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TECHNICAL ASSISTANCE FOR THE REVISION OF PROJECT DESIGN
DOCUMENTS (PDDS)
CALCULATION OF THE CARBON EMISSION FACTOR FOR THE
SERBIAN POWER GRID

1 INTRODUCTION

The Serbian Ministry of Environment and Spatial Planning (MESP) and the Italian Ministry
for Environment, Land and Sea (IMELS) on September 3rd, 2002 signed a Memorandum of
Understanding (MoU) on the “Environmental Protection Cooperation™.

Within this framework, D’ Appolonia S.p-A. (D’Appolonia) has been awarded by the MESP
10 provide specialized services related to the “Technical Assistance for Revision of the
Project Design Documents (PDDs) submitted following the Calls for Expression of Interest
for Receiving Co-Financing for the Preparation of PDDs” project (hereafter the Project).
Over the last year, 4 PDDs has been analyzed and evaluated. During this activity, it was
noted that different national Carbon Emission Factors (CEF) have been used in order to
calculate the GHG emission reduction related to grid electricity displacement.

In light of this, MESP appointed D’Appolonia to perform the calculation of the Serbian grid
CEF according to the “Tool to calculate the emission factor for an electricity system” (Tool)
approved by UNFCCC. The result will set the national benchmark for all ongoing and future
CDM project activities.

This report provides 2 comprehensive overview of the activities undertaken by D’ Appolonia
and final results.

This document is organized as follows:

® Section 2 defines a national grid carbon emission factor and the UNFCCC calculation
tool;

* Section 3 illustrates data provided by Elekiroprivreda Srbije (EPS), the Electric Power
Industry of Serbia;

» Section 4 shows the CEF calculation;
® Section 5 summarizes the contents of the document.

D'APPOLONIA S.p.A. Via San Nazaro, 19 - 16145 Genova, Italy
Phone +39 010 362 8148 - Fax +38 010 362 1078
e-mail: dappolonia@dappoionia.it - Web Site: hitp.//www.dappolonia.it
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2.2

THE KYOTO PROTOCOL

CLIMATE CHANGE AND CLEAN DEVELOPMENT MECHANISM (CDM)

United Nations Framework Convention on Climate Change {(UNFCCC) was established in
1992 and entered into force on March 20th, 1994; it is an international treaty with the
objective of stabilizing greenhouse gas (GHG) concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate system. It splits
the countries into two categories: Annex I parties (OECD + EIT countries, with legally
binding GHG emission reduction commitments) and Non-Annex I parties (with no GHG
€mission restrictions).

Kyoto Protocol, which is a legal binding commitment for the reduction of six greenhouse
gases produced by Annex 1 nations, states that Annex I countries have to reduce their
collective GHG emissions by at least 5.2% with respect to the year 1990 between 2008 and
2012. Kyoto Protocol was adopted on December |1th 1997, and entered into force on
February 16th, 2005.

In order fo assist Annex I nations to meet their emission reduction targets, the Kyoto
Protocol defines three “flexibility mechanisms”, namely Emission Trading (ET), Clean
Development Mechanism (CDM), and Joint Implementation (JI).

These mechanisms enable Parties to access cost-effective opportunities to reduce emissions,
or to remove carbon dioxide from the atmosphere, in other countries. While the cost of
limiting emissions varies considerably from region to region, the effect for the atmosphere of
limiting emissions is the same, irrespective of where the action is taken,

CDM is proposed under article 12 of the Kyoto Protocol, that allows Annex [ nations with
GHG reduction commitment to invest in projects that reduce emissions in Non-Annex I
nations as an alternative to high cost emission reduction in their own countries.
Simultaneously, CDM is also an important means to promote foreign investments and
sustainable development in developing countries,

As of today, Serbia is a Non-Annex | party. As such Serbia can host CDM projects,
CARBON EMISSION FACTOR OF SERBIAN POWER GRID

CDM projects can be developed in a number of sectors like energy generation, energy
efficiency, waste management, land use and agriculture. The basic principle underling the
CDM is that the implementation of a CDM project must lead to a GHG emission reduction
below a business-as-usual level (50 called emission baseline). Projects involving the
reduction of national grid electricity consumption (¢.g. energy efficiency projects) or its
displacement (e.g. grid-connected renewable energy generation projects) will lead to a GHG
emission reduction which has to be properly quantified. This can be done by multiplying the
amount of avoided grid electricity generation by the national grid Carbon Emission Factor

released per unit of potentijal encrgy. Different fossil fuels (coal, oil, natural gas, etc.) present
different CEF values; the lower the value, the less carbon is released per unit of energy.

Similarly to fossil fuels, also the CEF of electricity production can be calculated.
In a thermoelectric power plant, a quantity of fuel must be consumed to produce 2 certain
amount of electric energy, so that, knowing the characteristics of the fuel used and of the
plant, it is possible to calculate the CEF of power production in terms of amount of CO,
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emitted per unit of generated energy. Figure 2.1 provides an idea of greenhouse emissions
coming from different types of power plants (IPPC, 2006). Of course, power plants not using
fossil fuels like nuclear or renewable power plants, do not cause emissions, and have a CEF
equal to zero or very small in case plant operations entail direct or indirect fossil fuel
combustion (i.e.: for transportation purposes).

|1c02 Emission Factors |
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Figure 2.1: CO; Emission Factors for Different Types of Combustion Plants

Based on the emission factors of single plants, it is possible to calculate the emission factor
of a national power grid, as the average of the CEF of each operating power plant weighted
on its energy production (see Section 3 for data collection). This is usually done over a
period of 3 years.

The CDM Executive Board has approved a set of methodologies and tools to correctly
calculate the emission factor of a national grid, in order to standardize the methods to assess
their effect in terms of greenhouse gases production.

The CEF is calculated using the procedure reported in the “Tool to calculate the emission
factor for an electricity system”. This methodological tool determines the CO, emission
factor for the displacement of electricity generated by power plants in an electricity systern,
by calculating the “Combined Margin” emission factor (CM) of the electricity system. The
CM 1s the result of a weighted average of two emission factors pertaining to the electricity
system: the “Operating Margin” (OM) and the “Build Margin” (BM).

The OM is the emission factor that refers to the group of existing power plants whose current
electricity generation would be affected by the proposed CDM project activity. The BM is
the emission factor that refers to the group of prospective power plants whose construction
and future operation would be affected by the proposed CDM project activity.

Section 4 will provide a detailed description of the tool as well as the actual calculation of
the Serbian national grid emission factor.
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3 DATA COLLECTION AND ANALYSIS

For the CEF calculation several data relevant to the power plants are needed, such as yearly
electricity productions, fuel type and fuel consumptions, and the commissioning year. To this
end, D’Appolonia team provided EPS with a data request list to be filled. Data are relevant
to the three most recent years: 2008, 2009 and 2010,

EPS provided a detailed and precise list of power plants including installed MW, electricity
productions, fuel type, fuel net calorific value and fuel consumptions, commissioning year,
operational status,

It should be noted that the TPP plants (ie.. TPP Nikola Tesla Al+A6, TPP Kolubara
Al+AS5, TPP-HP Novi Sad Al+A2, etc.) are fed with a two different fuel mixes, coal and
heavy fuel oil, or heavy fuel oil and gas (depending on which fuel is preponderant). In the
CEF calculation D’ Appolonia took into account, for all these plants, the two different kinds
of fuels and the relevant consumptions.

For some TPP-HP power plants such as TPP-HP Novi Sad Al+A2, TPP-HP Zrenjanin
Al+A2, TPP-HP Sremska Mitrovica A1/A3 and Toplana Vreoci thermal energy production
data were provided (GWhycana'y). These values were not taken into account in the CEF
calculation because they are not electricity production data.

It is also important to point out some data gaps and inconsistencies deriving from an analysis
of the power plants data provided by EPS, in particular:

1. concerning TPP-HP Zrenjanin A1 + A2 plants fed with heavy fuel oil, for year 2010
the total electricity produced by the two plants is about 12 GWh/y, while the
corresponding total fuel consumption is zero;

2. the electricity produced by TPP-HP Sremska Mitrovica A1/A3 plants fed with heavy
fuel oil is very little (0.74 and 0.94 GWh/y) if compared with the electricity
produced by the other plants (from 100 to 10,000 GWh/y). Moreover, the fuel
consumption for year 2010 (19 t/y) is much lower than the fuel consumptions of the
other two years (1,283 and 1,789 t/y);

3. EPS did not provide data for electricity imports for the abovementioned three years.
D’ Appolonia used the following electricity import data derived from Index Mundi,
Serbia Electricity Imports website:

*  Year 2008 and 2009: 11,230 GWh/y,
* Year 2010: 121 GWh/y;

It should also be noted that the electricity import of year 2010 is much lower than the
imports of the previous two years.

For more details concerning power plants data, please refer to Appendix A — List of Serbian
Power Plants.
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4 CALCULATION OF THE CEF FOR THE SERBIAN POWER
GRID

The CEF of the Serbian National grid is calculated according to the “Tool to calculate the
emission factor for an electricity system” and taking into consideration the energy data
(energy production, foel consumption, etc.) of the power plants provided by EPS for years
2008, 2009 and 2010.

The current Serbian energy situation is characterized by a preponderance of fossil fuel fired
power plants in comparison with the contribution from renewable energy plants, namely
hydre power plants. Most of the fossil fuel plants are fuelled by coal, heavy fuel oil and
natural gas and their energy production ranges between 1 GWh/y up to about 10,000 GWh/y
(see Appendix A).

UNFCCC “Tool to calculate the emission factor for an electricity system” should be used in
order to determine the emission factor for the displacement of electricity generated by the
power plants within the national power grid of Serbia.

The CEF is determined by calculating three components of the power grid, namely:

* Operating margin (OM) — the existing power plants whose electricity generation would
be affected by the proposed CDM project;

* Build margin (BM) -- the type of power units whose construction would be affected by
the proposed CDM project;

¢ Combined margin (CM): 50% of OM and 50% of BM.

The calculation is carried out according to the following steps:

1. Identify the relevant electric grid

National Grid of Serbia (there is only one power grid in Serbia).

2. Select an OM method

The evaluation of OM depends on the choice of the most suitable option for the project case.
Four options are available: stmple OM, simple adjusted OM, dispatch data analysis OM and
average OM.

Since low-cost/must-run resources’ (coal has not been considered a must-run resource)
represent less than 50% of the overall energy production for the Country, the simple OM
approach has been chosen. According to this assumption, the calculation has been carried out
including only the fossil fuel fired power plant, excluding the so called “low cost/must run
plants™,

! Low-cost/must-ran resources are defined as power plants with low marginal generation costs or power plants that
are dispatched independently of the daily or seasonal load of the grid. They typically include hydro, geothermal,
wind, low-cost biomass, nuclear and solar generation. If coal is obviously used as must-run, it should also be
included in this list, i.e. excluded from the set of plants.
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For the simple OM, the simple adjusted OM and the average OM, the emissions factor can
be calculated using either of the two following data vintages:

¢ ex ante option: if the ex ante option is chosen, the emission factor is determined once at
the validation stage, thus no monitoring and recalculation of the emissions factor during
the crediting period is required. For grid power plants, use a 3-year generation-weighted
average, based on the most recent data available at the time of submission of the CDM-
PDD to the DOE for validation. For off-grid power plants, use a single calendar year
within the 5 most recent calendar years prior to the time of submission of the CDM-PDD
for validation;

* ©x post option: if the ex post option is chosen, the emission factor is determined for the
year in which the project activity displaces grid electricity, requiring the emissions factor
to be updated annually during monitoring. If the data required to calculate the emission
factor for year y is usually only available later than six months after the end of year vy,
alternatively the emission factor of the previous year y-1 may be used. If the data is
usually only available 18 months afier the end of year y, the emission factor of the year
proceeding the previous year y-2 may be used. The same data vintage (y, y-1 or y-2)
should be used throughout all crediting periods.

In this analysis the ex-ante option approach has been chosen, ie. a 3-year generation-
weighted average emissions per electricity unit (tCO,/MWh) of all generating sources
serving the system (latest data), not including low-operating cost and must-run power
plants/units.

3. Calculate the OM emission factor

The simple OM emission factor is calculated according to the Option A, based on the net
electricity generation of each power unit and an emission factor for each power unit, as
follows:

D.EG, , -EF,

im
EF, grid OMsimple,y — EG
2EG,,
m

R

where:

EFgﬁdlom,.mp,e'_,, = Simple operating margin CO, emission factor in year y (tCO,/MWh)
EG,, . = Net quantity of electricity generated and delivered to the grid by power unit m in
yeary (MWh)

EF, &t,m.y = CO; emission factor of each power unit m in year y (tCOy/MWh)

m= all power units serving the grid in year y except low-cost/must-run power units
y= the relevant year according to the ex-ante option

EFy ., » 18 calculated according to the Option A1 based on data on fuel consumption and
net electricity generation of each power plants/units:

Z FCr'.m,y * NCT/J‘,_V ) EFCOZ.J‘,_V

i

EF, =
ELm,y
2 EG,,
m
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where:
EFy; ., =CO; emission factor of each power unit m in year y (tCO,/MWh)

FCimy= Amount of fossil fuel type 1 consumed by power plant m in year y (mass or volume
unit)

NCV,, = Net calorific value (energy content) of fossil fuel type i in year y (GJ/mass or
volume unit)

EFcoz;,= CO, emission factor of fossil fuel type i in year y (tCO»/GJ)

EG,, .= Net quantity of electricity generated and delivered to the grid by power unit m in
year y (MWh)

m = All power plants/units serving the grid in year y except low-cost/must-run power
plants/units

i = all fossil fuel types combusted in power plant/unit m in year y

y = the relevant year according to the ex-ante option

The following data for emission factor of fuel, derived from the Intergovernmenta] Panel on
Climate Change (IPCC) Guidelines (IPCC, 2006), were used for the calculation:

EFcoz.coa y = 101,000 kgCO,/TJ
EFcos heavy tuetoit y= 77,400 kgCO,/TJ
EFco, o1, = 74,100 kgCO/T)
EF o2 natural gasy= 56,100 kgCO,/TJ

The Simple Operating Margins calculated for years 2008, 2009 and 2010 are respectively:
Year 2008:  Simple OM =940 t CO; /GWh;

Year 2009:  Simple OM = 905 t CO; /\GWh;

Year 2010:  Simple OM = 1,119t CO, /GWh.

The Weighted Average OMgrgisomy is: 984.8 t CO,/GWh = 0.985 t CO,; /MWh
4. Identify the cohort of power units to be included in the BM:

* set of 5 power units is chosen, as it is the same as the set of power capacity additions in
the electricity system that comprise 20% of the system generation;

¢ power plants registered as CDM project activities should be excluded from the sample
group m.

3. Calculate the BM emission factor

The BM emission factor is the generation-weighted average emission factor (tCOy/MWh) of
all power units m during the most recent year y for which power generation data is availabie;
it includes data about the set of power capacity additions in the electricity system that
comprise 20% of the system generation (in MWh) and that have been built most recently.
BM has been calculated as follows:

Z EG’"-J' x EF EL.m,y
EF . =-2
grid .BM .y
2.EG,,
m
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where:

EFprapyy=
EG,, =

in year y
EF, Elomy =
m =

y:

The CO; emission factor of each

calculation,

Table 4.1 shows the information of the

(MWh)

in the sample group for BM calculation,

Build Margin CO, emission factor in year y (tCO/MWh)
Net quantity of electricity generated and delivered to t

CO,; emission factor of power unit m in year y (tCO»/MWh)
Power units included in the build margin

Table 4.1: Recently Built Power Plants

he grid by power unit m

Most recent historical years for which power generation data is available
power unit m (EFg; ) is determined as in the OM

power plants recently built in Serbia, to be included

N Commissioni Capacit E‘I\vetr?:y Fuel
ommissioning apacity ectric .
Powaer Plant Date (MW) Production COI‘IS;.IkI':';ptIOI‘I
(GWh)

TPP Nikola Tesla B2 1985 620 3,900 5,530
TPP Kostolac B1/82 1987, 1991 680 3,306 4,530
TPP-HP Zrenjanin A1/A2 1989 110 41 6
HPP Dijerdap i 1985-87, 1998, 2001 270 1,520 -
HPP Pirot 1990 80 138 -
Total 1,760 8,905 10,066

The Build Margins calculated for years 2008, 2009 and 2010 are respectively:

Year 2008: BM=889 1 CO, ‘GWh,

Year 2009: BM= 932t CO, /GWh;,

Year 2010: BM=894; CO, /GWh.

The Weighted Average BM, EFgiapmyis: 905.2 t CO, /GWh = 0.905 t CO,/MWh

6. Calculate the CM emission factor

The CM emission factor is calculated as follows:

EF grigcmy = EF, gridBMy * Way + EF omy * Woy

where:

EFgﬁ Zamy = BM CO; emission factor in yeary (tCO,/MWh)

EF iomy = OM CO; emission factor in year y (tCO,/MWh)

Wope = Weighting of OM emission factor (%)

Wey = Weighting of BM emission factor (%)

The following data were used for the calculation:
*  EFgiapmy=0.905 tCO,/MWh. This is the calculated value from BM section
*  EFgiaomy=0.985 tCOy/MWh. This is the calculated vaiue from OM section
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®  Wom=10.5. This is the default value in accordance with the methodology tool.
® wam = 0.5 This is the default value in accordance with the methodology tool.
Hence, according to the Tool and to the abovementioned assumptions:

EF grid CMy = 0.945 tCOz/ MWh

This value, which represents the Carbon Emission Factor of Serbian national power grid,
will be used in the estimation of the carbon emission reductions in the Country.

For more detail concerning the CEF calculation make reference to the Appendix B — Serbian
CEF Calculation.
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Serbian Ministry of Environment, Mini

CONCLUSIONS

The main task of thig report is to calculate the Carbon Emission Factor (CEF) of the
electricity grid in Serbia in accordance with the “Tool to caiculate the emission factor for an
electricity system” (="Tool”) of the UNFCCC. The Grid CEF is the amount of carbon
dioxide emissions associated with each wnit of electricity in an electricity grid
[tonsCOZ/MWh]. The national grid CEF is a crucial parameter to calculate Certified

different mix of varioys sources (renewable, thermal and nuclear) of power, CEF might
differ considerably from country to country. A high CEF gives an additional incentive to
Project developers to realize energy-related CDM projects since an additional revenue stream
can be generated by the sale of CERs on the market.

The Tool determines the CO, Emission factor for the displacement of electricity generated
by power plants in an electricity system, by calculating the “Operating Margin” (OM) and
“Build Margin” (BM) as well as the “Combined Margin” (CM). The combined Margin (CM)
is calculated in multj step approach described under Section 4.

fuel consumption data.

The results of the calculation of the Combined Margin (CM) Emission Factor are presented
in Section 4 of this document. The CEF for the Serbian national grid turned out to be 0.945

Serbian authorities are now able to adopt a single national grid CEF to be provided to current
and future CDM project proponents. This study represents a critical step in terms of Serbian
credibility with potential CDM investors, for which clear and effective national procedures
are of paramount importance to plan investments,

MBT/CRB/ GIC/PAR/MGC:mcs
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APPENDIX A
LIST OF SERBIAN POWER PLANTS
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APPENDIX B
SERBIAN CARBON EMISSION FACTOR CALCULATION
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