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| SECTION A. Identification of methodology

| A.1l. Proposed methodology title:

>>
Energy Efficiency improvements in district heating production and distribution

>>

Energy

Energy Efficiency in Heat Production

Heat and Hot Tap Water Supply to buildings

>>

The proposed new base line methodology is a genera method, applicable for development of the base line
scenario and calculation of the CO, emission in the base line scenario in Situations where the project
activity involves energy efficiency improvements in district heating production and distribution.

The proposed new methodology is applicable in project activities in which:

The project activity involves substitution of heat (and hot tap water (HTW)) produced by small
individua boilers, stoves, and block heat systems by a more efficient method of supply (district
heating possibly aso involving co-generation);

The project activity involves efficiency improvementsin heat production and heet distribution in
existing digtrict heating systems (improved heat production efficiency and / or reduction of losses
from the digtribution system);

The project activity involves energy efficiency improvemerntsin heat production and hest
digtribution in introduction of district heating systems to new buildings.

The proposed new base line methodology is applicable for project activities whichincude:

- 1) heat produced by heat only boilers (HOBS) fired by coa or natural gas, and

- 2) utilisation of surplus heat from existing thermal power plants or industrial power production (co-
generation), fired by coa or natural gas.

Accordingly, the proposed new methodology is not applicable for project activitiesinvolving e.g. additiona
power production capacity (e.g. green-filed co-generation plants) or heat production based on bio-mass,
solid waste incineration or other fuels.

The proposed new base line methodology is applicable for project activities in which the heat
consumption (heating and HTW) isidentical in the base line scenario and in the project scenario, i.e. the
proposed new base line methodology is not applicable in project activities in which the energy savings
(emission reductions) are only related to improved building insulation, reduced energy consumption in
buildings (e.g. ingalation of automatic controls, €tc.).
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>>

The main strength of the proposed new methodology isthat it is areatively smple way to calculate the
CO, emission in the project and base line scenarios. It is also considered a main strength that the
methodology is transparent and does not require speciaist knowledge on e.g. boiler technology and hesting
technology to be applied. The data required for the estimates are relatively easy to retrieve and be
confirmed through other sources, through historical data, etc.

The methodology is based on calculating the emission reductions and caculating the specific emission
reduction (the emission reduction per unit of heat supplied).

The main weakness in the proposed new methodology (base line scenario) is that it includes project
specific assumptions, e.g. assumptions on replacement of existing, individua boilers by new (individua)
bailers with improved efficiency or assumptions on introduction of aternative heat supply technologies
(e.g. natural gas fired boilers or surplus heat).

Justification of the base line scenario (andysing and choosing the most likely base line scenario is not a
straightforward task). The weight of various arguments and the subsequent selection of the most likdy
base line scenario vary for each individual case and can thus give cause for disputes.

SECTION B. Overall summary description:

>>
Main principles:

The principle in the methodology is to calculate how much fuel is needed for heating and hot tap water
supply in the base line and the project scenarios and subsequently the emissions and emission
reductions.

The emission reductions are obtained by a decrease in fuel consumption (in the project scenario lessfudl is
used compared to the base line scenario caused by a more efficient manner to produce and distribute the
heat) for heating of the same floor area. The heated floor area (and HTW consumption) is identical in the
baseline scenario and the project scenario (year by year).

The specific emission reduction factors (an individual factor for each year) are caculated as tons CO,
emission reduction per GJ heat supplied to the digtrict heating system in the project scenario. (The
emission reduction (for a specific year) is divided by the total heat supplied to the district heating system
(for a specific year) in the project scenario).

The specific emission reduction factors (i.e. atable listing specific emission factors for each year) shdl be
agreed by the involved parties at the start of the project activity and form the future basis for calculation of
emission reductions.

When the project activity is actualy implemented, the only data needed to be monitored is the actual heat
suppliedto the district heating system. The CO, emission reduction is directly caculated by multiplying
the specific emission reduction factor (for a specific year) by the (monitored) actual quantity of heat
supplied.
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By applying the above principles, the monitoring methodology becomes very smple and easy to
administrate. Only the quantity of actual heat supplied to the district heating system shall be monitored.
The calculation of emission reductions is based on the quantity of heat supplied to the district heating
systems and accordingly will adjust for e.g. changes in climate (year by year), changed behaviour of
consumers, changes in the time schedule for implementation of the district heating system. Accordingly,
there is no need for monitoring of datain the baseline scenario as the emission reductions are calculated
directly from the data monitored in the project activity.

Calculation of fuel consumption and emissionsin the baseline and the project scenario

As mentioned above, the key factor for calculation of the emission reductionsis the fuel consumption in
the baseline and the project scenarios. The proposed new methodology provides the basis for how the fuel
consumption shdl be calculated.

In Step 1, theannua demand for heat and hot tap water is calculated.

The key data are:

The heated floor area (nf)
Annual energy demand per nt.

In Step 2, the annual fuel demand and the emissionsin the base line scenario (the scenario representing
the base line, identified by application of the additionality test tool) are caculated.

The key data are:
Average annua efficiency of the assumed (base line) heating technology
Applied fuel(s) in the assumed (base line) heating technology
CO, emission factor(s) applicable for the (assume) fuel(s) in the base line scenario.

The basic principle is to calculate the annua fuel consumption (for heating and HTW) in the base line
scenario. Assuming a specific fuel (e.g. coal), the corresponding CO, emission is caculated.

In Step 3, the annua fuel demand and the emissions in the project activity scenario (for covering the
identical demand as applied in the basdline scenario) are calcul ated.

The key data are:
Average annud efficiency of the (project scenario) heating technology
Applied fuel(s) in the assumed (project scenario) heating technology
CO, emission factor(s) applicable for the (project scenario) fuel(s) in the base line scenario.

In the project scenario, also losses from the (new) digtrict heating pipe network are taken into account.

In Step 4, the annual emission reductions are cal culated (base line scenario emissions subtracted project
activity scenario emissions).
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In Step 5, emission reduction factors (ton CO, emission reduction per supplied GJ) for each year are
calculated. The emission reduction factors are the emission reductions (for each year) divided by the
supplied energy (for each year) to the district heating system.

In Step 6, the calculated emission reduction factors (ton CO, emission reduction per supplied GJ) are
updated (for each year) based on monitored data. The actual annual average boiler efficiencies and the
actua marginal heat production efficiency (for co-generation) are calculated based on monitored data, and
the emission reduction factor for the specific year is calculated.

Further comments

The methodology includes that the project devel oper can apply project specific assumptions in respect of
development over time in heated floor areg, i.e. construction of new buildings, and takes into account the
technology applied for heating of such new buildings.

In addition, the project developer can also apply project specific parameters such as replacement of
existing boilers and stoves with low efficiency by boilers with improved efficiency.

The methodology takes into account switch of primary fuel (e.g. switch from coa to natura gas or surplus
heat).

The proposed new baseline methodology is prepared together with the proposed new monitoring
methodol ogy.

In the proposed new monitoring methodology, the only data required to be monitored is the actua energy
supply to the district heating system. By application of the emission reduction factors (ref. Sep 5
above) and the actual energy supplied to the district heating network, the emission reductions are
directly calculated. By this method, there is no need to keep track of e.g. climatic data, actual progressin
the development of the district heating system, changed consumer habits, etc., as the methodology is made
to compensate for such changes.

The methodology and especidly the future activities in connection with monitoring of the emisson
reductions are smple and transparent.

paragraph 48 of CDM modalities and proceduresis considered to be the most appropriate:

>>

C.1. General baseline approach:

? Exigting actua or historica emissions, as applicable;

X Emissions from a technology that represents an economically attractive course of action,
taking into account barriers to investment;
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? The average emissions of similar project activities undertaken in the previous five years, in

similar social, economic, environmenta and technologica circumstances, and whose performance is
among the top 20 per cent of their category.

C.2. Justification of why the approach chosen in C.1 above is considered the most appropriate:

>>

In the process of preparing the aternatives and subsequently evaluating and selecting the base line
scenario found to represent the most likely and justifiable scenario, it is essentia that all evaluated
scenarios are prepared and evauated with application of similar assumptions. This means that e.g. the
heat demand, heated floor area and HTW demand shall be identical in all the eval uated scenarios.
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The proposed new base line methodology for estimation of the CO, emisson in the baseline scenario is
considered afeasible, easy and transparent manner to assess the baseline emissions.

The datato be applied in the base line methodology are basicaly the heated floor area, energy
consumption per nf/year and data related to the efficiency of the heat production (and distribution).
Through application of the additionality tests, the base line scenario will be defined and justified.
Accordingly, the data approach is related to "Emissions from a technology that represents an economic
atractive course of action, taking into account barriers to investments'. Estimation of this approach is
evaluated to be the most feasible approach as the alternatives (e.g. historical data) and average emissions
from similar projects will involve a very onerous task in respect of data collection and compilation of data
to make the data applicable for a specific project. Further comments on application of historical data are
given below.

Comments on application of historical data

Theoretically, the emissions from the existing buildings could be made by collecting information on fuel
consumption for existing boilers, stoves and furnaces (historical data) and calculating the corresponding
CO, emissions. This method will, however, involve a number of constraints, and aso assumptions will be
required to be made. The mgjor constraints will be to collect and compile data for a large number of
existing small boilers, stove and furnaces - some operators may not keep adequate and comprehendible
records, e.g. the date of purchase of coal does not necessarily represent consumption at the same date as
coa will be stocked in cod yards. It will typicaly aso be very difficult to obtain data on actua caorific
vaue for coal supplied to small boiler houses. The delivered useful heat will furthermore have to be
assessed based on assumptions on boiler efficiencies as the actual heat supplied is not metered on the
existing old boilers and stoves. The technology in the existing boiler houses (and on the existing stoves) is
very basic and typicaly does not include (reliable) metering of heat supplied. In addition, application of
historical datawill be complicated in respect of adjustment of data for variations in climatic data, number
of people supplied with HTW (number of supplied buildings can change), assumptions on overheating /
under-heating of dwellings etc.).

A city in which mgjor infrastructure projects such as a district heating project are considered, typicdly aso
is developing its building volume, i.e. a (considerable) number of new buildings are aso planned to be
supplied through the new district heating system. For preparation of an adequate estimate of the emission
in the baseline scenario, assumptions will have to be made in respect of technology, fuel consumption etc.
for heating of new buildings (i.e. no historical data can be retrieved for such buildings).

Based on the above consideration, the proposed new base line methodology is found both adequate,
practical and justified for the estimate of CO, emissionsin the base line scenarios (aternatives to be
evaluated).

>>

The methodology establishes project additionality by using the approved "Tool for demonstration and
assessment of additionality” developed by the CDM Executive Board.
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Available from http://cdm.unfccc.int/methodol ogies’PAmethodol ogiesAdditionality _tool.pdf

In the proposed new methodology, the baseline CO, emission is estimated as the CO, emission resulting
from heat and HTW consumption in the buildings in the project area. The estimate is based on the heated
floor area, taking into account that also new buildings will be constructed. In the proposed new
methodology, the project developer shall analyse and justify which technology for supply of the required
energy for heating of the buildings (and supply of hot tap water) can be determined to represent the base
line scenario which would occur in the absence of the proposed project activity. The proposed new base
line methodology operates with aternative heat supply technologies and dternative fuels (coa and natural
gas), by experience representing the realistic alternative supply options for cities in which the proposed
project activities (district heating and / or co-generation) are considered.

Many technologies may be applied for heating and supply of HTW (e.g. solar hest, electrical heating, bio-
gas, supply from incineration of solid waste, etc.). In the present proposed new baseline methodology, only
three technologies are considered to be redlistic basdline technologies, ref. the following sections. The
three technol ogies have been selected based on experience as the redlistic aternatives in countriesin
which heat supply today is based on coal fired boilers and stoves.

The proposed new base line methodology addresses various future development features in cities requiring
supply of energy for heating e.g.: New buildings will typically be better insulated than the existing
buildings, and the proposed new methodology applies a differentiated annual energy consumption
(depending on building type (residential or commercid) and building age).

The proposed new base line methodology furthermore includes that old, existing boilers will gradually be
replaced, i.e. a apoint in time, the operator would have to replace the existing boiler technology by more
modern boiler technology (boilers with higher efficiency), i.e. a development over time shall be elaborated
by the project devel oper.

The proposed new base line methodology includes criteria for establishing if a cod based supply
technology or a natural gas based technology shall be assessed to represent the most reasonable base line
scenario to be applied. To limit the complexity of the praposed new methodology, it only operates with coa
and natural gas, i.e. other fuels such as oil or bio-mass could in some situations be relevant, however, not
covered by the proposed new base line methodology.

The redlistic alternative baseline scenarios shall be described. The task isto determine whether the
proposed project activity (introduction of heat supply through adistrict heating system and e.g. utilisation
of surplus heat from a power plant, i.e. co-generation) is additional to the base line scenarios.

The proposed new base line scenario operates with the following aternatives.

Alternative 01 - Replacement and Technical Enhancement, Existing Supply Concept:

The exigting boilers will be kept in operation as long as technicaly possible, using the same fuel as today.
At the end of the technical life span of the existing boiler, new heat only boilers with an efficiency
corresponding to the efficiency of a new, typical heat only boiler (fuel specific efficiency) will be installed.

For heat and HTW supply to new buildings, new heat only boilers with an efficiency corresponding to the
efficiency of anew, typical heat only boiler (fud specific efficiency) will be installed.
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Alternative 02 - District Heating, Heat Only Boiler Concept:

The existing boilers will be replaced by supply from a district heating pipe network. The replacement will
take place in phases in compliance with construction of a distribution pipe network for heating. The heat
supply to the digtrict heating network will come from heat only boilers. The fuel used in the heat only
bailers will be cod. The methodology can by appropriate modifications be applied to other fuels (e.g.
lignite, natura gas or heavy fuel oil; however in proposed new base line methodology is only developed for
coal).

For heat and HTW supply to new buildings, the heat supply will be made from the didtrict heating network.
Alternative 03 - Introduction of Natural Gas, Heat Only Boilers:

The existing boilers will be replaced by new boilers (with an efficiency corresponding to a typical, natura
gas fired boiler). The replacement will take place in phases in compliance with construction of a natural
gas digtribution pipe network.

For heat and HTW supply to new buildings, new heat only boilers (natural gas fired) with an efficiency
corresponding to the efficiency a new, typical heat only boiler will be ingtalled.

Selection of justifiable and realistic base line scenario

Among the above mentioned aternative scenarios, the most redlistic and justifiable scenario shdl be
selected and defined to be the base line scenario. The task is to identify which of the above mentioned
aternatives represent the development in case the proposed project activity (efficiency improvementsin
the heat production and / or heat distribution in the district heating system) will not be implemented.
Criteriafor sdlection of the most likely aternative are elaborated below.

Coal fired concepts
In case the national, regiona or city specific legidation specified that the fuel applied for heating and HTW
supply shall be codl, the applicable base line scenario will be either:

Base Line Alternative 01 - Replacement and Technical Enhancement, Existing Supply Concept
or
Base Line Alternative 02 - District Heating, Heat Only Boiler Concept

The two above mentioned aternatives are also applicable in case absence of a national, regiona or city
specific legidation or in a Situation where naturd gas (in sufficient volume and reasonabl e distance) is not
available. Availability of natura gasis evaluated based on the distance to nearest natural gas transmission
line or the required investment in the natura gas system.

Criteria 1: In case the distance between the city in question and the nearest natural gas transmission line
exceeds 50 km, it is defined that natural gasis not available for the city in question.

Criteria 2: In case the required investments in natura gas transmission pipe lines, distribution pipe lines
and other facilities for the natural gas system increases the total project cost by 50% or more, it is defined
that natural gasis not available (cost increase compared to the selected scenario, i.e. base line scenario 01
or base line scenario 02).

The criterion for selection of the appropriate base line scenario is based on the environmentd stuation in
the city in question. The project developer shall jutify his selection of base line scenario; however, the
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guide lineisthat in case the city in question is suffering from environmental problems (concentrations of
suspended particles and SO,), the base line scenario will be Alternative 02. Reference is made to e.g.
WHO guide lines or national guidelines for recommendations in respect of maximum acceptable
concentrations of pollutants.

If thisis not the case, the base line scenario will be Alternative O1.

Fuel switch requirements (switch from Coal to Natural Gas)

In case the nationa, regiona or city specific legidation specified that existing coa fired boilers for heating
and HTW supply shall be converted / replaced by heating concepts applying an aternative fuel (natural
gas), the applicable base line scenario will be:

Base Line Alternative 03 - Introduction of Natural Gas, Heat Only Boilers

Comment:

The criterion for selection of the appropriate base line scenario is based on the technologica devel opment
in the country in question. In some countries, application of natural gasis made in combination with
construction of small scale co-generation (e.g. natural gas fired piston engines and natural gasfired
turbines). The project developer shdll justify his selection of the base line scenario, however, the guide line
isthat in case small scale, natura gas fired co-generation schemes are under implementation or have been
implemented the in the country in question, the presently proposed new base line methodology is not
applicable. In case of introduction of natural gas, the presently proposed new base line methodology is only
applicable for heat only boiler solutions, i.e. Alternative 03.

>>

The criterion used in developing the proposed new base line methodology is that data required for
estimation of the emissionsin the base line scenario must be retrievable, i.e. the proposed methodology is
based on data commonly available from city administration offices, heating companies etc.

Another criterion is furthermore that the methodology should be easy to apply, logical and transparent for
al partiesinvolved.

In the development of the proposed new base line methodology, it has been a criterion to develop a
relatively wide applicability of the methodology, however, at the same not suggesting a very complicated
and complex methodology. The presently proposed new base line methodology represents a methodology
applicable in cities where heat and hot tap water supply today is covered by coal fired heat only boilers
and stoves or a district heating system. The project developer is considering implementation of a collective
system such a district heating, possibly supplemented by heat supply from co-generation facilities, i.e.
improvementsin heat production efficiency and / or distribution efficiency.

The methodology furthermore very closely follows recognized and well proven procedures and principles
applied in e.g. feasibility studies of project viability / planning alternatives, analyses of tariff reforms,
investment planning etc. A similar methodology for assessment of fuel consumption has been applied for
preparation of feasibility studies, appraisa reports etc. for international finance and donor organizations
(e.g. Asian Development Bank, World Bank, EBRD, DANIDA, SIDA, etc.).

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



PROPOSED NEW METHODOLOGY: BASELINE (CDM-NMB) - Version 01 UNFUGL

CDM - Executive Board page 11

h T

>>

The methodology demonstrates that the project activity is additiona and therefore not the base line
scenario by using the “Tool for the demonstration and assessment of additionality” developed by the
Executive Board.

Available from http://cdm.unfccc.int/methodol ogies’PAmethodol ogiesAdditionality_tool .pdf

D.4. How national and/or sectoral policies and circumstances can been taken into account by
the methodology:

>>

The proposed new base line methodology takes national and/or sectorial policies and circumstances into
account.

Selection and preparation of the most likely base line scenario is made with due consideration to national
and/or sectorid policies. By application of the additionality tests, it will be established if the proposed
project activity in fact is the consequential implementation of a project in compliance with the national /
sectorial policies, or if the proposed project activity in fact is additional to such national / sectoria policies.

>>

The project boundary is strictly the district heating project, from the production of heat at the boiler houses
to the end user demand for heat and HTW. The prgect boundary includes only emission reductions
obtained from the energy efficiency improvements in supplying (and distributing) heat and HTW to the
specified district heating area.

This means that the emission reduction from the project is only based on the difference in fuel (coa and
natural gas) consumption per GJ of heat supplied to the project area before and after the implementation
of the project activity.

Variables, fixed parameters and values haveto bereported (e.g. fuel(s) used, fuel consumption
rates):

>>
In the sections below, the methodol ogy and equations applied in the proposed new basdline methodol ogy
are explained in detail.

The essential data applied (e.g. heated floor area, design thermal ratings and construction of new buildings
in the project area) are al data which typicaly will be possible to be retrieved from and confirmed by the
city authorities and the various design ingtitutes participating in the preparation of the (technical) design of
the system, estimation of environmental benefits from the project etc.

The proposed new base line methodology includes default values which may be applied by the project

developer (e.g. default values for annua average boiler efficiency), however, aso opens for the project
developer to apply project specific values providing such values can be documented /justified.
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Step 1.
Calculation of annual heat and HTW demand, general for all alternatives
and for the project activity scenario

Calculation of heat and HTW demand, ( Identical in the Baseline Scenario and the Project
Activity Scenario)

The fist step in the proposed new base line methodology is to calculate the demand for heat and hot tap
water.

The procedureis.

Specification of design therma |oads
According to the building codes and geographical location of the buildings, design thermal ratings are

applied.

The applicable design thermal ratings are geographically specific, specific to type of buildings (e.g. high-
rise buildings, individua houses, semi-attached dwellings, etc.) and will typicaly aso be time specific (e.g.
old buildings have design therma ratings differing from new buildings, due to the fact that insulation codes
have been modified, practices in respect of glazed area and types of installed windows have been
changed, etc.).

To ensure that redlistic values have been applied, the project developer shall document that in the PDD
identical or smaller values as applied in the design of the technical installations have been applied in
compliance with state-of -the-art practices for the country/region in question. (The values applied in the
design of the technical ingtallations are essential for determining the required capacity of the new
installations and accordingly the magnitude of the required investment).

Example:
In Harbin (Northern China), the following capacities of the heating installations are based on the following
design thermal ratings:

Existing New

W/m? W/m?
Residential Buildings 63 48
Commercial Buildings 64 55

Estimation of annua heat demand
The specific annual heat demand (GJmf/year) is estimated by multiplication of the design thermal load by
the equivaent number of full load hours asindicated in equation (1).

1) Espec = DTR* Teq. tull, heating* 3,600 sec/h * 107

where:

Ecpec : specific annual heat demand [GInflyear]
DTR: Design Thermal Rating [W/nT]

Teq ful, heating: ~ Equivalent number of full load hours, heating  [h/year]
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The applied value for "Equivalent number of full load hours, heating” is essentia in respect of determining
the above mentioned " Specific annual heat demand”. To ensure that realistic values have been applied, the
project developer shal document that in the PDD an identical or smaller value than applied in the design of
the technical ingtalations (and subsequent financia analyses) has been applied. The value shdl bein
compliance with state-of -the-art practices for the country / region in question. (The value applied in the
design of the technical installations (and subsequent financial analyses) is essentia for determining the cost
of the heat to be supplied to the buildings (fuel consumption and accordingly operation costs are linked to
the applied vaue).

Example:

In Harbin (Northern China), the average heating season is 4,392 hours per year. For Harbin, it is assessed
that the equivalent number of full load hours, heating is 2,749 (i.e. the annul heat consumption can be
estimated by multiplying the design thermd rating by equivaent number of full load hours, heating). In the
Harbin case, the equivalent number of full load hours, heating corresponds approximately to 63% of the
length of the heating season.

The annua heat demand (heating) is calculated asindicated in equation (2), i.e. multiplying the specific
annua heat demand by the heated floor area.

(2] Eq, heating = Espec *A

where:

Ed, heating: Annua Heat Demand, Heating [Glyear]
Expec: Specific Annual Heat Demand [GInflyear]
A: Heated Floor Area [

In the preparation of the baseline scenario, the annual heat demand (heating) is calculated for each
category of buildings (e.g. existing buildings, new buildings, commercia buildings etc.). In addition, the
development over time in respect of construction of new buildings is reflected in the base line scenario. If
improvements to buildings (e.g. improved insulation, replacement of windows) or other energy saving
measures (e.g. improved heat load control) are anticipated to be implemented, such improvements can be
taken into account by multiplication of the annua heat demand (Eq, neaing) Dy @ reduction factor. The
appropriate magnitude of the reduction factor shall be determined by the project developer.

Estimation of annual enerqy demand for heating of HTW
In the proposed new methodol ogy, the estimation of energy demand for heating of HTW is based on
registration of design thermal rating of the existing (and future) HTW installations.

The annual energy demand for heating of HTW is calculated as indicated in equation (3), i.e. by
multiplication of design therma rating with an equivalent number of full load hours, HTW.

(3 Evtw = DTRutw * Teq, fun, vrw * 3,600 sec/h * 10°
where

Eqrw : Annua energy demand for HTW [Gllyear]
DTRuTwW: Design Therma Rating, HTW [MW]

Teq fun, vrw:  Equivaent number of full load hours, HTW  [hiyear]
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The equivaent number of full load hours, HTW is assumed to be 0.5 * 8,760 h/year = 4,380 hlyear. This
corresponds to the fact that the HTW installations on average are utilised at 50% capacity throughout the
full yeer.

In the preparation of the basdline scenario, the annua energy demand for HTW is calculated for each
category of buildings (e.g. existing buildings, new buildings, commercia buildings etc.), reflecting how the
HTW ingallations are linked to the specific types of buildings. In addition, the development over timein
respect of construction of new buildings is reflected in the base line scenario.

To ensure that realistic values have been applied, the project developer shall document that in the PDD
identical or smaller values than applied in the design of the technicd installations (and subsequent financia
analyses) have been applied in compliance with state-of -the-art practices for the country/region in
question. (The values applied in the design of the technical installations are essentia for determining the
required capacity of the new installations and accordingly the magnitude of the required investment).

Step 2:
Calculation of the fuel demand and the emissions in the Baseline Scenario

The base line scenario shall be identified (ref. the additionality criteria), and calculations shal be made as
stipulated for the aternative representing the base line scenario. Only caculations listed under the
alternative representing the base line scenario shall be conducted, i.e.

- in case Alternative 01 represents the base line scenario apply equations (4) and (5)
- in case Alternative 02 represents the base line scenario apply equations (6) and (7)
- in case Alternative 03 represents the base line scenario apply equations (8) through (11).

Calculation of Fuel Consumption and CO, emission, Proposed New Baseline M ethodology -
Alternative 01 - Replacement and Technical Enhancement, Existing Supply Concept

For caculation of the fuel consumption and corresponding CO, emission in the base line scenario, three
parameters are required:

I: The annual average efficiency of the existing boilers
I The annual average efficiency of new boailers (replacing existing boilers)
I"l: Time schedule for replacement of existing boilers by new bailers.

The annual fudl consumption is calculated by dividing the annual heat demand plus the energy demand for
HTW by the boiler efficiency.

(4): Efuel, basstine = (Ed, heating TEHTW)/ (?bassine/100)

where:

Etua, bassiine -~ Annua fuel demand, baseline [Gyear]
Ed, heating: Annual Heat Demand, heting [Gyear]
Enrw: Annual Energy Demand for HTW [Gyear]
?basgline’ Boiler Efficiency, basgline [9%]

Boiler Efficiency
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The project developer may apply documented, annual average boiler efficiencies for the existing boilers
and stoves.

The typica project areawill comprise many different boilers and stoves (different in respect of age, boiler
manufacture, design thermal rating, boiler construction, etc.). The applied annual average efficiencies shall
reflect the composition of the boilers and stoves found in the project areg, i.e. weighted annual average
boiler efficiency shall be applied.

a) In case that historic data (calculated based on records on fuel consumed and energy produced) on
boiler (stove) efficiencies are available, such data shdl be applied in a conservative manner, i.e.
efficiencies equal to or higher than the historic data shal be applied.

b) The applied annual average bailer (stove) efficiencies may be documented according to a recognised
standard e.g. DIN 1942 or similar. The measurements of boiler (stove) efficiencies shall be made at the
typica load stuation for the boiler (stove), and the data shall be applied in a conservative manner, i.e. the
annua average boiler (stove) efficiency shall be equal to or higher than the boiler (stove) efficiency
measured at the typical load situation for the boiler.

c) Boiler efficiency appearing from boiler manufacturers' data sheets or guaranteed values in contracts
may be applied in a conservative manner, i.e. values equa to or higher than the information given by the
boiler manufacturers shal be applied.

d) In case that no historical data or measurements are available, the following default values may be
applied:

Default values, annua average boiler efficiency, heat only boilers, stoves and furnaces.

PRESENT STATUS OF EXISTING BOILERS
FUEL | AGE CONDIITON | REMAINING LIFE | EFFICIENCY
(YEARS) %

Coa | Midde Good Several 65
Cod New Excellent Many 85
Coa Od Poor Few/none 50
Cod Old Far Few/none 50
Cod Old Far Few/none 50
Coal | Stovesand Furnaces 1) - 40

The above table is based on data from the report: Poland - Coal to Gas Conversion Project, GEF

Project Document, Report No: 13054, 1994/10/31
1) Theindicted value on efficiency for the stoves and furnaces are made by the consultant.

Emission Factor
Apply the emission factor for the fuel (coal) actualy used in the base line scenario. Emission factors can
be found on e.g. the IPCC home page.

The project developer shall apply emission factors as agpplicable to the type of fuel actually used
(Anthracite, bituminous coal, sub-bituminous cod, lignite, etc.)
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(5): CO, emission, basdine = Efud’ basdine © CEFpasdine /1,000
where:
CO; emission, basdine: CO, emission in the base line scenario  [ton/year]
Efud, bassine: Fud (coal) consumption, basdline [Glyear]
CEFpasdine: CO, emission factor for the baseline fuel [kg CO,/ GJ|

In the preparation of the base line scenario, the annua fuel consumption is calculated for each category of
buildings (e.g. existing buildings, new buildings, commercid buildings etc.). In addition, the development
over timein respect of construction of new buildings and replacement of existing boilersis reflected in the
base line scenario.

The total fuel consumption is calculated as the sum of the fuel consumptions for the different categories of
buildings. The CO, emission is calculated based on the total fuel consumption and application of equation

).

Calculation of Fuel Consumption and CO, emission, Proposed New Baseline M ethodology -
Alternative 02 - District Heating, Heat Only Boiler Concept

For caculation of the fuel consumption and corresponding CO, emission for the proposed new baseline
methodology, four parameters are required:

I The annual average efficiency of the existing boilers

I The annual average efficiency of new district heating boilers (replacing existing boilers)
M"i: Time schedule for replacement of existing boilers by new boilers by district heating supply
V: The annual efficiency of the district heating pipe network.

The annual fuel consumption is calculated by dividing the annual heat demand plus the energy demand for
HTW by the boiler efficiency.

(6): Efuel, basdine = (Ed, heating TEHTW)/ ((Pbasaiing/100) * (?bH pipe Network/100))
where:

Efud, basdline - Annua fud demand, basdline [Glyear]

Ed, heating: Annua Heat Demand, heating [GJlyear]

Enrw: Annua Energy Demand for HTW [Gllyear]

?basdine. Boiler Efficiency, basdine [%]

? DH Pipe Network: DH Pipe Network Efficiency, basdline [%]

Boiler Efficiency
Reference is made to earlier comments (Alternative 1) on boiler efficiency.

District Heating Network Efficiency

The project devel oper may apply annua distribution network efficiency supported by adequate estimations
of thermal losses. The estimations shal as a minimum take into consideration the various pipe dimensions
in the network, length of the pipe network, insulation coefficients for each specific pipe dimension,
operation temperatures and operation patterns, temperature of surrounding soil / air.
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The thermal losses from modern district heating dstribution pipe networks vary from in the magnitude of
10% up to 30% (percent of the heat input to the distribution pipe network). The annua average efficiency
of the distribution pipe network depends on severa factors such as heat density in the connected area,
operation patter (e.g. stop of network during summer), quality and quantity of pipe insulation materid,
correct selection of dimensions of pipes, operation temperatures, etc.

Correct estimation of the (annual) thermal losses from the distribution pipe network isin many cases a
quite onerous task. The project developer may in such case choose to apply an annual average network
efficiency of 90% which in the base line scenario is considered a conservative estimate.

Emission Factor
Apply the emission factor for the fuel (coal) actually used in the base line scenario. Emission factors can
be found on e.g. the IPCC home page.

The project devel oper shall apply emission factors as applicable to the type of fuel actualy used
(Anthracite, bituminous coal, sub-bituminous codl, lignite, etc.)

(7): CO, emission, basdine = Efud, basdine * CEFpasdine /1,000
where:

CO, emission, basdline: CO, emission in the base line scenario  [ton/year]

Efue, basdline: Fuel (coa) consumption, baseline [Glyear]
CEFpasdine: CO; emission factor for the basdline fuel [kg CO./ GJ|

In the preparation of the base line scenario, the annual fuel consumption is calculated for each category of
buildings (e.g. existing buildings, new buildings, commercia buildings etc.). In addition, the development
over time in respect of construction of new buildings and replacement of existing boilersis reflected in the
base line scenario.

The total fuel consumption is calculated as the sum of the fuel consumptions for the different categories of
buildings. The CO, emission is calculated based on the total fuel consumption and application of egquation

().

Calculation of Fuel Consumption and CO, emission, Proposed New Baseline M ethodology -
Alternative 03 - Introduction of Natural Gas, Heat Only Boilers

For calculation of the fuel consumption and corresponding CO, emission for the proposed new baseline
methodology, three parameters are required:

I The annual average efficiency of the existing boilers
I The annual average efficiency of new boilers (replacing existing boilers)
I"l: Time schedule for replacement of existing boilers by new boilers

The annua fuel consumption is calculated by dividing the annua heat demand plus the energy demand for
HTW by the boiler efficiency.

(8): Etud, bassline = (Ed, heating TEHTW)/ (Pbasding/100)

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.

h T



PROPOSED NEW METHODOLOGY: BASELINE (CDM-NMB) - Version 01 YL

—— N
CDM - Executive Board page 18
where:
Efud, bastine -~ Annua fuel demand, basdine [Glyear]
Ed, heating: Annua Heat Demand, heating [Glyear]
EqTw: Annual Energy Demand for HTW [GJlyear]
?basdine: Boiler Efficiency, basdine [%]

Boiler Efficiency
Reference is made to earlier comments (Alternative 1) on boiler efficiency.

Emission Factor
Apply the emission factor for the fuel (coal or natural gas) actually used in the basdline scenario. Emission
factors can be found on e.g. the IPCC home page.

The project devel oper shall apply emission factors as applicable to the type of fuel actualy used
(Anthracite, bituminous coal, sub-bituminous cod, lignite, etc.)

(9): CO, emission, basdline, coal = Ecoal, basdline CEFbaseIine, cod /1,000
where:

CO, emission, basdine, cod:  CO, emission in the base line scenario, coa combustion [ton/year]
CO, emission, basdine, cod:  CO, emission in the base line scenario, n.gas combustion [ton/year]

Ecoa, basdine: Fuel (coda) consumption, baseline [GJyear]

En.gas, bassline: Fuel (n.gas) consumption, basdline [Glyear]

CEFpasdine, coa: CO, emission factor for the baseline fuel (coal) [kg CO. / GJ|
CEFpassline, n.gas: CO; emission factor for the baseline fuel (n.gas) [kgCO,/ G|

The total CO, emission in the base line scenario is calculated as the sum of the emissions from the
application of the two fuels, i.e.

(12): CO, emission, basdline, total = CO, emission, basdline, cod + CO,
emission, basdline, n.gas

where:

CO, emission, basdine, totd:  CO, emission in the base line scenario, tota [ton/year]

CO, emission, basdine, cod:  CO, emission in the base line scenario, coal combustion [ton/year]

CO, emisson, basdine, cod:  CO, emission in the base line scenario, n.gas combustion [ton/year]

In the preparation of the basdline scenario, the annual fuel consumption is calculated for each category of
buildings (e.g. exigting buildings, new buildings, commercia buildings etc.). In addition, the development
over time in respect of construction of new buildings and replacement of existing boilersis reflected in the
base line scenario.

Thetotal fuel consumption is calculated as the sum of the fuel consumptions for the different categories of

buildings. The CO, emission is calculated based on the total fuel consumption for each fuel in question and
application of equation (11).
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Step 3:
Calculation of the fuel demand and the emissionsin the Project Activity
Scenario

Below, a description of the applied methodology for estimation of the emission of CO; is outlined.

The estimation of annual demand for heat and HTW

The methodology and applied data to estimate the demand for heat and HTW in the project scenario are
identical to the methodology and applied data in the basdline scenario, i.e. the demand for heat and HTW
exactly equation (1) through (3).

Cdculation of Fue Consumption and CO, emission, Project Scenario

In the project scenario, the heat supplied to the district heating network can be supplied as:
a) Heat supply from heat only boilers

b) Heat supply from an existing power plant (co-generation plant) possibly combined with heat supply from
heat only boilers

¢) Heat supply from an existing power plant (co-generation plant) combined with heat supply from heat
only boilers.

Instructions on equations to be applied:

a) In case the project activity scenario only is based on heat supply from heat only boilers,
calculations shal be made as stipulated in a) below, i.e. equations (20) through (24) shal be
gpplied for calculation of the fuel consumption and the emissions.

b) In case the project activity scenario only is based on co-generated heat, the cal culations shall
be made as stipulated in b) below, i.e. equations (25) through (29) shall be applied for calculation
of the fuel consumption and the emissions.

¢) In case the proposed project activity involves heat supply from a co-generation plant in
combination with heat supplied from heat only boilers, the project developer shall through
preparation of duration curves (or similar) illustrate the proportion of energy to be supplied to the
district heating network which will be co-generated heat. Stipulationsin a) below, i.e. equations
(20) through (24) shall be applied for calculation of the fuel consumption and the emissions for the
heat supplied by heat only boilers. Stipulated in b) below, i.e. equations (25) through (29) shall be
applied for calculation of the fuel consumption and the emissions for heat supplied as co-generated
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heat. The total emissionsin the project activity scenario are calculated by application of equation
(30).

a) Heat supply from heat only boilers

For calculation of the fue consumption and corresponding CO, emission in the project scenario from the
heat only boilers, four parameters are required. (The principles and methodology for the estimates are
identical to principles and methodology described for base line scenario, Alternative 02).

I The annual average efficiency of the existing boilers

I The annual average efficiency of the district heating boilers

I1: The annual average efficiency of the district heating pipe network
IV: Time schedule for replacement of existing boilers by new boilers

The annud fuel consumption for buildings supplied by individua boilers (existing boilersin the project areq)
is calculated by dividing the annual heat demand plus the energy demand for HTW by the boiler
efficiency.

(19): Etue, project scenario = (Ed heating +EHTW)/ (?project scenariol. 100)

where:

Efuel, project scenario - Annual fuel demand, project scenario (existing boilers)
[Glyear]

Ed, heating: Annua Heat Demand, heating [GJyear]

Enrw: Annua Energy Demand for HTW [Glyear]

?project scenario- Boiler Efficiency (EXiHi ng b0i|EI’S) [%]

The annual fuel consumption for buildings supplied by the district heating system (by hest only boilers
connected to the district heating system) is calculated by dividing the annua heat demand plus the energy
demand for HTW by the bailer efficiency of the district heating boilers multiplied by the district heating
network efficiency.

(20): Efuel, DH - HOB, project scenario = (Ed heating +EHTW)/ (?DH, boiIerJ]-OO * ?DH, networklloo)
where:

Efug, DH-HOB, project scenario-ANNUal fuel demand, DH system, project scenario [Glyear]
Ed, heating: Annua Heat Demand, heating [Glyear]
EqTw: Annual Energy Demand for HTW [GJyear]
?DH. boilers: Annua Average Efficiency, DH boilers [%0]

?DH, network: Annual Average Efficiency, DH network [%0]

The heat supplied from the district heating, heat only boilers to the district heating network is calculated as.

(20 a) EDH Network, HOB, project scenario — (Ed heating +EHTW)/ (?DH, networklloo)

where:

EbH Network,HOB, project scenario: ANNua heat supplied to the DH network from HOB, project scenario
[Glyear]

Ed, heating: Annua Heat Demand, heating [Glyear]

EqTw: Annua Energy Demand for HTW [GJyear]
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?DH, network: Annual Average Efficiency, DH network [%]

The total fuel consumption (e.g. coa consumption) in the project scenario for heat only boilersis
calculated as the sum of the fuel (cod consumption) from the buildings heated by individua boilers and the
fuel (coa consumption) for the district heating system.

(21) Efuel, HOB, total = Efuel, project scenario + Efud, DH - HOB, project scenario

where:

Efue HOB, tota - Tota annua fue consumption, HOB, project scenario
[Gllyear]

Efuel, project scenario - Annual fuel demand, project scenario (existing boilers)
[Gllyear]

Etud, DH - HOB, project scenario - Annual fuel demand, DH system, project scenario (HOBS)

[Gllyear]

Apply the emission factor for the fuel (coal or natura gas) actualy used in the project activity scenario.
Emission factors can be found on e.g. the IPCC home page.

The project developer shall apply emission factors as applicable to the type of fuel actualy used
(Anthracite, bituminous cod, sub-bituminous cod, lignite, etc.)

(22): CO, emission HOB, project scenario, coa = Ecoa HOB, project sc. * CEFproject, coa /1,000
(23): CO, emission HOB, project scenario, n.gas = Engas Hog, project sc. ¥ CEFproject, n.ga /1,000
where:

CO, emission HOB, project scenario, codl: CO, emission in the project scenario from coal fired

HOBs, [ton/year]
CO, emission HOB, project scenario, n.gas.  CO, emission in the project scenario from n.gas fired
HOBs, [ton/year]

Ecoa HOB, project sc. Energy consumption by cod fired heat only boilers,
project scenario [GJyear]
En.gas HOB, project <. Energy consumption by natural gas fired heat only
boilers, project scenario [GJyear]
CEFproject, coal - CO, emission factor for the project activity fuel (coal)
[kg CO,/ GJ]
CEFproject, n.ges' CO, emission factor for the project activity fuel (n.gas)
[kg CO,/ GJ]

The total CO, emission from the heat only boilers in the project scenario is caculated as the sum of the
CO, emissions from the heat only boilers fired by coa and the CO, emission from the heat only boilers
fired by natural gas.

Ecoal HOB, project sc. @0 En gas Hos, project sc. Shall be calculated with due consideration to the fuel applied in the

existing heat only boilers (in the project scenario) and the fuel to be applied in the HOBs connected to the
district heating network (in the project scenario).
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Example: The existing heat only boilers may be fired by cod and the new heat only boilers connected to
the district heating network may be fired by natura gas.

(29 CO, emission HOB, project scenario, total =
CO, emission HOB, project scenario, coal +
CO, emission HOB, project scenario, n.gas
where:
CO, emission HOB, project scenario, tota: Total CO, emission from HOBs in the project scenario
[ton/year]
CO, emission HOB, project scenario, cod: CO; emission in the project scenario from cod fired
HOBs, [ton/year]
CO, emission HOB, project scenario, n.gas.  CO, emission in the project scenario from n.gas fired
HOBs, [ton/year]
Boiler Efficiency
Reference is made to earlier comments (Alternative 1) on boiler efficiency.

District Heating Network Efficiency

The project developer may apply annual distribution network efficiency supported by adequate estimations
of thermal losses. The estimations shal as a minimum take into consideration the various pipe dimensions
in the network, length of the pipe network, insulation coefficients for each specific pipe dimension,
operation temperatures and operation patterns, temperature of surrounding soil / air.

The thermal losses from modern district heating distribution pipe networks vary from in the magnitude of
10% up to 30% (percent of the heat input to the distribution pipe network). The annua average efficiency
of the distribution pipe network depends on several factors such as heat density in the connected area,
operation pattern (e.g. stop of network during summer), quality and quantity of pipe insulation materia,
correct selection of dimensions of pipes, operation temperatures, etc.

Correct estimation of the (annual) thermal losses from the distribution pipe network isin many cases a
quite onerous task. The project developer may in such case choose to apply annual average network
efficiency of 90% which in the base line scenario is considered a conservative estimate. A similar value
shall be applied in the project scenario.

In the preparation of the project scenario, the annua fuel consumption is calculated for each category of
buildings (e.g. existing buildings, new buildings, commercia buildings etc.). In addition, the development
over time in respect of construction of new buildings and replacement of existing boilers connected to the
digtrict heating system is reflected in the project scenario.

The total fuel consumption for heat only boilers (split on coal and natural gas) is caculated as the sum of
the fuel consumptions for the different categories of buildings. The CO, emission from the heat only
bailersis caculated based on the total fuel consumption (split on coal and natural gas) and application of
equation (24).

b) Heat supplied as co-generated heat

In case the proposed project activity involves heat supply from a co-generation plant (or plants) operated
in combination with heat only boilers, the project developer shdl illustrate through preparation of duration
curves (or similar) the proportion of energy to be supplied to the district heating network which will be
useful, co-generated heat supplied to the digtrict heating network.
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The heat supplied from the co-generation facility to the district heating network is calculated as:

(20 b) QHeat co-gen = (Ed heating +EHTW)/ (?DH, networklloo) * Foo—gen /100

where:

QHest co-gen: Annual heat supplied to the DH network from co-generation, project
scenario [GJlyear]

Ed, heating: Annua Heat Demand, heating [Glyear]

EqTw: Annual Energy Demand for HTW [GJyear]

?DH, network: Annual Average Efficiency, DH network [%0]

Feo-gen: Factor, project and time specific [%]

The Fygen factor is a project specific factor (between 0% and 100%), which determines the proportion of
the total heat supply to the district heating network which is produced as co-generated heat. In case the
co-generation plant is operated in combination with hest only boilers The project developer shall justify the
selected factor through preparation of duration curves (or similar).

In projects where the connected heat demand is large compared to the thermal rating of the co-generation
facility, a Feogen factor of close to 100% can be expected, however, the project developer shall make due
considerations to scheduled (and unscheduled) interruptions to the supply of co-generated hest, e.g. time
for maintenance and inspections activities shall be considered.

The basis for the calculation of the CO, emission is the additional fuel consumption at the co-generation
plant for extraction of useful heat to be supplied to the district heating system, i.e. the present new base
line methodology is based on the assumption that the co-generation facility is athermal power plant
furnished with extraction type steam turbines.

For calculation of the additional fuel consumption and corresponding CO, emission in the project scenario
from the heat co-generation plant, the following parameters are required:

)] Fuel efficiency for eectricity production when the power plant is operated in condensing mode
(no supply of useful heat)

i) The C,-value represents the decline in power production for each extra unit of heat extracted
from the turbine.

1) Heat supplied as co-generated heat.

The calculation of the additional fuel consumption at the power plant is based upon the margina fuel
efficiency for heat production. The margina fuel consumption is calculated as follows:

(25) QFueI, marginal — QHea oo-gen/ hh,m

where:

Qrue, margina : the marginal fuel consumption at the power plant [GJyear]

QHest, cogen : Annual heat supplied to the DH network from co-generation, project
scenario [GJlyear]

hpm : the marginal fuel efficiency for heat production [-]
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The marginal fuel efficiency for heat production of the power station can be calculated as follows:
(26) hpm = hae / C,-vaue
where:
Neec the fuel efficiency for electricity generation in condensing mode (when the power plant
(block) generates electricity without also producing hest) [-]
C,-vdue The C,-value represents the decline in power production for each extra unit of heat

output [MWg / MWinermal

1) In case plant (equipment) specific data are available on C,-value for the turbing(s) and the hge, Such
data shdl be applied. hge shal be calculated based on historical data (3 years data) on electric power
production (electric power supplied to the grid) and fuel consumption. The applied C,-value shal be the
value guaranteed by the turbine manufacturer, obtained by direct measurements on an identical turbine, or
through computer smulations of the impact of extracting thermal energy from the turbine in question.

I1) In case the C,-vadue or data on electric power production are not available, a default value for the
marginal fuel efficiency for heat production of 200% shall be applied Thisvaueis considered a
conservative estimate, ref. the example below.

The additional fuel consumption (and marginal fuel efficiency for heat production) is subject to
verification during the project activity.

Based on historical data (3 years data prior to the start of the project activity) on electric power production
(electric power supplied to the grid) and fuel consumption, the fuel consumption per unit of electric power
supplied shall be caculated as:

26a) Spec. Fue con. per MWh istoricy = FUel consumption gistoric) / El€c. power to grid gistoric)

where:

Spec. Fuel per MWh hisoric:~ Specific Fuel consumption for electric power production [GYMWNh]
(historic data)

Elec. power to grid (historic) Electric power Supplied to grid [MWh/year] (historic data)

Fuel consumption (nistoric) Fuel consumption at power plant [GJyear] (historical data)

The average value of the 3 years shall be applied.

During the project activity, data on electric power production (electric power supplied to the grid), thermal
energy extracted from the turbine and fuel consumption shall be monitored. For each year during the
project activity, the fuel consumption per unit of eectric power supplied (during the project activity) shall
be calculated as:

26 b) Spec. Fuel con. per MWh (pgiecty = Fuel consumption (project) / El€C. power to grid (project)

where:

Spec. Fuel per MWh oie):  Specific Fuel consumption for electric power production [GIYMWNh]

(project data)
Elec. power to grid (projet) Electric power Supplied to grid [MWh/year] (project data)
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Fuel consumption (yroject) FUEN cOnsumption at power plant [GJyear] (project data)
The additional fuel consumption is calculated as:

26C) Qru, magina = Elec. power to grid projecty* (Spec. Fuel per MWh (project) - Spec. Fuel per
MWHh (historic))

where:
QFue, marginal : the marginal fuel consumption at the power plant [GJyear]
Elec. power to grid (project) Electric power Supplied to grid [MWh/year] (project data)

Spec. Fuel per MWh oie):  Specific Fuel consumption for electric power production [GIYMWh]
(project data)

Spec. Fuel per MWh nisoric:~ Specific Fuel consumption for electric power production [GIMWh]
(historic data)

The actual marginal efficiency for co-generation is calculated as:

26 d) hh,m (actual) = Qheat, co-gen (act)/ Qruel, marginal * 100%
where:
Nhm (actual) marginal heat production efficiency (actua)

QHext, cogen (acy - Annual hest supplied to the DH network from co-generation, actual
[Gllyear]
QFuel, marginal : the marginal fuel consumption at the power plant [GJyear]

Example:

Efficiency for electric power production and C,-value

For a condensing power station using coal, the electric power production efficiency istypicaly in the range
of 30-45% (for older plants). For newer plants higher electric power efficiencies are found.

The C,-vdueis normaly plant specific. For older plants (and turbines), the C,-vaue will typicdly bein the
range of 0.15 MWagiectric P& MWiherma -

At atypical fue efficiency for power production at 35% and a C,-vaue of 0.15, the margina fuel
efficiency for heat production can be calculated by application of equation (26) as.

hnm=0.35/0.15 = 233%.

A default value for the marginal fue efficiency of 200% may be applied in the project activity scenario.
Thisvalueis considered a conservative estimate.
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The CO, emission from the heat co-generated heat in the project scenario shall be calculated matching the
fuel allocated in the project scenario. Apply the emission factor for the fuel (cod or natural gas) actudly
used in the project activity scenario. Emission factors can be found on e.g. the IPCC home page.

The calculation shall take the applied fuel at the co-generation plant into account.

(27):  CO, emission co-gen, project scenario, coal = Ecoa mar., co-gen, project sc. ¥ CEFproject, coa /1,000
(28) C02 m]l$on CO'gm, proj&t xmarlo, ng% = Engas mar., co-gen, pro]ect . * CEFproJajt’ n.gas /1,(xx)

where:
CO, emission co-gen, project scenario, cod:  CO, emission in the project scenario from cod fired
co-generation, [ton/year]
CO, emission co.gen, project scenario, n.gas. CO, emission in the project scenario from n.gas fired
co-generation, [ton/year]

Ecoa mar. co-gen, project c. Margina energy consumption by coal fired
co-generation, project scenario [GJlyear]
En.gas mar., co-gen, project sc. Margina energy consumption by natura gas
co-generation, project scenario [GJlyear]
CEFproject, coal - CO, emission factor for the project activity fuel (coal)
[kg CO,/ GJ
CEFproject, n.gas: CO, emission factor for the project activity fuel (n.gas)
[kg CO, / GJ|

The total CO, emission from co-generation in the project scenario is calculated as the sum of the CO,
emissions from co-generated heat based on coal and the CO, emission from the co-generated heat based
on natural gas.

(29) CO, emission co-gen, project scenario, total =
CO, emission co-gen, project scenario, coa +
CO, emission co-gen, project scenario, n.gas
where:
CO, emission co-gen, project scenario, total: ~ Total CO, emission from co-generation in the project
scenario [ton/year]
CO, emission co-gen, project scenario, cod:  CO, emission in the project scenario from cod fired
co-generation, [ton/year]
CO, emission co-gen, project scenario, n.gas. CO, emission in the project scenario from n.gas fired
co-generation, [ton/year]

¢) Heat supplied by heat only boilersin combination with co-generated heat

For project activities involving heat supply by both heet only boilers and co-generated heat, the total CO,
emission in the project scenario is calculated as the sum of CO, emission from the heat only boilers and
the CO, emission from co-generation. The emissions from the heat only boilers are calculated based on
the proportion of heat supplied by the heat only boilers, and stipulations as indicated in a) above are
applied. The emissions from the heat supplied as co-generated heat are calculated based on the proportion
of heat supplied as co-generated heat, and stipulations as indicated in b) above are applied.

(30) CO, emission, project scenario, total =

CO, emission HOB, project scenario, total
CO, emission co-gen, project scenario, total
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where:
CO, emission, project scenario, totd: Total CO, emission in the project scenario [ton/year]
CO; emission HOB, project scenario, total: Total CO, emission from HOBs in the project scenario
[ton/year]
CO, emission co-gen, project scenario, total: ~ Total CO, emission from co-generation in the project
scenario [ton/year]

A T

>>

The methodology does not include emissions of GHG from mining of cod. The emission reduction is
outside the direct scope of the project activity and thus too difficult to encompass even though emissions of
GHG from coal mining are likely to decrease as a result of the project.

The reductions of emission of GHG caused by reduced transport of coa (and ash) are not taken into
account.

By not taking the above emission reductions into account, the methodology is considered to be a
conservative approach.

The project activity includes construction work (e.g. new boilers, new district heating pipe network, €tc.).
The emissions caused by the production and transportation of the materias (e.g. steel) have not been
considered and are evaluated to be minor compared to the emission savings obtained by the project
activity.

D.9. Elaborate and justify formulae/algorithms used to determine the emissions reductions from

used, fuel consumption rates):

>>
Step 4:
Calculation of the Emission Reductions

The emissions reductions from the project activity are caculated as the CO, emission estimated in the
project scenario deducted the CO, emission in the base line scenario.

(32): CO, emisson, reduction = CO, emission, project scenario, tota - CO, emission, basdine

where:

CO, emission, reduction: CO, emission reduction [ton/year]

CO, emission, project scenario, tota: CO; emission in the project scenario (ref. eg. (30))
[ton/year]

CO; emission, baseline: CO; emission in the selected and justified basdline

scenario (ref. eg. (5), (7) or (11)) [ton/year]

Step 5:
Calculation of the Emission Reduction Factor
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For each year of the crediting period, the emission reduction factor per supplied energy unit is
calculated.

The CO, emission reduction per supplied energy unit to the district heating system (i.e. the emission
reduction factor) is calculated as:

a) Projects only involving supply of heat by heat only boilers:

(324)

CO, emission red. factor, supply DH network = CO, emission, reduction / Epn nework, HOB, Project Scenario
where:

CO, emission red. factor, supply DH network: The agreed CO, emission reduction factor based on
supplied energy to the DH network [ton CO./GJ]|

CO, emission, reduction: CO; emission reduction, ref. equation (31)
[ton/year]
EbH Network,HOB, project scenario: Annua heat supplied to the DH network from HOBS,

project scenario, ref. equation (20 a) [GJyear]
b) and c) Projectsonly involving supply of heat by co-generation:
(32b) CO; emission red. factor, supply DH network = CO, emission, reduction / Qe co-gen
where:

CO, emission red. factor, supply DH network: The agreed CO, emission reduction factor based on
supplied energy to the DH network [ton CO,/GJ]|

CO, emission, reduction: CO, emission reduction, ref. equation (31) [ton/year]

QHesat co-gen: Annua heat supplied to the DH network from co-
generation, project scenario, ref. equation (20 b)
[Glyear]

The calculation of the emission reductions actually obtained shall be calculated based on the equation
below:

(33) CO;emission red., actua = CO, emission red. factor, supply DH network * Enonitored, DH network
where:

CO, emission red., actud: The actua obtained CO, emission reduction
[ton CO,lyear]
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CO, emission red. factor, supply DH network: The agreed CO, emission reduction factor based on
supplied energy to the DH network [ton COJ/G]|

Emonitored, DH network The monitored energy supply to the district heating
network (one year) [GJyear]

In projects involving supply of heat from both heat only boilers and co-generated heat, equation (33) shall
be applied. The heat source operating with the highest heat production efficiency shall be alocated the
emission reductions. This principle provides an incentive during the project activity for maximum utilisation
of the production unit operating with the highest efficiency.

Step 6:
Updating of emission reduction factors based on monitored data

The emission reduction factors shall be adjusted according to the monitored data. The principle is that the
emissions calculated for the baseline scenario are not changed.

The emissions in the project scenario are re-calculated based on actual efficiencies. Step 4 and Step 5 are
repeated, and a set of emission reduction factors vaid for the specific year are obtained. The actual
emission shall be calculated reflecting the actua fudl used (i.e. fuel consumption in terms of coal and gas
shall be monitored).

Project involving supply of heat from HOBs

For projects involving heat supply from hegat only boilers, the calculation of the actua emissions during the
project activity shall be updated by application of the actua annual average boiler efficiency for the
specific year. The actual annual average boiler efficiency is defined to be

hyos, acua = Heat Supplied, DH network / Fuel consumed * 100%

where:

NyoB, actua: Actual heat only boiler efficiency (annual average) [%0]
Heat Supplied, DH network:  Heat supplied to the DH network [GJyear]

Fuel consumed: Fuel consumed by the boiler [Glyear]

Project involving supply of co-generated heat
For each year, the actud margina heat production efficiency is calculated by application of equations (26
a) through (26 d).

A T

| SECTION E. Data sources and assumptions:

| E.1. Describe parameters and or assumptions (including emission factors and activity levels):

>>

Design Therma Ratings and Annual Energy Consumption

Assumptions have been made in respect of the relationship between design thermal loads and annual
energy consumption. Reference is made to Section D, in which comments on the applied data and
methodology are given.
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Construction of new buildings
The project developer shall, if relevant, include a forecast for development - over time - in respect of
congtruction of new buildings.

Replacement of existing boilers

In the proposed new base line methodol ogy, the project developer shal justify assumptions applied in
respect of the remaining technica life span for the existing boilers, i.e. the pace in which existing boilers
will be replaced by new boilers with improved efficiency. In asmilar manner, the implementation time for
any of the (alternative) base line scenarios becomes an important parameter, to be justified and
documented by the project developer. In the proposed new base line methodology, a quick implementation
schedule (replacement schedule) will typicaly reduce the emissions in the base line scenario, i.e. a
conservative estimate is to apply arelatively quick implementation schedule.

In the project scenario, the replacement of the existing boilers with supply from the district heating system
(district heating boilers and / or co-generation) follows the time schedule for implementation of the district
heating project. The time schedule for the project scenario shall be documented by the project developer
by reference to relevant studies and agreements (e.g. feasibility studies, bidding documents,
implementation contracts, etc.)

Boiler efficiency
In Section D, comments are given on applicable boiler efficiencies both for existing heat only boiler and for
new district heating boilers.

Efficiency for heat supplied by the District Heating System
In Section D, commernts are given on applicable efficiencies of the heat supply through a district heating
pipe network.

Hear supplied by co-generation

In the project scenario, the co-generated heat is assumed generated by extraction of thermal energy from
a steam turbine, and the estimates of the fuel consumption and subsequent emissions are based on
considerations on the margind efficiency (marginal fuel consumption). In the project scenario, the
approach is to calculate the marginal fuel consumption for the steam extraction, assuming that the electric
power production is kept at alevel so that no useful thermal energy is extracted.

Emission factors
In the calculation of the CO, emission, emission factors for coal combustion and combustion of natura gas
are applied according to values published by IPCC.

By applying a methodology in which energy unitsis used, it is necessary to investigate/cal culate actual
quantity of coal (ton) or volume of natural gas used and the corresponding calorific values of the coa
actualy used. Cdorific value of natura gas used is not required.

]
y

E.2. List of data used indicating sour ces (e.g. official statistics, expert judgement, proprietary
data, IPCC, commercial and scientific literature) and precise references and justify the
appropriateness of the choice of such data:

>>
Emission factors for fuel are obtained through the values published by IPCC.
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>>

For preparation of the Project Design Document (PDD), the project devel oper should retrieve most recent
available data on building stock (e.g. heated floor area), HTW demands and other data applicable both for
selecting and developing the base line scenario and the project scenario. The data shall be retrieved prior
to the starting date of the project activity. The data shall be of recent vintage, and not older than 5 years,
i.e. data shall have been updated / checked within 5 years from the starting date of the project activity.

Technica data on boiler efficiency (e.g. data from boiler test reports) can be applied aso in case the data
are older than 5 years from the starting date of the project activity, provided that the boilers are in a similar
technical condition as when the test was undertaken.

In case data on boiler efficiency are obtained from several boilers and for severd different operation
conditions, a weighted average shall be applied, i.e. the weight with which a specific type of boiler (or
stove) is applicable in the scenarios shall be taken into account.

The requirements to the applied data are that they are consistent with data applied during the technical and
financial feasibility studied, e.g. the basis for the technical design of the proposed new system (calculation
of capacity and dimensions of various components), assessment of project cost, heat tariff, etc. comply
with data used for the estimation of the emission reductions.

The project developer shdl in the PDD include relevant references to applied data and sources of data.

E.4. Spatial level of data (local, regional, national):

>>

The methodology requires that specific data are retrieved for each proposed project (e.g. data on heat
demands and HTW demands, applied fuels, and future composition of the heat production must be
retrieved by the project developer for each proposed project).

SECTION F. Assessment of uncertainties (sensitivity to key factors and assumptions):

>>

The estimate of the CO, emission reduction is sensitive to applied data on heated floor areaand annua
energy consumption. However, in the proposed monitoring methodology, a principle is suggested in which
the emission reduction is linked to the actua energy supplied to the district heating system or heat
produced as co-generation. This methodology means that the calculation of actua emission reductions will
(automatically) adjust for e.g. climatic changes (some winters will be colder than others), differencesin
buildings actually connected to the system, future energy saving measures, etc. Reference is made to the
section on monitoring methodology for further details.

>>
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The proposed new base line methodology is transparent in the fact that it applies a smple and logicd set of
equations. The equations are logical and can be comprehended by all professionas working within the
energy / environmental sector, i.e. no specialist knowledge on e.g. heating systems or boiler technology is
required.

Severa of the key data applied in the proposed new methodology can be confirmed by other sources not
related to the district heating project (e.g. heated floor areg, city development plans), i.e. to the extent
possible, the applied date are transparent.

The methodology is conservative in the fact that it only includes emission reductions directly linked to the
proposed project. In addition, it is conservative in the fact that default values applicable on e.g. efficiencies
are selected to be relatively high, meaning that the emissions in the base line scenarios are relatively high
and contrary in the project scenario default values on efficiencies reatively low. This means that the
emission reductions estimated by the project activity are made in a conservative manner.
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