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 ADVANCE \y 700 
INTRODUCTION

A baseline study and a monitoring plan are part of the Project Design Document (PDD) for a Joint Implementation (JI) project. This document is designed to give specific guidelines for baseline studies and monitoring issues for the projects. The document gives specific guidance on what factors and issues to consider for four project categories:

· Fuel switch projects (including renewable energy projects)

· Combined heat and power projects

· LFG recovery projects

· Forestry projects

First a few general remarks are in order that apply to all project categories.

a) The generic guidelines (Volume 1, chapter 2) also apply to the selected project categories; they give background information that needs to be considered by project developers for all project types. For the description of the stakeholder process and the environmental impacts, see also the generic guidelines. 
b) This document also gives guidance on the kind of issues to be covered in the monitoring of the various project categories.

c) Irrespective of the project type, baseline studies always need to cover the following components:

1. description of project characteristics

2. description of the current situation

3. description and determination of GHG sources and sinks and project boundaries 

4. description and determination of key factors influencing project and baseline emissions

5. identification of the baseline scenario and estimation of the baseline emissions and sinks

6. estimation of the project emissions and sinks

7. estimation of emission reduction and sink enhancement.
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1 Baseline studies and monitoring plan for fuel switch projects

1.1 Project characteristics

This category of guidelines applies to fuel switch projects, i.e. projects where fuel combusted in an existing system is replaced by fuel with a lower carbon content (including biomass and waste) or by a (other) renewable energy source.  The application of such projects is generally limited to boilers, turbines or engines used to produce heat, electricity, or both simultaneously in a combined heat and power (CHP) system. 

The product generated can be fed into a grid, or be used in a stand-alone application for on-site activities. In projects to which these specific guidelines apply the activity level can be altered, but not the nature of the system output. If, however, projects are redesigned so that the system output itself would change as a result of the project (e.g. a switch from boiler to CHP), then the guidelines relevant for such project categories apply. Capacity or output changes should be calculated under the condition that without adjustments, the system with the new fuel and with the traditional fuel deliver the same amount and/or pattern of output. Both, if output is used in a stand-alone application, and if the output is fed into a grid, consideration has to be given to the effects on the output replaced.

As fuel switch mostly also involves changes in the fuel flow from the storage to the ignition point (i.e. via pumps, transportation belts, fuel pre-heaters, etc.), the related (changes in) energy use and GHG emissions should be identified as a part of the on-site fuel use implications. Changes in auxiliary fuel, e.g. for ignition and or flame sustainability, should be included in the assessment as well. 

If fuel switch projects are implemented on existing equipment, one should pay careful attention to the impact of the age and remaining lifetime of that equipment on the projected emission reductions. Any likely autonomous replacement on the site during the crediting period should be included in the project baseline. The same applies for investments off site related to the same grid in which the activity feeds. So, the current technology will often not provide the counterfactual for the entire project period; usually the baseline will include a shift towards more modern technologies. Therefore, an assessment of likely technologies and any barriers that prevent their introduction are also to be included in the project description. 

	Instruction 

Provide general project information. 



1.2 Current situation

Unless a fuel switch project is a greenfield project, this category of projects will typically replace an existing situation. Therefore, the project developer should give a comprehensive description of that situation, its state and adequacy, including an identification of emission sources.

	Instruction

Describe the current situation and give a flowchart with the components and their connections. 

Give information about the status, adequacy and operation modes of the existing system.




1.3 GHG sources and project boundaries
1.3.1 Flowcharts

	Instruction

Give a flowchart of the current situation

Give a flowchart of the project showing the components introduced by the project and components attached.




1.3.2 Direct and indirect emissions

The project developer needs to identify the emission sources of GHGs of the project, thereby distinguishing between direct and indirect, and on-site and off-site effects. Emissions from fuel combustion are an example of direct on-site emissions. Indirect on-site emissions relate to a shift in load or demand in other on-site applications due to the project. Direct off-site emissions are linked to the amount of replaced heat or electricity that would otherwise be delivered by off-site sources using a grid. Indirect off-site emissions result from rebound effects in off-site processes.

	Instruction 

Describe the changes in the system resulting from the implementation of project.

Describe the GHG emission sources and the on-site GHG emissions in the existing and in the new situation and the off-site GHG emissions that will be affected by the project.

List the GHG emission sources due to the project and make a distinction between:

· direct on-site emissions

· direct off-site emissions

· indirect on-site emissions

· indirect off-site emissions.




1.3.3 Project boundaries

	Instruction

Determine which emission sources and sinks are to be included within the project boundary. In general exclude:

· Sources that emit indirect emissions

· Transport and production emissions from fuels that are outside control

· Sources that emit non significant emissions

Draw the project boundaries in the flowchart excluding processes beyond control or influence of the project. 




Figure 1 depicts a possible system of a fuel switch project. In the fuel supply phase, the accounting for the emissions starts ‘at the gate’ of the project site. Emissions related to activities to produce, transport or deliver the fuel (including biomass) ‘at the gate’ are –, unless such emissions are directly controlled or influenced by the project developer (e.g. as new pipelines need to be constructed to supply fuel to the project). The reason why is a/o. that such emissions are usually small compared to the baseline emissions, mostly impossible to monitor them, and that when they are excluded from both the baseline and the project emission calculations, their impact will roughly even out. 


[image: image2]
Figure 1 Flowchart of a fuel switch project (the dashed line indicates the system boundary)

1.4 Key factors

See Volume 1, Section 2.5.

As a rule fuel price changes caused by a fuel switch project do not need to be taken into account, simply because under most circumstances they are unlikely to happen, because such projects generally are too small to affect fuel market conditions. The exception to that rule applies to cases where it is likely that under the specific project circumstances the local fuel market is affected, and where such impact can reasonably be quantified.

	Instruction

List all key  factors that will influence:

· baseline development of emissions

· the project’s activity level and GHG emissions

· risks for the project.




1.5 Additionality

See Volume 1, Section 2.6.

1.6 Identification of the most likely baseline scenario and the associated GHG emissions
See Volume 1, Section 2.7.

The calculation of the baseline emissions is structured in the table (B) described in Section 6 of the reporting form. 

For grid-connected electricity projects, the standardised carbon emission factors in Volume 1, Annex B should be used. 

1.7 Estimation of the project emissions

See Volume 1, Section 2.8.

The calculation of the project emissions is structured in the table (P) described in Section 7 of the reporting form.

The amount of GHG emissions both projected in the project design stage and in the actual project operational stage equal the activity levels multiplied by the relevant emission factor(s). A complicating factor is that typically in fuel switch projects the activity level (which depends on the output mix) and emission factor are interrelated. In other words, the output mix determines the project activity and the fuel consumption, and hence the emissions. It is therefore important not only that the activity level estimated in the process of project design is carefully motivated, but also that determining the actual project activity level (and the related emission factor) is covered well in the monitoring plan. 

1.8 Estimation of the emission reductions

See Volume 1, Section 2.9.

The estimation of the emission reductions is structured in the table described in Section 8 of the reporting form.

1.9 Monitoring

See also Volume 1, Section 3.

The monitoring should provide the necessary factors and data for determining the project performance and the emission calculations.

The following factors could be monitored:

· fuel consumption

· activity levels

· emission factor(s) of fuel consumption

· heat produced

· electricity produced

· heat replaced

· electricity replaced

· grid factors (heat and/or electricity)

· fuel prices/subsidies/taxes (all fuels).

	Instruction

· Identify and provide values for the factors to be monitored for project performance.

· Identify and provide values for factors that enable emission calculations.

· Provide the time-series and confidence levels for these values.




Reporting form for a baseline study for a fuel switch project

1 Project information

2 description of the current situation

	Describe the current situation; give information on the status and adequacy.



	Provide information on operation mode(s) in the current situation.




3 GHG sources and Project boundaries
Flowcharts

	Draw a flowchart of the current delivery system with its main components and their connections. 




	Draw a flow chart of the fuel switch project with its main components and their connections. Indicate which components will be added, removed, or refurbished by the project.



Direct an indirect emissions

	List the greenhouse gas emission sources and sinks in the project and in the current situation and give a brief description, including determination of significance of non CO2 emissions 


	Direct on-site emissions



	Direct off-site emissions



	Indirect on-site emissions



	Indirect off-site emissions.




Project boundaries
	Draw the project boundaries of the project in the flowchart excluding processes beyond control or influence of the project.




	List any general comments on flowchart and project boundaries.




4 Key factors 

	A. List all legal, economic, political, socio-demographic, environmental and technical factors that will influence:

· the baseline development

· the project’s activity level and GHG emissions

· the risks for the project

	External key-factors to be mentioned are at least:

· Legislation development

	· Sectoral reform projects

	· Economic growth, socio demographic factors, the economic situation in the electricity sector and resulting predicted power demand

	· Fuel prices and availability

	· Capital availability (investment barrier)

	· Rate of return alternative projects

	· Available local technology, skills and knowledge, availability best available technologies in the future

	· Social effects and local support

	· National expansion plan 


5 ADditionality

6 Identification of the most likely baseline scenario and the associated GHG emissions
	Describe what is most likely to happen to the key factors. Give also ranges in time for these as applicable, and provide supporting information.



	Vary the key factors identified to get more insight in the robustness and likeliness of the baseline that is finally selected.



	Carry out sensitivity analysis to substantiate the baseline selection process, given the credible ranges of the key factor parameter values. 



	Indicate clearly how the various baseline specifications identified in the sensitivity analysis above vary in terms of their greenhouse gas emission effects, both on-site and off-site (to be specified separately). 




	Determine – based on the key factor analysis – whether an investment analysis or scenario analysis will be used. 




	Give a detailed description and calculations of how the baseline scenario is determined.

Describe the baseline scenario selected 




	Indicate clearly what the on-site and off-site emissions implications of the baseline choice are (baseline carbon emission factor). Determine the baseline carbon emission factor for all years from the start of construction until the end of the crediting time

Use the expected activity level of the proposed project as a base for determining the emissions associated with the baseline case. Give activity levels for all years from the start of construction until the end of the crediting time:

· Expected annual production

· Expected range in annual production

· Provide evidence why the annual production (activity level) is expected at this level.

· Unless clearly not feasible, give a 95% confidence interval range for the activity level during the project lifetime.

Give the baseline emission figures for all years from the start of construction until the end of the crediting time.




The reporting form presented below is an example, suitable if the separate generation of heat and electricity is the baseline scenario. If another baseline scenario can be shown to be the most likely one, the emission table needs to be adjusted accordingly.

	B
	
	Unit
	Year1
	Year 2
	Year..
	Average in 2008-2012
	Level of precision (*)

	
	Heat production
	
	
	
	
	
	

	5
	On-site fuel use for heat
	TJ
	
	
	
	
	

	6
	CO2 eq. emission factor
	Kton/TJ
	
	
	
	
	

	7
	CO2 eq. emissions
	Kton
	
	
	
	
	

	8
	Heat produced
	TJ
	
	
	
	
	

	9
	Efficiency of heat production
	%
	
	
	
	
	

	10
	Heat from grid
	TJ
	
	
	
	
	

	11
	On-site total heat use
	TJ
	
	
	
	
	

	12
	Losses in grid
	TJ/TJ or %
	
	
	
	
	

	13
	Emission factor in grid
	Kton/TJ
	
	
	
	
	

	
	Electricity production
	
	
	
	
	
	

	14
	On-site fuel use for electricity
	TJ
	
	
	
	
	

	15
	CO2 eq. emission factor
	ton/TJ
	
	
	
	
	

	16
	CO12 eq. emissions
	Kton
	
	
	
	
	

	17
	Electricity produced
	MWh
	
	
	
	
	

	18
	Efficiency of electricity production
	%
	
	
	
	
	

	19
	Electricity from grid
	MWh
	
	
	
	
	

	20
	Total electricity use on site
	MWh
	
	
	
	
	

	21
	Losses in grid
	MWh/MWh or %
	
	
	
	
	

	22
	Emission factor in grid
	Kton/MWh
	
	
	
	
	

	
	District heat production
	
	
	
	
	
	

	23
	Fuel use for heat to grid
	TJ
	
	
	
	
	

	24
	CO2eq. emission factor
	Kton/TJ
	
	
	
	
	

	25
	Heat produced
	TJ
	
	
	
	
	

	26
	Efficiency of heat production
	%
	
	
	
	
	

	27
	Total heat end use in grid
	TJ
	
	
	
	
	

	28
	Losses in grid
	TJ/TJ or %
	
	
	
	
	

	29
	Emission factor of grid
	Kton/TJ
	
	
	
	
	

	
	Electricity for grid production
	
	
	
	
	
	

	30
	Fuel use for electricity to grid
	TJ
	
	
	
	
	

	31
	CO2eq. emission factor
	Kton/TJ
	
	
	
	
	

	32
	Electricity produced
	MWh
	
	
	
	
	

	33
	Efficiency of electricity production
	%
	
	
	
	
	

	34
	Total electricity end use in grid
	MWh
	
	
	
	
	

	35
	Losses in grid
	MWh/MWh or %
	
	
	
	
	

	36
	Emission factor of grid
	Kton/MWh
	
	
	
	
	

	
	Other direct on-site emissions
	
	
	
	
	
	

	37
	..
	Kton
	
	
	
	
	

	
	Other direct off-site emissions
	
	
	
	
	
	

	38
	..
	Kton
	
	
	
	
	

	
	Other indirect on-site emissions
	
	
	
	
	
	

	39
	..
	Kton
	
	
	
	
	

	
	Other indirect off-site emissions
	
	
	
	
	
	

	40
	..
	Kton
	
	
	
	
	


 (*) indicate H= High (5% deviation), M=Medium (15% deviation), or L=Low (25% deviation), or provide the standard deviation expressed in the same unit as the parameter (().

7 Estimation of project emissions 

	Estimate in a transparent manner the yearly direct on-site and off-site greenhouse gas emissions from the project within the project boundaries. Use the expected activity level as a starting point. Give emission figures for all years from the start of the construction until the end of the crediting time.



	Direct on-site emissions



	Direct off-site emissions




	Estimate the yearly indirect on-site and off-site greenhouse gas emission effects (leakage) from the project. If leakage effects outside the project boundaries are disregarded, a clear motivation why is required. Use the expected activity level as a starting point. Give figures on leakage for all years from the start of the project until the end of the crediting time.

	Indirect on-site emissions



	Indirect off-site emissions




	Estimate the yearly project emissions by adding all direct emissions and all indirect emission effects caused by the project. Give emission figures for all years from the start of construction the project until the end of the crediting time.




The following tables are meant to be as complete as possible one the one hand and merely illustrative on the other hand, giving an example of how the final table entries could look like. The project developer may use other entries, but the columns should remain as proposed.

In the reporting tables, only aggregate net caloric value (NCV) and CO2 eq. emission factors are to be reported. In the calculations detailed fuel consumption data are to be used with their specific CO2 emission factors per fuel and per technology for non-CO2 emissions. Default emission factors can be found in the IPCC 1996 Revised Emission Inventory Guidelines, and the CO2 emission factors per fuel are included in Annex  of Volume 1 of these Guidelines.  Project developers are only allowed to provide their own specific emission factors, if motivated why, and referenced and evidenced in a traceable manner. 

	P
	
	Unit
	Year1
	Year 2
	Year..
	Average in 2008-2012
	Level of precision (*)

	
	Biomass use
	
	
	
	
	
	

	1
	Biomass used
	TJ or ton or m3
	
	
	
	
	

	2
	Lower heating value of biomass
	TJ/ton or TJ/m3
	
	
	
	
	

	3
	CO2 eq. emission factor for biomass delivery to project
	kton/TJ or/m3 or/ton
	
	
	
	
	

	4
	CO2 eq. emissions
	kton
	
	
	
	
	

	
	Heat production
	
	
	
	
	
	

	5
	On-site fuel use for heat
	TJ
	
	
	
	
	

	6
	CO2 eq. emission factor
	kton/TJ
	
	
	
	
	

	7
	CO2 eq. emissions
	kton
	
	
	
	
	

	8
	Heat produced
	TJ
	
	
	
	
	

	9
	Fuel efficiency of heat production
	%
	
	
	
	
	

	10
	Heat from grid
	TJ
	
	
	
	
	

	11
	On-site total heat use
	TJ
	
	
	
	
	

	12
	Losses in grid
	TJ/TJ or %
	
	
	
	
	

	13
	Emission factor in grid
	kton/TJ
	
	
	
	
	

	
	Electricity production
	
	
	
	
	
	

	14
	On-site fuel use for electricity
	TJ
	
	
	
	
	

	15
	CO2 eq. emission factor
	kton/TJ
	
	
	
	
	

	16
	CO2 eq. emissions
	kton
	
	
	
	
	

	17
	Electricity produced
	MWh
	
	
	
	
	

	18
	Efficiency of electricity production
	%
	
	
	
	
	

	19
	Electricity from grid
	MWh
	
	
	
	
	

	20
	On-site total electricity use
	MWh
	
	
	
	
	

	21
	Losses in grid
	MWh/MWh or %
	
	
	
	
	

	22
	Emission factor in grid
	kton/MWh
	
	
	
	
	

	
	District heat production
	
	
	
	
	
	

	23
	Fuel use for heat to grid
	TJ
	
	
	
	
	

	24
	CO2eq. emission factor
	kton/TJ
	
	
	
	
	

	25
	Heat produced
	TJ
	
	
	
	
	

	26
	Efficiency of heat production
	%
	
	
	
	
	

	27
	Total heat end use in grid
	TJ
	
	
	
	
	

	28
	Losses in grid
	TJ/TJ or %
	
	
	
	
	

	29
	Emission factor of grid
	kton/TJ
	
	
	
	
	

	
	Electricity for grid production
	
	
	
	
	
	

	30
	Fuel use for electricity to grid
	TJ
	
	
	
	
	

	31
	CO2eq. emission factor
	kton/TJ
	
	
	
	
	

	32
	Electricity produced
	MWh
	
	
	
	
	

	33
	Efficiency of electricity production
	%
	
	
	
	
	

	34
	Total electricity end use in grid
	MWh
	
	
	
	
	

	35
	Losses in grid
	MWh/MWh or %
	
	
	
	
	

	36
	Emission factor of grid
	kton/MWh
	
	
	
	
	

	
	Other direct on-site emissions
	
	
	
	
	
	

	37
	..
	kton
	
	
	
	
	

	
	Other direct off-site emissions
	
	
	
	
	
	

	38
	..
	kton
	
	
	
	
	

	
	Other indirect on-site emissions
	
	
	
	
	
	

	39
	..
	kton
	
	
	
	
	

	
	Other indirect off-site emissions
	
	
	
	
	
	

	40
	..
	kton
	
	
	
	
	


 (*) indicate H=High (5%deviation), M=Medium (15% deviation), or L=Low (25% deviation), or provide the standard deviation expressed in the same unit as the parameter ((). 

8 estimation of the emission reductions 

Use the entries in the tables of the baseline emissions (table B) and those of the table of project emissions (table P) to calculate the emission reduction. In order to distinguish the different components in the emission reduction, the calculations are split up per identifiable application. This is an exemplary table. Depending on specific project characteristics, the table should be adjusted.

For the project emissions, the higher range of emissions should be used (value augmented or multiplied with the level of precision); for the baseline emissions, the lower range (value minus the level of precision) should be taken. By doing so, the resulting emission reduction will be a conservative estimate.

	
	
	Year 1
	Year 2
	Year ..
	Average in 2008-2012
	Level of precision (*)

	R1
	Supply of biomass
	
	
	
	
	

	R2
	On-site fuel use for heat
	
	
	
	
	

	R3
	Emission reduction from replaced heat from grid
	
	
	
	
	

	R4
	On-site fuel use for electricity
	
	
	
	
	

	R5
	Emission reduction from replaced electricity from grid
	
	
	
	
	

	R6
	Emission reduction from heat to grid
	
	
	
	
	

	R7
	Emission reduction from electricity to grid
	
	
	
	
	

	
	Other direct emissions
	
	
	
	
	

	
	Other indirect emissions
	
	
	
	
	

	
	Total
	
	
	
	
	


(*) indicate which one is used; only one figure per row is allowed.

2 Baseline studies and monitoring plan for Combined Heat and Power (CHP) projects

2.1 Project characteristics

Clearly, the combined generation of heat and electricity, based on low-carbon fuels, can result in a reduction of energy use and CO2 emissions.

CHP has some key characteristics that need to be taken into account in baseline studies of such projects, such as:

· CHP projects take place in different sectors and at different scales of operation involving various technologies with: different fuel inputs, power to heat ratios, and efficiencies. In other words, GHG emissions differ considerably depending on the kind of CHP project; 

· most CHP plants can be operated in different operation modes, each with different emission reduction effects;

· CHP project can alter the demand for heat.

For all these reasons, different baseline options need to be considered depending on the CHP project-specific circumstances, and addressing these various characteristics.

A project developer needs to provide details of the CHP project, including information on the exact location, objective and size. In addition the project developer should give a description of the implementation plan. Information is also requested about the national circumstances, such as: information on prevailing energy prices, government policy, fuel supply situation, and environmental legislation. This information serves as an introduction to the project. Project design documents should be provided as an Annex to the baseline study as they can give detailed information useful for the validation. It is highly recommended that, if available, project design schemes and maps on the local situation are attached to the baseline study.

The emission reduction of the CHP projects is much smaller (or can even be negative) if the generated heat is not used. Therefore, information is also required on the actors involved in the project. It is important that information is provided on relations between different actors, particularly if the actor using (part of) the heat generated is not the same as the actor who owns and/or operates the CHP plant. If available, such information should involve references to existing contracts or regulation for fuel and/or electricity delivery. Also the projected load pattern of the CHP plant should be given. 

	Instruction 

Provide general project information. 

Describe the actors involved and their contract relations.




2.2 Current situation

The project will, unless it is a greenfield project, replace an existing situation, with separate generation of heat and electricity. The project developer should give a description of the current situation with regard to both types of output, preferably supported by flowcharts showing components and connections. 

	Instruction

Provide a description of the current situation..




2.3 GHG sources and project boundaries
A flowchart of the components of the CHP project is required to provide insight in the composition of the CHP project and the interrelations with elements that can influence the size of the emission reduction from the project. Such a flowchart should be delivered in combination with an explanation of the structure.

	Instruction

Give a flowchart of the current situation

Give a flowchart of the project showing the components introduced by the project and components attached.




The project developer needs to identify the emission sources of GHGs when the project is in place. A distinction needs to be made between direct and indirect and on-site and off-site emissions.

Direct on-site emissions from a CHP project are e.g. those from fuel combustion. Indirect emissions are e.g. those related to a change in demand pattern on site due to more effective use of a (secondary) energy carrier.

Indirect off-site effects could occur due to an attributable load shift in a similar plant elsewhere.

	Instruction

List the GHG emission sources due to the project and make a distinction between:

· direct on-site emissions

· direct off-site emissions

· indirect on-site emissions

· indirect off-site emissions.




The project developer has to indicate the project boundaries in the flowchart (see dashed line in Figure 2) based on the principle of control/influence, as outlined in Vol. 1, Section 2.4. If the CHP project also involves adjustments to e.g. the heat transport and distribution system, metering, and insulation of buildings to which the heat is provided, these effects should fall within the project boundaries.

Off-site emission effects from the generation of electricity and heat that occur on the same grid as the project have to be included within the project boundary.

Emissions related to activities to produce, transport or deliver the fuel (including biomass) ‘at the gate’ are – not taken into account, unless such emissions are directly controlled or influenced by the project developer (e.g. as new pipelines need to be constructed to supply fuel to the project). The reason why is a/o. that such emissions are usually small compared to the project emission reduction, that it is mostly impossible to monitor them, and that when they are excluded from both the baseline and the project emission estimations, their impact will roughly even out. 

	Instruction

Describe the changes in the system resulting from the implementation of project.

Draw the project boundaries in the flowchart; exclude processes beyond control or influence of the project, but include the relevant beyond-control processes to generate secondary energy carriers (e.g. electricity and heat).




As an example Figure 2 shows a simple flowchart of a CHP system, starting from the fuel supply on the left side of the flowchart to the delivery of products from the CHP plant to end-use and grids on the right side of the flowchart. CHP projects may also involve adjustments to other components, such as the heat transport and distribution system, metering, or insulation of buildings to which the heat is provided. All such elements – insofar under control or influence of the project developer and other parties involved – need to be represented in the flowchart.












Figure 2 Flowchart of a CHP project (the dashed line indicates the system boundary)
2.4 Key factors 
See Volume 1, Section 2.5.

Note that for CHP projects, especially key factors influencing the operation mode need careful attention. The linkages to subsystems, such as back-up boilers, allow for various modes to operate the CHP plant. Such different modes of operation will affect the GHG emission reduction that will be realised by the CHP project (e.g. when the CHP plant operates while no heat demand exists, energy savings will be low, or even negative). Therefore, the baseline study should pay attention to how the CHP plant is integrated with other equipment and to the expected operation mode of the CHP plant. The latter also needs to be monitored during the project. 

	Instruction 

Determine and describe the project-specific and external and indirect key factors affecting the project and baseline emissions.




2.5 Additionality

See Volume 1, Section 2.6
2.6 Identification of the most likely baseline scenario and the associated GHG emissions

See Volume 1, Section 2.7.

The calculation of the baseline emissions is structured in the table (B) described in Section 6 of the reporting form. 

2.7 Estimation of the project emissions

See Volume 1, Section 2.8.

The estimation of the project emissions is structured in the table (P) described in Section 7 of the reporting form.

Estimation of project emissions for a CHP plant starts with determining the emissions of the fuel used to generate heat and electricity. These direct on-site emissions will probably make the largest contribution to the total emissions figure. 

Next, emissions from other fuel use and from replaced heat and electricity have to be accounted for. For electricity taken from the grid, project developers should use the standardised emission factors as given in Annex B to Volume 1.

	Instruction

Determine the key factor parameter values for the project.

Estimate project emissions.




2.8 Estimation of emission reduction

See Volume 1, Section 2.9.

The estimation of the emission reductions is structured in the table described in Section 8 of the reporting form.

	Instruction 

Calculate the emission reduction by subtracting project emissions from baseline emissions.




2.9 Monitoring

The project developer should specify the indicators necessary to monitor and assess the real project performance, and equally those indicators that drive the project activity.

	Instruction

Identify the factors affecting or determining the project performance.




For CHP, fuel consumption and the output of heat and electricity are probably the most obvious factors to include in the monitoring phase. But parameters of other factors, also from off-site sources, will need to be provided as well in order to be able to complete the picture of the emission reduction of the project. From the calculation table entries on both, project and baseline emissions, the project developer can determine which other factors need to be monitored. However, factors for monitoring do not have to appear in the calculation table and vice versa. 

As a minimum, the following factors should be monitored on a regular (preferably weekly) basis:

· fuel input in the CHP plant

· heat produced

· electricity produced

	Instruction

Determine the necessary factors to monitor in order to be able to estimate/calculate the direct and indirect emissions by the project.

Provide the necessary time series for these factors.




Reporting form for a baseline study for a CHP project

9 Project characteristics
10 current situation

11 GHG source and project boundaries

12 key factors 

13 Additionality

14 calculation of the baseline emissions

For the specification of 1-4 the same lists should be used as provided for fuel switch projects.

The reporting form presented below is suitable if the separate generation of heat and electricity is the baseline case. If another baseline can be shown to apply, the form can be adjusted accordingly.

	B
	
	Unit
	Year 1
	Year 2
	Year..
	Average in 2008-2012
	Level of precision (*)

	B1
	On-site electricity consumption
	MWh
	
	
	
	
	

	B2
	On-site heat consumption
	TJ
	
	
	
	
	

	
	Heat production
	
	
	
	
	
	

	B3
	Heat produced by sources on site 
	TJ
	
	
	
	
	

	B4
	CO2 eq. emission factor of heat from sources on site
	kton/TJ
	
	
	
	
	

	B5
	Heat from district heating grid
	TJ
	
	
	
	
	

	B6
	Losses in district heating grid
	TJ/TJ or %
	
	
	
	
	

	B7
	CO2 eq. emission factor of heat from district heating grid
	kton/TJ
	
	
	
	
	

	
	Electricity production
	
	
	
	
	
	

	B8
	Electricity produced by sources on site
	MWh
	
	
	
	
	

	B9
	CO2 eq. emission factor of electricity from other sources on site
	kton/ MWh
	
	
	
	
	

	B 10 
	Electricity coming from grid
	MWh
	
	
	
	
	

	B 11
	Losses in grid
	MWh/ MWh or %
	
	
	
	
	

	B 12
	CO2 eq. emission factor of electricity from grid
	kton/ MWh
	
	
	
	
	

	
	Other direct on-site emissions
	
	
	
	
	
	

	B 13
	..
	Kton
	
	
	
	
	

	
	Other direct off-site emissions
	
	
	
	
	
	

	B 14
	..
	kton
	
	
	
	
	


(*) indicate H= High, M=Medium or L=Low, or provide standard deviation expressed in same unit as emissions.
15 Estimation of the project emissions 

The following tables illustrate how the final table entries could look like. The project developer may use other entries, but the columns should remain.

Description of functional units

	Purposes for which heat is produced
	1

2

	Number of functional units produced or serviced (e.g. # of houses heated)
	

	Temperature and pressure of heat
	

	Expected annual heat demand within system boundary for all years from the start of the project (TJ)
	

	95% confidence interval range for annual heat demand within system boundary (TJ)
	

	Annual and/or diurnal pattern of heat demand
	

	Other connected heat generating equipment

· Heat provided (TJ/year)

· Efficiency (%)

· CO2 emission factor (tCO2/TJ)


	

	
	


Description of equipment

	CHP plant
	

	Brand and model type of CHP device
	

	Heat generation capacity (MW)
	

	Electricity generating capacity (MWe)
	

	Average fuel to heat efficiency (%)
	

	Average fuel to electricity efficiency (%)
	

	Heat transport and distribution
	

	Efficiency of heat distribution (%)
	

	
	


Estimation of the project emissions

	P
	
	Unit
	Year 1
	Year 2
	Year..
	Average/year in 2008-2012
	Level of precision (*)

	P1
	On-site fuel use
	TJ
	
	
	
	
	

	P2
	CO2 eq. emission factor of fuel used
	kton/TJ
	
	
	
	
	

	
	Heat production
	
	
	
	
	
	

	P3
	On-site heat consumption
	TJ
	
	
	
	
	

	P4
	Heat produced by CHP
	TJ
	
	
	
	
	

	P5
	Heat from other sources on site 
	TJ
	
	
	
	
	

	P6
	CO2 eq. emission factor of heat from other sources on site
	kton/TJ
	
	
	
	
	

	P7
	Heat from district heating grid
	TJ
	
	
	
	
	

	P8
	Losses in district heating grid
	TJ/TJ or %
	
	
	
	
	

	P9
	CO2 eq. emission factor of heat from district heating grid
	kton/TJ
	
	
	
	
	

	
	Electricity production
	
	
	
	
	
	

	P 10
	On-site electricity consumption
	MWh
	
	
	
	
	

	P 11
	Electricity produced by CHP
	MWh
	
	
	
	
	

	P 12
	Electricity from other sources on site
	MWh
	
	
	
	
	

	P 13
	CO2 eq. emission factor of electricity from other sources on site
	Kton/ MWh
	
	
	
	
	

	P 14
	Electricity coming from grid
	MWh
	
	
	
	
	

	P 15
	Losses in grid
	MWh/ MWh or %
	
	
	
	
	

	P 16
	CO2 eq. emission factor of electricity from grid
	Kton/ MWh
	
	
	
	
	

	
	Other direct on-site emissions
	
	
	
	
	
	

	P 17
	..
	kton
	
	
	
	
	

	
	Other direct off-site emissions
	
	
	
	
	
	

	P 18
	..
	kton
	
	
	
	
	

	
	Indirect on-site emissions
	
	
	
	
	
	

	P 19
	..
	kton
	
	
	
	
	

	
	Indirect off-site emissions
	
	
	
	
	
	

	P 20
	..
	kton
	
	
	
	
	


(*) indicate H= High (5%), M=Medium (15%), or L=Low (25%), or provide the standard deviation expressed in the same unit as the emissions.

16 Estimation of emission reduction 

Use the entries in the tables of the baseline emissions (table B) and those of the table of project emissions (table P) to calculate the emission reduction. In order to distinguish between the various components in the emission reduction, the calculations are split up per identifiable application. This is an exemplary table; depending on the specific project characteristics the table should be adjusted.

	
	
	Year 1
	Year 2
	Year..
	Average in 2008-2012
	Level of precision (*)

	R1
	Heat and electricity production
	
	
	
	
	

	R2
	Heat from grid
	
	
	
	
	

	R3
	Electricity from grid
	
	
	
	
	

	R4
	Replaced heat to grid
	
	
	
	
	

	R5
	Replaced electricity to grid
	
	
	
	
	

	R6
	Other direct emissions
	
	
	
	
	

	R7
	Other indirect emissions
	
	
	
	
	

	
	Total
	
	
	
	
	


(*) indicate which one is used; only one figure per row is allowed.
3 Baseline studies and monitoring plan for landfill gas (LFG) recovery projects

Recovery of landfill gas (LFG), mostly a mixture of methane (CH4) and CO2, is an effective way to reduce the emissions released by a landfill. 

For landfill projects it is almost impossible to assess what emissions would have taken place without the project. The picture below illustrates this. The many uncertainties and unknown parameters explain why determining the size of such emissions is difficult, even if a measuring system exists. Therefore, as a starting point it is accepted for LFG JI projects to use the volume of the LFG actually captured as an indication for the volume of gas(es) that would have been emitted without the project. The project is additional insofar as all the gas(es) captured will get a lower GWP due to the project (e.g. from methane into CO2) 


Figure 3 Emissions released from a landfill: an illustration
The main GHG from landfills is methane. Following the IPCC approach in their Inventory Guidelines, the methane originates from organic material that can be classified as biomass. The CO2 emissions resulting from the burning of this methane therefore do not have to be accounted for in the national GHG Emission Inventory of the host country, but have to be reported only. However, emissions from fuels used to initiate or sustain the combustion process of the LFG have to be included in the inventories.

3.1 Project characteristics
The baseline study starts with a description of general project characteristics. An estimate is made on the amount of GHG emissions from the landfill to be released during the crediting period. Several factors play a role such as the history of the landfill, surface, depth, age composition of the waste materials, the layer structure of the landfill etc. In this step of the baseline study these kind of characteristics are described. 

The amount of methane emitted from the landfill without the project and without alternative projects has to be determined site-by-site, year–by-year by using estimation formulas. A simple first model decay model
 can be used for the estimation of methane to be emitted through time.
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(A3.1)
In which 

Qx = 
total methane released in year x (m3/yr)

L0 = 
theoretic potential amount of methane generated (m3/ton). This amount is dependent on the composition of the waste and may vary from less than 100 to over 200 m3/ton.

R =
waste disposal rate (ton/yr)

t= 

time since landfill opened (yrs)

c= 

time since landfill closed (yrs)

k = 
rate of landfill gas generation (yr-1). Values may range from less than 0.005 to 0.4 per year. Higher k values are associated with greater moisture content. In case of an existing landfill, the current amount of methane emitted from the land fill can be estimated by measuring the methane flow on several locations and extrapolating these data tot the total landfill. Using these data, a more accurate estimate of k can be made. 

To be able to determine input for this model, Key Factors like economic growth, socio demographic factors, and resulting waste offered to the landfill and waste composition have to be analysed.

An upgrade of this first order decay model is preferred if available, making use of site-specific characteristics, e.g. temperature in landfill, waste composition, landfill depth etc . 

To calculate the methane emissions expressed in tonnes per yr the following formula is used.
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In which 
M = 
methane emissions (ton/yr)

0.016 =
molecular weight methane (ton/kmol)

22.4 = 
molecular volume at 0 °C (m3/kmol) (to be adapted for different temperatures)
Qx = 
total methane generated in year x (m3/yr)

The greenhouse gas emissions are calculated as follows:

GHG = 21* Mb








(A3.3)
In which 
GHG =
GHG emissions (ton CO2e/yr)

21= 
Global warming potential of methane (ton CO2e/ton methane)

M=
methane emissions in baseline situation (ton/yr) 
	Instruction

Provide general project information.




3.2 Current situation

In order to be able to assess the starting point for the situation without the implementation of the project, the project developer should give a description of the current situation at the landfill site. Flowcharts may be provided as a useful tool to illustrate the sequence of steps that are taken in the project.

	Instruction

Describe the current situation.




3.3 GHG sources and project boundaries
3.3.1 Flowcharts

A flowchart of a LFG capture project could look like Figure 4

	Instruction

Give a flowchart of the current situation.

Give a flowchart of the project with its components and their connections.




3.3.2 Direct and Indirect Emissions

The gas captured (mostly methane) can be used in different ways to recover its energy. On-site use of LFG may include: 

· flaring where the gas is burned and CO2 is emitted in stead of methane
· direct utilisation for heating purposes

· combustion (using engines, heaters, boilers) for electricity and heat production

· upgrading to natural gas quality for grid feeding.

· venting – this brings no benefit to the project and also causes odour and vegetation problems.)

Off-site options for the use of gas are:

· pipeline gas transportation to a nearby commercial or industrial application

· pipeline gas transportation to a nearby combustion unit where heat and/or electricity for grid feeding is produced.

The project developer needs to identify all sources of GHG in the current situation and when the project will be operational (for LFG recovery, sinks are unlikely to be present). Determine if the emissions are direct or indirect. Direct emissions are under direct influence and control of the project developer, indirect emissions are not.

Possible on-site emissions are: 
· Methane emissions (direct)

· Emission from landfill gas combustion (direct) – e.g. if the LFG is flared

· Emissions from fuel combustion, (direct) –e.g. emissions from the use of fuel for ignitions and/or sustaining of flare, or for ignition/sustaining engines/turbines/boilers.
· Emissions from energy use on site (direct); -e.g. emissions from Energy used for transport or processing of the LFG on site (fans, compressors, heaters and coolers)
· Emissions from rebound effects (indirect)

Off-site emissions are emissions linked to 
· Replacement of heat, electricity and gas that is distributed by a grid (direct)

· Transport of waste (indirect)

· A change in parallel activities of end use of the LFG off-site (indirect)

	Instruction

List the GHG emissions due to the project and make a distinction between:

· direct on-site emissions

· direct off-site emissions

· indirect on-site emissions 

· indirect off-site emissions




3.3.3 Project boundaries

Make a selection which emissions are include in the project boundary. In general, excluded can be:

· Indirect emissions

· Emissions from production, transport and distribution of primary fuels like oil, coal, natural gas, as they are outside control and measuring capacity of the project developer. 

· Emissions that are non-significant, this is account yearly for less than 1% of the yearly CO2eq. emissions in the baseline situation. As the baseline emissions are not known in this part of the baseline study, it is an iterative process to determine this. Rough calculations can be made at this point to determine the significance of the emissions. Expressing in CO2eq. should be carried out by using the conversion factors of their Global Warming Potentials (GWP), as defined by the IPCC and agreed by the CoP of UNFCCC (see Volume 1, Annex C.2). 
Determine the project boundary and draw those in the project flowchart. The boundary should include all emissions selected in the previous step. Equivalent boundaries should be used for both the calculations of the baseline emissions and of the project emissions. 

The project developer does not have to include emissions from the waste collection, sorting, treatment or transportation, even if the situation after the project implementation differs from the current situation. 
GHG emissions from transportation need in principle not be included within the project boundaries if for instance more organic material is collected at the waste producers, i.e. by enforced sorting of waste or by adding additional waste sources. Transport emissions can be excluded because they are considered beyond the control of the project developer, even if the project activity (amount of gas recovered) depends on it. If a project developer can provide the necessary and sufficient evidence of positive emission changes due to collection, sorting, transportation and handling of waste, these changes can be included in the claimed emission reductions.


[image: image5]
Figure 4 Flowchart of a LFG recovery project (the dashed line indicates the system boundary)
3.4 Key factors
See Volume 1, Section 2.5.

A continuation of the current way of landfill management, does not always give a correct picture of the baseline scenario. The following key factors have at least to be analysed to determine what the landfill gas emissions will be in the baseline situation:

1. legislative development. Question is what likely change or adaptation to meet the European regulation on landfill management will take place during the crediting period. This is an important key factor, as a landfill gas recovery project is not additional if it complies with any existing or foreseeable legislation. It is described whether capturing methane from landfills in any way is described by any legislation or will be described in the future. If e.g. such research shows that in 2010 legislation comes into force that makes landfill gas extraction obligatory, the baseline emissions will be equal to the project emissions from that date on. 

2. rate of return different alternative projects. What is the least cost option, considering the demand profile and the cost and availability of capital? For example, if the sales of electricity from landfill gas would make an investment extremely profitable, this could be the most credible baseline scenario. 

3. available local technology, skills and knowledge; availability BAT in the future. What is accepted practice (now and in the future) for landfill management in a specific country? 

4. social effects and local support.

	Instruction

Identify the project-specific and external key factors.

Give their evolution, explain the reasons for this evolution, and provide evidence for this.




3.5 Additionality

See Volume 1, Section 2.6
3.6 Identification of the most likely baseline scenario and the associated GHG emissions

The baseline situation for a LFG recovery project would represent the GHG emissions from the landfill if the project were not implemented, taken into account the key factors as mentioned. The GHG emission reduction would then have to be calculated by taking the difference between these baseline emissions and the GHG emissions that still remain when the project is operational. This difference equals the amount of methane actually captured minus emissions from other sources by the project.

The project developer will have to show that without the project, the amount of methane actually captured would indeed have been released into the atmosphere, or to show what percentage of the captured methane would otherwise have been released. 

3.6.1 Key factor analysis

A LFG recovery project is not additional if it complies with any existing or foreseeable – at least for the duration of the crediting time – legislation. The possible future conversion of the European directive on waste disposal (1999/31/EG) into national legislation is of major importance in this regard. As a number of host countries are likely future member states of the EU, this directive will probably come into force at a given date in time. Legislation is thus a critical key factor to be considered here; the project developer must therefore indicate whether capturing methane from landfills in any way is prescribed by any legislation or will/may be prescribed in the future. Thorough research on the likely future legislation regime needs to be carried out, preferably by a legal consultant in the host country. If, e.g. such research shows that in 2010 legislation comes into force that makes LFG extraction mandatory, the project is no longer additional from that date, and thus only generates credits until 2010.

3.6.2 Construction of the baseline scenario

The project developer must determine the most likely scenario based on the key factor analysis. 

Scenarios to be considered include:

· a scenario without recovery

· a scenario where a modified amount of LFG is extracted

· a scenario with air or O2 injection in the landfill

· a scenario with a changed/changing waste composition

· a scenario with an other on-site LFG use

· a scenario with an other off-site LFG use

· a scenario in which the project is deferred with five years

· a scenario with combinations of the above.

Finally, the energetic use of the captured methane is important insofar as it replaces the use of other fossil fuels for the same purpose. The project developer can gain extra emission reductions through such a replacement if he/she is able to clearly indicate: what fossil fuels are likely to have been replaced, how much, and why. Evidence needs to be provided on such a counterfactual situation, based on clear documentation.

3.6.3 Calculation of the baseline emissions

The GHG to be released in the baseline situation should be calculated. 

See also Volume 1, Section 2.7.

	Instruction

· Determine the most likely baseline scenario and give evidence for this selection.

· Determine and explain the factors affecting the evolution of the baseline scenario.

· Estimate the baseline emissions.




3.7 Estimation of the project emissions

The following formulae can be used for the determination of the GHG emissions of the methane emitted in the project situation:

:

Qc= E*Qx









(A3.4)

In which 

Qc = 
total methane recovered in year x (m3/yr)

Qx = 
total methane released in year x (m3/yr)

E = 
extraction efficiency (%)

Concerning the methane released in a certain year, this is not per definition the same amount as determined for the baseline situation. methane is transformed partially into CO2 when it makes its way through the landfill to the surface. Covering a landfill with a layer of topsoil creates an extra oxidation layer in which the methane is transformed to CO2, thus reducing the amount of methane actually released. On the other hand, an extraction system that operates under less than atmospheric pressure will extract more methane than the natural undisturbed release. The project developer should examine such effects, and provide evidence about what the likely amount of released methane would be with the project.

Qp= Qx- Qc









(A3.5)

Qp = 
total methane emitted in project situation in year x (m3/yr)

Qx = 
total methane released in year x (m3/yr)

Qc = 
total methane recovered in year x (m3/yr)

To calculate the methane emissions expressed in ton per yr the following formula is used.
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In which 

Mp = 
methane emissions in project situation(ton/yr)

0.016 =
molecular weight methane (ton/kmol)

22.4 = 
molecular volume at 0 °C (m3/kmol) (to be adapted for different temperatures)

Qp = 
total methane emitted in year x (m3/yr)

The greenhouse gas emissions are calculated as follows:

GHG = 21* Mp









(A3.7)

In which 

GHG =
GHG emissions of methane (ton CO2e/yr)

21= 
GWP of methane (ton CO2e/ton methane)

Mb=
methane emissions in project situation (ton/yr)

What the total project emissions expressed in ton CO2e/yr will be, is dependent on the use of the recovered methane. If the methane is combusted (e.g. flared), the methane is reacting to form CO2. However, methane originates from the organic material that can be classified as biomass. The CO2 emissions resulting from the flaring of this methane therefore do not have to be accounted for. In the case of methane combustion, the project emissions are therefore the amount of GHG that are not recovered by the project. 

If the methane is used for the production of electricity, additional emission reductions will be the result, mostly off-site. It is possible that the project will displace the power from other existing power plants, or that the project will make an investment in a new power plant unnecessary. Dependent on the situation, an accepted baseline methodology for electricity projects should be chosen to determine the additional emission reductions by the production of electricity using methane. 

If the project e.g. delivers to the electricity grid, the emission reduction thereof can be calculated by multiplying the amount (GWh/yr) with the standardised carbon emission factor (Vol. 1, Annex B) for smaller projects. Large-scale projects that have a significant share in a grid, should use the marginal production unit as comparison unit (e.g. IGCC for electricity) and calculation base.

If a power from a specific unit is displaced, the specific emission factor per unit of replaced output can be used, or the total amount of fuel used and the total amount of output for the same service or grid. 

For determining the size of the leakage effect only losses after the location of the compressor/fan with gas flow meter have to be taken into account, because the system operates under sub-pressure. An average value of 0.00197 kg CH4/m3 LFG can be used as default value (estimated starting from IPCC default values).

3.8 Estimation of the emission reduction

The emission reduction is calculated by distraction the project emissions from the baseline emissions.  
	Instruction

Calculate the emission reduction.




3.9 Monitoring

The amount of extracted and recovered gas has to be measured, considering already existing or planned systems for LFG recovery or reduction (e.g. topsoil layer).

The project developer has to define which factors need to be monitored in order to be able to calculate and verify the emissions and emission reductions. 

In general, the following items have to be monitored:

· LFG extracted

· Percentage of methane in extracted LFG

· amount of combusted LFG

· amount of flared LFG

· amount of vented LFG

· amount of other fuel used

· emission factors from other fuel used (or default) 
· heat produced

· electricity produced

· heat replaced

· electricity replaced

· natural gas replaced

· grid factors (heat/electricity) (or default).

	Instruction

· Identify the factors to be monitored, both for project performance and for emission calculation.

· Provide the necessary time series and a confidence level for these values.




The following items also have to be reported annually for the verification of the baseline estimation:

· the landfill size

· the amount of waste added

· the composition of waste added

· the content factors of waste added (when used in a multi-phase model).

Reporting form for a baseline study for a landfill gas project

17 Project characteristics
18 GHG sources and Project boundaries
19 current situation 

20 key factors 

For the specification of 1-4 the reader should use same lists as provided for fuel switch projects. For the key factor analysis, special attention should be paid to the future legislation development, especially in context with EU accession.
21 Additionality

22 Identification of the most likely baseline scenario and the associated GHG emissions

23 eSTIMATION OF THE PROJECT EMISSIONS
For the estimation of the baseline emissions as well as the estimation of the project emissions the following table could be used as a checklist. For the emissions (e.g. fuel use for LFG handling and flaring), the higher end of the emission range should be used (value augmented or multiplied with the level of precision), for the estimates of LFG capture, the lower end of the emission range (value minus the level of precision) should be taken. By doing so, the resulting emission reduction will be a conservative estimate. The unit is kton CO2 eq.

	P
	
	Unit
	Year1
	Year 2
	Year..
	Average in 2008-2012
	Level of precision (*)

	
	Theoretic amount of methane generated
	
	
	
	
	
	

	
	Waste disposal rate
	
	
	
	
	
	

	
	Rate of landfill gas generation
	
	
	
	
	
	

	
	On-site methane released
	
	
	
	
	
	

	
	LFG recovery
	
	
	
	
	
	

	P1
	On-site LFG recovery
	m3
	
	
	
	
	

	P2
	CH4 content
	%vol.
	
	
	
	
	

	P3
	CH4 emissions
	kton
	
	
	
	
	

	
	On-site fuel use for LFG handling
	
	
	
	
	
	

	P4
	Fuel used for transportation and handling (drying/compressing/…) of LFG
	TJ
	
	
	
	
	

	P5
	CO2 eq. emission factor
	kton/TJ
	
	
	
	
	

	P6
	Electricity used for transportation and handling (drying/compressing/…) of LFG
	MWh
	
	
	
	
	

	
	Flaring
	
	
	
	
	
	

	P7
	LFG flared
	m3
	
	
	
	
	

	P8
	CH4 content
	%vol
	
	
	
	
	

	
	
	
	
	
	
	
	

	P9
	On-site other fuel use as co-firing or back-up, auxiliary fuel
	TJ
	
	
	
	
	

	P10
	CO2 eq. emission factor of other fuel use as co-firing or back-up, auxiliary fuel
	kton/TJ
	
	
	
	
	

	P11
	Heat produced on site
	TJ
	
	
	
	
	

	P12
	Electricity produced on site
	MWh
	
	
	
	
	

	P13
	Heat from other on-site sources
	TJ
	
	
	
	
	

	P14
	Electricity from other on-site sources
	MWh
	
	
	
	
	

	P15
	Heat taken from a district heating grid
	TJ
	
	
	
	
	

	P16
	Losses in that district heating grid
	TJ/TJ or %
	
	
	
	
	

	P17
	Emission factor of heat coming from that district heating grid
	kton/ TJ
	
	
	
	
	

	P18
	Electricity from the grid
	MWh
	
	
	
	
	

	P19
	Losses in that electricity grid
	MWh/MWh or %
	
	
	
	
	

	P20
	Emission factor of electricity coming from that grid
	kton/ MWh
	
	
	
	
	

	
	Gas sent to commercial/industrial customer
	
	
	
	
	
	

	P21
	LFG sent to commercial/industrial customer
	TJ
	
	
	
	
	

	P22
	Other fuel used 
	TJ
	
	
	
	
	

	P23
	CO2 eq. emission factor of other fuel used
	kton/ TJ
	
	
	
	
	

	P24
	Heat produced with LFG
	TJ
	
	
	
	
	

	P25
	Total heat production (LFG + other fuel)
	TJ
	
	
	
	
	

	P26
	Heat taken from a district heating grid
	TJ
	
	
	
	
	

	P27
	Emission factor of heat from that district heating grid
	kton/ TJ
	
	
	
	
	

	P28
	Electricity produced with LFG
	MWh
	
	
	
	
	

	P29
	Total electricity production (LFG + other fuel)
	MWh
	
	
	
	
	

	P30
	Electricity from grid
	MWh
	
	
	
	
	

	P31
	Emission factor from that electricity grid
	kton/ MWh
	
	
	
	
	

	
	District heating 
	
	
	
	
	
	

	P32
	LFG sent to district heating plant
	TJ
	
	
	
	
	

	P33
	Other fuel used by heating plant
	TJ
	
	
	
	
	

	P34
	CO2 eq. emission factor of other fuel used
	kton/ TJ
	
	
	
	
	

	P35
	Heat produced with LFG
	TJ
	
	
	
	
	

	P36
	Total heat consumption in district heating grid
	TJ
	
	
	
	
	

	P37
	Losses in district heating grid
	TJ/TJ or %
	
	
	
	
	

	P38
	Emission factor heat in district heating grid
	kton/ TJ
	
	
	
	
	

	
	Electricity production
	
	
	
	
	
	

	P39
	LFG sent to electricity plant
	TJ
	
	
	
	
	

	P40
	Other fuel use in electricity plant
	TJ
	
	
	
	
	

	P41
	CO2 eq. emission factor of other fuel used
	kton/ TJ
	
	
	
	
	

	P42
	Electricity production with LFG
	MWh
	
	
	
	
	

	P43
	Total electricity consumption in that electricity grid (national)
	MWh
	
	
	
	
	

	P44
	Losses in electricity grid
	MWh/MWh or %
	
	
	
	
	

	P45
	Emission factor in electricity grid
	kton/ MWh
	
	
	
	
	

	
	Gas for purification
	
	
	
	
	
	

	P46
	LFG for purification
	TJ
	
	
	
	
	

	P47
	LFG sent to grid
	TJ
	
	
	
	
	

	P48
	Additional fuel use for purification
	TJ
	
	
	
	
	

	P49
	CO2 eq. emission factor of additional fuel used
	kton/ TJ
	
	
	
	
	

	P50
	Losses in gas grid
	TJ/TJ or %
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Other direct on-site emissions
	
	
	
	
	
	

	P51
	..
	kton
	
	
	
	
	

	
	Other indirect on-site emissions
	
	
	
	
	
	

	P52
	..
	kton
	
	
	
	
	

	
	Other direct off-site emissions
	
	
	
	
	
	

	P53
	..
	kton
	
	
	
	
	

	
	Other indirect off-site emissions
	
	
	
	
	
	

	P54
	..
	kton
	
	
	
	
	


(*) indicate H= high, M=medium or L=low, or provide standard deviation expressed in same unit as parameter.

24 estimation of emission reduction

Distract the yearly project emissions from the baseline emissions. Sum the  emission reduction over the crediting period selected 
4 Baseline studies and monitoring plan for forestry projects
4.1 Project characteristics 

A project developer must provide details of the project including information on the exact location, objective, size and overall planning. Information is also required on the actors that are involved in the project. It is important that information is provided on relations between different actors if the actor that is implementing the project is not the same as the investor.

	Instruction

Provide general project information.




4.2 Current land use situation

The current land use is usually the starting point for a baseline and it can also be a reference point for monitoring activities. Therefore, information on the current land use situation, its status and adequacy in meeting various functions and its carbon pools is required.

	Instruction

Report on the current land use situation for the area. Indicate what the status and adequacy are in meeting the various function. Describe the carbon pools consistent with the description of the compartments under Section 1.2.




4.3 GHG sequestration and emissions and project boundaries
The project developer needs to list and briefly describe all GHG sinks and emissions due to the project until the end of the lifetime of the project. This involves all sinks and sources under normal operation of the projection. Unwanted partial or complete loss of carbon should be part of a risk assessment (see Section 1.5)

Sink enhancement

The primary direct on-site effect of a forestry project is the sequestration of carbon in carbon pools. The sequestration flux varies over time and depends on e.g. area, site factors, planted tree species and forest management systems (a/o. involving thinning and logging). Direct effects may also relate to methane, nitrous oxide and CO2 fluxes caused by changes in the soil environment.

Forestry projects are thus far monitored by measuring stocks. Sequestration fluxes can be derived from stock changes. Therefore, a listing of compartments or pools is required. 

The description of the sink enhancements needs to be combined with information on the various carbon pools (above an below ground, wood and other vegetation), which need to be stratified over time of implementation, tree species, site conditions and management. This will give rise to a variety of more or less homogeneous spatial and temporal units resulting from the project. These units (compartments) must be described and evaluated separately. The areas of the compartments need to be reported. Project boundaries of the compartments are partly geographical in nature. They must be shown on a map.

	Instruction

Stratify the project in various compartments, indicating the year in which implementation will be started and finished, site factors, physiography, original vegetation, planted tree species, forest management systems, forestry activities. Give information on the size of the various compartments; this needs to result in a set of tables that break the project down in all relevant compartments.




Pending further official decision-making on how to deal with forest products with regard to the carbon budget of a forestry project, for the present Dutch programs one should assume that all carbon extractions from the forest should be regarded as pulse CO2 emissions. The same holds for biomass extracted due to forest management such as thinning.

	Instruction

Indicate if wood products or other biomass are planned to be extracted from the forest, at which quantities and when.




GHG emissions due to the project

Various forms of indirect emission effects can be distinguished:

· Project operations cause emissions (e.g., fuel consumption). To establish the forest, various activities (e.g. land preparation, nursery, planting) need to take place, which may have GHG emission effects. Furthermore, to manage the forest and to stimulate its growth (e.g. by applying fertiliser), certain activities may be required. The related emissions are considered as indirect on-site emissions and need to be included. 

· All activities related to the project that will lead to GHG emission need to be listed and described as well.

· Direct off-site emissions. Emissions are displaced to areas outside the project area (e.g., emitting land use systems are displaced to areas outside the project area where previously no or less emission occurred).

· Indirect off-site emissions. The project causes a shift in other activities that enhance emissions (e.g. activities in other economic sectors).

Other gases such as methane and nitrous oxides may represent a significant part of the GHG balance of a forest ecosystem. Information on other GHGs therefore needs to be provided. All GHGs should be included, weighted by their GWP and the emissions/emissions reductions should be reported as CO2 eq. (a gas-by-gas representation may be included).

	Instruction

List and describe the various indirect GHG emission effects due to the project and make a distinction between the various sources and activities (e.g. land preparation, nursery, planting, thinning, logging).

Evaluate and include impact of non-CO2 GHGs as applicable.




4.4 Key factors 

The baseline scenario can be influenced e.g. by changing timber prices, changing prices of produce (relevant in case of reforestation of set-aside farmland), land use (e.g. forestry sector targets) and land tenure policy, socio-economic situation and development in a country, emission legislation, etc. In addition, factors such as climate anomalies and (problems in the) supply of plant material may affect the development of the forestry project.

The project developer should identify the relevant factors, describe them and give evidence what is expected. Preferably, reference is made to existing documents, e.g. in the form of national policy documents, plans of forestry and agricultural organizations, etc.
	Instruction

List all legal, economic, political, socio-demographical, environmental and technical factors that will affect:

· the baseline development for the area considered 

· the ‘performance’ of the forest and its GHG sequestration/emissions

· project risks.

Describe what is most likely to happen to these external key factors, indicate their likely range, and provide evidence for this.




Risk assessment is highly relevant in case of forestry projects:

· the lifetime of forestry projects is relatively long

· incidents can take place that lead to loss of (part of) the forest, and that can take away part or all of the carbon sequestration achieved in preceding years. 

Project risks involve potential negative impacts that may affect the delivery of ERUs during the project’s lifetime and that cannot be fully controlled. Risks can be qualitative as well as quantitative in nature. Main categories are:

· political and legal risks (conflicts, termination of MoU)

· project performance (technical matters, economic circumstances)

· natural risks (fires, landslides, etc.).

For forestry projects it is recommended that risk factors are identified, listed and evaluated. Measures to reduce risks should be reported. Probabilities should preferably be attached to the various risks.

	Instruction

Assess all risks for the forestry project. 

Attach probabilities to the various risks. 

Report what measures will be taken to reduce risks.




4.5 Additionality

See Volume 1, section 2.6
4.6 Identification of most likely baseline scenario and the associated GHG sinks
It is the project developers’ task to list and briefly describe several likely baseline scenarios, including:

· continuation of the current land use practices 

· no activities at all

· the project itself

· deferral of the project with four or more years

· other likely options.

Due to the long lifetime of forestry projects and the fact that land generally has various functions at the same time, the choice of possible baseline options is wider than for other projects. For many forestry projects it is considered likely that the baseline land use option will change once or more times during the project’s lifetime. Therefore, such scenarios with changes in land use should also be considered.

For each baseline option it is required that the different functions of the land area are described.

To support the baseline assessment, simulation-based or comparison-based techniques (or combinations) may be used, such as:

· sequential retrospective air photo or satellite image analysis, to demonstrate a historical trend in land use

· recent and previous national or regional inventory studies on land use, to demonstrate a historical trend in land use

· models (statistical, deterministic, behavioural, socio-economic, financial, etc.) to project relevant features over the lifetime of the project

· expert opinion

· anecdotal evidence

· comparison with an existing real-world project.

It is noted that for forestry projects multi-project baselines are considered not applicable as every forestry project is unique in site and/or circumstances.

	Instruction

List the likely baseline options for the land area, as a minimum including:

· continuation of the current situation

· no activities at all

· the project itself

· deferral of the project with ten or more years

· other likely scenarios.




From the listed baseline scenarios one should be selected as the most likely one. Selection of the baseline starts with an elimination process. Unlikely baseline options must be eliminated. The arguments for such choices need to be provided. An example can be that the current land use practice is not likely to continue due to the unfavourable market situation for agricultural products. 

The project developer needs to assess which one of the listed scenarios is most likely to occur. The selection of the most likely scenario needs to be supported by evidence on the key external factors that influence the project.

If still no clear choice can be made from the remaining baseline options one should select from the equally likely baseline scenarios the one with the highest sequestration flux, in order to have the most conservative estimate for the sink enhancement due to the project. 
	Instruction

Eliminate baseline options that are considered not feasible for some apparent reason.

Vary the key factors identified in Section 1.5 to get more insight in the likeliness of the baseline scenarios.

Select the baseline alternative that is most likely under a range of key factor developments and provide evidence for this choice.




The estimation of the sequestration and emissions in the selected baseline should follow the same approach as the estimation of the project’s sequestration and emissions.

In case of reforestation of farmland, growth and yield of various crops may give rise to complex spatial and temporal pattern. In these cases providing data on the yearly average for the project area should be sufficient, provided that such values are significantly below what is expected as the stock to be accumulated in the forest.

In case of forest as a baseline, similar methods as for the assessment of the additionality apply.

	Instruction

Estimate the development of the carbon pools in the compartments in the baseline over the entire, or at least the relevant part of the, project’s lifetime.

Calculate the annual net fluxes of carbon in the baseline for the duration of the project. 




4.7 Estimation of the project’s sequestration and emissions

An estimation of the carbon stocks and fluxes in the baseline must be conducted. Land use systems vary widely, so that strict rules for quantification cannot be provided. It is, however, recommended to be as accurate as possible about the area covered by the project, e.g. utilising a GIS (geographic information system), and the yearly dynamics of biomass on this area. All above- and below-ground pools must be calculated. However, only carbon uptake in the soil does not count.

A number of calculation methods for carbon accumulation in forests exist. Most common are stock change approaches based on yield tables and allocation constants. Models which are most widely accepted as state-of-the-art should be used, although in a conservative manner. The latter implies that in case of uncertain parameters, values should be used that lead to a relatively small carbon uptake. Model should be designed to assess carbon offsets and be based on input of, a/o., forest management system, organic matter characteristics, yield tables and thinning regime. 

It should be noted that carbon pools not addressed in such models (e.g. ground vegetation) must also be estimated. The pools estimated have to be symmetric with the baseline. All expected changes in trends (e.g. due to thinning) must be reported.

Conservative carbon uptake figures should be used.

	Instruction

Estimate the development of the carbon pools in the compartments over the entire project’s lifetime.

Calculate the annual net fluxes of above ground carbon for all years of the project.




Non-CO2 GHG emissions from the forest need to be estimated. Also, indirect GHG emission effects due to the forestry project can be significant and therefore need to be estimated.

	Instruction

Estimate for all years of the project the non-CO2 GHG emissions from the forest.

Estimate for all years of the project the size of on-site and off-site indirect GHG emission effects.




Indirect emissions in the baseline (e.g. due to agricultural use of the land) are not to be included in the calculations.

4.8 Estimation of net sink enhancement

The project lifetime is defined by the period during which the investor is committed to the project. This commitment relates to the implementation as well as to the management and operation of the project. For forestry projects the project lifetime should be long, as the sink enhancement needs to be sustained over time. The project lifetime is set at 99 years. This implies that the carbon sink must be maintained for at least 99 years. A period of 99 years complies with the requirement of long-term benefits of the project, as well as what is legally feasible when concluding contracts with counterparts in the host country.

There are a number of reasons to provide conservative estimates for the net sink enhancement by the project.

· Forestry-based sinks are prone to risks with a large impact on the carbon stock in the system

· Calculations of forests growth and carbon distribution in land use forest systems may provide a wide range of results

· Future soil carbon dynamics are still difficult to quantify

· The baseline scenario may pertain to large carbon sequestration fluxes in the long term, which may depreciate the long term performance of sink enhancement projects.

In addition to the conservative approach, the accounting of the carbon offset must be transparent. Transparency and conservative estimates for carbon storage in the baseline and the project and the deduced net offset can be obtained using the following strategy:

· for the baseline and project cases similar methods must be adopted

· exclude borrowing from future storage at the beginning of the project

· future losses must be compensated by preceding gains

· short-term fluctuations must be averaged out taking the above into account.

This set of rules is clarified in Figure 5.
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Figure 5 Illustrative procedure for carbon accounting
The project forest in this example undergoes a series of thinnings. The carbon loss due to thinning must be compensated by a preceding gain, i.e. G compensates L. This way an ‘averaged’ carbon accumulation curve is constructed. The baseline is, for instance, a forest naturally regenerating on abandoned farmland (in case of managed forest with a thinning regime this must be included in the projections). From the difference between the averaged project forest and the baseline the net offset can be deduced. However, as here too a future loss must be compensated for, an averaged net offset is constructed. This gives rise to the plateau-like offset curve. The crediting time ends once the plateau has been reached. This example demonstrates that future sequestration in the baseline and fluctuation in storage in the forest can be addressed while the projection of the net carbon offset is relatively straightforward.

The project developer should correct the net carbon sequestration in the early years for net losses that may occur due to thinning and/or due to possible higher uptake of carbon in the baseline occurring later in the project.

As regards soil carbon, it is assumed that net gains or losses are difficult to estimate for both projects and baselines. To preclude large uncertainties, it is a rule that potential gains are not included in the calculations. However, potential losses must be accounted for and subtracted from the net sequestration results. In all cases clear evidence is required.

To calculate the net effect of sequestration the indirect emissions from the project need to be taken into account.

	Instruction

Provide conservative estimates for the net sink enhancement by the project.

Correct the net carbon sequestration in the early years for net losses that may occur due to thinning and/or due to possible higher uptake of carbon in the baseline occurring later in the project.

Take the indirect GHG emissions into account.




4.9 Monitoring

Monitoring pertains to the quantitative assessment of features that affect the performance of the project during its lifetime. These features can be classified as follows:

· direct on-site emissions or sinks

· indirect on-site emissions or sinks

· direct off-site emissions or sinks

· indirect off-site emissions or sinks

For indirect emissions or sinks the monitoring area may be larger than the project area. The boundaries within which these emissions will be monitored must be described and justified.

In addition to the pre-defined baseline scenario, in particular cases the baseline can be monitored. This may be done through the establishment of permanent sample plots in adjacent areas where a reference situation is assumed to persist during the project lifetime. It should be noted that in forestry projects reference conditions in adjacent lands may become counterfactual, due to changes in environmental conditions and activities.

Alternatively, indirect and off-site emissions can be monitored based on key indicators. For example, if timber products from the project boost the activities in a market sector, the related enhanced emission may be calculated as a function of the output of that product.

Reporting form for a baseline study for a forestry project

25 Project characteristics
Project characteristics

Supplier’s name and address

Company name

Address

Zip code + city address

Postal address

Zip code + city postal address

Country

Contact person

Job title

Telephone number

Fax number

Email address

Date of registration

The same for local contacts and other parties involved.

Project Abstract

· Project Title 

· Abstract 

· Project starting date

· Construction starting date

· Construction finishing date

Background and justification
Describe the background of your project, the history and the problems that this project has to solve. Describe core business of the project partners and the relation between them, how long contacts have been going on and what activities have been carried out so far. Describe related financial commitments.

Intervention

· Describe the GOALS of the project: these refer to the long term strategic objectives to which this project has to contribute. 

· Describe the PURPOSE of the project: what is the one reason you are carrying out the project for? What effect must have been realised by the end of the project? Ideally, a project has one purpose only;

· Describe the RESULTS of the project: what are the concrete outputs produced by the project for it to achieve the purpose?

· Describe ACTIVITIES of the project: which activities are you going to carry out in order to realise the results. Typical aspects to be addressed include: tree species, forestry systems, forestry activities (nursery, land preparation, methods for planting and maintenance), technical assistance, duration of the implementation phase.

26 Current land use situation

	Report on the current and recent land use situation for the area. Indicate what the status and adequacy are in meeting the various functions.




	Describe the carbon pools in a consistent manner as the description of the compartments in Section 2.




	List the GHG sources and sinks in this situation




27 GHG sources and Project boundaries
	Provide a map of the existing situation




	Indicate which components will be added, removed or changed by the project:
	


	A map of the forestry project:
	


	Stratify the project in various compartments, indicating the year in which implementation will be started and finished, site factors, physiography, original vegetation, planted tree species, forest management systems, forestry activities. Give the area of each pool. This needs to result in a set of tables that break the project down in all relevant compartments


	List the GHG emission sources and sinks due to the project and give a brief description 



	Direct on-site emissions

	Direct off-site emissions

	Indirect on-site emissions

	Indirect off-site emissions


	General comments on the maps and project boundaries:




28 Key factors

	A. List all legal, economic, political, socio-demographic, environmental and technical factors that will influence:

· Baseline development of the area considered

· The project’s activity level and GHG emissions

	Legal

	Economic

	Political

	Socio-demographic

	Environmental

	Technical

	B. Describe what is most likely to happen to these external key factors, give also a likely range and provide evidence for this.




	Assess all risks for the forestry project.



	Attach probabilities to the various risks.



	Report what  measures will be taken to reduce risks.




29 Additionality

30 Identification of most likely baseline scenario and the associated GHG sinks
	Identify and quantify the different baseline scenarios for the different area units of the project.

	Option 1: Continuation of current land use practices



	Option 2: No activities at all



	Option 3.: The project itself



	Option 4: Deferral of the project with 10 or more years



	Other likely baseline scenarios



	Describe the methodology employed to assess the baseline, including information sources, (computer) models, etc. If models have been used, describe the key parameters:



	Describe and explain which key factors make these scenarios likely or unlikely



	Select the most likely baseline and provide evidence for this choice, taking into account the driving key factors for this scenario.




	For each unit and on a yearly basis, quantify the carbon stocks (tC/ha) and stock changes (tC/ha/yr) in the considered carbon pools (e.g. trees, other vegetation, necromass, soil, forest products) over the entire project’s lifetime.



	Provide a graphical display of the trends in time of these pools.



	In case a (deterministic) model has been used, provide a list of parameter values.



	Calculate the annual net fluxes of above ground carbon for all years of the project



	If applicable, perform a similar exercise for other GHGs.



	Calculate in a transparent manner the indirect GHG emissions from the project within the project boundaries. Give emission figures for all years from the start of the project until the end of the project’s lifetime.




31 Estimation of the project’s sinks and emissions

Perform a similar exercise as for the baseline, but now for the project case.

	For each unit and on a yearly basis, quantify the carbon stocks (tC/ha) and stock changes (tC/ha/yr) in the considered carbon pools (e.g. trees, other vegetation, necromass, soil, forest products) over the entire project’s lifetime.



	Provide a graphical display of the trends in time of these pools.



	In case a (deterministic) model has been used, provide a list of parameter values.



	Calculate the annual net fluxes of above ground carbon for all years of the project



	If applicable, perform a similar exercise for other GHGs.



	Calculate in a transparent manner the indirect GHG emissions from the project within the project boundaries. Give emission figures for all years from the start of the project until the end of the project’s lifetime.




32 Estimation of net sink enhancement

	Per unit and on a yearly basis, calculate the difference between the project and the baseline case. Provide conservative estimates for the net sink enhancement by the project. Correct the net carbon sequestration in the early years for net losses that may occur due to thinning and/or due to possible higher uptake of carbon in the baseline occurring later in the project. Take the indirect GHG emissions into account.



	Provide a list of key assumptions and key parameters used in the calculation of the net sink enhancement and provide evidence.



	Provide a graphical display of the results.
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� Revised 1996 IPCC Guidelines for National Greenhouse Gas inventories: Reference Manual, Chapter 6, Waste


� Revised 1996 IPCC Guidelines for National Greenhouse Gas inventories. 


� Revised 1996 IPCC Guidelines for National Greenhouse Gas inventories. 
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