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Opportunity to green the power system 

Countries  Status 

Electrification  

Rate 

Share of 

Renewable 

Eritrea LDC 32.20% 1.28% 

Kenya   20.00% 57.64% 

Malawi LDC 9.00% 99.34% 

Sudan LDC 35.00% 76.37% 

United Republic of Tanzania LDC <50 ?  66.51% 
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REPRESENTATION OF LOAD IN A POWER SYSTEM  

Modeling of power systems requires a model of the load, 
a model of the generating capacity, and a statement of 
the relationships between the two in the matter of 
immediate interest. 

  

Representation of Loads 

  

Chronological 

Interval model of load  



Chronological Representation of Loads 

 

Time of Day 

Load, 
MW 

Figure 3.1 



 

Interval Model of Load 

• The Chronological load curve is not easy to use: it cannot 
be easily approximated by a mathematical function. 

• Often loads in each time interval are rearranged in 
descending order of magnitude to obtain a curve usually 
known as the Load Duration Curve (LDC). 

• LDC can be represented by mathematical functions. 

• LDCs are monotonic decreasing (see e.g., Figure ); they 
can be fitted to mathematical expressions a property that 
is sometimes useful. 

• They can be guessed from a few parameters, e.g. 
maximum demand, minimum demand, load factor. 



In figure, the horizontal axis of LDC represents the 
duration of Load (P) being in excess of or equal to xt 

  

 - LDC can be constructed from any period, 
and are frequently used for daily, weekly, monthly, 
quarterly, and annual intervals. 

 

Area under the LDC represent the level of electrical 
energy consumption during the interval.   

 



  
Load, P 

MW 

x t 

t 
Duration, t 

Figure 3.2 

Back 



Hours of Average 

Load,

the Day MW

1 1000

2 800

3 600

4 700

5 800

6 900

7 1000

8 1200

9 1500

10 1400

11 1300

12 1100

13 1300

14 1500

15 1600

16 1900

17 2100

18 2400

19 2700

20 3000

21 2800

22 2300

23 1900

24 1300

Table 2   Chronological Average Hourly Loads in A Day 
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Figure 3      Average Hourly Loads 



Load (D), MW   
  
  

(1)   

Frequency   
  
  

(2)   

Frequency of   
Load  >=  D   

  
(3)   

% of Duration   
=   Freq (L >= D)  x 100   

24   
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LDC- in the context of the grid tool 
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Baseline  
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What is Grid emission factor (GEF) ? 

Baseline  

 Represents baseline emission intensity ( tCO2/MWh) of 

a grid system ( benchmark / predefined factor) 

 GEF is used to determine baseline emissions of a 

project: 

 that supplies electricity to a grid (renewable energy) and/or  

 results in savings of grid electricity (energy efficiency) 
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Concept of the Grid Tool  

Baseline  

CDM project displaces or avoid :   

 electricity generation from existing power plants-

Operating Margin 

 Construction/operation of prospective power plants -

Build Margin 



Concept of the Grid Tool 
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Combined Margin EF 

Operating Margin EF Build Margin EF 

CM = w x OM + y x BM  ( w +y < =100%) 

w = 75% and y= 25% (intermittent non-dispatchable/renewables) 

w = 50% and y= 50% (other projects such as geothermal,energy efficiency) 



Decision tree: Four alternative methods for identifying the generation 
sources in the OM  
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Operating Margin: Dispatch data analysis OM 
  

Baseline  

 Emission factor is determined based on the grid power units that are 

actually dispatched at the margin during each hour 

 



Operating Margin: Dispatch data analysis OM 
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-Applicable to countries  with merit order 

dispatch system 

-Focus of the training will be on the other 

simplified methods to determine OM >> 



Operating Margin: Simple OM 
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Baseline  

𝐸𝐹𝑔𝑟𝑖𝑑 ,𝑂𝑀𝑠𝑖𝑚𝑝𝑙𝑒 ,𝑦 =
 𝐸𝐺𝑚 ,𝑦𝑚 × 𝐸𝐹𝐸𝐿,𝑚 ,𝑦

 𝐸𝐺𝑚 ,𝑦𝑚
 

𝐸𝐹𝐸𝐿,𝑚 ,𝑦 =
 𝐹𝐶𝑖,𝑚 ,𝑦 × 𝑁𝐶𝑉𝑖,𝑦 × 𝐸𝐹𝐶𝑂2,𝑖 ,𝑦𝑖

𝐸𝐺𝑚 ,𝑦
 

𝐸𝐹𝐸𝐿,𝑚 ,𝑦 =
𝐸𝐹𝑐𝑜2,𝑚 ,𝑖 ,𝑦 × 3.6

𝜂𝑚 ,𝑦
 

or 

𝐸𝐹𝑔𝑟𝑖𝑑 ,𝑂𝑀𝑠𝑖𝑚𝑝𝑙𝑒 ,𝑦 =
 𝐹𝐶𝑖 ,𝑦 × 𝑁𝐶𝑉𝑖 ,𝑦 × 𝐸𝐹𝐶𝑂2,𝑖 ,𝑦𝑖

𝐸𝐺𝑦
 

Option 1 

Option 2 

Demonstrate calculations using IPCC values 



Operating Margin: Simple Adjusted OM 
 

22 

Baseline  

𝐸𝐹𝑔𝑟𝑖𝑑 ,𝑂𝑀−𝑎𝑑𝑗 ,𝑦 =  1 − 𝜆𝑦 ×
 𝐸𝐺𝑚 ,𝑦 × 𝐸𝐹𝐸𝐿 ,𝑚 ,𝑦𝑚

 𝐸𝐺𝑚 ,𝑦𝑚

+ 𝜆𝑦 ×  
 𝐸𝐺𝑘 ,𝑦 × 𝐸𝐹𝐸𝐿,𝑘 ,𝑦𝑘

 𝐸𝐺𝑘 ,𝑦𝑘

 

 Lambda =0  simple OM 



Operating Margin: Average OM 
 

 Emission factor is determined as the average emission 

rate of all power plants including LCMR serving the grid 

 Results into conservative GEF 

Apply as a last resort  

 

23 



24 

Build Margin 

Baseline  

Build Margin EF is determined for the cohort of 

power plants. 

 

Cohort consists of: 

 Five recently built power plants or 

 Recently built power plants that supplied 20 per 

cent of generation in the last year  
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 KEY DATA REQUIREMENTS to DETERMINE GEF 

Baseline  

  Dispatch 
data OM 

Simple 
adjusted 

OM 

Simple 
OM 

Average 
OM 

Build 
margin 

Power generation per plant   
     

Power generation aggregated     ()    

Fuel consumption per plant   
     

Fuel type and technology   
 ()   () 

Fuel consumption aggregated     ()    

Hourly power generation and 
fuel consumption per plant 

         

Hourly load of the grid   
       

Date of commissioning           
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Discuss QA/QC aspects    
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Determination of GEF - Step by step procedure 

Features/Concepts of  Grid tool 

Steps: 

• Step 1: Identifying the relevant electricity systems; 

• Step 2: Choose whether to include off-grid power plants in the 

project electricity system;  

• Step 3: Select a method to determine the operating margin (OM); 

• Step 4: Calculate the operating margin emission factor according 

to the selected method; 

• Step 5: Calculate the build margin (BM) emission factor; 

• Step 6: Calculating the combined margin (CM) emission factor. 

• Data delivery protocal  and QA/QC Aspects  



Step 1: Identifying the relevant electricity systems ( Case study): 
Delineation of Project electricity system and connected electricity 
system 
 
 • Interconnecting line has significant 

transmission constraint . 

 

• CDM project is being implemented in country 

A. In this case the impact of CDM project in 

country A is assumed to have negligible 

displacement effect (OM, BM) in country B’s 

grid due to transmission constraints between 

the two electricity systems. Here. 

a) Country B-grid is defined as “connected 

electricity system” and Country A-grid is 

defined as “project/grid electricity system”;  

b) The power flow between the tie-line is 

considered either export or import; 
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Step 1: Identifying the relevant electricity systems ( Case study): 
Delineation of Project electricity system and connected electricity 
system 
 
 • No transmission constraints i.e., an 

implementation of CDM project in country A 

or in Country B  can have similar 

displacement effects in country A-grid  

• OM and BM needs to be evaluated 

considering both electricity systems as a 

single grid system. Here: 

• (a) Country-A grid and country-B grid 

together constitute a single grid system 

(project electricity system) and hence a single 

grid emission factor; 

• (b) A common grid emission factor is 

developed with consents from both the 

countries. ( e.g., SAPP, WAPP) 
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Step 1: Identifying the relevant electricity systems ( Case study): 
Delineation of Project electricity system and connected electricity 
system 
 
 • No transmission constraints i.e., an 

implementation of CDM project in country A 

or in Country B  can have similar 

displacement effects in country A-grid  

• OM and BM needs to be evaluated 

considering both electricity systems as a 

single grid system. Here: 

• (a) Country-A grid and country-B grid 

together constitute a single grid system 

(project electricity system) and hence a single 

grid emission factor; 

• (b) A common grid emission factor is 

developed with consents from both the 

countries. ( e.g., SAPP, WAPP) 
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Step 1: Identifying the relevant electricity systems ( Case 

study) 

 

• One is fossil fuel dominant 
and another country is 
renewable rich.  

• There is no transmission 
constraint.  
 

• Discuss pros/cons of on 
delineation of grid system in 
the two ases 
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Step 1: Identify the relevant electricity systems ( Question/Exercise ) 



Step 1 (continued) - Transmission constraints check 

Discuss alternative method ( 10% of installed capacity) 



Step 2: Choose whether to include off-grid power plants 

in the project electricity system 

• Is off-grid users ( but connected to grid) significant (>10% 

of total installed capacity in grid system ? 

• In operation due to unreliable/unstable operation ? 

 

• Default emission factor (0.8 tCO2/MWh) and default energy 

generation (10% of total energy production in grid) for  

• LDCs/SIDS or CDM underrepresented countries 

• Demonstrably  load shedding program 

 

• Different approach  for mini/micro grid fed by a single 

generator  ( example of  The Gambia and Eritrea) 

 



Step 3: Select a method to determine the operating 

margin (OM) 

• Is share of low cost/must run (LCMR) generation < 50%  ? 

 

• LCMR resources – 

a) power plants with low marginal generation costs or dispatched 

independently of the daily or seasonal load of the grid. They 

include: 

• hydro, geothermal, wind, low-cost biomass, nuclear and solar 

generation. 

• If a fossil fuel plant is dispatched independently of the daily or 

seasonal load of the grid ( e.g., CHP plant) 
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Step 3: Select a method to determine the operating margin 

(OM) 

 
LCMR generate 23,5% of total electricity 

Years 2009 2010 2011 2012 2013 AVG 

Total Generation 
(MWh) 

         
31,246,756  

         
36,338,337  

         
38,501,818  

         
42,256,048  

         
14,347,665  

         
32,538,125  

Low cost/must run 
(MWh) 

           
9,930,618  

           
9,323,535  

           
8,742,084  

            
8,498,497  

            
1,774,859  

           
7,653,919  

Share of Low 
cost/must run (%) 31.78% 25.66% 22.71% 20.11% 12.37% 23.52% 

5yr average Low 
cost / must run: 23.52% Simple OM Possible? YES 

Sample: 



• Information to clearly identify the plant;  

• Date of commissioning;  

• Capacity (MW);  

• Net electricity generation in the relevant year(s)  

• Fuel type(s) used ;  

• Fuel consumption of each fuel type in the relevant year(s)  

• Load curves (if available) 
• Fuel specifications (NCV & EF, or IPCC default) 

• Imports/exports records 

 

 

Step 3 (continued) – data collection requirements 



Step 3 (continued) - Possible data vintages: 

 Ex-ante: 3-year generation-weighted average by 
using the most recent data available at the time of 
validation; no need for monitoring and recalculating 
the emission factor during the crediting period. 

 
 Ex-post: updated for the year in which the power plant 

displaces grid electricity; emission factor should be 
recalculated annually 
 

ecosur afrique| WAPP GEF, Cotonou, 2-3 December 2014   Alexandre Dunod 

 Discuss pros and cons of ex ante vs ex post 

approach  



Step 4: Calculate the operating margin emission factor 

according to the selected method 

Generation-weighted average CO2 emissions per unit of net 
electricity generation (tCO2/MWh), excluding LCMR  
 
 
 
Where 
 



 



m

ym

m

ymELym

yOMsimplegrid
EG

EFEG

EF
,

,,,

,,

EFgrid,OM simple,y = Simple operating margin CO2 emission factor in year y (tCO2/MWh) 

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

EFEL,m,y = CO2 emission factor of power unit m in year y (tCO2/MWh) 

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

y = The relevant year as per the data vintage chosen in Step 3 



Step 4 (continued) – Determination of FEEL,m,y 

Option A1: If data on fuel consumption and electricity 
generation is available, the emission factor is determined as  
 
 

Where 
 

FCi,m,y = Amount of fuel type i consumed by power unit m in year y (Mass or volume unit) 

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

EFCO2,I,y = CO2 emission factor of fuel type i in yea y (tCO2/GJ) 

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

i = All fuel types combusted in power unit m in year y 

ym

i

yiCOyiymi

ymEL
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Step 4 (continued) – Determination of FEEL,m,y 

Option A2: If only data on electricity generation and the fuel types 
used is available, determination based on the CO2 emission factor of 
the fuel type used and the efficiency of the power unit, as  
 
 

 
Where 
 

EFCO2,m,I,y = Average CO2 emission factor of fuel type i used in power unit m 
in year y (tCO2/GJ) 

Ƞm,y = Average net energy conversion efficiency of power unit m in 
year y (ratio) 

i = All fuel types combusted in power unit m in year y 

ym

yimCO

ymEL

EF
EF

,

,,,2

,,

6.3








Consideration of import/export  in OM calculation 

• For the purpose of determining the operating margin emission factor, use one of the 

following options to determine the CO2 emission factor(s) for net electricity imports from 

a connected electricity system: 

a) 0 t CO2/MWh; or 

b) The simple operating margin emission rate of the exporting grid, determined using 

Step 3 apply to the exporting grid; or 

c) The simple adjusted operating margin emission rate of the exporting grid, 

determined as described in Step 4  

d) The weighted average operating margin (OM) emission rate of the exporting grid, 

determined as described in Step 4 

• For imports from connected electricity systems located in Annex I country(ies), the 

emission factor is 0 tons CO2 per MWh. 

• Electricity exports should not be subtracted from electricity generation data used for 

calculating and monitoring the electricity emission factors 
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Step 5: Calculate the build margin (BM) emission factor 



 

 

 

 

 

 

 

- 5 most recent units as of 2012 

- 20% of power generation encompasses more (16 units) 

 

Step 5 (continued) - WAPP BM calculation results 

Total ∑EG without CDM (MWh) 13,069,865   

Criteria SET 5 units SET 20% 

Total Power generation for BM (MWh) 808,710  3,140,867  

Emissions for BM (tCO2) 518,530  1,996,599  

Build Margin excl. off-grid 0.6412 0.6357 

Selected BM for the  grid system 
(tCO2/MWh) 0.6357 

 

 

 

 

 

 

 

 



Step 6: Calculate the combined margin (CM) emission factor 

 
• For wind and solar power generation projects, 

wOM = 0.75, wBM = 0.25 for all crediting periods 
 

• For all other projects, wOM = 0.5, wBM = 0.5 for the 
first crediting period, and wOM = 0.25, wBM = 0.75 
for second and third crediting period 

 

yBMgridBMyOMgridOMyCMgrid EFwEFwEF ,,,,,, .. 



Step 6 (continued) – SAMPLE GEF results 

Project 
types 

1st crediting period 2nd or 3rd crediting period 

OM BM CM Wom Wbm OM BM CM Wom Wbm 

Solar and 
Wind power 
project 

0.5715 0.6357 0.588 0.75 0.25 0.5715 0.6357 0.588 0.75 0.25 

Other 
renewables 0.5715 0.6357 0.604 0.5 0.5 0.5715 0.6357 0.62 0.25 0.75 

Other 
projects 0.5715 0.6357 0.604 0.5 0.5 0.5715 0.6357 0.62 0.25 0.75 
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Discuss  recurring issues and QA/QC aspects   
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RECAP of  DAY1 - Determination of GEF (Step by step procedure) 

• Step 1: Identifying the relevant electricity systems; 

• Step 2: Choose whether to include off-grid power plants in the 

project electricity system;  

• Step 3: Select a method to determine the operating margin (OM); 

• Step 4: Calculate the operating margin emission factor according 

to the selected method; 

• Step 5: Calculate the build margin (BM) emission factor; 

• Step 6: Calculating the combined margin (CM) emission factor. 
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Demo/hands-on exercise to determine OM, BM and CM 



Application of CM 
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IPCC default values (NCV and EF) 
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IEA unit converter 
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Demo –Grid Tool Template 
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