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LEGEND AND ABBREVIATIONS

Fossil fuel base power plant m

Low-cost must run resource —hydropower plant m

Fossil fuel types combusted in power plant / unit m in yeary

Amount of fossil fuel type i consumed by power plant / unit m in yeary

Net calorific value (energy content) of fossil fuel type i in yeary

CO, emission factor of fossil fuel type i in yeary

Net electricity generated and delivered to the grid by power plant / unit m in
yeary

Calculation

CDM Clean Development mechanism

DOE Designated operational Entity

EEA Ethiopian Electricity Agency

EEPCA Ethiopian Electric Power Corporation
DNA Designated national Authority
PDD Project Design Document
UNFCCC United Nations Framework Convention on Climate Change
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INTRODUCTION

Energy Changes Projektentwicklung GmbH has been contracted by the Austrian Ministry of Environment for calculating
the Combined margin emission factor of Ethiopias’s electricity system. The contract included also a training and guide-
lines for the DNA and related institutions. The following activities were accomplished to meet the contract criteria’s in
the best manner:

. Research and analysis by Energy Changes

e Creation of a clarification Tool

e 3 day Training workshop in Addis Ababa

e  (Creating a guideline/report

. Calculation of Ethiopia’s Combined margin emission factor via spread sheet program

The calculation is based on the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity sys-
tem”. The calculation and announcement of the grid emission factor sets up a basic element for future CDM capacity
building programs and projects. After the research, analysis and first information exchange between the DNA and Energy
Changes, a workshop took place in Addis Ababa from 23" to 25" June. Energy changes presented and trained the per-
sonnel of the DNA EEPCO, EEA how to apply the calculation tool, and all issues in this context for Ethiopia’s electricity
system. During the last day, all data gaps, inconsistencies and the structure of the guideline were discussed. 1 month
later the DNA has provided all necessary information for calculating the Combined margin emission factor. This report
shows the approach, how to calculate the Combined margin emission factor for the years 2005, 2006 and 2007. Annex |
shows the Combined margin emission factor calculation via spread sheet program. The Step by Step approach via spread
sheet program and this guideline will enable EEPCO and the DNA to calculate the Combined margin emission factor for
the future years. The workshop also encompasses a presentation of the CDM mechanism and according sectoral scope

potential.

1) http://cdm.unfccc.int/methodologies/Tools/EB35_repan12_Tool_grid_emission.pdf
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COMBINED MARGIN EMISSION FACTOR
FOR CDM PROJECT DEVELOPMENT

The calculation of the combined margin emission factor based on the UNFCCC “Tool to calculate the emission factor for
an electricity system” is an essential requirement for CDM projects, which produce/ consume electricity to the national
grid. More than 70 % of the UNFCCC large scale methodologies require the combined margin factor of the electricity
system. The Combined margin emission factor considers all power plants connected to the electricity system with their
associated emissions, and thus the emission factor expresses the emitted tons of Carbondioxid per generated electricity
unit (e.g. MWh). Electricity systems, which are dominated by fossil fuel power plants (e.g. Southafrica emitted 0.9 tons
CO,/MWH, dominated by coal) result in a higher Emission factor compared to Hydropower dominated electricity systems
(e.g. Brazil emitted 0.2 tons CO,/MWh, dominated by hydro). New connected power plants to the electricity system in-
fluence the Combined margin emission factor, because of generated electricity and emitted emissions. CDM Project
activities which produce less CO, per generated MWh or save energy reduce emissions, which would otherwise be pro-
duced by e.g. existing connected fossil fuel based power plants.

For Example CDM project activities as renewable energy projects supply electricity to the national grid and substitute

CO; emissions, because of less or zero emissions per MWh.

BASELINE

CDM PROJECT ACTIVITY

Produced
Electricity CM Emission factor
~65000MWh | e.g. 0.4 tCO2/MWh

Small Hydro powerplant

10 MW installed capacity
65,000MWh/year

Project Emissions:0 tCO2/MWh

Emission Reductions
65,000MWh x 0.4 tCO,/MWh
26,000 t CO,/year

Connected Plants

Electricity system

In this example the Electricity system is based on three power plants (2 fossil fuels and one hydropower plant) and the
calculated combined margin factor is 0.4 tons CO, per generated MWh. The CDM project activity, as a small hydropower
plant, produces 65,000 MWh/year and thus reduces 26,000 ton CO,/year, which would otherwise be produced by the

existing electricity system.
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= Baseline Emissions -
PRINCIPLE

t CO,/year t CO,/year

t CO,/year

EXAMPLE CDM SMALL HYDRO POWER

26,000 t 26,000 t
CO,/year CO,/year

0t CO,/year - Renewable Energy

The reduced CO,emissions of 26,000 tons, caused by the project activity can be claimed as Certified Emission Reductions

and thereby the implementation of small hydro power plant is financial feasible.
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INTRODUCTION OF THE “TOOL TO CALCULATE THE EMISSIONS
FOR AN ELECTRICITY SYSTEM”

The UNFCCC methodological 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 operating margin refers to a cohort of power plants that reflect the existing power plants
whose electricity generation would be affected by the proposed CDM project activity. The build margin refers to a cohort
of power units that reflect the type of power units whose construction would be affected by the proposed CDM project
activity.

Parameter Description

EFgria,cmyy tCO,/MWh Combined margin CO, emission factor for grid connected power generation in year y

EFgria,am,y tCO,/MWh Build margin CO, emission factor for grid connected power generation in yeary

EFgridg,omy tCO,/MWh Operating margin CO, emission factor for grid connected power generation in year

The calculation is based on a Step by Step approach via spreadsheet program. Each worksheet of the spreadsheet is
shown in Annex I. The spreadsheet is based on Excel but can be exported to similar programs like OpenOffice.org Calc,
which is freely available. All the next steps refer to the UNFCCC-methodology tool and were used for Ethiopa’s electricity
system. The UNFCCC-methodology tool shall be used as primary source for this guideline report and for future calcula-
tion.

3.1 DEFINITIONS

Power plant/unit. A power plant / unit is a facility for the generation of electric power. Several power units at one site
comprise one power plant, whereby a power unit characterizes that it can be operated independently of the other
power units at the same site. Where several identical power units (i.e. with the same capacity, age and efficiency) are
installed at one site, they may be considered as one single power unit.

Net electricity generation refers to the difference between the total quantity of electricity generated by the power
plant / unit and the auxiliary electricity consumption of the power plant / unit (e.g. for pumps, vans, controlling, etc).

Grid/project electricity system is defined by the spatial extent of the power plants that are physically connected through
transmission and distribution lines to the project activity (e.g. the renewable power plant location or the consumers
where electricity is being saved) and that can be dispatched without significant transmission constraints.

Low-cost/must-run 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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4 THE SIX STEP APPROACH

The The following six step approach is required to calculate the Combined emission factor CM for an electricity system:

STEP 1

Identify the relevant electric power system

STEP 2
Select an operating margin (OM) method

STEP 3

Calculate the operating margin emission factor
according to the selected method

STEP 4
Identify the cohort of power units to be included
in the build margin (BM)

STEP 5

Calculate the build margin emission factor

STEP 6
Calculate the combined margin (CM) emissions factor
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STEP 1 IDENTIFY THE RELEVANT ELECTRIC POWER SYSTEM

5.1 GENERALLY

A electricity system is defined by the spatial extent of the power plants that are physically connected through transmis-
sion and distribution lines to the project activity (e.g. the renewable power plant location or the consumers where elec-
tricity is being saved) and that can be dispatched without significant transmission constraints.

Similarly, a connected electricity system, e.g. national or international, is defined as an electricity system that is con-
nected by transmission lines to the project electricity system. Power plants within the connected electricity system can
be dispatched without significant transmission constraints but transmission to the project electricity system has signifi-
cant transmission constraint.

Electricity transfers from connected electricity systems to the project electricity system are defined as electricity imports
and electricity transfers to connected electricity systems are defined as electricity exports.

For imports from connected electricity systems located in another host country(ies), the emission factor is 0 tons CO,
per MWh. Electricity exports should not be subtracted from electricity generation data used for calculating and monitor-
ing the electricity emission factors. Determine the CO, emission factor(s) for net electricity imports (EFgrigimporty) from a
connected electricity system within the same host country according the methodology.

The emissions are considered by each power plant, thus export data to another countries are not relevant.

ANOTHER COUNTRY

IMPORTS = 0 tons CO,/MWh

| IMPORTS = 0 tons CO,/MWh

ANOTHER COUNTRY
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5.2 APPLYING STEP 1: ELECTRIC POWER SYSTEM OF ETHIOPIA

Ethiopia’s electric power system has one national Grid the “Inter Connected System (ICS)” and currently with no Exports/
Imports to other countries. A second system the self contained system (SCS) consists of three small hydropower plants
and several diesel power plants. There is no physical connection between the ICS and SCS. The plants of the SCS are dis-
connected and thereby no electric power system according the UNFCCC definition.

The following Steps show the calculation of the Combined margin CO, emission factor for the ICS.

Overview: Electric power system

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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The following power plants are connected to Inter Connected System :

POWER PLANT/UNIT RESSOURCE

Awash Il Hydro
ES ] Hydro

Finchaa Hydro
Gilgel Gibe | Hydro
Koka Hydro
Melka Wakana Hydro
Tis Abay | Hydro
Tis Abay Il Hydro
Aluto Langano Geothermal
Adwa Fossil fuel
Adigrat Fossil fuel
Alemaya Fossil fuel
Awash 7 Kilo Fossil fuel
Axum Fossil fuel
Dire Dawa (MU) Fossil fuel
Dire Dawa Emergency Fossil fuel
Ghimbi Fossil fuel
Jimma Fossil fuel
Kaliti Fossil fuel
Mekele Fossil fuel
Nekempt Fossil fuel

Shire Fossil fuel
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STEP 2 SELECT AN OPERATING MARGIN (OM) METHOD

The calculation of the operating margin emission factor (EFgiq.0m,) has to be based on one of the following methods:

Simple

Simple OM Adjusted OM

Dispatch data

Analysis OM Average OM

—

_

—~—

Any of four methods can be used, however

can be
Simple OM

grid generation

1) average of five most recent years

6.1 EX-ANTE OPTION OR EX-POST OPTION

used only if
resources constitute less than 20% of total

low-cost/must-run

2) based on long-term averages for hy-
droelectricity production

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

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, without re-
quirement to monitor and recalculate the emissions
factor during the crediting period

EX-POST OPTION

The year in which the project activity displaces grid elec-
tricity, requiring the emissions factor to be updated an-
nually during monitoring. If the data required to calcu-
late the emission factor for year y is usually only avail-
able later than six months after the end of year vy, alter-
natively the emission factor of the previous year (y-1)
may be used. If the data is usually only available 18
months after 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.

For the dispatch data analysis OM, use the year in which the project activity displaces grid electricity and update the emission factor

annually during monitoring.
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6.2 APPLYING STEP 2: SELECT OPERATING MARGIN METHOD FOR ETHIOPIA

The hydro power plants represent the Low-cost/must-run resources and constitute more than 50% of the total grid gen-

eration, based on the average of the five most recent years 2003-2007. Therefore the Simple operating margin method is

not applicable.

POWER PLANT/UNIT

Awash ||
Awash Il
Finchaa

Gilgel Gibe |
Koka

Melka Wakana
Tis Abay |

Tis Abay Il
Aluto Langano

Adwa

Adigrat

Alemaya

Awash 7 Kilo
Axum

Dire Dawa (MU)
Dire Dawa Emergency
Ghimbi

Jimma

Kaliti

Mekele
Nekempt

Shire

RESSOURCE

Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Geothermal
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel
Fossil fuel

Fossil fuel

\

/

N

J

2004

> 21 100,00

NET ELECTRICITY GENERATION [MWh] EGm

2005

> 2007 100,00 2262 500,00

16 100,00

2005

124 825,04
138 435,65
633 884,20
800 819,85

75 133,68
353 484,97

22111,42
366 943,73

15,60

4 495,00
8,69

11 646,35

2262,50
65,40

0,20

2006

155 777,30
173 350,85
640 389,30
812 740,33
105 127,41
514 951,50

16 767,76
407 193,12

1899,50

10 142,90

2007

146 193,78
170 766,39
824 173,64
945 774,18
116 080,10
477 750,10

44 461,00
527 763,97

1196,60

6 254,57

The calculation of the operating margin emission factor (EFgiqomy) Will be calculated via Average Operating margin

method, which includes the Low-cost/must-run resources.

The Simple Adjusted Operating margin method can not be applied, because chronological load data (typically in MW) for

each hour and power plant and are not available. The ICS is highly, e.g. 99% in 2007, dominated by hydropower thus the

calculation via Adjusted Operating margin method will not differed significantly compared to the Average Operating mar-

gin calculation.
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STEP 3 CALCULATE THE OPERATING MARGIN EMISSION FACTOR
ACCORDING TO THE SELECTED METHOD

7.1 AVERAGE OM

The average OM emission factor (EFgiqom-avey) i calculated as the average emission rate of all power plants serving the
grid, using the guidance for the simple OM calculation of the UNFCCC methodology tool, but including in all equations

also low-cost/must-run power plants. The following options may be used if the relevant conditions apply:

e Option A, Based on data on fuel consumption and net electricity generation of each power plant / unit or

e Option B, Based on data on net electricity generation, the average efficiency of each power unit and the fuel type
(s) used in each power unit or

e Option C, Based on data on the total net electricity generation of all power plants serving the system and the fuel
types and total fuel consumption of the project electricity system.
Option A will be applied, because all conditions apply.

Option A:

Methodology notation:

Z FC,, ,XNCV, XEFg,,,,

EFgrid,OM—ave,y = EG
2 EG,,
m

Math notation (by Energy changes)

Z z FC,, ,XNCV, XEF .,

EF — m=l_i=1
2 EG,,

grid ,OM —ave ,y
m=1

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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Where:

EFgrid,OM—ave,y

Average operating margin CO, emission factor in year y (tCO,/MWh)

FCim,y Amount of fossil fuel type i consumed by power plant / unit 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)
EFCO,,iy CO, emission factor of fossil fuel type i in year y (tCO,/GJ)
EGn,y Net electricity generated and delivered to the grid by power plant / unit m in year y (MWh)
m All power plants / units serving the grid in year y including low-cost / must-run power plants / units
i All fossil fuel types combusted in power plant / unit m in yeary
y year
Counter variable
Power plant m SR
“Fuel type [ .
- § Src—xNcV. xEF
EF _ime] = LMY 1 C02 1 y
grid,OM—ave)y g EG
~,  my
m=1
<
nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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7.2 APPLYING STEP 3 AVERAGE OPERATING MARGIN FOR ETHIOPIA’S ELECTRIC
POWER SYSTEM

The calculation of the average (OM) requires the following steps:

STEP A

Determination of the yeary

L

STEP B
Determination of power plant m serving
the grid in yeary

STEP C

Determination of used fuel typec i per

power plant m in the yeary

1y

STEP D
Determination of amount fuel type i
consumed per power plant m in year y

158

STEP E
Determination of Net calorific value
(energy contnet) of fossil fuel type i in

yearyyeary

—
e O
STEPF

0]

Determination of CO, c emission factor
of fossil fuel type i in yeary o

iy

STEP G

Determination on of Net electricity
generated and delivered to the grid by
power plant m in year y

! |

STEP H

Calculation according methodology
formula

o

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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7.2.1 STEP A DETERMINATION OF THE YEAR Y

The average OM will be calculated for the years 2005, 2006 and 2007.
All the next steps will be given for these years

7.2.2 STEP B DETERMINATION OF POWER PLANT M SERVING THE GRID IN YEAR Y

POWER PLANT/UNIT RESSOURCE 2005 2006 2007
Awash Il Hydro v v v
Awash llI Hydro
Finchaa Hydro v v v
Gilgel Gibe | Hydro v v v
Koka Hydro v v v
Melka Wakana Hydro v v v
Tis Abay | Hydro v v v
Tis Abay I Hydro v v v
Aluto Langano Geothermal
Adwa Fossil fuel
Adigrat Fossil fuel v
Alemaya Fossil fuel
Awash 7 Kilo Fossil fuel v v v
Axum Fossil fuel v
Dire Dawa (MU) Fossil fuel
Dire Dawa Emergency Fossil fuel v v v
Ghimbi Fossil fuel
Jimma Fossil fuel
Kaliti Fossil fuel v v v
Mekele Fossil fuel v
Nekempt Fossil fuel
Shire Fossil fuel v

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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7.2.3 STEP C DETERMINATION OF USED FUEL TYPES | PER POWER PLANT M IN THE YEAR Y

2005 2006 2007

POWER PLANT/UNIT m Fuel type i Fuel type i Fuel type i

1NN CNE) IEN )

Adigrat v

Adwa

Alemaya - - = = o - - - -
Awash 7 Kilo = v = . v B - _ v
Axum - v - - g . - - -

Dire Dawa (MU) - - = - - - - - -
Dire Dawa Emergency v v - v v - v v -

Ghimbi - - - - = = o = -
Jimma - - - - - - - - -
Kaliti - v - - v - _ - v
Mekele - v - - - - - - -
Nekempt - - - - - - - - -

Shire - v - - - - - - -

HFO......... Heavy Fuel oil
LFO......... Light Fuel oil
(D SR Diesel

changes
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7.2.4 STEP D DETERMINATION OF AMOUNT FUEL TYPE | CONSUMED PER POWER PLANT M IN YEAR Y

2005 2006 2007

Consumed Fuel FC; ,, [m?] Consumed Fuel FC; ,, [m?] Consumed Fuel FC; ,, [m?]

(= s = [= o= [ =]

POWER PLANT/UNIT m

Adwa

Adigrat 4,10

Alemaya - - - - - - - - -
Awash 7 Kilo = 2673,31 = = 465,00 = = = 124,00
Axum - 4,25 - - - - - - -
Dire Dawa (MU) - - - - - - - - -
Dire Dawa Emergency 7917,80 925,84 = 2961,85 824,72 = 469,65 1185,05 =
Ghimbi - - - - - - - - -
Jimma = = = - - - - - -
Kaliti - 845,50 - - 99,00 - - - 410,661
Mekele - 13,15 - - - - - - -
Nekempt = = = = - - - - -
Shire - 0,07 - - - - - - -
TOTAL 7 917,80 4 466,23 = 2 961,85 1388,72 = 469,65 1185,05 534,66

HFO......... Heavy Fuel oil
LFO......... Light Fuel oil
[0 IS Diesel

7.2.5 STEP E DETERMINATION OF NET CALORIFIC VALUE (ENERGY CONTENT) OF FOSSIL FUEL TYPE | IN YEAR Y
STEP F DETERMINATION OF CO, EMISSION FACTOR OF FOSSIL FUEL TYPE I IN YEAR Y

Net calorific value
(Energy content)
[GJ/ton]

CO, emission factor'
[tC02/G)]

Density
[kg/m?]

Used Fuel typ

Heavy Fuel oil (HFO)
Light Fuel oil (LFO)
Diesel (D)

1 IPCC default value

The following data sources for Net calorific value and CO, emission factor may be used if the relevant conditions apply:

Data source

Conditions for using the data source

Values provided by the fuel supplier of the power plants in
invoices

If data is collected from power plant operators (e.g. utilities)

Regional or national average default values

If values are reliable and documented in regional or national
energy statistics / energy balances

IPCC default values at the lower limit of the uncertainty at a
95% confidence interval as provided in Table 1.2, 1.4 of Chap-
ter 1 of Vol. 2 (Energy) of the 2006 IPCC Guidelines on National
GHG Inventories

changes
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7.2.6 STEP G DETERMINATION OF THE NET ELECTRICITY GENERATED AND DELIVERED TO THE GRID
BY POWER PLANT M IN YEAR Y

NET ELECTRICITY GENERATION [MWh]

2005 2006 2007

Awash I 124 825,04 155 777,30 146 193,78

POWER PLANT/UNIT

Awash [l 138 435,65 173 350,85 170 766,39
Finchaa 633 884,20 640 389,30 824 173,64
Gilgel Gibe | 800 819,85 812 740,33 945 774,18
Koka 75 133,68 105 127,41 116 080,10
Melka Wakana 353 484,97 514 951,50 477 750,10
Tis Abay | 22 111,42 16 767,76 44 461,00
Tis Abay Il 366 943,73 407 193,12 527 763,97

Adigrat 15,60 - -

Awash 7 Kilo 4 495,00 1 899,50 1 196,60
Axum 8,69 - -
Dire Dawa Emergency 11 646,35 10 142,90 6 254,57
Kaliti 2 262,50 386,70 1273,45
Mekele 65,40 = -
Shire 0,20 - -

TOTAL (without imports) 2534 132,27 2 838 726,67 3261687,78

IMPORTS = = =
TOTAL 2534132,27 2838726,67 3261 687,78
nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according

changes the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system”



@ nergy

changes

7.2.7 STEP H CALCULATION OF THE AVERAGE OPERATING MARGIN FOR THE YEAR 2005

Power plant m Fuel type i

Adigrat Light fuel oil
Awash 7 Kilo Light fuel oil
Axum

Light fuel oil
Dire Dawa .
—— Heavy fuel oil
Kaliti Light fuel oil
Mekele Light fuel oil
Shire Light fuel oil
Awash Il
Awash IlI
Finchaa
Gilgel Gibe |
Koka

Melka Wakana
Tis Abay |
Tis Abay Il
IMPORTS

4,10
2673,31
4,25
925,84

7 917,80

845,50
13,15
0,07

Average Operating Margin year 2005
EFgrid,om-ave200s 0,016741 tons CO,/MWh

Average operatin margin year 2005

NCV;
[G)/ton]
B

4
42
42
42
21

42
42
42

EFcoz,i
[tCO,/G)]
C

0,0733
0,0733
0,0733
0,0733
0,0733

0,0733
0,0733
0,0733

Density;
[ton/m3]
D

0,88
0,88
0,88
0,88
0,97

0,88
0,88
0,88

[tCO,]
E=AxBxCxD

11,11

7 242,45
7 253,55
2 508,26
23 081,50
25 589,76
2290,60
35,63
0,20

Emissions per m
[tCO,]
F=Sum E per m

11,11

7 242,45
7 253,55
25 589,76
25 589,76
25 589,76
2290,60
35,63
0,20

42 423,29

EGm
[MWh]
G

15,60
4 495,00
8,69

11 646,35

2262,50
65,40

0,20

124 825,04
138 435,65
633 884,20
800 819,85
75 133,68
353 484,97
22111,42
366 943,73

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system”
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7.2.8 STEP H CALCULATION OF THE AVERAGE OPERATING MARGIN FOR THE YEAR 2006

Average operatin margin year 2006

NCV; EFcoz;i Density; Emissions per m EFgrid,om-ave
Power plant m Fuel type i [GJ/ton] [tCO,/GJ] [ton/m3] E=A[>t<(éf<)é]xD [tCO,] [tCO,/MWh]
B C D F=Sum E per m H=SumF/SumG

Adigrat

Awash 7 Kilo Ligth fuel oil 465,00 42 0,0733 0,88 1259,76 1259,76 1 899,50

Axum -

Light fuel oil 824,72 42 0,0733 0,88 2234,29 10 868,49
IR (BEE Heavy fuel oil 2961,85 41 0,0733 0,97 8 634,20 10 868,49 1
Emergency 142,90
10 868,49 10 868,49

Kaliti Light fuel oil 99,00 42 0,0733 0,88 268,21 268,21 386,70

Mekele - =

Shire - =

Awash Il - 155 777,30

Awash Il - 173 350,85

Finchaa - 640 389,30

Gilgel Gibe | - 812 740,33

Koka - 105 127,41

Melka Wakana - 514 951,50

Tis Abay | - 16 767,76

Tis Abay Il - 407 193,12

IMPORTS = |

2396,46 2838726,67 _

Average Operating Margin year 2006
EFgrid,OM-ave,ZOOG 0.004367 tons COZ/MWh

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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7.2.9 STEP H CALCULATION OF THE AVERAGE OPERATING MARGIN FOR THE YEAR 2007

Average operatin margin year 2007

NCV; EFcoz;i Density; [tCO,] Emissions per m EFgrid,om-ave
Power plant m Fuel type i [GJ/ton] [tCO,/GJ] [ton/m?3] E-AxBxéxD [tCO,] [tCO,/MWh]
C D - F=Sum E per m H=SumF/SumG

Diesel 465,00

1244,57 1244,57 1196,60

Light fuel oil 1185,05 42 0,0733 0,88 3210,51 4 579,60
Heavy fuel oil 469,65 41 0,0733 0,97 1369,09 4 579,60 6 254,57
4 579,60 4 579,60
Diesel 410,66 43 0,0741 0,84 1099,13 1099,13 1273,45

= 146 193,78
= 170 766,39
- 824 173,64
- 945 774,18
= 116 080,10
= 477 750,10
= 44 461,00
= 527 763,97

6923,30 3261687,78 _

Average Operating Margin year 2007
EFgrid,OM-ave,2007 =0.002123 tons COZ/MWh

7.3 AVERAGE OPERATING MARGIN YEAR 2005-2007 AND 3-YEAR GENERATION-
WEIGHTED AVERAGE OF THE AVERAGE OPERATING MARGIN FOR THE EX-ANTE
CALCULATION

Weighted | 4 ol EGaoos | Weighted EGaoos | Total EGaeqr | VEiBNE
EG200s EG3007

[ton CO,/MWHh] | [ton CO,/MWHh] |[ton CO,/MWHh] [MWh] [MWh] [%] [MWh]

Total EG3005-2007

EFgrid,om-ave,2005 | EFgrid,om-ave,2006 | EFgrid,om-ave,2007 | Total EG2o05

A D E=D/J F I=H//) J=D+F+H

0,01674 0,00437 0,00212 2534132 0,2935 2838727 0,3288 3261688 0,3777 8634 547

N !
—

E Fgrid,OM-ave,ZOOS -2007

[ton CO,/MWh]

K=A*E+B*G+C*|

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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8 STEP 4 IDENTIFY THE COHORT OF POWER UNITS TO BE INCLUDED
IN THE BUILD MARGIN (BM)

The sample group of power units m used to calculate the build margin consists of either:

a) The set of five power units that have been built? most recently, or

Set of five power units

Past Commission date

(b) 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. If 20% falls on part capacity of a unit, that unit is fully included in the calcula-
tion.

Set of power units, where 20% of the generated net electricity will be
produced and have been built most recently

I N
X

+ éki + = E EGm,y
: - N
Till 2 EGm,y> 20% of 2 TOTAL EGm,y
— ®
Past Commission date Today

Project participants should use the set of power units (a or b) that comprises the larger annual generation.

2) As a general guidance, a power unit is considered to have been built at the date (commission date) when it started to supply
electricity to the grid.

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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@ nergy

Power plants registered as CDM project activities should be excluded from the sample group m. However, If group of
power units, not registered as CDM project activity, identified for estimating the build margin emission factor includes
power unit(s) that is(are) built more than 10 years ago then:

e exclude power unit(s) that is (are) built more than 10 years ago from the group; and

¢ include grid connected power projects registered as CDM project activities, which are dispatched by dispatching
authority to the electricity system.

Capacity additions from retrofits of power plants should not be included in the calculation of the build margin emission
factor.

8.1 APPLYING STEP 4 IDENTIFY THE COHORT OF POWER UNITS TO BE INCLUDED
IN THE BUILD MARGIN (BM)

8.1.1 OPTION A) THE SET OF FIVE POWER UNITS THAT HAVE BEEN BUILT MOST RECENTLY,

POWER PLANT/UNIT COMDTT'E'ON POWER PLANT/UNIT '[ESI"“’;‘;:’]’
1960 Tis Abay Il 527 763,97
Tis Abay | 1964 Gilgel Gibe | 945 774,18
Awash Il 1966 Awash 7 Kilo 1 196,60
Awash IlI 1971 Dire Dawa Emergency 6 254,57
Finchaa 1973 Kaliti 1273,45
1975, 1992 1482 262,77

1975, 1991, 1995
Mekele 1984, 1991, 1993

Melka Wakana 1988

Adigrat 1992, 1993, 1995

Tis Abay Il 2001
Gilgel Gibe | 2004
Awash 7 Kilo 2004
Dire Dawa Emergency 2004

Kaliti 2004

The following five power plants have been built most recently:

e Tis Abay Il

e Gilgel Gibe

e Awash 7 Kilo

e Dire Dawa Emergency
o Kaliti

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according

changes the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system” 26
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8.1.2 OPTION B) THE SET OF POWER CAPACITY ADDITIONS IN THE ELECTRICITY SYSTEM THAT COM-
PRISE 20% OF THE SYSTEM GENERATION (IN MWH) AND THAT HAVE BEEN BUILT MOST RECENTLY.
IF 20% FALLS ON PART CAPACITY OF A UNIT, THAT UNIT IS FULLY INCLUDED IN THE CALCULATION.

The following power plants comprise 20% of the system generation (in MWh) and that have been built most recently:

changes

POWER PLANT/UNI e i, | Comimed%
Koka 1960 116 080,10 100,00%
Tis Abay | 1964 44 461,00 96,44%
Awash II 1966 146 193,78 95,08%
Awash I 1971 170 766,39 90,60%
Finchaa 1973 824 173,64 85,36%
Axum 1975, 1992 - 60,09%
Shire 1975, 1991, 1995 = 60,09%
Mekele 1984, 1991, 1993 - 60,09%
Melka Wakana 1988 477 750,10 60,09%
Adigrat 1992, 1993, 1995 - 45,44%
Tis Abay Il 2001 527 763,97 45,44%
Gilgel Gibe | 2004 945 774,18 29,26%
Awash 7 Kilo 2004 1 196,60 0,27%
Dire Dawa Emergency 2004 6 254,57 0,23%
Kaliti 2004 1273,45 0,04%
TOTAL 3261 687,78

e Gilgel Gibe |

e Awash 7 Kilo

e Dire Dawa Emergency
e Kaliti

EGm,2007
[MWh]

Gilgel Gibe | 945 774,18

POWER PLANT/UNIT

Awash 7 Kilo 1 196,60
Dire Dawa Emergency 6 254,57
1273,45

954 498,80

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system”
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8 8.1.2 DECISION OPTION (A) OR (B)

OPTION a

POWER PLANT/UNIT

Tis Abay Il
Gilgel Gibe |

Awash 7 Kilo

Dire Dawa Emergency

Kaliti

EGm,2007
[MWh]

527 763,97
945 774,18
1196,60
6 254,57
1273,45

1482 262,77

OPTION b

EGm,2007
[MWh]

POWER PLANT/UNIT

Gilgel Gibe | 945 774,18
Awash 7 Kilo 1 196,60
Dire Dawa Emergency 6 254,57
1273,45

954 498,80

1,482,262.77 MWh > 954,498.80 MWh

Project participants should use the set of power units (a or b) that comprises the larger annual generation.

Decision: Option a is used for the Calculation of the Build margin emission factor

@ nergy
changes

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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STEP 5 CALCULATE THE BUILD MARGIN EMISSION FACTOR

The build margin emissions factor is the generation-weighted average emission factor (tCO,/MWh) of all power units m

during the most recent year y for which power generation data is available, calculated as follows:

Methodology notation:

refer to formula (12) of the methodology tool

> EG, XEFy,.
EFgrid,BM,y = ZEG
m,y
m
Where:
EFgrid,am,y Build margin CO, emission factor in year y (tCO,/MWHh)
EGm,y Net quantity of electricity generated and delivered to the grid by power unit m in year y (MWh)
EFeum,y CO, emission factor of power unit m in year y (tCO,/MWh)
m Power units included in the build margin
y Most recent historical year for which power generation data is available

Methodology notation:
refer to formula (3) of the methodology tool

02,y

Z FC,, X NCV, XEF,

EF =

EL,m,y

m,y

Where small[i]

FCimy CO, emission factor of power unit m in year y (tCO,/MWh)

NCV;, Amount of fossil fuel type i consumed by power unit m in year y (Mass or volume unit)

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

m CO, emission factor of fossil fuel type i in year y (tCO,/GJ)

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

m All power units serving the grid in yeary

| All fossil fuel types combusted in power unit m in yeary

y Either the three most recent years for which data is available at the time of submission of the CDM-PDD to the

DOE for validation (ex ante option) or the applicable year during monitoring (ex post option)

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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The both noted formula 12 and 3 can be combined as follows:
Math notation (by Energy changes)

i=l

EFgrid,BM,y =

n

The variable n of the term z are determined as follows:
m=l

Option a (refer to Step 4)
The set of five power units that have been built most recently,

Option b (refer to Step 4)
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. If 20% falls on part capacity of a unit, that unit is fully included in the calculation.

n=.... > till interim sum of ZEGm’y 220% Total z EGm’y

m=1 m=1

lllustration Option a and b:

In 2007 Option a > n=5

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
changes the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system”
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9.1 APPLYING STEP 5 CALCULATE THE BUILD MARGIN EMISSION FACTOR OPTION B

Build operatin margin year 2007 Option (a)

NCV; EFcoz,i Density; [tCO,] Emissions per m EGm EFgria,sm2007
Power plant m Fuel type i [G)/ton] [tCO,/G)] [ton/m3] E—AxBx(ZZxD [tCO,] [MWh] [tCO,/MWh]
B c D - F=Sum E per m G H=SumF/SumG
Awash 7 Kilo Diesel 465,00 43 0,0741 0,84 1244,57 1244,57 1 196,60
‘ Light fuel oil 1 185,05 42 0,0733 0,88 3210,51 4 579,60
IR Heavy fuel oil 469,65 21 0,0733 0,97 1369,09 4579,60 6 254,57
Emergency
4 579,60 4579,60
Kaliti Diesel 410,66 43 0,0741 0,84 1099,13 1099,13 1273,45
Gilgel Gibe | - 945 774,18
Tis Abay Il ] 527 763,97

6923,30 148226277 _

Build Margin year 2007 Option b
EFgrid,BM,ZOO7 =0.004671 tons COZ/MWh

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according 31
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STEP 6 CALCULATE THE COMBINED MARGIN (CM) EMISSIONS FACTOR

The combined margin emissions factor is calculated as follows:

EF;rrid,CM, y = EF;rrid,OM, y X Wou t EF;rid,BM, y X Way
EFgria,cmy Combined Margin CO, emission factor in year y (tCO,/MWh)

EFgrid,om,y Operating margin CO, emission factor in year y (tCO,/MWh)
Wom Weighting of operating margin emissions factor (%)

EFgria,am,y Build margin CO, emission factor in year y (tCO,/MWHh)

Wam Weighting of build margin emissions factor (%)

10.1 WEIGHTING DEFAULT VALUES:

Unless otherwise specified in the approved methodology which refers to this tool. Project participants can submit alter-

native proposal, for revision of tool or the methodology or deviation from its use, if the weightage does not reflect their

situation with an explanation for the alternative weights.

The following default values should be used for woy and wgy:

10.1.1 WIND AND SOLAR POWER GENERATION PROJECT ACTIVITIES:

wom = 0.75 and wpgy = 0.25 (owing to their intermittent
and non-dispatchable nature) for the first crediting pe-
riod and for subsequent crediting periods.

10.1.2 ALL OTHER PROJECT ACTIVITIES:

wowm = 0.5 and wgy = 0.5 for the first crediting period and

Wowm = 0.25 and wgy = 0.75 for the second and third crediting period

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
the UNFCCC Methodological tool “Tool to calculate the emission factor for an electricity system”
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10.1.3 ALTERNATIVE WEIGHTS

Alternative weights can be proposed, as long as woy + wgy = 1, for consideration by the Executive Board, taking into
account the guidance as described below. The values for woym + Wgy applied by project participants should be fixed for a
crediting period and may be revised at the renewal of the crediting period.

Guidance on selecting alternative weights

The following guidance provides a number of project-specific and context-specific factors for developing alternative op-
erating and build margin weights to the above defaults. It does not, however, provide specific algorithms to translate
these factors into quantified weights, nor does it address all factors that might conceivably affect these weights. In this
case, project participants are suggested to propose specific quantification methods with justifications that are consistent
with the guidance provided below.

Given that it is unlikely that a project will impact either the OM or BM exclusively during the first crediting period, it is

suggested that neither weight exceed 75% during the first crediting period.

Factor Summary — Impact on

weights

Further Explanation

Project size (absolute or rela-
tive to the grid size of the sys-
tem or the size of other system
capacity additions)

No change in weight on
basis of absolute or relative
size alone

Alternative weights on the basis of absolute or relative project
size alone do not appear to be justified.

Timing of project output Can increase OM weight for
highly off-peak projects;
increase BM for highly on-

peak projects.

Projects with output is mainly off-peak can have a greater OM
weight (e.g. solar PV projects in evening peak regions, seasonal
biomass generation during off-peak seasons), whereas projects
with disproportionately high output during on-peak periods
(e.g. air conditioning efficiency projects in some grids) can have
greater BM weight.

Can increase OM for inter-
mittent resources in some
contexts.

Predictability of project output

Projects with output of an intermittent nature (e.g. wind or
solar projects) may have limited capacity value, depending on
the nature of the (wind/solar) resource and the grid in question,
and to the extent that a project’s capacity value is lower than
that of a typical grid resource its BM weight can be reduced.
Potential adjustments to the OM/BM margin should take into
account available methods (in technical literature) for estimat-
ing capacity value.10

Suppressed demand Can increase BM weight for

the 1% crediting period.

Under conditions of suppressed demand that are expected to
persist through over half of the first crediting period across a
significant number of hours per year, available power plants are
likely to be operated fully regardless of the CDM project, and
thus the OM weight can be reduced.

For system management (nature of local electricity markets, planning, and actors) and other considerations no guidance is avail-

able at present.

Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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10 10.2 APPLYING STEP 6 CALCULATE THE COMBINED MARGIN (CM) EMISSIONS FACTOR

EFgrid,CM,y = EFgrid,OM,y XWoy + EFgrid,BM,y XWpy

10.2.1 EX-ANTE CALCULATION

Wind and solar power generation project activities:

Wind and solar power generation project activities Ex-ante calculation

EFgrid,om,2005-2007 Wom EFgrid,am,2007 Wsm EFgrid,cm,2007
[tCO,/MWh] [tCO,/MWh] [tCO,/MWh]
A C F=AxB+CxD

All other project activities:

All other project activities Ex-ante calculation
EFgrid,OM,2005-2007 Wom EFgrid,BM,2007 Wem EFgrid,CM,ZO(ﬂ
[tCO,/MWHh] - [tCO,/MWh] - [tCO,/MWh]
A B C D F=AxB+CxD

10.2.2 EX-POST CALCULATION

Wind and solar power generation project activities:

Wind and solar power generation project activities Ex-post calculation

EFgria,om,2007 Wom EFgrid,m,2007 Wem EFgria,cm,2007
[tco,/Mwh] | | rtco,mwhy | | [tCO,/MWh]
A C F=AxB+CxD

0,00212 0,00467

All other project activities:

All other project activities Ex-post calculation

EFgrid,om,2007 Wom EFgrid,am,2007 Wem EFgrid,cm,2007

[tCO,/MWAh] = [tCO,/MWAh] = [tCO,/MWHh]
A B © D F=AxB+CxD

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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11  PUBLISHING OF RESULTS

The following results should be announced on the website of the DNA and Energy Comission:

Operating Margin OM (Average OM method) Build Margin BM ' Combined margin emission factor CM

EFgrid,om-ave,2005-2007 Ex-ante Ex-post
EFgrid,BM,2007
3 year generation weighted average EFgrid,cM,zoM EFgrid,CM,ZOW

[ton CO,/MWh] | [ton CO,/MWh] |[[ton cO;/MWh]|  [ton CO,/MWHh] [tCO,/MWh] [tCO,/MWh]  [tCO,/MWh]

PROJECT ACTIVITIES EFgrid,om-ave,2005 EFgrid,0m-ave, 2006 EFgrid,om-ave,2007

A B © D E H=D*F+E*G I=C*F+E*G

Wind and solar power

. . o 0,01674 0,00437 0,00212 0,00715 0,00467 0,75 0,25
generation project activities

All other project activities 0,01674 0,00437 0,00212 0,00715 0,00467 05 05 0,00591 0,00340

Note:
For the Operating Margin, the emissions factor can be calculated using either of the two following data vintages:

Ex-ante option

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, without requirement to monitor and recalculate the emissions factor during the crediting
period.

Ex-post option:

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 after 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.

For the Build Margin, the emissions factor is based on the recent year of the Operating margin option.

For the second and third crediting period the Build Margin is calculated only once ex-ante at the start of the second cred-
iting period.

nergy Calculation of the Combined margin emission factor of Ethiopia’s electric power system according
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CONCLUSIONS

Ethiopia’s electric power system has one national Grid the “Inter Connected System (ICS)” and currently no Exports/

Imports to other countries.

The Combined margin CO, emission factor of 2007 is 0.00276 or 0.0034 ton CO,/MWh, depending on the weighting val-
ues. The ICS is highly dominated by hydropower, which is expressed in the very low Combined margin CO, emission fac-
tor. In 2007, 99% of the produced electricity was generated by hydro power, which builds the existing and future main
resource. In 2005, the emitted CO, emissions via thermal plants was about 42,000 tons and decreased to 7,000 tons in
2007. The emissions were caused by the installed power plants Kaliti, Awash 7 Kilo and Dire Dawa, which were built to

ease energy shortage caused by drought and to reduce load shedding.

Notice:

Off grid data from the SCS are available, i.e. generated electricity and fuel consumption for the years 2005-2007 we

re

provided by the DNA. In 2007, the 97 diesel power plants of the SCS generated 30401.75 MWh and consumed
9448.164m3 Diesel and emitted thereby about 27,000 tons of CO,. No detail data of load shedding are available at the

moment.

Contact:

Wolfgang Wetzer
wolfgang.wetzer@energy-changes.com
phone: 0043 6769224933

Energy Changes Projektentwicklung GmbH
www.energy-changes.com
Obere Donaustrasse 12/28

1020 Vienna, Austria
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13  ANNEXI:

SPREADSHEET PROGRAM

The following pages show the detailed worksheets of the spreadsheet program. The spreadsheet program is a Step by
Step approach based on Excel. Each worksheet can be extended without any problems for future calculations. The
spreadsheet is based on Excel but can be exported to similar programs like OpenOffice.org Calc, which is freely available.
The spreadsheet is attached to this document.
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 2 SELECT OM METHOD

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP 2 Select an operating margin (OM) method

The calculation of the operating margin emission factor (EF 4y ) is based on one of the following
methods:

Stmple Dispatch data Average OM
Simple OM Adjusted OM analysis OM

Any of the four metheds can be used, however

can be used only if low-costmust-run
resources constitute less than 50% of total
erid generation

Z

1) average of the five most recent years 2.) based on long-term averages for
hydroelectricity production

Simple OM

Select Opearting Margin Method:
'S

NET ELECTRICITY GENERATION [MWh] EGm

POWER PLANT/UNIT RESSOURCE 2004 2005 2005 2006 2007
Awash IT Hydro 124.825.04 155,777.30 146,193.78
Awash IIT Hydro 138,435.65 173,350.85 170,766.39
Finchaa Hydro 633,884.20 640,389.30 824,173.64
Gilgel Gibe I Hydro 800,819.85 812,740.33 945,774.18
2,007,100.00 2,262,500.00

Koka Hydro 75,133.68 105,127.41 116.080.10
Melka Wakana Hydro 353,484.97 514,951.50 477,750.10
Tis Abay I Hydro 22,111.42 16,767.76 44.461.00
Tis Abay IT Hydro 366,943.73 407,193.12 527,763.97
Aluto Langano Geothermal - - -
Adwa Fossil fuel = = =
Adigrat Fossil fuel 15.60 - -
Alemaya Fossil fuel - - -
Awash 7 Kilo Fossil fuel 4,495.00 1,899.50 1,196.60
Axum Fossil fuel 8.69 = =
Dire Dawa (MU) Fossil fuel - - -

Dire Dawa Emergency Fossil fuel 21,100.00 16,100.00 11,646.35 10,142.90 6.254.57
Ghimbi Fossil fuel = = =
Jimma Fossil fuel = = =
Kaliti Fossil fuel 2,262.50 386.70 1,273.45
Mekele Fossil fuel 65.40 = =
Nekempt Fossil fuel - - -
Shire Fossil fuel 0.20 - -

Source: http://www.eepco.gov.et/brief. htm#OVERVIEW

Average of the five most recent years

Low-cost must/run ressources > 50 %

—>

The following methods can bes used:
-) Adjusted OM

-) Dispatch data analysis OM

-) Average OM

www.energy-changes.com
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STEP 2 SELECT OM Method - Ethiopia's ICS
STEP B Determination of power plant m serving the grid in year y

CALCULATION ETIOPIA'S

POWER PLANT/UNIT m RESSOURCE | 2005 2006 2007
Awash IT Hydro v v v
Awash 1T Hydro v 4 v
Finchaa Hydro v 4 v
Gilgel Gibe I Hydro v v v
Koka Hydro v v

Melka Wakana Hydro v 4 v
Tis Abay 1 Hydro v v

Tis Abay 11 Hydro v v

Aluto Langano Geothermal

Adwa Fossil fuel

Adigrat Fossil fuel v

Alemaya Fossil fuel

Awash 7 Kilo Fossil fuel v v
Axum Fossil fuel

Dire Dawa (MU) Fossil fuel

Dire Dawa Emergency Fossil fuel v v v
Ghimbi Fossil fuel

Jimma Fossil fuel

Kaliti Fossil fuel v v
Mekele Fossil fuel

Nekempt Fossil fuel

Shire Fossil fuel v

CM EMISSION FACTOR
STEP_3B_Powerplant

STEP A
Determination of the year y

M

S~
STEP B
Determination of power plant m serving
the grid in year y
[

STEP C
Determination of used fuel types i per
power plant m in the year y

STEP D
Determination of amount fuel type i
consumed per power plant m in year y

STEPE
Determination of Net calorific value
(energy content) of fossil fuel type i in
year y

STEPF
Determination of CO, emission factor
of fossil fuel type i in year y

STEP G
Determination of the Net electricity
generated and delivered to the grid by
power plant m in year y

STEPH
Calculation according
methodology formula

www.energy-changes.com
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP_3C_Fueltype

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP C Determination of used fuel types i per power plant m in the year y

2005 2006 2007 STEP A
Fuel type i Fuel type i Fuel type i Determination of the year y
POWER PLANT/UNIT m
HFO | LFO D HFO | LFO D HFO | LFO D
STEP B
Adwa - - - - - - - - - Determination of power plant m serving
the grid in year y
Adigrat = v - - - - - - - —
Alemaya - - = o - - - - - ST<}EP C
Awash 7 Kilo B v B ~ v ~ B ~ v Determination of us§d fuel types i per
power plant m in the year y
Axum - v - - - - - - - }
Dire Dawa (MU) - - - - - - - - - STEP D
. Determination of amount fuel type i
Dire Dawa Emergency v v B v v - v v B consumed per power plant m in year y
Ghimbi - - - - - - - - - @
Jimma - - = = - - - - - STEP E
Determination of Net calorific value
Kaliti - v - - v - - - v (energy content) of fossil fuel type i in
ear
Mekele - v - - - - - - - yD Y
Nekempt - - - - - - - - STEP F
Shire B v B _ B _ B _ B Determination of CO, emission factor
of fossil fuel type i in year y
HFO......... Heavy Fuel oil @
LFO......... Light Fuel oil STEP G
Do Diesel Determination of the Net electricity

generated and delivered to the grid by
power plant m in year y

=

STEP H
Calculation according
methodology formula

wolfgang.wetzer@energy-changes.com Annex |



CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP_3D_Fuelamount

STEP 2 SELECT OM Method - Ethiopia's ICS

STEP D Determination of t fuel type i c d per power plant m in year y
2005 2006 2007 STEP A
POWER PLANT/UNIT Consumed Fuel FC; ,, [m3] Consumed Fuel FC; ,, [m3] Consumed Fuel FC; ,, [m3] Determination of the year y
HFO LFO D HFO LFO D HFO LFO D
Ad STEP B
cwa B B B B B B B B B Determination of power plant m serving
Adigrat - 4.10 - - - - - - - the grid in year y
Alemaya - - - - - - - - -
. STEP C
Awash 7 Kilo - 2,673.31 - - 465.00 - - - 124.00 Determination of used fuel types i per
Axum j 495 j j j j j j j power plant r'E‘n the year y
Dire Dawa (MU) - - - - - - - - -
STEP D
Dire Dawa Emergency 7,917.80 925.84 - 2,961.85 824.72 - 469.65 1,185.05 - Determination of amount fuel type i
consumed per power plant m in year y
Gimbi _ _ _ _ _ _ _ _ _ —
Jimma _ _ - - - - - - o STEPE
Kaliti Determination of Net calorific value
- 845.50 - - 99.00 - - - 410.661 (energy content) of fossil fuel type i in
Mekele _ 13.15 - - - - - - - e Y
Nekemete _ _ _ _ _ _ _ _ - @
: STEP F
Shire - 0.07 - - - - - - - Determination of CO, emission factor
Total 7,917.80 4,466.23 - 2,961.85 1,388.72 - 469.65 1,185.05 534.66 of fossil fuel type i in year y
HFO......... Heavy Fuel oil S%G
LFO......... Light Fuel oil L . .
! Determination of the Net electricity
Do Diesel

generated and delivered to the grid by
power plant m in year y

-

STEP H
Calculation according
methodology formula
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP_3E and F_NCV_EF

STEP 2 SELECT OM Method - Ethiopia's ICS

STEP E Determination of Net calorific value (energy content) of fossil fuel type i in year y
STEP F Determination of CO2 emission factor of fossil fuel type i in year y

Net calorific value CO2 emission factor" Density
Used Fuel typ (Energy content)
[GJ/ton] [tCO2/GJ] [kg/m?]
Heavy fuel Oil (HFO) 41 0.0733 970
Light fuel Oil (LFO) 42 0.0733 880
Diesel (D) 43 0.0741 840

Note: All values are the same for the year 2005, 2006, 2007

The following data sources for Net calorific value and CO2 emission factor may be

used if the relevant conditions apply:

Data source

Conditions for using the data source

Values provided by the fuel supplier of the power
plants in invoices

If data is collected from power plant operators
(e.g. utilities)

Regional or national average default values

If values are reliable and documented in regional
or national energy statistics / energy balances

STEP A
Determination of the year y

1L

STEP B
Determination of power plant m serving
the grid in year y

gt

STEP C
Determination of used fuel types i per
power plant m in the year y

1l

STEP D
Determination of amount fuel type i
consumed per power plant m in year y

O

IPCC default values at the lower limit of the
uncertainty at a 95% confidence interval as
provided in Table 1.2, 1.4 of Chapter 1 of Vol. 2
(Energy) of the 2006 IPCC Guidelines on
National GHG Inventories

wolfgang.wetzer@energy-changes.com

<4 >
STEP E
Determination of Net calorific value
(energy content) of fossil fuel type i in

year y

STEP F
Determination of CO, emission factor
of fossil fuel type i in year y
]

-_>
STEP G
Determination of the Net electricity
generated and delivered to the grid by
power plant m in year y

STEP H
Calculation according
methodology formula
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP_3G_GeneratedElectricity

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP G Determination of the Net electricity generated and delivered to the grid by power plant m in year y

NET ELECTRICITY GENERATION [MWh] STEP A
POWER PLANT/UNIT Determination of the year y
2005 2006 2007 @
Awash II 124,825.04 155,777.30 146,193.78 STEP B
Determination of power plant m serving
Awash IIT 138,435.65 173,350.85 170,766.39 the grid in year y
Finchaa 633.884.20 640,389.30 824,173.64 B
Gilgel Gibe 1 800,819.85 812,740.33 945,774.18 _ STEPC ,
Determination of used fuel types i per
Koka 75,133.68 105,127.41 116,080.10 power plant m in the year y
Melka Wakana 353,484.97 514,951.50 477,750.10 @
i STEP D
Tis Abay I 22,111.42 16,767.76 44,461.00 Bt e o gt el e
Tis Abay II 366,943.73 407,193.12 527,763.97 consumed per power plant m in year y
Adigrat 15.60 - = @
STEP E
Awash 7 Kilo 4,495.00 1,899.50 1,196.60 Determination of Net calorific value
(energy content) of fossil fuel type i in
Axum 8.69 - - year y
Dire Dawa Emergency 11,646.35 10,142.90 6,254.57 ﬂ
Kaliti 2,262.50 386.70 1,273.45 STEP F
Determination of CO, emission factor
Mekele 65.40 = = of fossil fuel type i in year y
1
Shire 0.20 S -
TOTAL (without imports) 2,534,132.27 | 2,838,726.67 | 3,261,687.78 - STEPG .
IMPORTS B } ) Determination of the Net electricity
ted and deli d to the grid b
TOTAL 2,534,132.27 | 2,838,726.67 | 3,261,687.78 T S
power plant m in year y

ige

STEP H
Calculation according
methodology formula
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 3H_Calculation OM2005

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP H Calculation of the average operating margin for the year 2005

Average operatin margin year 2005

[Power plant m Fuel type i FC;, NCV; EFco,; Density; Emissions per m EG,, EF grid,0M-ave
[m3] [G/ton] [tCO,/GI] | [ton/m?] [tCO,] [tCO,] [MWh] [tCO2/MWh]
A B C D E=AxBxCxD | F=SumE per m G H=SumF/SumG

Adigrat Light fuel oil 4.10 42 0.0733 0.88 11.11 11.11 15.60

[Awash 7 Kilo Light fuel oil 2,673.31 42 0.0733 0.88 7,242.45 7,242.45 4,495.00

Axum 4.25 42 0.0733 0.88 7,253.55 7,253.55 8.69

Light fuel oil 925.84 42 0.0733 0.88 2,508.26
Dire Dawa Emergency Heavy fuel oil 7,917.80 41 0.0733 0.97 23,081.50 25,589.76 11,646.35
25,589.76

|Kaliti Light fuel oil 845.50 42 0.0733 0.88 2,290.60 2,290.60 2,262.50

[Mekele Light fuel oil 13.15 42 0.0733 0.88 35.63 35.63 65.40

[Shire Light fuel oil 0.07 42 0.0733 0.88 0.20 0.20 0.20

[Awash 11 - 124,825.04

Awash 111 = 138,435.65

[Finchaa - 633,884.20

Gilgel Gibe I = 800,819.85

Koka - 75,133.68

[Melka Wakana - 353,484.97

Tis Abay I - 22,111.42

Tis Abay IT = 366,943.73

&/IPORTS = -

4242329 253413227 |G

Power

O

XNCV. y><EFCO2 ’y

EFgrid,OM—ave,y

wolfgang.wetzer@energy-changes.com

STEP A

Determination of the year y

-

STEP B

Determination of power plant m serving
the grid in year y

»
-
F!(
)
a

Determination of used fuel types i per
power plant m in the year y

»
=
H(
=
=]

Determination of amount fuel type i
consumed per power plant m in year y

12}
-
FJ(
©
=

Determination of Net calorific value
(energy content) of fossil fuel type i in

year y

w
=

=

=

]

Determination of CO, emission factor
of fossil fuel type i in year y

-

STEP G

Determination of the Net electricity
generated and delivered to the grid by
power plant m in year y

—

STEP H

Calculation according
methodology formula
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 3H_Calculation OM2006

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP H Calculation of the average operating margin for the year 2006

Average operatin margin year 2006

[Power plant m Fuel type i FC;,, NCV; EF o, Density; Emissions per m EG, EF g1ig.0M-ave
[m?3] [G/ton] [tCO,/GI] | [ton/m?] [tCO,] [tCO,] [MWh] [tCO2/MWh]
A B C D E=AxBxCxD F=Sum E per m G H=SumF/SumG

IAdigrat

IAwash 7 Kilo Ligth fuel oil 465.00 42 0.0733 0.88 1,259.76 1,259.76 1,899.50

JAxum -

Light fuel oil 824.72 42 0.0733 0.88 2,234.29
Dire Dawa Emergency Heavy fuel oil 2,961.85 41 0.0733 0.97 8,634.20 10,868.49 10,142.90
10,868.49

IKaliti Light fuel oil 99.00 42 0.0733 0.88 268.21 268.21 386.70

[Mekele = -

Shire = -

[Awash II = 155,777.30

[Awash III = 173,350.85

[Finchaa = 640,389.30

Gilgel Gibe I = 812,740.33

[Koka = 105,127.41

(Melka Wakana = 514,951.50

Tis Abay I = 16,767.76

Tis Abay II - 407,193.12

IMPORTS =

EFgrid,OM—awe,y

wolfgang.wetzer@energy-changes.com

12,396.46 2,838,726.67

Power plant m

%ﬁFc

=y = imy iy CO2iy |

S EG

m= Y
..................................................... <

STEP A
Determination of the year y

w
:
=(
=
=)

Determination of power plant m serving
the grid in year y

2]
=
l'l'i(
b
(@}

Determination of used fuel types i per
power plant m in the year y

172}
|
m<
&
=]

Determination of amount fuel type i
consumed per power plant m in year y

2]
=
l'l'i(
S
=

Determination of Net calorific value
(energy content) of fossil fuel type i in
year y

172}
g
=i(
=~
]

Determination of CO, emission factor
of fossil fuel type i in year y

=

STEP G
Determination of the Net electricity
generated and delivered to the grid by
power plant m in year y

-

STEP H
Calculation according
methodology formula
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP 3H_Calculation OM2007

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP H Calculation of the average operating margin for the year 2007

Average operatin margin vear 2006 STEP A
- - — Determination of the year y
[Power plant m Fuel type i FC;,, NCV; EF o, Density; Emissions per m EG,, EF g1ig.0M-ave
[m3] [GY/ton] [tCO,/GI] | [ton/m?3] [tCO,] [tCO,] [MWh] [tCO2/MWh] @
A B C D E=AxBxCxD | F=Sum E per m G H=SumF/SumG STEP B
[Adigrat ~ Determination of power plant m serving
[Awash 7 Kilo Dicsel 165.00 B 00741 | 084 124457 124457 1,196.60 Rt ingEey
JAxum - @
Light fuel oil 1,185.05 42 00733 | 0.88 321051 STEP C
Dire Dawa Emergency Heavy fuel oil 469.65 41 0.0733 0.97 1,369.09 4,579.60 6,254.57 Determination of used fuel types i per
4,579.60 power plant m in the year y
IKaliti Diesel 410.66 43 0.0741 0.84 1,099.13 1,099.13 1,273.45 @
Mokele - - STEP D
Shire = - L .
Determination of amount fuel type i
Awash 1T = 146,193.78 consumed per power plant m in year y
IAwash 11T = 170,766.39
[Finchaa = 824,173.64 @
Gilgel Gibe I - 945,774.18 STEPE
Koka _ 116.080.10 Determination of Net calorific value
[Molka Wakana " 277.750.10 (energy content) of fossil fuel type i in
Tis Abay 1 = 44,461.00 yeary
Tis Abay II = 527,763.97
IMPORTS = T = STEP F
6,923.30 3,261,687.78 _ Determination of CO, emission factor

of fossil fuel type i in year y

STEP G
Determination of the Net electricity
generated and delivered to the grid by
ower plant m in year

S

Power plant m

STEP H
Calculation according
methodology formula

E

F . =Im=
grid,OM—aveyy
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 3_Overview_OM

STEP 2 SELECT OM Method - Ethiopia's ICS

Average Operating Margin year 2005-2007 and
3-year generation-weighted average of the average operating margin for the ex-ante calculation

Total EG,o; | Weighted EG,g; | Total EGyg5.2007 EFgrid,OM-ave,2005-2007

3 year generation weighted average

EFgrid,OM-ave,ZOOS EFgrid,OM-ave,2006 EFgrid,OM-ave,zom Total EG,gs | Weighted EG,gs | Total EG,gs | Weighted EG,g6

[ton CO,/MWh] | [ton CO,/MWh] | [ton CO,/MWh] [MWh] [MWh] [MWh] [MWh] [ton CO,/MWh]
1=H//J J=D+F+H K=A*E+B*G+C*I

A B C D E=D/] F G=F/] H
0.01674 0.00437 0.00212 | 2,534,132 | 0.2935 | 2,838,727 ’ 0.3288 | 3,261,688 | 0.3777 8,634,547 _

Annex |
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP 4_Plant list_ commison_date

STEP 2 SELECT OM Method - Ethiopia's ICS

Powerplant overview.

INSTALLED
POWER PLANT/UNIT RESSOURCE CAPACITY COMMISSION DATE
Acdierat Eossil-fuel 25 109210031005 build more than 10 years ago |:> Excluded from sample group m
Awash 7 Kilo Fossil fuel 35 2004
Adci Fossi-faet 35 19751992 build more than 10 years ago :> Excluded from sample group m
Dire Dawa Emergency Fossil fuel 40 2004
Kaliti Fossil fuel 14 2004
Mekete Tossi-fuct 57 1984;1991;1993
Shire Fossi-fuel 0-8 197519911995
Acwash-th Hydro 32 1966 build more than 10 years ago |:> Excluded from sample group m
AcwashHH Hydro 32 197+
Hinehaa Hydre 134 1973
Gilgel Gibe I Hydro 184 2004
folka Hydro %432 1966
Mo Wk Hryeiro 53 1988 build more than 10 years ago |:> Excluded from sample group m
TrsAbay T Hydro = 1964
Tis Abay II Hydro 73 2001

Power plant registered as CDM project activities should be excluded from the sample group m.
However, If group of power units, not registered as CDM project activity, identified for
estimating the build margin emission factor includes power unit(s) that is(are) built more than 10
years ago then:

* exclude power unit(s) that is (are) built more than 10 years ago from the group; and

¢ include grid connected power projects registered as CDM project activities, which are

wolfgang.wetzer@energy-changes.com Annex |



STEP 2 SELECT OM Method - Ethiopia's ICS
STEP 4 Identify the cohort of power units to be included in the build margin (BM) for Ethiopian's ICS
Option (a) The set of power units that have been built most recently

POWER PLANT/UNIT EGr,2007
[MWh]
Tis Abay I 527,763.97
Gilgel Gibe I 945,774.18
Awash 7 Kilo 1,196.60
Dire Dawa Emergency 6,254.57
Kaliti 1,273.45
TOTAL 1,482,262.77

CALCULATION ETIOPIA'S

CM EMISSION FACTOR
STEP 4 BM (a)

Option (a)
The set of five power units
that have been built most recently

Annual electricity generation of the
sample group m

Set of five power units

L
3

B &

Past

wolfgang.wetzer@energy-changes.com

Commission date

www.energy-changes.com
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 4 BM (b)

STEP 2 SELECT OM Method - Ethiopia's ICS
STEP 4 Identify the cohort of power units to be included in the build margin (BM) for Ethiopian's ICS
Option (b) 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

POWER PLANT/UNIT COMMISSION DATE EI\GA"'WJ}"I“’ gGMvZ"l°7tA§“17‘"°“ B B POWER PLANT/UNIT Eg;';}':"’
[MWh] s # J’”’ioo% System generation = 3,261.687.78MWh [GWh]
Koka 1960 116,080.10 100.00% = Gilgel Gibe I 945,774.18
Tis Abay I 1964 44,461.00 06.44% T o Awash 7 Kilo 1,196.60
Awash IT 1966 146,193.78 95.08% : Dire Dawa Emergency 6,254.57
Awash IIT 1971 170,766.39 90.60% Kaliti 1,273.45
Finchaa 1973 824,173.64 85.36% TOTAL 954,498.80
Axum 1975,1992 - 60.09%
Shire 1975.1991.1995 - 60.09% R L
’ Annual electricity generation of the sample
Mekele 1984,1991,1993 - 60.09% group m
Melka Wakana 1988 477,750.10 60.09% — —
Adigrat 1992,1993,1995 - 45.44%
Tis Abay II 2001 527,763.97 45.44%
(Gilgel Gibe I 2004 945,774.18 29.26%
) ’ The set of power capacity additions in the electricity
Awash 7 Kilo 2004 1,196.60 0.27% system that comprise 20% of the system generation
Dire Dawa Emergency 2004 6.254.57 (in MWh) and that have been built most recently. If
— L 0.23% 20% falls on part capacity of a unit, that unit is fully
Kaliti 2004 1,273.45 7 included in the calculation.
0.04%
TOTAL 3,261,687.78

Set of power units, where 20% of the generated net electricity will be
produced and have been built most recently

N
—

+ + = EGm,y

WD

Till z EGm,y 2> 20% onTOTAL EGm,y

Commission date Today

Past
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CALCULATION ETIOPIA'S
CM EMISSION FACTOR
STEP 4 BM Option Decision

www.energy-changes.com

STEP 2 SELECT OM Method - Ethiopia's ICS

Decision Option (a) or (b)

Project participants should use the set of power units (a or b) that comprises the larger annual generation.

Option (a)
EGy,2007
POWER PLANT/UNIT ’
[MWh]
Tis Abay II 527,763.97
Gilgel Gibe I 945,774.18
Awash 7 Kilo 1,196.60
Dire Dawa Emergency 6,254.57 Project participants should use the set of
Kaliti 1,273.45 power units (a or b) that comprises the larger
TOTAL 1,482,262.77 annual generation.
\ Decision:
Obti 1,482,262.77MWh > 954,498.80 MWh :> Option a is used for the
ption (b) . . .
EG Calcu'altlon of the Build margin
POWER PLANT/UNIT m,2007 emission factor BM
[GWh]
Gilgel Gibe I 945,774.18
Awash 7 Kilo 1,196.60
Dire Dawa Emergency 6,254.57
Kaliti 1,273.45
TOTAL 954,498.80

wolfgang.wetzer@energy-changes.com
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP 5 calculation BM 2007

STEP 2 SELECT OM Method - Ethiopia's ICS

Option a
Build operatin margin year 2007 Option (a)
Power plant m Fuel type i FCi,, NCV; EFco,; | Density; Emissions per m EG,, EF g0 8M2007
[m?] [GJ/ton] | [tCO,/GI] | [ton/m?] [tCO,] [tCO,] [MWh] [tCO2/MWh]
A B C D E=AxBxCxD | F=SumE per m G H=SumF/SumG
Awash 7 Kilo Diesel 465.00 43 0.0741 0.84 1,244.57 1,244.57 1,196.60
Light fuel oil 1,185.05 42 0.0733 0.88 3,210.51
Dire Dawa Emergency Heavy fuel oil 469.65 41 0.0733 0.97 1,369.09 4,579.60 6,254.57
4,579.60
Kaliti Diesel 410.66 43 0.0741 0.84 1,099.13 1,099.13 1,273.45
Gilgel Gibe | = 945,774.18
Tis Abay II = 527,763.97
692330 | 148226277 |G

\._ !! g‘! ?ﬁ_ﬁzﬁb- Power plant m

i@
O
| 2y % TCimy XNCli, *EFcoay

EFgrid ,BM,y = n
: > EGp y
m=1 ’ _
E(a) n= |
b) n=_\ X EGm,y>20%
T < .................................................

In this case Option a) n=5
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CALCULATION ETIOPIA'S www.energy-changes.com
CM EMISSION FACTOR
STEP 6 calculation CM

STEP 2 SELECT OM Method - Ethiopia's ICS

EF i omy = EFuiaomy XWom T EFgiapvy X Way

Wind and solar power generation project activities Ex-ante calculation

EFg1ia,0M,2005-2007 Wom EFgria pv,2007 WM EFgria,cm2007
[tCO2/MWh] = [tCO2/MWh] = [tCO2/MWh]
A B C D F=AxB+CxD

0.00715 [ 075 | 000467 | 025 |[NONIGSIRN

All other project activities Ex-ante calculation

EF g1ia,0M,2005-2007 Wom EF gia,8m,2007 WM EF gia,cm,2007
[tCO2/MWh] - [tCO2/MWh] - [tCO2/MWh]
A B C D F=AxB+CxD

0.00715 [ 05 |  o000467 | 05 [N0N0SSENN

Wind and solar power generation project activities Ex-post calculation

EFgia,0m,2007 Wom EF gia.8M,2007 WeMm EF gid,0Mm,2007
[tCO2/MWh] - [tCO2/MWh] - [tCO2/MWh]
A B C D F=AxB+CxD

0.00212 [ 075 | 000467 | 025 |[EONZIGEN

All other project activities Ex-post calculation

EFgrid,OM,2007 Wom EFgrid,BM,2007 WeMm EFgrid,CM,2007
[tCO2/MWh] - [tCO2/MWh] - [tCO2/MWh]
A B C D F=AxB+CxD

0.00212 [ 05 [  o0o00467 | 05 [0SR
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Publishing Combined emission factor - Ethiopia's ICS

CALCULATION ETIOPIA'S
CM EMISSION FACTOR

Publishing

www.energy-changes.com

Operating Margin OM (Average OM method) Build Margin BM Combined margin emission factor CM
Ex-ante Ex-post
EFgrid,OM-ave,ZOOS EFgrid,OM-ave,ZOOG EFgrid,OM-ave,ZO{W EFgrid,OM-ave,ZOOS-ZO(W EFgrid,BM,2007 WomMm | Wem EFgrid,CM,2007 EFgrid,CM,2007
3 year generation weighted
PROJECT ACTIVITIES average
[ton CO,/MWh] [ton CO,/MWh] [ton CO,/MWh] [ton CO,/MWh] [tCO2/MWh] - - [tCO2/MWh] [tCO2/MWh]
A B C D E F G H=D*F+E*G I=C*F+E*G
Wind and solar power generation project activities 0.01674 0.00437 0.00212 0.00715 0.00467 0.7510.25 0.00653 0.00276
All other project activities 0.01674 0.00437 0.00212 0.00715 0.00467 05105 0.00591 0.00340
EFgrid,CM,y.............. Combined margin CO2 emissions factor in year y
EFgrid,OM-ave,y...... Average operating margin CO2 emission factor in year y
EFgrid, BM,y........... Build margin CO2 emission factor in year y
Wom Weighting of operating margin emissions factor
WBM. - ... Weighting of build margin emissions factor
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