor for the type of fuel used to produce heat

Combustion emissions derived from the amount of
heat required to produce the clinker* and an emis-
sion factor for the type of fuel used to produce heat

*For the baseline emissions of Primary Effect 3, the clinker composition is assumed to be 81 percent, premised on the implementation 
of Project Activity 1. See the Monitoring and Quantification analysis (related to Chapter 10, below) for a full description of how baseline
emissions and GHG reductions are estimated and quantified. 

F I G U R E  E 1 . 3  How baseline emissions for each
primary effect are derived from the
project activity baseline scenarios

For Project Activity 1

B A S E L I N E  S C E N A R I O B A S E L I N E  E M I S S I O N S

Primary Effects 1 and 2 are the primary effects associated with Project 
Activity 1. Primary Effect 3 is the primary effect associated with Project Activity 2.

For Primary Effect 1

For Primary Effect 2

For Primary Effect 3For Project Activity 2

For Project Activity 1
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8 . 1 A . 1  I D E N T I F Y I N G  B A R R I E R S  T O  T H E  P R O J E C T  

A C T I V I T Y  A N D  B A S E L I N E  C A N D I D AT E S

Based on the barrier categories in Table 8.1 (in Chapter 8 of

the Project Protocol), the following barriers were identified:

Financial and Budgetary Barriers
There are two types of barriers in this category: invest-

ment risk and high cost.

Investment Risk: Country risk and uncertain economic

growth will hinder investment in any industrial sector,

including the cement industry. Five years after the 1997

economic crisis, Indonesia began to experience a slow

economic recovery. Some economic indicators, such as

export and import shares, show signs of improvement.

The country’s position in terms of international compet-

itiveness, legal certainty, and general level of risk for

investment remains unfavourable for foreign investors. 

The 2002 World Investment Report by the United

Nations Conference on Trade and Development

(UNCTAD) ranked Indonesia 138 out of 146 countries

surveyed for Foreign Direct Investment (FDI) perform-

ance between 1998 and 2000. Moreover, between 1998

and 2000 Indonesia's FDI index value was -0.6, mean-

ing that Indonesia did not have a favourable investment

environment. The situation is exacerbated by safety

concerns associated with terrorist attacks to several

businesses and continuing conflicts in some regions,

such as in Aceh and Papua. The International Country

Risk Group considers Indonesia to be riskier for busi-

ness than its Asian neighbours.

As a consequence, financial institutions have set up loan

restrictions. This limitation is normally defined in terms of

a maximum cash amount available for loans. Since the

risk is directly linked to the duration of the loan, more

restrictive limitations are imposed on longer-term transac-

tions, such as loans to obtain the technology required to

produce blended cement. [This barrier can be substanti-

ated using financial analysis and notes from negotiations

with financial institutions.]

Poor investment conditions would not be a barrier if

Company X simply continued with its current activities

(Baseline Candidate 1) or pursued Baseline Candidate 2,

which requires no significant investment. Therefore, this

barrier only applies to Project Activity 1, which requires

significant new investment. 

High Cost: Project Activity 1 will require extensive invest-

ment in new equipment and research and development. 

New equipment investments are expected to cost approx-

imately $5 million (U.S.) and include:

• Improved quality control. Additional laboratory equip-

ment is needed, including x-ray fluorescence (XRF)

and x-ray diffraction (XRD) automatic samplers.

• Storage, handling, and proportioning equipment for

additive materials. Additional hoppers/storage facili-

ties, feeders, conveyors, limestone crushers, and

cement grinding equipment is needed.

• Increased cement grinding fineness. Air separators 

are needed.

• Additional environmental controls. Pre-dedusting

systems are needed.

Research and development efforts are needed to determine

how the new and existing equipment can be used to

produce blended cement. Before blended cements can be

launched in the market, extensive testing is needed both

internally and externally. The research and development

for Project Activity 1 will require an investment of

approximately $3 million (U.S.). These tasks include:

• Trial production involving laboratory testing by 

Company X to obtain indicative information on required

fineness, sulphite content, additive composition, etc.

• Full-scale trial production in selected mills.

• Laboratory testing and field testing of the new blended

cement by Company X. Additional testing by third

parties, such as universities and contractors, is also needed.

Baseline Candidate 1 (continuation of current activities)

would require no additional investment, and expenditures

associated with Baseline Candidate 2 would be minimal.

[Additional information may be required to demonstrate

that the expenditures for Baseline Candidate 2 would 

be minimal.]

Technology Operation and Maintenance Barriers
Existing technology and human resources at Company X

are inadequate to increase the quality of clinker and

improve quality assurance in producing blended cement.

New technology and training are needed (see above),

because Company X has no prior experience with these
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technologies and they are not readily available in

Indonesia. Utilizing the technology will also require addi-

tional research and development efforts (see above). 

This barrier affects Project Activity 1 and to a lesser

extent Baseline Candidate 2. Baseline Candidate 2 has

less complicated technology. Technology operation and

maintenance is not a barrier for Baseline Candidate 1. 

Infrastructure and Market Structure Barriers 
No significant infrastructure or market structure barriers

affect Project Activity 1 or any of its baseline candidates.

Institutional, Social, and Cultural Barriers
The market share of OPC in Indonesia is about 82 percent,

whereas the market share of the PPC and masonry cement

accounts for 18 percent, and the share of blended cement

is 0 percent (see Table E1.1). A cement blend like that

proposed for Project Activity 1 (81 percent clinker-to-

cement ratio) may face difficulties competing with more

established cement products. Blended cement is (mistak-

enly) perceived to be of inferior quality in Indonesia. A

significant effort is needed to educate consumers regarding

new cement types with strength and characteristics compa-

rable to those of OPC. This perception is a barrier primarily

for Project Activity 1, where the significantly lower clinker-

to-cement ratio is likely to affect consumers’ perceptions

because it is significantly darker in colour than OPC. It will

not be a significant barrier for Baseline Candidates 1 or 2.

Resource Availability Barriers  
No significant resource availability barriers affect

Project Activity 1 or any of its baseline candidates. For

the project activity, additive materials are available in

abundant amounts.

8 . 1 A . 2 I D E N T I F Y I N G  B A R R I E R S  

T O  T H E  C O N T I N U AT I O N  O F  C U R R E N T  A C T I V I T I E S

There are no barriers to the continuation of current

activities (Baseline Candidate 1), and no legal or market

shifts that would affect the continuation of current activi-

ties are expected.

8 . 1 A . 3  A S S E S S I N G  T H E  R E L AT I V E  I M P O R T A N C E  

O F  T H E  I D E N T I F I E D  B A R R I E R S

The relative importance of barriers is assessed for each

baseline scenario alternative. Overall, the financial and

budgetary barriers are the most significant type of

barrier. Social and cultural barriers are of similar signif-

icance, although these only affect Project Activity 1 and

not the other alternatives. Technological barriers exist,

but are less important than the others.

Table E1.3 presents a matrix that shows a rough ranking

of the possible baseline scenario alternatives based on the

barriers they face. This indicates that the alternative with

the lowest barriers is Baseline Candidate 1, which is the

continuation of current activities. Baseline Candidate 2,

however, faces low barriers and cannot be excluded from

consideration as the baseline scenario.

8 . 2 A  I D E N T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O :  
Project Activity 1—Reducing Clinker Content

8 . 2 A . 1  E X P L A I N I N G  B A R R I E R S  T O  T H E  P R O J E C T  A C T I V I T Y  

A N D  H O W  T H E Y  W I L L  B E  O V E R C O M E

Below are short descriptions of how Company X will

overcome the barriers to Project Activity 1. [Additional

explanatory information may be required for an actual

GHG project.] 
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Financial and Budgetary Barriers
Company X must assure financial institutions that the

investment it is making in blended cement will pay off.

Company X is seeking tradable credits associated with

the GHG reductions from this GHG project; the expected

revenue from these credits will help to assure investors

that the blended cement investment will pay off.

Technology Operation and Maintenance Barriers
Company X has contracted to purchase the required tech-

nology and receive training and research and development

assistance from a developed-country manufacturer of

blended cement in exchange for a percentage of the GHG

reduction credits this GHG project will generate.

Institutional, Social, and Cultural Barriers
Blended cement will very likely require significant

marketing efforts to penetrate the market. This market-

ing effort will be aimed at the negative consumer

perceptions concerning the quality of blended cement.

Based on marketing studies conducted by Company X,

the marketing strategy will involve:

• Price. A lower introductory price will be used when

the blended cement first enters the marketplace, the

challenge being to avoid the market perception that

lower price means lower quality.

• Branding. The new blended cement will be differentiated

through new branding (name, logo, packaging, etc.).

• Promotion. Customers (consultants, architects, contrac-

tors, etc.) will be informed that the quality of blended

cement is comparable to that of OPC, and that its initial

strength will be somewhat higher. Customers will be

educated through seminars and with study tours to

cement companies in Europe and the United States for

selected key clients. All collaborations with universities,

government institutions, industry associations, etc., will

also be publicised. Promotional material will include

brochures, leaflets, and other forms of advertising.

Cement Sector GHG Project
E

X
A

M
P

L
E

S

T A B L E  E 1 . 3   Rough ranking of baseline scenario alternatives by the cumulative importance of barriers

B A S E L I N E  S C E N A R I O
A LT E R N AT I V E S

Project Activity 1

Baseline Candidate 1: Continu-
ation of current activities

Baseline Candidate 2: OPC
production with 91% clinker-
to-cement ratio

B A R R I E R  1 :
INVESTMENT/BUDGETARY  

( H ) *

High

Not present

Low

B A R R I E R  2 :
T E C H N O L O G Y  O & M

( L ) *

High

Not present

Low

B A R R I E R  3 :
S O C I A L / C U L T U R A L

( M ) *

High

Not present

Low

R A N K  B Y
C U M U L AT I V E
I M P A C T

Highest barriers

No barriers

Low barriers

*The relative importance of the barriers compared to each other: H = Significant barrier; M = Moderately significant barrier; L = Less significant barrier.
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8 . 2 A . 2  I D E N T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O  U S I N G  

T H E  C O M P A R AT I V E  A S S E S S M E N T  O F  B A R R I E R S

The summary of the comparative assessment of barriers

in Table E1.3 suggests that identifying the baseline

scenario conclusively from this assessment is not possi-

ble. For both Baseline Candidates 1 and 2, barriers are

either nonexistent or are low enough that they could be

easily overcome. Therefore, neither possibility can be

excluded from consideration as the baseline scenario.

Table E1.4 summarizes the results of the barriers analy-

sis and initial conclusions concerning identification of

the baseline scenario. 

Identifying the Baseline Scenario 
Using a Net Benefits Assessment
Because the comparative assessment of barriers does not

conclusively identify a baseline scenario for Project

Activity 1, there are two options: 

• Identify the more conservative baseline scenario from

Baseline Candidate 1 and Baseline Candidate 2. The

more conservative alternative would be Baseline

Candidate 2, which would have lower GHG emissions

than the continuation of current activities (Baseline

Candidate 1).

• Assess the net benefits of each alternative. 

For this example, we will assess the net benefits of each

alternative to identify the baseline scenario. For

completeness, the net benefits of Project Activity 1 are

also assessed (even though Project Activity 1 was

rejected as the baseline scenario using the comparative

assessment of barriers).

For the net benefits assessment, the approximate net

benefits of each alternative are estimated and

compared—in the absence of any considerations of bene-

fits resulting from GHG reductions. Incremental costs

are evaluated and a qualitative and quantitative assess-

ment is made of the expected benefits. Benefits are

assessed from the perspective of relevant “decision-

makers,” who for Project Activity 1 and the two baseline

candidates are the project developer, Company X. 

Net benefits are evaluated over a 20-year time period.

This is the expected length of time that the process

changes represented by the project activity and Baseline

Candidate 2 would be likely to continue at Company X

without further modification (i.e., the project lifetime). 

The most significant source of identified net benefits

relates to potential financial benefits, as summarized in

Table E1.5. [This is a summary table; the conclusions

presented would require supporting data and analysis for

an actual GHG project.]

Another potential benefit for Project Activity 1 is early

positioning in the blended cement market should the

demand for blended cement increase in the future. This

benefit is speculative and is insufficient to outweigh the

negative net benefits from investment. 

Baseline Candidate 1 (continuation of current activities)

results in zero net benefits (i.e., there is no change in

current levels of costs and benefits). Baseline Candidate 2

results in large expected net benefits. Since its associated

investment and technology barriers are low, the net finan-

cial benefits expected for Baseline Candidate 2 are positive.

Table E1.6 summarizes the ranking of the baseline scenario

alternatives. This is based on a comparison of barriers to

net benefits. Project Activity 1 is not the baseline scenario,

since it has high barriers and negative net benefits. The

continuation of current activities, although it faces no barri-

ers, gives no potential income growth for Company X.

Therefore, Baseline Candidate 2 is selected as the baseline

EXAMPLE 1 : Cement Sector GHG Project 97
E

X
A

M
P

L
E

S

T A B L E  E 1 . 4  Results of comparative assessment of barriers

BASEL INE  SCENARIO  ALTERNAT IVES

Project Activity 1

Baseline Candidate 1: Continuation 
of current activities

Baseline Candidate 2: OPC production
with 91% clinker-to-cement ratio

RANK  BY  CUMULAT IVE  IMPACT  OF  BARRIERS

Highest barriers

No barriers

Low barriers

C O N C L U S I O N

Reject as baseline scenario

Could be the baseline scenario

Could be the baseline scenario
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scenario, since the barriers are considered low and it offers

financially attractive net benefits to Company X.

8 . 2 A . 3  J U S T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O  

The identified baseline scenario is Baseline Candidate 2.

It involves minimal capital investment but offers signifi-

cant monetary savings associated with reduced clinker

production. It is also conservative, because it would

result in fewer GHG emissions than the other viable

alternative—Baseline Candidate 1 (the continuation of

current activities). 

Common practice is identified as OPC cement with a 95

percent clinker-to-cement ratio. Both the identified base-

line scenario and Project Activity 1 have lower GHG

emissions than common practice. 

8 . 1 B P E R F O R M I N G  A  COMPARATIVE 
ASSESSMENT OF BARRIERS:
Project Activity 2—Switching Fuels

The possible alternatives for the baseline scenario include:

• Implementation of the same technologies as those

involved in Project Activity 2 (i.e., switching from coal

to biofuels in kiln burning).

Cement Sector GHG Project
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TABLE E1.5 Incremental costs and net financial benefits for Project Activity 1 and associated baseline candidates

INCREMENTAL  COSTS

Investment costs—
• Equipment and human resources 

to improve clinker quality and QA/QC.

Additional operating costs—
• Additional cost of additive material 

to reduce clinker-to-cement ratio 
from 95 percent to 81 percent.

• Additional cost of transporting the 
additive materials. 

• Additional electricity cost for 
preparing the additive materials.

Market entry costs—
To gain market entry there will be
additional marketing costs for the
first four years.

Zero relative costs (no additional 
investment required or costs foreseen).

Additional operating costs—
• Additional cost of additive material 

to reduce clinker-to-cement ratio 
from 95 percent to 91 percent.

• Additional cost of transporting 
additive materials.

• Additional electricity cost for 
preparing the additive materials.

INCREMENTAL  BENEF ITS

• Slight reduction in fuel 
costs from a reduction in 
clinker production.

• Revenues from the sale 
of cement (same for 
other alternatives).

• If the market for blended 
cement grows in Indonesia,
Company X may benefit
from this project activity in
terms of gaining early entry
into the market.

Zero relative benefits (no
additional savings or
revenues foreseen).

• Small reduction in fuel 
costs from a reduction in 
clinker production.

• Revenues from the sales 
of cement (same for other
alternatives).

N E T  F I N A N C I A L  B E N E F I T S

Direct Financial: 
A negative net income is expected.
Incremental investment and the
additional operating and marketing
costs exceed the cost savings from
reduced clinker use and sale of
cement. Using the weighted average
capital cost of 12 percent as the
discount rate, the NPV for 20 years
is: negative $ 3 million (U.S.).

Market Entry:
At this point such benefits are
speculative and insufficient to
justify the incremental costs.

Conclusion:
Negative net benefits.

Zero net benefits.

Increase in income from the
savings associated with a lower
clinker usage. This gives a positive
cash flow. Using the weighted
average capital cost of 12 percent
as the discount rate, the NPV for
20 years is $20 million (U.S.).

Conclusion:
Large positive net benefits.

Project Activity 1

Baseline Candidate 1:
Continuation of 
current activities

Baseline Candidate 2:
OPC production with 
a 91 percent clinker-
to-cement ratio
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• Baseline Candidate 1: Continuation of current activi-

ties (i.e., continued use of coal as the primary fuel for

clinker burning).

• Baseline Candidate 2: Replacement of coal with 

natural gas.

• Baseline Candidate 3: Replacement of coal with fuel oil.

8 . 1 B . 1  I D E N T I F Y I N G  B A R R I E R S  T O  T H E  P R O J E C T  

A C T I V I T Y  A N D  B A S E L I N E  C A N D I D AT E S

Based on the barrier categories in Table 8.1 (in 

Chapter 8 of the Project Protocol), the following 

barriers were identified:

Financial and Budgetary Barriers
There are two types of barriers in this category: invest-

ment risk and high cost.

Investment Risk: The financial and investment context

described for Project Activity 1 also applies to Project

Activity 2. The absence of incentives and the difficulty in

procuring funds for new equipment needed to utilize

biofuels present a large barrier to Project Activity 2. This

barrier does not affect any of the baseline candidates,

since no significant capital expenditures are required for

Company X to use coal, natural gas, or fuel oil.

High Cost: Project Activity 2 will require new equipment

investments, which are expected to cost approximately

$15 million (U.S.). These investments include:

• Installation of storage for the biofuels, transportation and

collection systems, and fuel feeding and burning systems. 

• Pneumatic devices or bucket elevators to deliver rice husks

and palm kernel shells from ground-level storage into an

intermediate storage bin above the feed point level. 

• Environmental controls that cover the biofuels supply

chain from source to final combustion. This will

include specialized collection systems, secured storage

facilities, and other fuel-specific handling systems.

Fuel costs are another possible financial and budgetary

barrier. Both natural gas and fuel oil (Baseline Candidates

2 and 3) have higher costs than coal (Table E1.7). 
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T A B L E  E 1 . 7  Comparison of fuel prices

FUEL  TYPE

Coal

Gas

Fuel Oil

Rice Husk

Palm Kernel Shell

PR ICE  (U .S .$ )* / TONNE

412.00

900.00

1,350.00

30.20

25.00

CALORIF IC  VALUE  (MCAL /TONNE)**

5,800

10,103

9,700

3,500

4,300

PRICE  (U .S .$ )* /MCAL

0.071

0.089

0.142

0.009

0.006

*Original price is in rupiah.
**Mcal = Megacalories. Calorific value of coal is based on supplier data, while the calorific values of other fuel types are taken from IPCC default value (IPCC, 1996).

T A B L E  E 1 . 6  Screening baseline scenarios based on comparison of barriers to expected benefits

BASEL INE  SCENARIO  ALTERNAT IVES

Project Activity 1

Baseline Candidate 1: Continuation of
current activities

Baseline Candidate 2: OPC production
with 91 percent clinker-to-cement ratio

OVERALL  NET  BENEF ITS

Negative net benefit

Zero

Large positive net benefit

IDENT IF IED  BARRIERS

High barriers

No barriers

Low barriers

C O N C L U S I O N

Exclude

A viable baseline scenario
but not the most attractive 

Identified as the 
baseline scenario
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The cost of the biofuels is much less than that of coal.

Therefore, some cost savings accrue to Project Activity 2

from the reduction in coal usage and the lower cost of

the biofuels. However, these savings are not enough to

cover the cost of the additional equipment needed to

utilize biofuels. The higher moisture content of biofuels

also means that more heat is needed to produce clinker.

This results in higher energy use during clinker produc-

tion and more frequent monitoring of the process. Table

E1.8 summarizes the significance of the financial and

budgetary barriers facing each alternative. [This is a

summary table; the conclusions presented would require

supporting data and analysis for an actual GHG project.]

Technology Operation and Maintenance Barriers
No significant technology barriers affect Project Activity 2

or any of its baseline candidates. 

Infrastructure Barriers
The rice husks and palm kernel shells used in Project

Activity 2 are regarded as waste. Rice husks can be

sourced from areas close to the cement plants and can

be compacted to lower bulk-density, which reduces

transportation costs. The palm oil industry produces

palm kernel shells. These wastes are mostly available 

in Kalimantan and, to a lesser extent, in Java, and are

cheaper than conventional fuel (Table E1.8). However, 

the current infrastructure for waste collection, treatment,

and final disposal is underdeveloped compared with other

countries. Utilizing biofuels will require waste collection

and treatment systems to be implemented (approximately

Cement Sector GHG Project

100

E
X

A
M

P
L

E
S

INVESTMENT  COST

U.S. $15 million

None

None

None

FUEL  COST

U.S. $0.007/Mcal*

U.S. $0.071/Mcal

U.S. $0.089/Mcal

U.S. $0.142/Mcal

CONCLUS ION

Lower fuel costs but high up-front investment
costs required, with limited access to capital
due to the poor Indonesian investment climate.

Current activities have the least cost overall.

Significantly more expensive than using coal
(U.S. $0.02/Mcal higher cost).

More expensive than using coal or natural gas.

*Assuming weighted average of rice husk and palm kernel shell utilization. Utilization of renewable sources increases heat consumption per tonne of
clinker produced. This heat consumption increase depends on the amount of biofuel used with the actual increase requiring monitoring.

T A B L E  E 1 . 8  Assessment of financial and budgetary barriers for Project Activity 2 and its associated
baseline candidates

BASELINE  SCENARIO  ALTERNATIVE

Project Activity 2

Baseline Candidate 1: Continuation of
current activities (coal)

Baseline Candidate 2: Replacement of
coal with natural gas

Baseline Candidate 3: Replacement of
coal with fuel oil
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$6 million out of the total $15 million (U.S.) investment).

This barrier only affects Project Activity 2. 

Infrastructure barriers do not apply to Baseline

Candidates 1, 2, and 3, since the infrastructure for fossil

fuel collection, transportation, storage, and utilization is

already in place at Company X’s facilities.

Market Structure Barriers
No significant market structure barriers affect Project

Activity 2 or any of its baseline candidates.

Institutional, Social, and Cultural Barriers 
No significant institutional, social, or cultural barriers

affect Project Activity 2 or any of its baseline candidates.

Resource Availability Barriers
No significant resource availability barriers affect

Project Activity 2 or any of its baseline candidates. Rice

husks and palm kernel shells are available in abun-

dance; the only barriers to their use are infrastructural.

There is some possibility that other cement companies

will follow Company X’s lead to use biofuels, causing

future resource availability issues. Any increase in the

use of biofuels will need to be monitored. 

8 . 1 B . 2  I D E N T I F Y I N G  B A R R I E R S  T O  T H E  C O N T I N U AT I O N  

O F  C U R R E N T  A C T I V I T I E S

There are no barriers to the continuation of current

activities (Baseline Candidate 1); no legal or market

shifts are expected that would affect the continuation 

of current activities.

8 . 1 B . 3  A S S E S S I N G  T H E  R E L AT I V E  I M P O R T A N C E  

O F  T H E  I D E N T I F I E D  B A R R I E R S

Overall, the financial and budgetary barriers are the

most significant barriers. The infrastructural barriers

can be overcome by working with local government

permitting authorities and obtaining access to financing.

Thus, the importance of financial and budgetary barriers

is determined to be high, while the importance of infra-

structural barriers is medium.

Project Activity 2 is affected by all identified barriers.

Baseline Candidates 2 and 3 face relatively high finan-

cial and budgetary barriers. Baseline Candidate 1 faces

no barriers. The net affect of barriers for each alterna-

tive is summarized in Table E1.9. 

8 . 2 B  I D E N T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O

8 . 2 B . 1  E X P L A I N I N G  B A R R I E R S  T O  T H E  P R O J E C T  A C T I V I T Y  

A N D  H O W  T H E Y  W I L L  B E  O V E R C O M E

Following are short descriptions of how Company X will

overcome the barriers to Project Activity 2. [Additional

explanatory information may be required for an actual

GHG project.]

Financial and Budgetary Barriers
Similar to Project Activity 1, Company X must assure

financial institutions that the investment it makes in

using biofuels will pay off. Company X is seeking recog-

nition and tradable credits associated with the GHG

reductions from this GHG project. The expected revenue

from these credits will help to assure investors that the

biofuel investment will pay off.
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T A B L E  E 1 . 9   Rough ranking of baseline scenario alternatives by cumulative significance of barriers 

B A S E L I N E  S C E N A R I O
A LT E R N AT I V E S

Project Activity 2 

Baseline Candidate 1: 
Continuation of current activities

Baseline Candidate 2: 
Replacement of coal with natural gas

Baseline Candidate 3: 
Replacement of coal with fuel oil

BARRIER 1:
INVESTMENT/BUDGETARY (H)*

High

Not present

Medium

Medium/high

BARRIER 2:
INFRASTRUCTURE (M)*

High

Not present

Not present

Not present

RANK BY 
CUMULATIVE IMPACT

Highest Barriers

No barriers

Medium barriers

Medium/high barriers

*The relative importance of barriers compared to each other: H = Significant barrier; M = Moderately significant barrier.
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Infrastructure Barriers
Company X will invest the money required to build the

necessary infrastructure to utilize biofuels and work with

local government officials to ensure that biofuel collec-

tion and treatment facilities can be constructed.

8 . 2 B . 2  I D E N T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O  U S I N G  

T H E  C O M P A R AT I V E  A S S E S S M E N T  O F  B A R R I E R S

Based on the comparative assessment of barriers, Project

Activity 2 and Baseline Candidates 2 and 3 are rejected as

the baseline scenario (Table E1.10). Baseline Candidate 1,

which is the continuation of current activities, faces no

barriers and is identified as the baseline scenario. 

8 . 2 B . 3  J U S T I F Y I N G  T H E  B A S E L I N E  S C E N A R I O  

The identified baseline scenario is the continuation of

current activities—i.e., the use of coal as the fuel for

clinker production. It involves no capital investment 

and faces no barriers. This baseline scenario is reason-

able, since it also represents common practice. Project

Activity 2 is not common practice.

8 . 3  E S T I M AT I N G  B A S E L I N E  E M I S S I O N S
Baseline emissions are estimated for each primary

effect, based on the identified baseline scenarios for 

each project activity. 

Project Activity 1: Reducing Clinker Content
Primary Effect 1: Reduction in industrial process 

emissions resulting from reduced clinker in the 

calcination process.

The CO2 emission factor for calcination from a tonne of

clinker is 0.525 t CO2/t clinker.1

Baseline emissions for this primary effect are equal to

the clinker content of the cement multiplied by the CO2

emission factor for calcination:

= (0.91 t clinker/t cement) . (0.525 t CO2/t clinker)

= 0.478 tonnes of CO2eq for every tonne of cement
produced by Company X

Primary Effect 2: Reduction in combustion emissions

from generating energy for pyro-processing resulting

from reduced clinker in the calcination process.

Only CO2 emissions are considered, since nitrous oxide

and methane emissions from the clinker burning process

are considered insignificant (Ellis 2000). The baseline

scenario involves coal as the fuel used in clinker burning.

Coal from Indonesia has an emission factor of 0.402 kg

CO2eq/Megacalorie (CO2/Mcal). As a preliminary esti-

mate, it is assumed that clinker requires an energy input

of 755 Mcal/t of clinker. 

Baseline emissions for this primary effect are equal to

the CO2 emission factor for coal multiplied by the energy

input required for clinker production, multiplied by the

clinker content of the cement: 

= (0.402 kg CO2eq/Mcal) . (755 Mcal/t clinker) 

x (0.91 t clinker/t cement) / (1,000 kg CO2 /t CO2) 

= 0.276 tonnes of CO2eq for every tonne of cement
produced by Company X

Project Activity 2: Switching Fuels
Primary Effect 3: Reduction in combustion emissions from

generating energy due to the switch from coal to biofuels.

Project Activity 2 effectively reduces the GHG emission

rate associated with the fuel used for clinker burning,

E X A M P L E  1
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T A B L E  E 1 . 1 0  Results of comparative assessment of barriers

BASEL INE  SCENARIO  ALTERNAT IVES

Project Activity 2 

Baseline Candidate 1: Continuation of current activities

Baseline Candidate 2: Replacement of coal with natural gas

Baseline Candidate 3: Replacement of coal with fuel oil

RANK BY CUMULATIVE IMPACT

Highest barriers

No barriers

Medium barriers

Medium/high barriers

C O N C L U S I O N

Rejected as the baseline scenario.

Identified as the baseline scenario.

Rejected as the baseline scenario.

Rejected as the baseline scenario.
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which in the baseline scenario is coal. Project Activity 1

results in a reduction in the amount of clinker required

for every tonne of cement produced. Thus, baseline emis-

sions for Project Activity 2 are premised on the lower

amount of clinker required by Project Activity 1—i.e.,

0.81 tonnes of clinker/tonne of cement. 

For Project Activity 2 the baseline emissions are equal to

the CO2 emission factor for coal multiplied by the energy

input required for clinker production, multiplied by the

lower clinker content of the cement:

= (0.402 kg CO2eq/Mcal) . (755 Mcal/t clinker) 

x (0.81 t clinker/t cement) / (1,000 kg CO2/t CO2) 

= 0.246 tonnes of CO2eq for every tonne of cement
produced by Company X

Chapter 10: Monitoring and Quantifying 
the GHG Reductions

1 0 . 1  C R E AT I N G  A  M O N I T O R I N G  P L A N
The monitoring plan presented here is an overview and,

as with the requirements for Chapter 8, this section is

organised by following all the requirements for each proj-

ect activity sequentially. A detailed monitoring plan will

include provisions for monitoring frequency, record keep-

ing, and methods used to measure, calculate, or estimate

data on GHG emissions and baseline parameters. 

10.1A.1 M O N I T O R I N G  P R O J E C T  A C T I V I T Y  E M I S S I O N S :  

Project Activity 1—Reducing Clinker Content 

GHG emissions are monitored using indirect measure-

ment and calculations. The data that need to be

monitored for Project Activity 1 and brief assessments of

the uncertainty associated with these data are provided

in Table E1.11. [Additional detail would in most cases

be necessary for an actual project.]
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T A B L E  E 1 . 1 1  Data requirements and uncertainty levels for monitoring Project Activity 1 emissions

DATA

Clinker-to-cement ratio of
blended cement

CO2 emission factor due to
calcination process

Tonnes of cement produced 
by Company X

CO2 emission factor for coal
used in clinker production
process (tonnes CO2/Mcal)

Energy content of coal 
used in clinker production
process (Mcal/tonne)

Amount of coal used 
in clinker production 
process (tonnes)

LEVEL  OF
UNCERTA INTY

Low

Low

Low

Low 

Low

Low

UNCERTA INTY
FACTORS

N/A

MgO and CaO content of
raw material and clinker

N/A

Heat values for 
coal used

Heat values for 
coal used

N/A

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

N/A

Conduct a laboratory analysis using
x-ray analyser.

N/A

• Conduct a laboratory analysis to test 
the heating values for coal used.

• In the absence of laboratory 
analysis, use IPCC default 
emission factors.

• Conduct a laboratory analysis 
to test the heating values for 
coal used.

• In the absence of laboratory 
analysis, use IPCC default 
emission factors.

N/A

GHG  EFFECT  /     
SOURCE

Primary Effect 1:
Industrial process
emissions

Primary Effect 2:
Combustion 
emissions from
generating energy
for pyro-processing

jpText_FINAL.qxd 11/22/05 3:51 PM Page 103



10.1A.2 M O N I T O R I N G  B A S E L I N E  P A R A M E T E R S

The data in Table E1.12 will be monitored to ensure 

that baseline emission estimates for Project Activity 1

remain valid.

For the first assumption, if additive materials were to

become scarce, significant secondary effects may arise

from other users of these materials switching to conven-

tional raw materials, thus increasing their GHG

emissions. Baseline emission estimates may need to be

revised to account for this switch. This secondary effect

would then need to be included in the GHG assessment

boundary. The availability of unused additive materials

will be verified annually.

For the second assumption, if the market share of

blended cement in Indonesia rises above 30 percent, the

baseline scenario will no longer be assumed to be valid,

and no more GHG reductions will be quantified for

Project Activity 1. The market penetration of blended

cement will be verified annually.

1 0 . 1 A . 3 D E S C R I B I N G  Q A / Q C  M E A S U R E S

Most of the data required in the monitoring plan, the

monitoring frequency, and measurement/estimation

methods are already accounted for in the existing ISO

9001 system and the audited management accounting

system for Portland cement. Furthermore, each year an

independent verifier from an accredited entity will verify

the actual GHG reductions generated.

1 0 . 1 B . 1 M O N I T O R I N G  P R O J E C T  A C T I V I T Y  E M I S S I O N S :

Project Activity 2—Switching Fuels

The data needed to determine GHG emissions related to

the primary effect of Project Activity 2 are the same used

to determine GHG emissions associated with the second

primary effect for Project Activity 1 (see Table E1.11).

Project Activity 2 does not have any significant secondary

effects. Therefore, no separate monitoring plan is required

for the GHG emissions associated with Project Activity 2. 

1 0 . 1 B . 2  M O N I T O R I N G  B A S E L I N E  P A R A M E T E R S

The data in Table E1.13 will be monitored to ensure 

that baseline emission estimates for Project Activity 2

remain valid.

Before the GHG project begins, data on the energy input

required to produce clinker are required in order to cali-

brate estimates of baseline emissions. As noted above,

under Estimating Baseline Emissions (section 8.3), the
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T A B L E  E 1 . 1 2   Data requirements and uncertainty levels for monitoring baseline parameters related to
Project Activity 1 (reducing clinker content) 

DATA

Availability of unused
additive materials 

Total sales of OPC 
in Indonesia

Total sales of blended
cement in Indonesia

Sales of non-OPC and
non-blended cement 
in Indonesia

Market share of blended
cement in Indonesia

Strength of blended
cement and OPC cement

LEVEL  OF
UNCERTA INTY

Medium

Low

Low

UNCERTA INTY
FACTORS

Displacement of
other users of fly
ash and trass 

Lack of records 
and available data
on cement market

N/A

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

Regular surveys of other users of fly ash
and trass to ascertain level of use.

• Conduct a data assessment from the 
cement market association and exist-
ing market studies.

• Conduct a regular survey and 
investigation of the OPC and blended 
cement market. 

• An independent expert should 
validate the data quality for the 
cement sector.

Conduct a laboratory analysis to assess
the OPC and blended cement strength.

BASELINE PARAMETER/
ASSUMPTION

Additive materials (fly
ash, trass) remain
abundantly available

Blended cement has
limited market penetra-
tion in Indonesia

Cement Sector GHG Project
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estimated specific heat consumption when coal is used as

a fuel is 755 Mcal/t of clinker.2 To accurately estimate

baseline emissions, this preliminary estimate will need to

be verified and modified if necessary.

If the availability of rice husks and palm kernel shells

drops below 1.5 times the amount used by other users,

then significant secondary effects may arise from the

project activity because other users of these biofuels may

switch to more conventional fuels with higher GHG emis-

sions. Baseline emission estimates would then need to be

revised to account for this fuel switch. This secondary

effect would then need to be included in the GHG assess-

ment boundary. The availability of unused rice husks and

palm kernel shells will be verified annually. 

1 0 . 1 B . 3  D E S C R I B I N G  Q A / Q C  M E A S U R E S

Most of the data required in the monitoring plan, the

monitoring frequency, and measurement/estimation

methods, are already accounted in the existing ISO

9001 system and audited management accounting

system for Portland cement. Furthermore, each year an

independent verifier from an accredited entity will verify

the actual GHG reductions generated.

1 0 . 2  Q U A N T I F Y I N G  G H G  R E D U C T I O N S

1 0 . 2 . 1  I D E N T I F Y I N G  T H E  T I M E  P E R I O D  O V E R  W H I C H  

G H G  R E D U C T I O N S  W I L L  B E  Q U A N T I F I E D

Project Activity 1: Reducing Clinker Content
The valid time length for the baseline scenario is esti-

mated at 5 years. This is based on the expectation that

the market penetration of blended cement in Indonesia

could reach 30 percent within 5 years, after which the

production of blended cement would be considered

common practice. 

The market share of blended cement varies considerably

across countries. For instance, it is around 47 percent in

EXAMPLE 1 : Cement Sector GHG Project 105
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T A B L E  E 1 . 1 3   Data requirements and uncertainty levels for monitoring baseline parameters related to
Project Activity 2 (switching fuels) 

DATA

Specific heat
consumption using
coal fuel only

Availability of unused
rice husks and palm
kernel shells 

Biofuels used by 
other users

LEVEL  OF
UNCERTA INTY

Low

Medium

Medium

UNCERTA INTY
FACTORS

N/A

Quantity of unused
rice husks and
palm kernel shells 

Quantity of biofuel
used by other users

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

Pre-project documentation of 
specific heat consumption of coal 
used for clinker production. 

Regular surveys of sources for 
rice husks and palm kernel shells 
to ascertain level of availability. 

Regular surveys of other users of 
rice husks and palm kernel shells to
ascertain level of use.

BASEL INE  PARAMETER/
ASSUMPT ION

Energy input required 
to produce one tonne 
of clinker

Biofuels remain 
abundantly available
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India and around 21 percent in Malaysia. Increasing the

blended cement share to 47 percent in India took about

5 years (1999–2003). Blended cement is also sold in

Mexico and Costa Rica. In Japan, blended cement had a

26 percent market share in 2002, and about 50 percent

of the cement is blended in Germany. 

Based on these figures, the opinions of international

experts consulted, and on Company X’s international

experience, it appears that setting the common practice

threshold for blended cement in Indonesia at 30 percent

within 5 years would be a justifiable time period for

quantifying GHG emissions. 

Project Activity 2: Switching Fuels
The valid time length of the baseline scenario is assumed

to be 15 years. This period reflects an assessment of

long-term assumptions about common practice fuel

usage for clinker production. Specifically, the use of

fuels other than coal is not common practice and is likely

to remain unchanged for several reasons:

• Coal is locally available in abundance at 

competitive prices.

• The infrastructure for renewable waste collection,

treatment, and final disposal is underdeveloped

compared to that in many developed countries.

• Clinker burning in the Indonesian cement industry is

presently based almost entirely on coal. 

• The total cost (including infrastructure) to use fossil

fuels is lower than the cost for alternative fuels, and

the cement industry tends to use fossil fuels, rather

than investing in new equipment to enable the use of

alternative energy sources.

Any change in these circumstances will depend largely

on government policy and efforts to improve waste fuel

infrastructure. The Indonesian national action plan on

Urban Waste Management 2003 has a projected 

15-year time frame for improving the waste manage-

ment infrastructure to acceptable levels. This time

frame may decrease or increase, depending on national

and local government commitments and their efforts to

solicit public engagement.

GHG Project
The time period over which GHG reductions will be

quantified for the GHG project is 5 years, corresponding

to the shortest valid baseline scenario time length

(Project Activity 1).

1 0 . 2 . 2  CALCULAT IONS  FOR  QUANT IFY ING  GHG  REDUCT IONS

Estimating GHG Reductions
Ex ante GHG reductions are estimated preliminarily here

on an annual basis. In reality, GHG project (and baseline)

emissions will change over time—e.g., as overall produc-

tion expands and as biofuels are phased in over time to

substitute for coal. The formulas used to quantify GHG

reductions ex post will differ from those used to estimate

ex ante GHG reductions, since combustion emissions, for

example, can be determined directly from monitored fuel

usage. Ex post calculation formulas are presented below

in the section on quantifying GHG reductions.
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GHG reductions are estimated in units of CO2eq tonnes.

Baseline emissions and project emissions are calculated for

each primary and significant secondary effect.

P R I M A R Y  E F F E C T S :  

P R O J E C T  A C T I V I T Y  1 —  R E D U C I N G  C L I N K E R  C O N T E N T

Primary Effect 1: Reduction in industrial process 

emissions resulting from reduced clinker in the 

calcination process.

Process emissions from cement production are estimated

to be 0.525 t CO2 /t clinker. Project Activity 1 will use a

clinker-to-cement ratio of 81 percent. 

GHG emissions from Project Activity 1, Primary 

Effect 1 are: 

= (0.81 t clinker/t cement) .

(0.525 t CO2/t clinker) 

= 0.425 tonnes of CO2eq for every tonne of cement
produced by Company X  

Baseline emissions for Primary Effect 1 were estimated

above (section 8.3) as 0.478 t CO2/t of cement. 

GHG reductions will therefore be:

= 0.478 – 0.425  

= 0.053 t CO2eq/t cement produced

Primary Effect 2: Reduction in combustion emissions

from generating energy for pyro-processing resulting

from reduced clinker in the calcination process.

Again, the project activity will use a clinker-to-cement

ratio of 81 percent. The change in fuel mix is accounted

for under Project Activity 2, so here the reduction in

coal combustion emissions associated with reducing fuel

usage required for clinker production are calculated. 

GHG emissions from Project Activity 1, Primary 

Effect 2 are: 

= (0.402 kg CO2eq/Mcal) . (755 Mcal/t clinker) .

(0.81 t clinker/t cement) / (1,000 kg CO2/t CO2)

= 0.246 tonnes of CO2eq for every tonne of cement
produced by Company X

Baseline emissions for Primary Effect 2 were estimated

above (section 8.3) as 0.276 t CO2eq/t of cement. 

GHG reductions will therefore be:

= 0.276 – 0.246  

= 0.03 t CO2eq/t cement produced

P R I M A R Y  E F F E C T S :  

P R O J E C T  A C T I V I T Y  2 — S W I T C H I N G  F U E L S

Primary Effect 3: Reduction in combustion emissions

from generating energy due to the switch from coal 

to biofuels.

Biofuels will be gradually substituted for coal until they

account for about 15 percent of the fuel mix on an over-

all heat input basis. Since biofuels effectively have a

zero emissions factor, the overall fuel-mix emission

factor will equal 85 percent of baseline emissions. GHG

emissions from Project Activity 2 related to its primary

effect are therefore: 

= (0.246 t CO2eq/t cement) . (0.85)  

= 0.209 t CO2eq/t cement  

Baseline emissions for Project Activity 2 were estimated

above (section 8.3) as 0.246 t CO2eq/t of cement.
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GHG reductions will therefore be:

= 0.246 – 0.209 

= 0.037 t CO2eq/t cement produced

Aggregating the GHG reductions associated with each

primary effect together, total GHG reductions related to

primary effects will be:

= 0.053 + 0.03 + 0.037

= 0.12 t CO2eq/t cement produced

Secondary Effects
No significant secondary effects were identified for

either project activity, so secondary effects do not need

to be estimated.

Total Estimated GHG Reductions 
Company X’s cement production is expected to expand

over time. However, average annual production will be 

in the neighbourhood of 2 million tonnes of cement. 

Thus, annual GHG reductions are estimated at:

= (2 million tonnes) . (0.12 tonnes CO2eq/t cement)

= 240,000 tonnes CO2eq.

This is a rough estimate based on preliminary assump-

tions; actual quantification of GHG reductions may differ

once the project is implemented, and the GHG project is

monitored and verified.

Cement Sector GHG Project
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Quantifying GHG Reductions
GHG reductions for the GHG project are quantified ex post using monitored data. Therefore, the calculations and

formulas used will differ somewhat from those used to estimate GHG reductions ex ante. The formula for the annual

quantification of GHG reductions is as follows:

R     = BE – PE

Where:

R     = Annual GHG reductions for the entire GHG project

BE   = Total annual baseline emissions for all three GHG project primary effects

PE   = Total annual GHG project emissions

BE = [Process Emissions] + [Combustion Emissions] 

= [Cy
. CFb

. EFp] + [Cy
. CFb

. E . EFc] 

Where:

Cy = Quantity of cement produced in year y, in tonnes

CFb = Fraction of clinker in cement, baseline scenario = 0.91

EFp = Emission factor for process emissions from clinker production = 0.525 t CO2/t clinker

(WBCSD Cement Protocol 2001).

E = Energy input from coal required to produce a tonne of clinker = 755 Mcal/tonne of

clinker (as determined through pre-implementation monitoring)

EFc = Emission factor for coal combustion = 0.402 kg CO2eq/Mcal (as determined under the 

monitoring plan)

PE = [Process Emissions] + [Combustion Emissions]

= [Cy
. CFp

. EFp ] + [Fy
. ECc

. EFc ]

Where:

CFp = Fraction of clinker in cement, GHG project = 0.81

Fy = Amount of coal consumed in year y, in tonnes

ECc = Energy content of coal in units of Mcal/tonne, as determined under the monitoring plan

NOTES
1   0.525 tonnes of CO2/tonne of clinker is the default emission factor for the

calcination process in the cement industry (WBCSD Cement Protocol 2001).

2   This figure would differ if other fuels were used, but the identified baseline

scenario involves continued use of coal.

With the exception of the picture on page 88, all pictures in this example

were provided by Italcementi, to whom we are particularly thankful.
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ollowing is a hypothetical project illustrating how

to use the performance standard procedure to

estimate baseline emissions. All names in the

example are fictional. Also, the information here

is quite general; project developers would normally be

expected to provide more detailed information.

The numbering of the sections in this example corre-

sponds to the numbering of the chapters in Part II of the

Project Protocol. 

Background and Overview of Natural Gas
Compressor Station GHG Emissions
Natural gas compressor stations, which are typically

found every 100 to 150 km along a gas pipeline, are

instrumental in maintaining adequate pressure for the

gas to travel through a pipeline system. Compressor

stations usually contain more than one compressor.

Although the compressor itself is not a source of GHG

emissions, the compressor is powered by a driver, typi-

cally a gas or diesel engine or gas turbine that releases

GHG emissions, specifically carbon dioxide (CO2) and

methane (CH4). It is the complete unit encompassing the

compressor and its associated driver that is hereafter

referred to as the “compressor.” 

Significant reductions in CO2 and CH4 can be achieved by

improving the compressor efficiency or the process effi-

ciency (e.g., load optimization). This hypothetical case

study illustrates a pipeline project in Indonesia that

reduces CO2 and CH4 emissions at a new compressor

station by installing higher-efficiency (lower-emitting)

compressors. The case study is designed to illustrate the

steps a project developer would take to develop a

performance standard for compressor station GHG emis-

Compressor Station Efficiency
Improvement GHG Project Using the
Performance Standard Baseline Procedure

F

2
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sions. The efficiency values are illustrative and should

not be used to develop an actual performance standard.

Each compressor installed under this GHG project has a

fuel efficiency of 10.6 megajoules of natural gas/kilowatt

hour of compression (MJ/kWh).

G H G  P R O J E C T  D E S C R I P T I O N
The information provided in this case study is intended to

provide context for the GHG project. Some of this infor-

mation is reported to meet the requirements in Chapter

11 of the Project Protocol. Additional information

should also be reported when documenting and reporting

an actual GHG project (see Chapter 11).

GHG project title: Jogja pipeline compressor station

efficiency improvement project.

Description: The GHG project will install high-efficiency

compressors used to maintain adequate pressure for gas

to move along a pipeline. This involves installing

compressors as part of an extension of a pipeline within

an existing natural gas transmission system. Each

compressor will be fuelled by natural gas. This pipeline

extension will deliver gas to a natural gas power plant

that is currently under construction.

Size: The GHG project installs 30 new state-of-the-art,

high-efficiency compressors.

Geographical location: Yogyakarta region in Indonesia. 

Names of project partners: Jogja Gas Pipelines, Inc. (a

private natural gas transmissions company), and the

Indonesian Energy Agency (the government agency that

deals with gas pipelines). The pipeline is owned by Jogja

Gas Pipelines, Inc., and the land and gas in the pipeline

are owned by the Indonesian Energy Agency.

Project technology: High-efficiency pipeline compressors.

(These compressors require 10.6 MJ/kWh of compression.)

Chapter 5: Defining the GHG 
Assessment Boundary

5 . 1  I D E N T I F Y I N G  P R O J E C T  A C T I V I T I E S
This GHG project involves just one project activity:

installing higher-efficiency compressors as part of an

extension of a pipeline within an existing natural gas

transmission system.

5 . 2  &  5 . 3 I D E N T I F Y I N G  P R I M A R Y  
E F F E C T S  A N D  C O N S I D E R I N G  
A L L  S E C O N D A R Y  E F F E C T S

The primary and secondary effects associated with this

project activity are identified in Table E2.1.

5 . 4  &  5 . 5  ESTIMATING THE RELATIVE 
MAGNITUDE AND ASSESSING  
THE SIGNIFICANCE OF 
SECONDARY EFFECTS

Since the power plant’s demand for natural gas—and

the associated pipeline and compressors required to

deliver this gas—will be the same with or without the

GHG project, there will be no net difference between

baseline emissions and project activity emissions associ-

ated with one-time activities, and therefore no one-time

effects. By reducing natural gas usage at the compres-

sors, the GHG project will slightly reduce demand for

natural gas. This in turn will slightly reduce GHG emis-

sions from extracting and transporting natural gas. To be

conservative, such GHG reductions will be ignored.

Therefore, no significant secondary effects are identified.

Therefore, the GHG assessment boundary includes only

GHG sources associated with the primary effect.

Chapter 6: Selecting a Baseline Procedure
The performance standard procedure was chosen, since

there is a relative degree of uniformity for compressor

technology in the commercial market.

Chapter 7: Identifying the 
Baseline Candidates

To identify the list of baseline candidates, different alter-

natives are considered whose products or services are

comparable to the project activity within a relevant

geographic area and temporal range. Since the perform-

ance standard procedure is being used, baseline

candidates include all the individual plants, technologies,

or practices whose products or services are similar to

those of the project activity. 

EXAMPLE 2: Compressor Station GHG Project 111
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7 . 1  D E F I N I N G  T H E  P R O D U C T  O R  S E R V I C E
P R O V I D E D  B Y  T H E  P R O J E C T  A C T I V I T Y

The service provided by the project activity is the

compression of a particular volume of natural gas so

that the gas can be delivered to a power plant. 

7 . 2  I D E N T I F Y I N G  P O S S I B L E  T Y P E S  
O F  B A S E L I N E  C A N D I D AT E S

Since only compressor stations can provide this service,

the identified baseline candidates include all compressor

stations used for gas pipelines within the geographic

area and temporal range described under section 7.3.

7 . 3  D E F I N I N G  T H E  G E O G R A P H I C  A R E A  
A N D  T E M P O R A L  R A N G E

7 . 3 . 1  D E F I N I N G  T H E  G E O G R A P H I C  A R E A

As an initial default, the geographic area considered was

the country of Indonesia. However, this default was

rejected, despite a sufficient number of compressors

found in Indonesia to develop a performance standard.

Instead, the final geographic area selected was global,

since the project involves implementing technologies that

are commercially available globally.

7 . 3 . 2  D E F I N I N G  T H E  T E M P O R A L  R A N G E

The initial temporal range considered was all compres-

sors that went into operation during the last five years.

However, compressor efficiency improves at a fairly rapid

pace, so it was decided to use a temporal range of the

previous three years. This takes a conservative approach

by considering only the more recent and more efficient

compressor technologies, and still provides a large

enough data set to develop the performance standard.

7 . 4  D E F I N I N G  O T H E R  C R I T E R I A  U S E D  
T O  I D E N T I F Y  B A S E L I N E  C A N D I D AT E S

The following factors were considered in identifying

baseline candidates:

• General market conditions. Due to the energy mix in

Indonesia, the host country, natural gas is the only

potential fuel source for the proposed power plant.

Similarly, receipt of the gas via a pipeline is the only

viable option for transporting the natural gas. 

• Relevant legal requirements. There are no regulations

or laws in Indonesia governing the use of compressor

technology or installation for the purposes of trans-

porting natural gas in pipelines. To check for legal

Compressor Station GHG Project 
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T A B L E  E 2 . 1  Primary and secondary effects

PRIMARY  EFFECT

Reduction in combustion
emissions from generating
off-grid electricity from
reduced fuel use by
compressors (per unit of
natural gas transported).

ONE-T IME  EFFECTS

Considered:
• GHG emissions associated with the manufacture,

installation, and decommissioning of compressors.

Magnitude/Significance:
The project activity will cause GHG emissions asso-
ciated with the manufacture, installation, and
decommissioning of compressors. However, these
same activities would have occurred in the baseline
scenario, producing GHG emissions from the same
GHG sources. The result is zero net change between
project activity GHG emissions and baseline emis-
sions, so there are no one-time GHG effects.

UPSTREAM AND DOWNSTREAM EFFECTS

Considered: 
•  Reduced GHG emissions associated with 

reduced mining/extraction of natural gas.
• Reduced GHG emissions associated with

reduced transportation of natural gas.

Magnitude/Significance:
The project will cause an absolute reduction in
demand for natural gas, leading to reductions in
GHG emissions associated with extracting and
transporting natural gas. Such GHG reductions
would constitute positive secondary effects; to
be conservative, these GHG reductions are
assumed to be zero. No other inputs or outputs
are associated with the project that might cause
secondary effects.

S E C O N D A R Y  E F F E C T S

E X A M P L E  2
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requirements, applicable national, regional, and local

laws were researched. In addition, Jogja Gas

Pipelines, Inc., checked with local lawyers and govern-

ment officials for any additional information. No

applicable laws were found. 

7 . 5  I D E N T I F Y I N G  T H E  F I N A L  L I S T  
O F  B A S E L I N E  C A N D I D AT E S

The resulting list of baseline candidates and associated

data are provided in Table E2.2. This list consists of all

compressors that went on line between 2001 and 2003

globally. All selected candidates are capable of providing

the same quality and quantity of service as the compres-

sors employed by the GHG project.

Chapter 9: Estimating Baseline Emissions—
Performance Standard Procedure

9 . 1  S P E C I F Y I N G  T H E  A P P R O P R I AT E  
P E R F O R M A N C E  M E T R I C S

For this project activity, a production-based performance

metric is appropriate, since it is possible to quantify

performance in terms of units of input per unit of product or

service. The service in this case is the compression of natu-

ral gas. The amount of compression provided by compressor

station drivers can be reliably inferred from their kilowatt-

hours of electrical output. Thus, the units of service for the

performance metric are kilowatt-hours (kWh).

The compressor station input related to the project activ-

ity’s primary effect is a fuel: natural gas. Quantities of

natural gas can be measured in terms of energy content

(e.g., megajoules (MJ)). Therefore, for this project activ-

ity, the units for the relevant input are megajoules.
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T A B L E  E 2 . 2    Identified baseline candidates and data set for developing the GHG performance standard

COMPRESSOR                    YEAR OPERATION # OF COMPRESSOR UNITS        CAPACITY DESIGN FUEL USAGE
STARTED AT EACH STATION (KW/UNIT) (MJ/KWH)

Station A (Russia) 2003 25 70 10.5
Station B (China) 2003 10 70 11.1
Station C (Germany) 2003 5 50 12.2
Station D (Norway) 2003 25 55 11.5
Station E (Chile) 2003 30 65 12.7
Station F (Russia) 2003 22 60 11.5
Station G (Algeria) 2003 21 50 12.5
Station H (U.S.) 2002 18 50 15.5
Station I (U.S.) 2002 6 60 14.8
Station J (Nigeria) 2002 12 50 14
Station K (Qatar) 2002 15 60 14
Station L (China) 2002 23 55 15
Station M (China) 2002 36 50 15.5
Station N (Indonesia) 2002 14 30 16
Station O (Russia) 2002 20 40 15.5
Station P (U.S.) 2002 25 60 15.5
Station Q (Russia) 2002 25 50 15.9
Station R (Norway) 2001 13 40 16
Station S (Bolivia) 2001 26 50 15.2
Station T (Russia) 2001 21 50 15.5

Total # of Compressors 392
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The performance metric used to determine GHG emis-

sions from baseline candidates is MJ/kWh.

9 . 2  C A L C U L AT I N G  T H E  G H G  E M I S S I O N  R AT E  
F O R  E A C H  B A S E L I N E  C A N D I D AT E

Data on the performance rates for each baseline candi-

date were obtained in the process of identifying the

baseline candidates (Table E2.2). Performance rates

for compressor stations are measured using the

performance metric MJ/kWh, also called the “design

fuel usage.” Design fuel usage data were found from

the manufacturers’ specification sheets for the drivers

used at the compressor stations. The design fuel usage

for a particular technology depends on the load at

which the technology is run. Where the load data

proved difficult to find, 100 percent load was assumed

in order to be conservative (see Box E2.1). (This would

result in the lowest possible design fuel usage for a

particular technology.)

GHG emission rates were calculated for each baseline

candidate using the IPCC emission factor for natural

gas: 15.3 tonnes of C/TJ = 0.056 kg CO2eq/MJ. The

results are shown in Table E2.3.

9 . 3 C A L C U L AT I N G  T H E  G H G  E M I S S I O N  R AT E  
F O R  D I F F E R E N T  S T R I N G E N C Y  L E V E L S

Different stringency level GHG emission rates were

calculated as follows:

Most stringent: The lowest-emitting baseline candidate

is Station A (0.59 kg CO2eq/kWh).

Mean: The output-weighted average emission rate is

0.78 kg CO2eq/kWh.

Median: The median (50th percentile) of this data set is

equal to the GHG emission rate of the twelfth most effi-

cient group of compressor units in the data set—i.e.,

Station S. This emission rate is 0.85 kg CO2eq/kWh.

25th percentile: The 25th percentile of this data set is

equal to the GHG emission rate of the sixth most effi-

cient group of compressor units in the data set—i.e.,

Station G. This emission rate is 0.70 kg CO2eq/kWh (see

Box E2.2). 

10th percentile: The 10th percentile of this data set is

equal to the GHG emission rate of the third most 

efficient group of compressor units in the data set—i.e.,

Station D. This emission rate is 0.65 kg CO2eq/kWh (see

Box E2.2). 

Compressor Station GHG Project 
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A compressor station has a maximum rated capacity of 70 kilo-
watts (kW). Fuel usage over one year was measured at 7.5 million
MJ, but no data are available on load or output (in kWh). Design
fuel usage would be calculated as follows:

(7.5 million MJ/year)
(70 kW) . (8,760 hours/year) .(100% load factor)

This fuel usage calculation is conservative, because if the load
were in fact less than 100 percent, actual design fuel usage
(and resulting GHG emissions) would be higher.

B O X  E 2 . 1  Sample calculation of design fuel 
usage where load data are unavailable

T A B L E  E 2 . 3  Baseline candidate GHG 
emission rates

BASELINE CANDIDATE    GHG EMISSION RATE (KG CO2/KWH)

Station A 0.59
Station B 0.62
Station C 0.69
Station D 0.65
Station E 0.71
Station F 0.65
Station G 0.70
Station H 0.87
Station I 0.83
Station J 0.79
Station K 0.83
Station L 0.84
Station M 0.87
Station N 0.90
Station O 0.87
Station P 0.87
Station Q 0.89
Station R 0.90
Station S 0.85
Station T 0.87

=12.2 MJ/kWh
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9 . 4  SELECT ING  AN  APPROPRIATE  STR INGENCY
LEVEL  FOR  THE  PERFORMANCE  STANDARD

The 10th percentile stringency level was chosen, corre-

sponding to a performance standard of 0.65 kg

CO2eq/kWh. This stringency level is equivalent to the emis-

sion rates of Stations D and F, both recently constructed

compressor stations. The data graphed in Figure E2.1

reveal that the compressor stations that started opera-

tion in 2003 (Stations A–G) have significantly lower

emission rates on average than those that came on line

in 2001 and 2002 (Stations H–T). Taking account of

this trend, the 10th percentile seems reasonable, given

that it equates roughly to the average emission perform-

ance of the 2003 compressor stations. For this and other

reasons (e.g., considerations about additionality, which

are not discussed here), the 10th percentile stringency

level is determined to be a reasonable estimate for the

baseline emission rates for future compressor stations.

9 . 5  E S T I M AT I N G  B A S E L I N E  E M I S S I O N S
Baseline emissions are calculated as the performance

standard emissions rate multiplied by the project activity

level of service (measured in kWh). It is assumed that the

kilowatt-hours of output (and therefore the amount of gas

compressed) remains the same in the baseline scenario

and project, since the project activity itself will not signif-

icantly alter the supply of, or demand for, natural gas.

Annual baseline emissions are calculated under section

10.2.2 as part of quantifying the GHG reductions.

Chapter 10: Monitoring and Quantifying 
the GHG Reductions

For this project example, monitoring and quantifying

GHG reductions are relatively straightforward. This

section presents a simple overview of how monitoring

and quantification requirements can be met. Technical

details related to monitoring conditions and equipment

specifications are omitted.

1 0 . 1  C R E AT I N G  A  M O N I T O R I N G  P L A N
Because there are no significant secondary effects, the

monitoring plan is devoted to the Jogja project’s single

primary effect—i.e., reductions in combustion emissions

from generating off-grid electricity resulting from

reduced fuel use by compressors. Elements of the moni-

toring plan are described below.

1 0 . 1 . 1  M O N I T O R I N G  P R O J E C T  A C T I V I T Y  E M I S S I O N S

• For each of the 30 compressors installed under the

GHG project, fuel usage data will be collected continu-

ously using natural gas flow meters. The data will be

converted to units of MJ, based on standard factors

for the energy content of natural gas. Uncertainty

associated with these measurements will be low.

EXAMPLE 2: Compressor Station GHG Project 115
E

X
A

M
P

L
E

S

B O X  E 2 . 2  How to calculate the  
10th and 25th percentiles

K G  C O 2 / K W H                C O M P R E S S O R  R A N K I N G

0.59 1–25
0.62 26–35
0.65 36–60
0.65 61–82
0.69 83–87
0.70 87–108
0.71 109–138
0.79 139–150
0.83 151–156
0.83 157–171
0.84 172–194
0.85 195–220
0.87 221–245
0.87 246–265
0.87 266–301
0.87 302–319
0.87 320–340
0.89 341–365
0.90 366–378
0.90 379–392

For the 25th percentile:

w = (392) . (  25 ) + 0.5 = 98.5    g = 98, f = 0.5, and a = 392 
100

pe = (1 - 0.5) . (0.70) + 0.5(0.70) = 0.70 kg CO2eq/kWh

For the 10th percentile:

w = (392) . (  10 ) + 0.5 = 39.7   g = 39, f = 0.7, and a = 392
100

pe = (1 - 0.7) . (0.65) + 0.7(0.65) = 0.65 kg CO2eq/kWh
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• CO2 emissions will be calculated by multiplying fuel

usage data (in MJ) for each compressor by the IPCC

emission factor for natural gas (0.056 kg CO2eq/MJ).

1 0 . 1 . 2  M O N I T O R I N G  B A S E L I N E  P A R A M E T E R S

No baseline parameters are monitored. The performance

standard is assumed to be a valid indicator of baseline

emissions for a period of 3 years (see section 10.2.1).

1 0 . 1 . 3  D E S C R I B I N G  Q A / Q C  M E A S U R E S

• All data will be collected electronically and archived

for 10 years.

• Equipment will be checked and calibrated bi-annually.

1 0 . 2 Q U A N T I F Y I N G  G H G  R E D U C T I O N S

1 0 . 2 . 1  I D E N T I F Y I N G  T H E  T I M E  P E R I O D  O V E R  W H I C H  G H G  

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

From the limited global data set on new compressor

stations between 2001 and 2003, it appears that

compressor station efficiency and GHG emissions

performance have been improving and improved notice-

ably in 2003. The gains in efficiency seen in 2003,

however, are not expected to proceed as rapidly in the

near future. Given recent trends and future expectations,

the performance standard is assumed to be valid for a

period of 3 years.

1 0 . 2 . 2  CALCULAT IONS  FOR  QUANT IFY ING  GHG  REDUCT IONS

The GHG reductions are calculated as the difference

between the baseline emissions and the project 

activity emissions:

GHG Reduction = Baseline emissions 

– Project activity emissions

Because secondary effects were considered negligible

(i.e., baseline and project activity emissions associated

with one-time, upstream, and downstream GHG sources

are equivalent), they were not included in the GHG

reduction equation. Therefore, the total GHG reductions

are equal to the change in GHG emissions associated

with reducing fuel consumption by the compressors.

Table E2.4 illustrates the assumptions used for calculat-

ing baseline and project activity emissions. All

compressors operate under the same conditions (i.e.,

load and hours of operation). The GHG project will

install thirty compressors. 

Compressor Station GHG Project 

EXAMPLE 2116
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F I G U R E  E 2 . 1  Different stringency levels applied to the compressor data set
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EXAMPLE 2: Compressor Station GHG Project 117
E

X
A

M
P

L
E

S

T A B L E  E 2 . 4  Baseline and project activity emissions

1

2

3

4

5

ASSUMPT ION  FACTORS

Power/Max Load (kW)

Operating Hours (hrs/yr)

Load Factor (%)

No. of Compressors

GHG Emission Rate* (kg CO2eq/kWh)

BASEL INE  VALUES

70

8,300

80

30

0.65

PROJECT  ACT IV I TY  VALUES

70

8,300

80

30

0.60

*These figures are rounded; results below were calculated with unrounded numbers.

Baseline emissions for a compressor are expressed by

the performance standard emission rate (0.65 kg

CO2eq/kWh) multiplied by the total kWh of compression

provided (13.9 million kWh, derived from rows 1–4 of

Table E2.4). Project activity emissions are calculated

using the high-efficiency compressor design fuel usage

(10.6 MJ/kWh) multiplied by the IPCC emission factor

for natural gas (0.056 kg CO2eq/MJ) multiplied by the total

kWh of compression provided (also 13.9 million kWh).
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Baseline Emissions = 
(Power load) . (Operating Hours) . (Load Factor) .

(# of Compressors) . (Performance Standard

Emission Rate) / 1,000 

=
(70) . (8,300) . (80%) . (30) . (0.65)

1,000

= 9,004 t CO2eq/year

Project Activity Emissions = 

(Power load) . (Operating Hours) . (Load Factor) .

(# of Compressors) . (Project Activity 

Emission Rate) / 1,000 

=
(70) . (8,300) . (80%) . (30) . (0.60)

1,000

= 8,299 t CO2eq/year

GHG Reductions =
Baseline Emissions – Project Activity Emissions

= 9,004 – 8,299 

= 705 t CO2eq/year 

Actual GHG reductions will be quantified annually using

monitored data, for a period of 3 years.

Compressor Station GHG Project 
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Legal requirements are sometimes relevant to determi-

nations about additionality. If laws or regulations require

the use of a certain technology or practice utilized by the

project activity, and using that practice or technology is

the only way to comply with the laws or regulations, then

the project activity will probably not be additional.

Similarly, any baseline candidates that do not comply

with legal requirements will in most cases be rejected as

possibilities for the baseline scenario. 

This annex provides guidance on the kinds of informa-

tion that may be needed for assessing the compliance 

of the project activity and baseline candidates with 

legal requirements. 

A.1 Laws and Regulations to Consider
Laws or regulations may directly affect the GHG emis-

sions of the project activity or a baseline candidate (e.g.,

a stipulated standard requires the use of more energy-

efficient equipment), or may affect GHG emissions

indirectly as a consequence of their implementation (e.g.,

a law that mandates water use reductions may lower the

daily water pumping rate—and thereby energy use—at a

water treatment plant). Both types of laws or regulations

should be considered when assessing if the project activity

or baseline candidates comply with legal requirements.

In certain circumstances, a decision on the relevance of

laws and regulations and/or their interpretation may be

required. The principle of transparency should be used in

making these decisions. Cases where interpretations may

be necessary include:

1. Policy versus regulation/legislation. Some countries

may have a declared policy to promote specific tech-

nologies or practices that result in GHG reductions

(e.g., India’s policy of meeting 10 percent of its power

generation through renewable energy by year 2012),

but do not have any corresponding regulations. Also,

regulations are enforceable by law (with penalty for

non-compliance), whereas a policy is not always

enforceable (and, consequently, there is no penalty for

non-compliance). This distinction is important

because while GHG projects (and therefore the project

activity) may contribute to meeting the policy goals,

legal requirements are not relevant because no

explicit regulation exists to enforce the policy.

2. Clarity of the law or regulation. Where the applica-

bility of a law or regulation is unclear, it may be

necessary to interpret the intent of the law or regula-

tion. For instance, stated technology, performance, or

management standards may be unclear and difficult

to interpret with regard to their relevance to the proj-

ect activity and baseline candidates. Also, laws and

regulations sometimes have conflicting goals. For

instance, a country may have a subsidy for fossil fuel

used for electricity generation, as well as a national

regulation specifying that a certain amount of elec-

tricity generation must come from renewable sources.

The project developer may need to explain the impact

of these two regulations on the development of the

GHG project—e.g., low electricity prices due to the

subsidy on fossil fuels deter the development of renew-

able energy projects, despite a national regulation to

encourage the development of renewable energy. 

3. Laws or regulations applying to project activities
where the affected sites, facilities, production
systems, or delivery systems associated with
affected GHG sources or sinks are located in differ-
ent regulatory jurisdictions. Where a project activity

and the affected sites, facilities, production systems,

or delivery systems where GHG emissions arise are

located in different jurisdictions, the relevant laws or

regulations to consider are usually those that apply to

the location of the project activity, rather than the

location of the sites where GHG emissions are

affected. However, it may be useful to consider, if

possible, relevant laws in both jurisdictions. For

example, a project activity to reduce electricity use

takes place at a U.S. company in New York; however,

some of the combustion sources feeding the electricity

grid are in Canada. The project developer should

consider both U.S. and Canadian regulations regard-

ing the project activity and explain why certain

regulations may not be applicable.

4. Pending regulations. Where pending regulations may

affect the GHG project or a project activity in the near

future, it may be useful to note their possible impact

and to track their development in the monitoring plan.

Legal Requirements
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A.2 Finding Information 
on Legal Requirements

Locating information on the relevant legal requirements can

be time consuming. Possible information sources include:

• public documents listing national, regional,

state/provincial, or local mandatory laws, or regula-

tory standards;

• legal texts;

• local lawyers and legal opinions; and

• local regulators or enforcement bodies.

While collecting the information, project developers should

ensure that all information is reliable and verifiable.

A.3 Legal Requirements, Enforcement, 
and Common Practice

In some cases, determining whether possible baseline

candidates are compliant with legal requirements may

not be useful for identifying a final list of baseline candi-

dates. The enforcement of laws and regulations may be

uneven or weak because of financial and/or administra-

tive constraints on enforcement or regulatory agencies.

For instance, a regulation may have been promulgated at

a national level, but implementation at the provincial or

regional level may be weak. In this case, what is

common practice may become more important than

legal requirements when trying to identify the baseline

candidates. Box A.1 provides some possible sources of

information for establishing enforcement levels and

common practice. 

Legal Requirements 121
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Land-Use Projects

• Remote sensing

• Aerial photographs

• Surveys, e.g., U.S. Forest Service surveys

• Random spot-checking on the ground (which can be generalized 

for the rest of an area). This method is used for forest certification

• Tax records may shed light on a company’s activity in a certain 

area, which can then be compared to any existing laws

• Other records in the public domain that reflect certain land-use 

activities that do not comport with the law

GHG Emission Reduction Projects

• Regulatory permits to see what companies undertaking similar 

activities are required to do. In most countries this should be 

public information

• Number of fines administered for not complying with a given law 

or regulation

• Surveys of technology penetration or use, compliance action, etc.

• An enforcement agency may acknowledge that certain laws or 

regulations are not being enforced or are poorly enforced

• Expert opinions

B O X  A . 1  Information sources for establishing enforcement levels and common practice 
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Following are some possible information sources for the

barrier categories outlined in Chapter 8.

B.1 Financial and Budgetary
Type of Information: Financial or budgetary information

(e.g., availability of financing, credit, foreign capital, risk).

Information Sources: Documents prepared by the project

developer, contractors, or project partners in the context

of the proposed project or similar previous projects; offi-

cial planning data; public reports or studies (e.g., baseline

studies for other projects); lending institution reports; and

country-specific laws on foreign investment.

B.2 Technology, Operation, 
and Maintenance

Type of Information: Locally available fuels, materials,

know-how, technology, and other resources.

Information Sources: Technology inventory lists; indus-

try studies or corporate documents; local

advisors/experts familiar with the local conditions

around the project.

Type of Information: Skill and informational data (e.g.,

training programs, information dissemination mechanisms).

Information Sources: Sector-level reports of bilateral

and multilateral organisations (e.g., Joint

Implementation/Clean Development Mechanism);

National Strategies Studies; public reports or studies

(e.g., baseline studies for other projects); nongovernmen-

tal organisations (NGOs); government sources; local

advisors/experts familiar with local conditions.

B.3 Infrastructure
Type of Information: Extent of infrastructure (e.g.,

roads for transporting inputs or products, support

companies or personnel for maintaining equipment).

Information Sources: Industry studies or corporate

documents; local advisors/experts familiar with the

local conditions; public reports or studies (e.g., base-

line studies for other projects); infrastructure maps

(e.g., road, railways).

B.4 Market Structure
Type of Information: Market information (e.g., product

prices, tariffs, import rules, distribution systems).

Information Sources: Industry studies or corporate

documents; local advisors/experts familiar with the local

conditions; public reports or studies (e.g., baseline stud-

ies for other projects).

B.5 Institutional, Social, Cultural, 
and Political

Type of Information: Institutional, social, cultural, and

political conditions.

Information Sources: NGOs; local advisors/experts

familiar with the local conditions. 

B.6 Resource Availability
Type of Information: Geographic and climatic condi-

tions; availability of natural resources. 

Information Sources: Resource maps; NGOs; local advi-

sors/experts familiar with local conditions.

Illustrative Information Sources for Barrier Categories
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For many types of projects, financial returns (those not

related to GHG reductions) will constitute a significant

and tangible form of benefits. Thus, in some cases, devel-

oping a convincing assessment of the relative net benefits

for the baseline scenario alternatives may require some

form of investment analysis.1

Investment analysis seeks to assess in a detailed and

rigorous way one component of the benefits that may

arise from implementing the GHG project or a baseline

candidate—i.e., expected financial returns—without

considering non-revenue benefits, and without accounting

for any identified barriers other than cost. To identify the

baseline scenario, investment analysis excludes any poten-

tial revenues associated with the sale of GHG reductions.

The goal is to determine which of the possible baseline

scenario alternatives has the highest expected financial

benefits—excluding any GHG reduction revenues—and

whether the GHG project or any of the baseline candidates

would be preferable financially to “doing nothing”

(defined as continuing current activities).

There are several methods for conducting investment

analysis, and nearly unlimited levels of detail at which

these methods can be performed. To identify the baseline

scenario, it is generally not necessary to provide a

detailed itemization of expected costs and revenues, as

long as the overall magnitude of identified cost and

revenue streams can be explained. All relevant costs

(capital, operations and maintenance, fuel costs, taxes,

etc.) and revenues (as appropriate) should be reflected in

the analysis.

There are two options for performing an investment

analysis: 

• Expected Cost Comparison, and

• Financial Benchmark Comparison

C.1 Expected Cost Comparison
This option is only used when the continuation of current

activities is not a valid baseline scenario alternative—

i.e., there are insurmountable barriers to continuing

current activities, or continuing current activities is not

a meaningful possibility.

Under this option, the project activity and baseline

candidates are compared on the basis of expected costs, 

without considering any potential revenues.2 Expected

costs may be expressed in terms of:

• Present value, or

• Levelized cost per unit of product or service (e.g.,

levelized $/kWh).  

Comparing expected costs based on their present value is

only appropriate when the project activity and all baseline

candidates would produce an identical quantity of the

same (identical quality) product or service. If the project

activity and baseline candidates are of different size (e.g.,

power plants of differing capacities), compare costs using

the levelized cost per unit of product or service. 

Although baseline candidates are compared to the proj-

ect activity, any investment analysis should evaluate

costs and/or revenues for an entire GHG project, not a

single component project activity. As explained in

Chapter 8 (Box 8.3), this is because the decision to

implement a particular project activity almost always

depends on a decision about implementing the entire

GHG project with which it is associated. In some cases,

it may be difficult or impossible to meaningfully assign

revenues and costs for an entire GHG project to a

specific project activity.

Note: If it is not possible to express costs per unit of

product or service—or project developers otherwise wish

to base a comparison on expected net revenues rather

than expected costs—the GHG project and baseline

candidates may be compared on the basis of their internal

rates of return (IRR). The advantage of this approach is

that it is not necessary to identify and defend a particular

discount rate (see step (e), below). To do a comparison

based on an IRR, follow the steps for doing a Financial

Benchmark Comparison, choosing IRR as the financial

indicator, but ignore any steps for calculating a bench-

mark rate of return and exclude “continuation of current

activities” from the list of baseline scenario alternatives.

An expected cost comparison analysis should consist of

the following basic steps:

a) Identify the Expected Costs. For the GHG project

and each baseline candidate, identify all relevant costs

and classify them according to whether they are: (1)

upfront or ongoing; and (2) fixed or variable. Provide

a further breakdown and itemization of the costs as

desired to enhance the transparency and credibility of

the analysis.

Assessing Net Benefits Using Investment Analysis
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In theory, taxes should be included as a cost, even though

calculating taxes without any knowledge of revenues is

usually not possible. Therefore, tax costs should be

estimated, and these estimates should be explained.

b) Identify the Time Period. Identify the time period

over which costs will be evaluated. In most cases, this

should correspond to the expected length or lifetime

of the GHG project (not the valid length of the base-

line scenario). The GHG project and all baseline

candidates should be evaluated over the same time

period. (If a particular baseline candidate has an

expected lifetime shorter than the identified time

period, assume that it is replaced with the same tech-

nology or practice at the end of its lifetime, incurring

costs for replacement as appropriate, and that it oper-

ates until the end of the identified time period).

c) Present Costs Numerically. For the GHG project and

each baseline candidate, provide numerical estimates

of the costs in each category. Ongoing costs should be

estimated for discrete time periods (usually one year)

until the end of the time period identified in step (b).

Cost estimates should be fully explained.

d) Assess Cost Uncertainties. For the GHG project and

each baseline candidate, provide a qualitative assess-

ment of the uncertainty associated with the cost

estimates for each cost category identified in step (a).

(These should be the same for the GHG project and all

baseline candidates). For example, ongoing variable

costs may depend largely on the cost of fuel; there-

fore, the degree of uncertainty associated with fuel

cost projections should be characterized. Any associ-

ated uncertainties should not include any risk factors

identified as barriers or reflected in the discount rate

identified in step (e).

e) Identify an Appropriate Discount Rate. Identify an

appropriate discount rate to use for calculating either

the present value of costs or the levelized cost per unit

of service. An appropriate discount rate may be

derived from the same sources that would be used to

derive a benchmark rate of return (see Financial

Benchmark Comparison, step (a)). The discount rate

and how it was chosen should be explained for trans-

parency purposes.

The choice of discount rate is not crucial if it can be

shown that changing the discount rate (e.g., as part of

a sensitivity analysis) does not result in a change in

the relative ranking of expected costs for the GHG

project and all baseline candidates. This could be the

case if the GHG project and all baseline candidates

have similar ratios of upfront to ongoing costs, and no

major differences in the expected timing of ongoing

costs. In such cases, less effort may be required to

justify a particular discount rate.

f) Calculate a (Reasonable) Range of Expected Costs
for the GHG Project and Each Baseline Candidate.
Using the discount rate identified in step (e), calculate

reasonable low and high estimates of expected costs—

present value or levelized—by varying numerical cost

estimates according to the degree of associated uncer-

tainty identified in step (d). Estimates of low and high

expected costs should also reflect the effects of differ-

ent discount rate assumptions (if changing the

discount rate could result in a different relative rank-

ing of the GHG project and baseline candidates). All

assumptions used to generate high and low cost esti-

mates should be explained.

Low and high expected cost estimates should not neces-

sarily reflect “best case” and “worst case” outcomes,

as these outcomes may be very unlikely to happen.

Rather, they should reflect a range of outcomes that

are reasonably likely to occur and indicate a reason-

able cost range that reflects the identified levels of

uncertainty in underlying cost drivers (construction

costs, fuel costs, maintenance costs, etc.). 

g) Rank the Results. Using the results of step (f), rank

the GHG project and baseline candidates from high-

est to lowest expected cost. (Table C.1 presents one

way to express the ranking results). In general, use

the midpoint of each cost range to decide the appro-

priate rank. This ranking is also from lowest to

highest net benefits. 

O P T I O N A L :  S E N S I T I V I T Y  A N A LY S I S
In cases where a clear ranking of baseline scenario

alternatives using low and high estimates is difficult, it

may be desirable to conduct a full sensitivity analysis of

expected costs. A sensitivity analysis tests the robust-

ness of the results from the expected cost analysis by

varying any external parameters or assumptions that

are not in the project developer’s control (such as input

costs), and key decision-making parameters (such as

the discount rate). Sensitivity analyses can be
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performed with most financial analysis tools with mini-

mal extra effort. Realistic deviations for assumptions

should be used to test if the ranking of baseline

scenario alternatives changes as common assumptions

change. Choose the ranking that corresponds to the

best set of realistic assumptions, and explain why this

set of assumptions was chosen.

C.2 Financial Benchmark Comparison
A financial benchmark comparison is performed in cases

where the continuation of current activities is a valid

baseline scenario alternative. In these cases, a bench-

mark is identified that represents the benefits

decision-makers would expect to realise (e.g., from

alternative investments) if they did not invest in the

GHG project or any of the baseline candidates. This is

usually done by specifying some form of required rate 

of return for an investment.3

A financial benchmark comparison involves an assess-

ment of both expected costs and expected revenues for

the GHG project and all baseline candidates (unless a

“unit cost of service” benchmark is used, as described

below). Under this option, financial returns for the GHG

project and baseline candidates are compared with each

other and with the benchmark rate of return to deter-

mine a relative ranking of baseline scenario alternatives

with respect to net benefits.

A financial benchmark comparison should consist of the

following basic steps:

a) Identify a Benchmark Rate of Return. A benchmark

rate of return is required to assess the GHG project

and baseline candidates against the possible continua-

tion of current activities. Generally speaking, the

benchmark rate of return should reflect standard

returns in the market to which the GHG project is

providing products or services, considering specific

risks for that market and technology sector. It should

not reflect the subjective profitability expectation or

risk profile of a particular project developer, or risks

specific to the GHG project or a particular baseline

candidate. The latter types of risk should instead be

identified as “financial and budgetary” barriers in the

comparative assessment of barriers step of the proj-

ect-specific procedure (Chapter 8). The choice of

benchmark rate of return should be explained for

transparency purposes. Some possible sources for

benchmark rate of return are listed below:4

•  Government bond rates, increased by a suitable risk

premium to reflect private investment and/or the

GHG project type, as substantiated by an independ-

ent (financial) expert.

•  Estimates of the cost of financing and required

return on capital (e.g., commercial lending rates

and guarantees required for the country and the

type of project represented by the GHG project).

These estimates should be based on bankers’ views

and private equity investors’ or funds’ required

return on investment for comparable projects.

•  A company internal benchmark (weighted average

capital cost of the company), if the company is the

sole project developer (e.g., when the GHG project

upgrades or retrofits an existing process). The proj-

ect developer should demonstrate that this
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T A B L E  C . 1   Example of results from expected cost comparison

B A S E L I N E  S C E N A R I O
A LT E R N AT I V E S  

Baseline Candidate 3

Continuation of Current Activities 

GHG project* 

Baseline Candidate 2

Baseline Candidate 1

P R E S E N T  VA L U E  O F
E X P E C T E D  C O S T S

$25-$40 million

N/A

$20-$30 million

$15-$22 million

$8-$17 million

EXPECTED COST RANK

1

N/A

2

3

4

RELATIVE RANKING

Lowest Net Benefits

N/A

Low Net Benefits

Middle Net Benefits

Greatest Net Benefits

*Investment analysis evaluates costs/revenues for the entire GHG project, not individual project activities.
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benchmark has been consistently used in the past—

i.e., that projects under similar conditions developed

by the same company used the same benchmark.

b) Choose an Appropriate Financial Return Indicator.
Choose a financial indicator with which to character-

ize the returns of the GHG project and baseline

candidates, explain the choice, and compare the

returns to the continuation of current activities. The

appropriate type of financial return indicator may

depend on the type of GHG project and conventions

within its technology sector. Some common indicators

and qualifications on their use for investment compar-

isons are provided below.5

•  Internal Rate of Return (IRR). The IRR is an

intrinsic rate of return for the GHG project or base-

line candidate based on expected cost and revenue

streams. The higher the IRR, the more desirable the

GHG project or baseline candidate will be as an

investment. Calculated IRRs must be compared to

the benchmark rate of return identified in step (a)

to determine whether a particular baseline candi-

date (or the GHG project) will have positive or

negative net financial benefits. Any baseline candi-

date with an IRR lower than the benchmark rate of

return (even if the IRR is positive) will, in effect,

have negative net financial benefits relative to the

continuation of current activities.

•  Net Present Value (NPV). The NPV expresses

future streams of costs and revenues as a single net

amount of current dollars relative to the opportu-

nity cost of investment, as represented by the

benchmark rate of return. A negative NPV means

that a baseline candidate would have negative net

financial benefits relative to the continuation of

current activities, while a positive NPV indicates

positive net financial benefits. However, NPV can

only be used to validly compare the GHG project

and baseline candidates to each other if they are all

of identical size or capacity and will produce identi-

cal quantities of a product or service. NPV is not

used as a basis for comparison if the GHG project

and baseline candidates are of different sizes or

capacities (e.g., if the GHG project is a 100-MW

natural gas power plant and one of the baseline

candidates is a 500-MW coal plant).

•  Cost-Benefit Ratio. A cost-benefit ratio calculates

the present value of costs and revenues separately

and expresses the results as a ratio. The benchmark

rate of return is used as the discount rate to deter-

mine present value. A positive cost-benefit ratio

means that a baseline candidate would be expected

to have negative net financial benefits relative to

continuing current activities. Cost-benefit ratios

may be used to compare and rank the GHG project

and baseline candidates, regardless of their relative

sizes and capacities.

•  Unit Cost of Service. The unit cost of service indi-

cator is a levelized cost per unit of product or

service produced by the GHG project and baseline

candidates (e.g., levelized $/kWh or levelized

$/Gigajoule). The benchmark rate of return is used

to calculate expected levelized costs for the GHG

project and baseline candidates. Expected revenues

are not included in this calculation. However, use of

this type of financial indicator requires identifying a

second benchmark: a benchmark unit cost of service

to which the levelized unit costs of the GHG project

and baseline candidate may be compared. This

second benchmark, in effect, proxies for expected

revenues. Baseline candidates with a lower expected

unit cost than the benchmark will have positive net

benefits relative to the continuation of current

activities. Expected unit costs may be used to rank

baseline candidates and the GHG project against

each other. There may be several ways to specify a

benchmark unit cost of service. Standard methods

would include the use of historical or projected

market prices, or an analysis of long-run marginal

costs for the product or service produced by the

GHG project and baseline candidates.

c) Identify the Expected Costs. Identify all relevant

costs and classify them according to whether they are:

(1) upfront or ongoing, and (2) fixed or variable.

Provide further breakdown and itemization of costs as

desired to enhance the transparency and credibility of

the analysis.

d) Identify the Expected Revenues. For the GHG proj-

ect and each baseline candidate, identify all sources

of revenue (other than any revenues that may arise

from the GHG reductions themselves—e.g., tradable

credit revenues).
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e) Identify the Time Period. Identify the time period

over which costs and revenues will be evaluated. In

most cases, this period should correspond to the

expected length or lifetime of the GHG project. The

GHG project and all baseline candidates should be

evaluated over the same time period. (If a particular

baseline candidate has an expected lifetime shorter

than the identified time period, assume that it is

replaced with the same technology or practice at the

end of its lifetime, incurring costs for replacement as

appropriate, and that it operates until the end of the

identified period).

f) Estimate Costs and Revenues Numerically. For the

GHG project and each baseline candidate, provide

numerical estimates of the costs and revenues in each

identified category. Ongoing costs and revenues should

be estimated for discrete time periods (usually one

year) until the end of the time period identified in step

(e). Cost and revenue estimates should be explained.

g) Assess the Cost and Revenue Uncertainties. For the

GHG project and each baseline candidate, provide a

qualitative assessment of the uncertainty associated

with the cost and revenue estimates for each cost

category. For example, ongoing variable costs may

depend largely on the cost of fuel; the degree of uncer-

tainty associated with fuel cost projections should

therefore be characterized. Any associated uncertain-

ties should not include any risk factors identified as

barriers or reflected in the benchmark rate of return

identified in step (a).

h) Calculate a (Reasonable) Range of Expected
Financial Returns for the GHG Project and Each
Baseline Candidate. Using the financial return indi-

cator identified in step (b), calculate reasonable low

and high estimates of expected returns (or expected 

levelized unit costs if using the unit cost of service

indicator). Calculate this range by varying numerical

cost and revenue estimates according to the degree of

associated uncertainty identified in step (g). Explain

all assumptions used to generate high and low finan-

cial return/unit cost estimates.

Low and high expected financial return/unit cost

estimates should not necessarily reflect “best case”

and “worst case” outcomes, as these outcomes may

be unlikely to happen. Rather, they should reflect a

range of outcomes that are reasonably likely to

occur and indicate a reasonable range that reflects

the identified levels of uncertainty in underlying cost

and revenue drivers.

i) Examine Sensitivity to Benchmark Assumptions.
If the IRR is not being used as the financial indicator,

examine the sensitivity of the results in step (h) to

changes in the benchmark rate of return. As appropri-

ate, adjust the ranges identified in step (h) based on

the results for a reasonable range of benchmark rates

of return. Describe the overall degree of sensitivity to

these changes in the benchmark rate of return, and

explain the range of benchmark rates of return used to

adjust the results in step (h).

j) Rank the Results for the GHG Project and Baseline
Candidates. Using the results of step (h), rank the

GHG project and baseline candidates from lowest to

highest expected returns (IRR, NPV, or Cost-Benefit

Ratio), or highest to lowest expected unit cost (Unit

Cost of Service). In general, use the midpoint of each

cost range to decide the appropriate rank. Include the

continuation of current activities in the ranking. The

appropriate value for the relative net benefits of

continuing current activities will depend on the chosen

financial return indicator, as shown in Table C.2.
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T A B L E  C . 2  Relationship between financial return indicator and value for continuation of current activities

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

IRR

NPV

Cost-Benefit Ratio

Unit Cost of Service

VA L U E  F O R  C O N T I N U AT I O N  O F  C U R R E N T  A C T I V I T I E S

Benchmark Rate of Return (+/-)

$0

1

Benchmark Unit Cost of Service (+/-)

jpText_FINAL.qxd 11/22/05 3:51 PM Page 127



Examples of how to present the possible final rankings in

a matrix format are provided in Tables C.3 through C.6.

Other presentation formats may also be used. 

O P T I O N A L :  S E N S I T I V I T Y  A N A LY S I S
In cases where a clear ranking of baseline scenario

alternatives using low and high estimates is difficult, it

may be desirable to conduct a full sensitivity analysis of

financial benchmark results. A sensitivity analysis tests

the robustness of the results by varying any external

Assessing Net Benefits Using Investment Analysis
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C T A B L E  C . 3  Example of results from financial benchmark comparison: IRR

BASEL INE  SCENARIO  ALTERNAT IVES

Baseline Candidate 3

Continuation of Current Activities 

GHG project 

Baseline Candidate 2

Baseline Candidate 1

IRR

2 – 5%

9 – 11%*

10 – 12%

13 – 17%

17 – 30%

NET  BENEF ITS

Negative

Zero

Slightly Positive

Positive

Large Net Benefits

RELAT IVE  RANK ING

Lowest Benefits

Low Benefits

Low Benefits

Medium Benefits

Highest Benefits

*Identified range for benchmark rate of return

T A B L E  C . 4  Example of results from financial benchmark comparison: NPV

BASEL INE  SCENARIO  ALTERNAT IVES

Baseline Candidate 3

Continuation of Current Activities 

GHG project 

Baseline Candidate 2

Baseline Candidate 1

NPV

-$3 to -$1 million

$0*

-$1 to $4 million

$4 to $7 million

$9 to $10 million

NET  BENEF ITS

Negative

Zero

Slightly Positive

Positive

Large Net Benefits

RELAT IVE  RANK ING

Lowest Benefits

Low Benefits

Low Benefits

Medium Benefits

Highest Benefits

*NPV is defined as zero for continuing current activities for all sensitivity scenarios.

T A B L E  C . 5  Example of results from financial benchmark comparison: cost-benefit ratio

BASEL INE  SCENARIO  ALTERNAT IVES

Baseline Candidate 3

Continuation of Current Activities 

GHG project 

Baseline Candidate 2

Baseline Candidate 1

COST-BENEF IT  RAT IO

1.2 – 1.5

1*

0.8 – 1.1  

0.6 – 0.9

0.2 – 0.5

NET  BENEF ITS

Negative

Zero

Slightly Positive

Positive

Large Net Benefits

RELAT IVE  RANK ING

Lowest Benefits

Low Benefits

Low Benefits

Medium Benefits

Highest Benefits

*Cost-benefit ratio is defined as 1 for continuing current activities for all sensitivity scenarios.
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parameters or assumptions that are not in the project

developer’s control (such as input costs and output

prices), and key decision-making parameters (such 

as the discount rate). Sensitivity analyses can be

performed with most financial analysis tools with 

minimal extra effort. Realistic deviations for the

assumptions should be used to test if the ranking of

baseline scenario alternatives changes as common

assumptions change. Choose the ranking that corre-

sponds to the best set of realistic assumptions, and

explain why this set of assumptions was chosen.

NOTES
1   Investment analysis may not be required or appropriate for GHG projects

where the primary non-GHG benefits to decision-makers are not financial.

2   In other words, this option is analogous to a cost-effectiveness analysis.

3   The required rate of return essentially represents the “opportunity cost” of an

investment. In the very broadest terms, it represents the return decision-

makers could expect if they put their money into a standard set of investment

options unrelated to the GHG project or any of the baseline candidates.

4   From the CDM “Tool for the Demonstration and Assessment of Additionality,” EB

16 Report Annex 1, United Nations Framework Convention on Climate Change.

5   In some cases, examining more than one indicator will provide greater

insight into the relative ranking of baseline scenario alternatives from a

decision-maker’s perspective. For example, if two baseline candidates have

very similar IRRs, the one with the higher expected NPV (if there is one) will

generally be preferred.
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T A B L E  C . 6  Example of results from financial benchmark comparison:  unit cost of service

BASEL INE  SCENARIO  ALTERNAT IVES

Baseline Candidate 3

Continuation of Current Activities 

GHG project 

Baseline Candidate 2

Baseline Candidate 1

UNIT COST OF SERVICE (e.g., $/KWH)

$0.09 - $0.12

$0.03 - $0.05*

$0.03 - $0.04

$0.025 - $0.035

$0.02 - $0.025

NET  BENEF ITS

Negative

Zero

Slightly Positive

Positive

Large Positive

RELAT IVE  RANK ING

Lowest Benefits

Low Benefits

Low Benefits

Medium Benefits

Highest Benefits

*Identified range for benchmark unit cost of service

Lynn Betts, Natural Resources Conservation Service

jpText_FINAL.qxd 11/22/05 3:51 PM Page 129



Glossary

PA R T  I V130

A
N

N
E

X
 

D

Additionality A criterion often applied to GHG projects, stipulating that project-based GHG reductions should only be
quantified if the project activity “would not have happened anyway”—i.e., that the project activity (or
the same technologies or practices it employs) would not have been implemented in its baseline
scenario and/or that project activity emissions are lower than baseline emissions.

Allowances The basic tradable commodity within GHG emission trading systems. Allowances grant their holder the
right to emit a specific quantity of pollution once (e.g., one tonne of CO2eq). The total quantity of
allowances issued by regulators dictates the total quantity of emissions possible under the system. At
the end of each compliance period, each regulated entity must surrender sufficient allowances to cover
their GHG emissions during that period.

Barriers Any factor or consideration that would (significantly) discourage a decision to try to implement the
project activity or its baseline candidates.

Base Year A historic datum (a specific year or an average over multiple years) for tracking corporate GHG 
emissions over time. This term applies only to corporate or entity-wide GHG accounting, not to 
project-based GHG accounting.

Base Year Emissions GHG emissions in the base year. This term applies only to corporate or entity-wide GHG accounting, not
to project-based GHG accounting.

Baseline Candidates Alternative technologies or practices within a specified geographic area and temporal range that could
provide the same product or service as the project activity.

Baseline Emissions An estimate of GHG emissions, removals, or storage associated with a baseline scenario or derived
using a performance standard (see baseline procedures).

Baseline Parameter Any parameter whose value or status can be monitored in order to validate assumptions about base-
line emissions estimates or to help estimate baseline emissions.

Baseline Procedures Methods used to estimate baseline emissions. The Project Protocol presents two optional procedures:
the project-specific procedure and the performance standard procedure.

Baseline Scenario A hypothetical description of what would have most likely occurred in the absence of any considera-
tions about climate change mitigation.

Benefits The benefits that would be expected to accrue to decision-makers involved with the activities in each
baseline scenario alternative, excluding all potential benefits resulting from GHG reductions.

Carbon Dioxide Equivalent The universal unit of measurement used to indicate the global warming potential of greenhouse gases. 
(CO2eq) It is used to evaluate the impacts of releasing (or avoiding the release of) different greenhouse gases.

Carbon Stock The absolute quantity of carbon held within a GHG sink at a specified time (see GHG sink).

Common Practice The predominant technology(ies) implemented or practice(s) undertaken in a particular region or sector.

Decision-Makers Any parties who might be involved in the decision to implement a project activity or one of its baseline
candidates. In most cases, the project developer will be the sole “decision-maker” with respect to the
project activity. However, other parties could be the “decision-makers” for baseline candidates.

Direct GHG Emissions Emissions or removals from GHG sources or sinks that are owned or controlled by the project developer.

Dynamic Baseline Emissions Baseline emission estimates that change over the valid time length of the baseline scenario. Dynamic
baseline emissions are often estimated for land-use and forestry projects.

D
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Emission Factor A factor relating GHG emissions to a level of activity or a certain quantity of inputs or products or serv-
ices (e.g., tonnes of fuel consumed, or units of a product). For example, an electricity emission factor is
commonly expressed as t CO2eq/megawatt-hour. 

Fuel Switching Using an alternative fuel (usually of lower carbon intensity) to produce required energy.

Geographic Area A physical area that helps define the final list of baseline candidates. The area can be defined by a
number of factors including sociocultural, economic, or legal factors; the availability of necessary
physical infrastructure; and/or biophysical characteristics.

GHG Assessment Boundary Encompasses all primary effects and significant secondary effects associated with the GHG project.
Where the GHG project involves more than one project activity, the primary and significant secondary
effects from all project activities are included in the GHG assessment boundary.

GHG Emissions GHGs released into the atmosphere.

GHG Program A generic term for: (1) any voluntary or mandatory, government or non-government initiative, system,
or program that registers, certifies, or regulates GHG emissions; or (2) any authorities responsible for
developing or administering such initiatives, systems, or programs.

GHG Project A specific activity or set of activities intended to reduce GHG emissions, increase the storage of
carbon, or enhance GHG removals from the atmosphere. A GHG project may be a stand-alone project,
or a component of a larger non-GHG project.

GHG Protocol Initiative A multi-stakeholder partnership of businesses, nongovernmental organisations, governments, 
(GHG Protocol) academics, and others convened by the World Business Council for Sustainable Development and the

World Resources Institute to design and develop internationally accepted GHG accounting and report-
ing standards and/or protocols, and to promote their broad adoption.

GHG Reductions A decrease in GHG emissions or an increase in removal or storage of GHGs from the atmosphere, rela-
tive to baseline emissions. Primary effects will result in GHG reductions, as will some secondary
effects. A project activity’s total GHG reductions are quantified as the sum of its associated primary
effect(s) and any significant secondary effects (which may involve decreases or countervailing
increases in GHG emissions). A GHG project’s total GHG reductions are quantified as the sum of the
GHG reductions from each project activity.

GHG Sink Any process that removes GHG emissions from the atmosphere and stores them. 

GHG Source Any process that releases GHG emissions into the atmosphere.

Greenhouse Gases (GHGs) Greenhouse gases are gases that absorb and emit radiation at specific wavelengths within the spec-
trum of infrared radiation emitted by the Earth’s surface, the atmosphere, and clouds. The six main
GHGs whose emissions are human-caused are: carbon dioxide (CO2); methane (CH4); nitrous oxide
(N2O); hydrofluorocarbons (HFCs); perfluorocarbons (PFCs); and sulphur hexafluoride (SF6).

Indirect GHG Emissions Emissions or removals that are a consequence of a project activity, but occur at GHG sources or sinks
not owned or controlled by the project developer.

Legal Requirements Any mandatory laws or regulations that directly or indirectly affect GHG emissions associated with a
project activity or its baseline candidates, and that require technical, performance, or management
actions. Legal requirements may involve the use of a specific technology (e.g., gas turbines instead 
of diesel generators), meeting a certain standard of performance (e.g., fuel efficiency standards for
vehicles), or managing operations according to a certain set of criteria or practices (e.g., forest
management practices).
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Market Response The response of alternative providers or users of an input or product to a change in market supply or
demand caused by the project activity.

One-Time Effects Secondary effects related to the construction, installation, and establishment or the decommissioning
and termination of the project activity.

Performance Metric A rate that relates the level of consumption of relevant inputs to the level of production for different
baseline candidates, or that relates GHG emissions to the size or capacity of different baseline candi-
dates. Performance metrics are used in developing performance standards. 

Performance Standard A GHG emission rate used to determine baseline emissions for a particular type of project activity. A
performance standard may be used to estimate baseline emissions for any number of similar project
activities in the same geographic area.

Performance A baseline procedure that estimates baseline emissions using a GHG emission rate derived from a 
Standard Procedure numerical analysis of the GHG emission rates of all baseline candidates. A performance standard is

sometimes referred to as a multi-project baseline or benchmark, because it can be used to estimate
baseline emissions for multiple project activities of the same type.

Primary Effect The intended change caused by a project activity in GHG emissions, removals, or storage associated
with a GHG source or sink. Each project activity will generally have only one primary effect.

Production-Based A performance standard defined as a rate of GHG emissions per unit of a product or service produced 
Performance Standard by all identified baseline candidates. This type of performance standard will generally apply to energy

efficiency, energy generation, and industrial process project activities.

Project See GHG project.

Project Activity A specific action or intervention targeted at changing GHG emissions, removals, or storage. It may
include modifications or alterations to existing production, process, consumption, service, or manage-
ment systems, as well as the introduction of new systems.

Project Developer A person, company, or organisation developing a GHG project.

Project-Specific Procedure A baseline procedure that estimates baseline emissions through the identification of a baseline
scenario specific to the proposed project activity.

Relevant Input Any kind of material or energy that is: (1) required to produce the product or service common to all
baseline candidates, and (2) related to the project activity’s primary effect.

Retrofit Project Any GHG project that involves modifying existing equipment, or replacing existing equipment with new
parts, devices, or systems. 

Secondary Effect An unintended change caused by a project activity in GHG emissions, removals, or storage associated
with a GHG source or sink. Secondary effects may be “positive” (i.e., resulting in GHG reductions) 
or “negative” (i.e., resulting in GHG emissions).

Sequestration The uptake and storage of CO2, which can be sequestered by plants or in underground or 
deep-sea reservoirs.

Static Baseline Emissions Baseline emission estimates that do not change over the valid time length of the baseline scenario. 
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Stringency Level A GHG emission rate that is more restrictive than the average GHG emission rate of all baseline candi-
dates. Stringency levels may be specified as a GHG emission rate corresponding to a certain percentile
(better than the 50th percentile) or to the lowest-emitting baseline candidate. Stringency levels are
defined in the course of developing a performance standard.

Temporal Range A contiguous time period that helps define the final list of baseline candidates. The temporal range
can be defined by a number of factors, such as the dominance of a single technology for an extended
period of time, the diversity of options in a sector or region, and/or a discrete change in an area’s or a
region’s policy, technology, practice, or resource.

Time-Based A performance standard defined as a rate of GHG emissions per unit of time and unit of size or 
Performance Standard capacity of the baseline candidates. This type of performance standard will generally apply to 

project activities involving storage or removals of CO2 by biological processes, fugitive emissions
and waste emissions.

Upstream/Downstream Effects Secondary effects associated with the inputs used (upstream) or the products produced (downstream)
by a project activity.

Valid Time Length The time period over which baseline emission estimates, derived from a baseline scenario or 
for the Baseline Scenario performance standard, are considered valid for the purpose of quantifying GHG reductions. Once the

valid time length for the baseline scenario expires, either no further GHG reductions are recognized for
the project activity, or a new (revised) baseline scenario or performance standard must be identified.
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respect to quantified GHG reductions, or acceptance or

recognition of quantified GHG reductions by GHG

programs. Neither the WBCSD and WRI, nor other
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responsibility for any consequences or damages result-

ing directly or indirectly from its use and application.  
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