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[bookmark: _Toc410296733]Introduction
A grid emission factor (GEF) is the total amount of greenhouse gas emissions emitted for each unit of electricity generation by power plants in a country. It is commonly expressed in tons of carbon dioxide per megawatt hour electricity (tCO2 eq/MWh) and is a fundamental parameter used to calculate emissions reductions from grid-connected power plants and energy efficiency or energy saving projects of certain project types under the Clean Development Mechanism (CDM) or other carbon schemes. 
This standardized baseline will serve project activities and programmes of activities that prospect to displace fossil fuel-based electricity from the national grid. Renewable energy and energy efficiency projects benefit greatly from the availability of a national GEF that is centrally calculated and maintained as it avoids the need for individual project developers to obtain relevant data and perform complex calculations. This speeds up climate change mitigation project development.

[bookmark: _Toc410296734]Description of the electricity sector in Sudan
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The electricity system is operated by the Sudanese Company of Transmission Lines Ltd. (SETCO), a subsidiary of the Ministry of Water Resources and Electricity (WRE). All power stations which are physically connected to the national transmission system are listed both in Table 3 of the Appendix to this report and in the calculation spreadsheet, Annex 1 (see Table 1 in ‘Sudan Data’ worksheet[footnoteRef:1].) [1:  Data presented in Table 1 under ‘Sudan Data’  worksheet of the calculation sheet named “Annex 1-Annex 1-Grid EF  final_20150710” are the raw data for 2010-2012, provided by the Sudanese Electricity Transmission Company (SETCO) and used for calculating grid emission factor. All data inputs were directly sourced, except the net generation data which were calculated by deducting auxiliary consumption from the gross generation. 
] 

Renewable electricity generation in Sudan is essentially based on hydrological resources. The country is home to large hydropower plants thanks to the abundant resources of the River Nile. It also host one CDM project activity[footnoteRef:2], a 100 MW wind farm, registered on 14 May 2013.  [2:  Project reference 9632 
https://cdm.unfccc.int/Projects/DB/BVQI1368512923.88/view 
] 

Sudan started importing electricity from Ethiopia in 2012 and is likely to continue in the years to come. About 73 GWh were imported in 2012. 

The table below (Table 1) presents the energy mix in Sudan over the period 2008‐2012. 




Table 1. Electricity generation in Sudan in the period 2008-2012.

	Resource Type
	Net electricity generation (MWh)

	
	2008
	2009
	2010
	2011
	2012
	5-year average

	Thermal
	                   4,040,800    
	                              2,747,808    
	                               1,244,689    
	                                           1,644,751    
	                             2,461,774    
	                                2,427,964    

	Hydro
	                   1,465,565    
	                              3,242,582    
	                               6,181,575    
	                                           6,380,418    
	                             6,592,394    
	                                4,772,507    

	Total
	                   5,506,365    
	                              5,990,390    
	                               7,426,263    
	                                           8,025,169    
	                             9,054,168    
	                                7,200,471    

	Percentage of low-cost/must run
	26.62%
	54.13%
	83.24%
	79.51%
	72.81%
	66.28%


Sources:
1. Annex 2: Data for 2008-2009, STPG Letter CONFIDENTIAL
2. Annex 8: Annual Report 2009 - CONFIDENTIAL
[bookmark: _Toc410296735]3. Annexes 3,4,5: Annual Reports for2010, 2011, 2012. 
Calculation of the emission factor of Sudan national grid
This report and attached calculation spreadsheets provide a value for the Sudan GEF, using 2010-2012 power generation data. The Standard for determining coverage of data and validity[footnoteRef:3] of standardized baselines allows for data “currentness” of two years. The calculations are based on UNFCCC’s “Tool to calculate the emission factor for an electricity system” version 4.0.0, referred to here as “the Tool”. They are however presented in a simplified format. [3: Standard CDM-EB77-A05-STAN available at :
http://cdm.unfccc.int/filestorage/e/x/t/extfile-20140303103012336-MethSB_stan01.pdf/MethSB_stan01.pdf?t=Wkd8bmlmMjRmfDAn5d0jykIeBGU9TEg0oRrG ] 

The Tool refers to the following definitions:
The grid electricity system is the spatial extent of the power plants that are physically connected through transmission and distribution lines to the project activity and that can be dispatched without significant transmission constraints.
A connected electricity system, is defined as an electricity system that is connected 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 significant transmission constraints.
Low-cost/must-run resources are defined as 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, and also fossil fuel plant,  if dispatched independently of the daily or seasonal load of the grid (and if this can be demonstrated based on the publicly available data). 
The Tool prescribes six steps in order to calculate the operating margin, build margin and the combined margin:
· Step 1: Identify the relevant electric power system
· Step 2: Choose whether to include off-grid power plants in the project electricity system 
· Step 3: Select an operating margin method
· Step 4: Calculation of the operating margin emission factor
· Step 5: Identify the cohort of power plants to be included in the build margin
· Step 6: Calculate the build margin emission factor
· Step 7: Calculate the combined margin emission factor

[bookmark: _Toc410296736]Step 1: Identify the relevant electricity systems
There is in Sudan only one national grid system that serves the entire country; it is therefore the system of relevance. See Figure 1 below.
Figure 1: Sudanese transmission network[footnoteRef:4] [4:  http://setco-sd.com/index.php/en/ ] 

[bookmark: _GoBack][image: ]
[bookmark: _Toc410296737]Step 2: Choose whether to include off-grid power plants in the project electricity system (optional)
The grid emission factor is calculated only from grid-connected power plants (Option I).  Off-grid power plants are not included.

[bookmark: _Toc410296738]Step 3: Select an operating margin (OM) method
In accordance with the tool, the calculation of the operating margin emission factor (EFgrid,OM,y) must be based on one of the following methods:
a) Simple OM, or
b) Simple adjusted OM, or
c) Dispatch data analysis OM, or
d) Average OM.
The electricity generation data are provided on a yearly basis. The methods b) and c) must therefore be excluded from further consideration, as they both require availability of hourly data.

The method a) Simple OM can only be used  if the low-cost/must-run resources constitute less than 50% of the total grid generation in one of the following two cases:
1) In the average of the five most recent years; or
2) Based on long-term averages for hydroelectricity production.

The method d) Average OM is the weighted average emissions rate of all generation sources in the country including so-called low-cost or must-run resources. It is the applicable calculation method for the Republic of Sudan since low-cost/must-run resources contribute to more than 50% of total power generation, as illustrated earlier in Table 1. For the chosen electricity system, low‐cost/must‐run refers solely to hydro resources. 

The only registered CDM project was not yet commissioned as of 2012, and has therefore not been considered in the calculations.

In terms of data vintage, the average OM emission factor can be utilized using one of the two following data vintages for year(s) y:
1)	Ex ante option; or
2)	Ex post option.

In this calculation the ex-ante option has been chosen for calculating the average OM emission factor. It is determined as a 3-year generation-weighted average based on the calendar years 2010, 2011 and 2012. 

The tool states that, “if a connected electricity system is located partially or totally in Annex I countries, then the emission factor of that connected electricity system should be considered zero.” Sudan has connection to any grid in any Annex I countries. Where electricity is imported from Ethiopia (non Annex I countries) the EFgrid,import,y  is also taken as 0 tCO2/MWh.

There is no interconnection between Sudan and South Sudan, in fact, according to the “Country Analysis Brief: Sudan and South Sudan” published by the EIA[footnoteRef:5] in September 2014 only 1% of South Sudan's population is connected to the electricity grid, while more than 96% of the population uses firewood and charcoal for household heating and cooking. Even those connected to the power network still experience infrequent service because of aging equipment and limited maintenance. As a result, load shedding, or forced blackouts, are a regular part of South Sudan's power system. According to IHS CERA, South Sudan has about 20 MW of total installed capacity fuelled by oil. The largest source of power is the 12-MW Warsila plant in Juba, South Sudan. [5:  http://www.eia.gov/beta/international/analysis_includes/countries_long/Sudan_and_South_Sudan/sudan.pdf] 


[bookmark: _Toc410296739]Step 4: Calculation of the operating margin emission factor
[bookmark: _Toc384706549][bookmark: _Toc384706601][bookmark: _Toc384706808][bookmark: _Toc387327930][bookmark: _Toc387328069][bookmark: _Toc387331933][bookmark: _Toc387331951][bookmark: _Toc387332000][bookmark: _Toc387382461][bookmark: _Toc387383990]The average OM emission factor is calculated in consistency with the simple OM approach, but including all low-cost/must-run power plants. The Tool presents two options to carry out the calculation. As the net electricity generation and a CO2 emission factor of each power unit are available, option A in the tool is used as follows:  
	
		





Where:
	EFgrid,OMaverage,y
	=
	Average operating margin CO2 emission factor in year y (t CO2/MWh)

	EGm,y
	=
	Net quantity of electricity generated and 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 (t CO2/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



The emission factor of each power unit m is calculated using Option A1, as follows:

	
	


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

	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 year y (t CO2/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 year y except low-cost/must-run power u nits

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

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




The average OM emission factor is calculated as: 0.2064 tCO2/MWh

[bookmark: _Toc410296740]Step 5: Identify the cohort of power plants to be included in the build margin
According to the Tool, the sample of power plants m used to calculate the build margin costs of either:
a) The set of five power plants that have been built most recently, or
b) The set of power capacity additions in the electricity system that comprise 20% of the system generation (in MWh) and have been built most recently.
The five most recent plants generate 38.2% of the total electricity generation. They are thus included in the sample group, as per the diagram in paragraph 72 of the Tool. See the list of plants in Appendix.

[bookmark: _Toc410296741]Step 6: Calculation of the build margin (BM) emission factor
The build margin emissions factor is the generation-weighted average emission factor (tCO2/MWh) of all power plants m during the most recent year y for which power generation data is available, calculated as follows:

		where:	
EFgrid,BM,y	Build margin CO2 emission factor in year y (tCO2/MWh)
EGm,y 		Net quantity of electricity generated and delivered to the grid by power plant m in year y (MWh)
EFEL,m,y		CO2 emission factor of power plant m in year y (tCO2/GJ)
m		Power plants included in the build margin
y		Most recent historical year for which power generation is available
Using the latest available data (2012), the build margin is calculated as: 0.5303 tCO2/MWh

[bookmark: _Toc410296742]Step 7: Calculation of the combined margin emission factor
The combined margin emission factor is the overall grid emission factor to be used for an electricity system. It is calculated as a combination of the operating margin emission factor and build margin emission factor as seen in equation 14 below.

	
EFgrid,BM,y = Build Margin emission factor in year y (tCO2/MWh)
EFgrid,OM,y = Operating margin emission factor in year y (tCO2/MWh)
wOM = Weighting of operating margin emissions factor (%)
wBM = Weighting of build margin emissions factor (%)
According to the Tool, the following default values should be used for wOM and wBM:
· Wind and solar power generation project activities: wOM = 0.75 and wBM = 0.25 (owing to their intermittent and non-dispatchable nature) for the first crediting period and for subsequent crediting periods. 
· All other projects: wOM = 0.5 and wBM = 0.5 for the first crediting period, and wOM = 0.25 and wBM = 0.75 for the second and third crediting period, unless otherwise specified in the approved methodology which refers to this tool.
The possible values of the combined margin grid emission factor for Sudan are presented below:
Table 2. Combined margin grid emission factor for Sudan based on vintage years 2010-2012
	 
	Solar and Wind Projects
	All Other Projects (1st crediting period)
	All Other Projects (2nd and 3rd  crediting period)

	EFgrid,OM,y (tCO2e/MWh)
	0.2064
	0.2064
	0.2064

	WOM (%)
	0.75
	0.5
	0.25

	EFgrid,BM,y (tCO2e/MWh)
	0.5303
	0.5303
	0.5303

	WBM (%)
	0.25
	0.5
	0.75

	EFgrid,CM,y (tCO2e/MWh)
	0.2873
	0.3683
	0.4493



[bookmark: _Toc410296743]Conclusion
This standardised baseline will provide project owners with a standardised grid emission factor for the determination of their emission reductions. This will simplify the calculation of emission reductions and removals for CDM project activities and reduce verification costs. It further assures environmental integrity in the emission reductions calculated. The use of the standardised baseline will significantly reduce the complexity in the determination of emissions reductions. 
Based on activity data of years 2010-2012, the following values of the combined margin grid emission factor can be applied:
· 0.2873tCO2/ MWh, for wind and solar project activities;
· 0.3683 tCO2 /MWh , for all other projects in their first crediting period; and
· 0.4493 tCO2 /MWh, for all other projects in their second and third crediting periods.




[bookmark: _Toc410296744]Appendices 
[bookmark: _Toc410296745]Power plants connected to the national grid
The list of plants connected in the national grid of Sudan is presented below:
Table 3. Grid-connected power plants in Sudan
	Plant
	Units / Nr. of units
	Date of commissioning[footnoteRef:6] [6: Letter from STPG on the commissioning dates, Annex 6.] 


	Installed Capacity (MW)
	Total installed Capacity (MW)
	Technology
	Fuel Type

	Rosieris
	1&2
	1971
	80.0
	280.0
	Hydro
	Renewables

	
	3
	1972
	40.0
	
	
	

	
	4
	1978
	40.0
	
	
	

	
	5&6
	1984
	80.0
	
	
	

	
	7
	1989
	40.0
	
	
	

	Jabal Awlia
	80
	2005
	30.4
	30.4
	Hydro
	Renewables

	Sennar
	2
	1962
	14.0
	14.0
	Hydro
	Renewables

	Girba (Hydro)
	4
	1963
	18.1
	18.1
	Hydro
	Renewables

	Merowe
	10
	2010
	1250.0
	1250.0
	Hydro
	Renewables

	Dr. Shareef (Steam)
	1
	1984
	30.0
	380.0
	Thermal
	HFO

	
	2
	1986
	30.0
	
	
	

	
	3&4
	1993
	120.0
	
	
	HCGO

	
	5&6
	2010
	200.0
	
	
	

	Dr. Shareef (Gas)
	1
	1992
	20.0
	45.0
	Thermal
	GO

	
	4
	2001
	25.0
	
	
	

	Faw
	1&2
	2003
	13.2
	13.2
	Thermal
	HFO

	
	
	
	
	
	
	LFO

	Girba (Thermal)
	1&2
	1984 & 1990
	6.4
	6.4
	Thermal
	LFO

	Garri CCGT 1
	1
	2003
	110.0
	460.0
	Thermal
	GO

	
	2
	2003
	110.0
	
	
	

	Garri CCGT 2
	1
	2003
	120.0
	
	
	LPG

	
	2
	2008
	120.0
	
	
	

	Garri ST 4
	1&2
	2010
	110.0
	110.0
	Thermal
	SC

	Kassala
	1 to 4
	2007
	4.0
	10.4
	Thermal
	GO

	
	5 to 8
	2007
	6.4
	
	
	LFO

	Obeid
	1&2
	1987
	6.8
	9.5
	Thermal
	LFO

	
	3
	1984
	2.7
	
	
	GO

	Portsudan A
	13
	2003
	12.2
	12.2
	Thermal
	HFO

	
	
	
	
	
	
	GO

	
	
	
	
	
	
	LFO

	Portsudan C
	3
	1983
	21.7
	21.7
	Thermal
	HFO

	
	
	
	
	
	
	GO

	
	
	
	
	
	
	LFO

	Portsudan D
	3
	1997
	8.6
	8.6
	Thermal
	HFO

	
	
	
	
	
	
	GO

	
	
	
	
	
	
	LFO



[bookmark: _Toc410296746]Calculation on the build emission factor
Table 4. Sample of power units included in the calculation of the build margin emission factor
	Unit_Name
	Commissioning
date
	Energy that comprises up to 20% of the system generation - EGm,y
	Fuel type i
utilized in plant

	
	
	Total
[MWh]
	[%]
	

	Portsudan UC4
	2011
	                                         313    
	0.004
	 HFO, GO, LFO 

	Portsudan UC3
	2011
	                                         313    
	0.008
	 HFO, GO, LFO 

	Dr. Shareef (Steam) U6
	2010
	                                 240,877    
	3.276
	 HFO, HCGO 

	Dr. Shareef (Steam) U5
	2010
	                                 240,877    
	6.543
	 HFO, HCGO 

	Garri 4 U2
	2010
	                                 210,018    
	9.392
	 SC 

	Garri 4 U1
	2010
	                                 210,018    
	12.240
	 SC 

	Merowe U10
	2010
	                                 533,274    
	19.474
	 Hydro 

	Merowe U9
	2010
	                                 533,274    
	26.707
	 Hydro 


* Heavy Fuel (HFO); Heavy Coked Gas Oil (HCGO); Gas Oil (GO); Light Fuel Oil (LFO); Liquefied Petroleum Gas (LPG); Sponge Coke (SC)



[bookmark: _Toc410296747]Default fuel parameters
	Fossil fuels used
	Net Calorific Value
NCVi
[MJ/Kg]
	Emission Factor
EFCO2,i
[tCO2/TJ]

	Heavy Fuel Oil (HFO)
	42.0000
	75.5000

	Heavy Coked Gas Oil (HCGO)
	41.9400
	72.6000

	Gas Oil (GO)
	45.8530
	72.6000

	Light Fuel Oil (LFO)/ Diesel oil
	45.5570
	72.6000

	Liquified Petroleum Gas (LPG)
	46.0300
	61.6000

	Sponge Coke (SC)
	34.5300
	95.7000


Sources:
For NCV:  Sudanese Thermal Power Generating Company Ltd (STPG), Annex 7
For EF (lower limit of 95% C.I.): IPCC 2006 Guidelines, Vol. 2, Table 1.4, available at: https://www.ipcc.ch/meetings/session25/doc4a4b/vol2.pdf 
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