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[bookmark: _Toc380420604]1. Introduction
ELIA – Ecological Living In Action Ltd (thereafter the ‘Consultant’) was recruited in 2012 to calculate the grid emission factor of Mauritius, and to build the capacity of relevant institutions for updating the grid emission factor. In order to allow the latter, a tool has been customized that would allow the grid emission factor to be updated on an annual basis when new statistical data becomes available. The tool and calculation of the grid emission factor have applied the latest methodological tool of the Clean Development Mechanism. Since the methodological tool is updated periodically and because these changes cannot be anticipated, any future use of the proposed tool will have to also take into account any such methodological changes.
[bookmark: _Toc380420605]2. Methodological Approach
Emission resulting from the use of grid electricity has to use the grid emission factor as the baseline. The grid emission factor for the national electricity system has been calculated using the CDM Methodological Tool 07 – i.e. “Tool to calculate the emission factor for an electricity system (Version 04.0)”.[footnoteRef:1] [1:  http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v4.0.pdf - accessed 12 December 2013.] 

[bookmark: _Toc380420606]3. Results
The grid emission factor is given by the Combined Margin (CM) emission factor, and the application of the methodology and details of the calculations are given in a step-wise and transparent way in Annex 1. The calculation of CM is summarized as follows:
Step 1: CM has been calculated as the weighted average of the Operating Margin (OM) emission factor and the Build Margin (BM) emission factor;
Step 2: Since renewable electricity is less than 50% of total electricity generation in the electricity system (that has no off-grid power plants), OM has been computed using the Simple OM method. The Simple OM has been calculated using the ex-ante option using 3-year generation-weighted average, based on the most recent data available. Low-cost/must-run power plants/units are excluded;
Step 3: BM has been calculated using the ex-ante option using generation statistics for 2012 (since the official statistics for 2013 will only be available in June 2014). The set of the five most recently built power units has been used in the calculation. None of the 5 power units are older than 10 years;
Step 4: The weights accorded to OM and BM in calculating CM depends on the intervention measure that is being targeted. This is because EE or RE interventions (i.e. EE or RE) do not affect the electricity system in similar ways. For instance, PV and wind are intermittent renewable energy sources and are non-dispatchable in nature. For PV and wind energy projects, weights of 0.75 and 0.25 are applied to OM and CM, respectively. Equal weights of 0.5 are applied to all other projects.
The results of the calculations are summarized in Table 1.1.
Table 1.1: Combined Margin grid emission factor for the national electricity system of the island of Mauritius.
	Type of Project
	OM (tCO2/MWh)
	BM (tCO2/MWh)
	CM (tCO2/MWh)

	PV and wind
	1.0208
	0.9627
	1.0063

	All other projects
	1.0208
	0.9627
	0.9917



It is pointed out that for the ease of dissemination and replication of the calculations to arrive at the results shown in Table 1.1, the DNA has commissioned a customized Excel tool for calculating the grid emission factor for the island of Mauritius. The Excel tool provides all the statistical data, parameters used in calculations (e.g. emission factors and NCV of fossil fuels), and the equations used to calculate the OM, BM and CM are transparent. The customized Excel tool has been developed using the guidance provided in the ‘Table to calculate the emission factor of an electricity system (version 02.0.0)’.[footnoteRef:2] A more user-friendly layout has been adopted. [2:  Please see: http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v4.0.pdf/history_view - accessed 12 December 2013.] 

The Excel tool effectively captures the calculations made in Annex 1. 
Once the standardized baseline will be validated, the DNA will carry out a 1-day training for public and private institutions, and academia on the application of the methodological tool for determining the grid emission factor for the electricity system of the island of Mauritius.
A separate document detailing the Quality Assurance and Quality Control on statistical data and related parameters used to calculate the grid emission factor of the island of Mauritius has been developed in order to respond to the clarifications sought by the UNFCCC Secretariat. 



[bookmark: _Toc380420607]Annex 1 – Calculation of the grid emission factor of the island Mauritius using the combined margin
The Republic of Mauritius is a group of small islands in the South West Indian Ocean.  The total land area of the country is 2040 km2. The Republic of Mauritius also incorporates the island of Rodrigues, situated some 560 km to the east and is 104 km2 in area, the Agalega islands situated some 1,000 km to the north of Mauritius and Saint Brandon situated some 430 km to the north-east of Mauritius, both with total land area of 71.2 km2. It also consists of the Chagos Archipelago (Diego Garcia). The island of Mauritius is the most populated part of the Republic of Mauritius followed by the island of Rodrigues and the Agalega islands. The electricity systems of the islands constituting the Republic of Mauritius are physically separate and distinct.
The standardized baseline is proposed for the island of Mauritius.
[image: http://moi.gov.mu/images/WEB_EEZ.jpg]
Figure 1.1. Location Map of the Republic of Mauritius.


Calculating the grid emission factor for the electricity system of the island of Mauritius
According to the “Tool07 - Tool to calculate the emission factor for an electricity system” Version 04.0.0, the combined margin (CM) emission factor shall be calculated by applying the following six steps: 
STEP 1 : Identify the relevant electricity systems. 
The following map shows that the electrical grid of the island of Mauritius is interconnected: power plants are physically connected through transmission and distribution lines to the project activity. Therefore, the relevant electric power system is the national grid. It is managed by Central Electricity Board (CEB). 
[image: ]
Figure 1.2: Map of the Mauritian electrical grid (as of 06.08.08).
STEP 2 : Choose whether to include off-grid power plants in the project electricity system (optional). 
The tool allows selecting one of the following two options to calculate the operating margin and build margin emission factor: 
Option 1: Only grid power plants are included in the calculation. 
Option 2: Both grid power plants and off-grid power plants are included in the calculation. 
Since there are no off-grid power plants on the island of Mauritius, Option 1 is selected for the calculation of both the operating margin (OM) and build margin (BM) emission factors.
STEP 3 : Select a method to determine the operating margin (OM). 
The calculation of the operating margin emission factor (EFgrid,OM,y) is 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 method (c) requires the detailed operation and hourly dispatch data of power plants in the grid. To date, there is no publicly available dispatch data with that level of details for the island of Mauritius grid. Method (c) is therefore not applicable. 
The method (b), simple adjusted OM, needs the annual load duration curve of the grid. Based on the same reason stated above, the data required is difficult to obtain. Method (b) is therefore not applicable. 
The method (d), average OM, is used when low-cost/must run resources constitute more than 50% of the total amount of power generation on the grid. According to Digest of Energy and Water Statistics - 2012,[footnoteRef:3] the total electric power generation of the national electricity grid of the island of Mauritius in 2012 was 2,496.2 GWh,[footnoteRef:4] in which fossil fuel based thermal power generation was 2,059.4 GWh, accounting for 82.5% of total grid electricity generation, and renewable energy sources (hydro, bagasse-based power generation, photovoltaics, and landfill gas to electricity) represented 436.8 GWh accounting for 17.5% of total grid electricity generation. Therefore, the Mauritius grid generation system is dominated by fossil fuel power generation, and the trends are such that the proportion of fossil fuel based power generation will remain high in upcoming years. Method (d) is therefore not applicable.  [3:  Statistics Mauritius (2013) Digest of Energy and Water Statistics – 2012 (Statistics Mauritius, Port Louis, October 2013), Table 3.3, pg46 - http://statsmauritius.gov.mu/English/Publications/Documents/Regular%20Reports/energy%20and%20water/Digest-EnergyWaterStats2012.pdf - accessed 2 December 2013.]  [4:  The statistical data given in Table 3.3 should be used with caution. The data that is pertinent for the proposed standardized baseline has to be corrected for two factors, namely that : (1) only data for the island of Mauritius, and (2) only data related to electricity injected into the national grid should be used. Hence, for the island of Mauritius in 2012, grid electricity generated from primary energy was 92.8 GWh (hydro, LFG and PV). Grid electricity generated from secondary energy sources was: 2,059.4 GWh [= 11 GWh (kerosene) + 1,027 GWh (heavy fuel oil) + 1,021.4 GWh (coal)] for fossil fuels, and 344 GWh for bagasse. The total grid electricity generated from renewables was therefore 436.8 GWh (i.e. 92.8 GWh from primary sources + 344 GWh from bagasse).] 

The Simple OM method (a) can be used when low-cost/must run resources constitute less than 50% of the total amount of the power generation on the grid, in average of the five most recent years. In 2012, the Mauritian grid generation system was dominated by coal, heavy fuel oil, diesel and kerosene based power. As Table 1.2 shows, hydropower, bagasse and more recently landfill gas and PV to electricity represent all of the low-cost/must run resources with a total share not exceeding 20.9% between 2008 and 2012. Therefore, method (a) is the most appropriate method to calculate the OM emission factor.
Table 1.2 has been developed using the corrections proposed in footnote 4 (page 7) and using the time series given in Table 3.3 on page 46 of the Digest for Energy and Water Statistics – 2012 (please see footnote 3 for a full reference). The numbers in brackets refer to the electricity generated in GWh.
Table 1.2: Share (%) of low cost/must run renewable electricity in the national electricity grid of the island of Mauritius. The data in brackets are the equivalent electricity generated in GWh.
	Share of renewable (%)
	2008
	2009
	2010
	2011
	2012

	Hydropower
	4.7 (108.0)
	5.4 (122.4)
	4.2 (100.7)
	2.3 (56.5)
	3.0 (74.1)

	Bagasse
	16.1 (366.4)
	15.5 (353.6)
	14.4 (342.8)
	14.5 (352.6)
	13.8 (344.0)

	Photovoltaic
	-
	-
	-
	-
	0.0(0.9)

	Landfill gas
	-
	-
	-
	0.1 (3.1)
	0.7 (17.8)

	Total
	20.8 (474.4)
	20.9 (476.0)
	18.6 (443.5)
	16.9 (412.2)
	17.5 (436.8)



Source of data: Statistics Mauritius (2013) Digest of Energy and Water Statistics – 2012 (Statistics Mauritius, Port Louis, October 2013), Table 3.3 – page 46.
STEP 4 : Calculate the operating margin emission factor according to the selected method. 
According to the tool, the simple OM emission factor (EFOM,simple,y) is calculated as the generation-weighted average CO2 emissions per unit net electricity generation (tCO2/MWh) of all generating power plants serving the system, not including low-cost/must-run power plants/units. 
The simple OM may be calculated in two ways: 
(a) Option A: Based on the net electricity generation and a CO2 emission factor of each power unit; or 
(b) Option B: Based 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. 
According to the tool, Option B can only be used if: 
(a) The necessary data for Option A is not available; and 
(b) Only nuclear and renewable power generation are considered as low-cost/must-run power sources and the quantity of electricity supplied to the grid by these sources is known; and 
(c) Off-grid power plants are not included in the calculation (i.e., if Option I - only grid power plants are included in the calculation- has been chosen in STEP 2). 
Data for Option A is not available in official statistics as can be gathered from official sources such as Statistics Mauritius (2013) Digest of Energy and Water Statistics – 2012 (Statistics Mauritius, Port Louis, October 2013). Further, power generated from bagasse and hydro is considered low-cost/must-run power sources and the quantity of electricity supplied to the grid by these sources is known (as per official statistics that has been referenced). Finally, as shown in Figure 1.2, the island of Mauritius has only one interconnected grid – i.e. there are no off-grid power plants.
[image: ]Given that all these conditions are met in the present case, Option B has been used to calculate the OM emission factor. Under this option, the simple OM emission factor is calculated based on the net electricity supplied to the grid by all power plants serving the system, not including low-cost/must-run power plants/units, and based on the fuel type(s) and total fuel consumption of the project electricity system, as follows:

Where:
EFgrid,OMsimple,y = Simple operating margin CO2 emission factor in year y (t CO2/MWh);
FCi,y = Amount of fuel type i consumed in the project electricity system 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); 
EGy = Net electricity generated and delivered to the grid by all power sources serving the system, not including low-cost/must-run power plants/units, in year y (MWh);
i = All fuel types combusted in power sources in the project electricity system in year y ; and
y = The relevant year as per the data vintage chosen in Step 3.

For the calculation of the OM emission factor, the consumption data for each fossil fuel used to power the different power plants were obtained from the CEB. The calculation of the OM is based on data for the years 2010, 2011 and 2012. Local values of NCVi and IPCC default values of EFCO2,i are used. Table 1.3 and Table 1.4 summarize the data used to calculate the OM emission factor.

Table 1.3: Data for fuel consumption and electricity delivered to grid from different fuel sources, 2010 – 2012.
	Fuel Source
	Fuel Consumption (FC, t)
	Electricity delivered to grid (EG, MWh)

	
	2010
	2011
	2012
	2010
	2011
	2012

	Coal
	643,049
	617,297
	649,157
	966,600
	981,000
	1,021,400

	HFO†
	191,983
	208,930
	207,874
	947,000
	1,028,400
	1,027,000

	Kerosene
	6,008
	3,659
	3,437
	18,900
	11,600
	11,000


Sources of data: Statistics Mauritius. (2013). Digest of Water and Energy Statistics – 2012 (Statistics Mauritius, Port Louis, October 2013), Table 3.3 and Table 3.7, pp 46 and 49. 

† Includes diesel inputs.

Table 1.4: Net calorific value and emission factor of fuel sources.
	Fuel Source
	NCV (GJ/t(fuel))
	EF (tCO2/TJ)
	EF (tCO2/t(fuel))†

	Coal
	25.5
	87.3
	2.226

	HFO
	40.19
	75.5
	3.034

	Kerosene
	43.4
	69.7
	3.025



† EF (tCO2/t(fuel)) = [NCV (GJ/t(fuel)) X EF (tCO2/TJ)] / 1000
Sources of data: The values of NCV were obtained from the Central Electricity Board (Mr Shamshir Mukoon, Corporate Planning and Research Manager, Central Electricity Board, Curepipe, Mauritius (Phone: +230 5250 2226)). 

The emission factors for the fossil combustibles were taken from Table 2.2 – Chapter 2 – Stationary Combustion, 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The values correspond to the lower bound default emission factors for CO2.

Using the data in Table 1.3 and Table 1.4, the calculated OM is: 1.0208 tCO2/MWh. Details of this calculation are as follows:

Calculation of the 3-year average fuel consumption, tonne (t)

Table 1.5: 3-year average fuel consumption, t.
	Fuel Source
	Fuel Consumption (FC, t)
	3-year average fuel consumption (t)

	
	2010
	2011
	2012
	

	Coal
	643,049
	617,297
	649,157
	(643,049 + 617,297 + 649,157)/3 = 636,501.0

	HFO†
	191,983
	208,930
	207,874
	(191,983 + 208,930 + 207,874)/3 = 202,929.0

	Kerosene
	6,008
	3,659
	3,437
	(6,008 + 3,659 + 3,437)/3 = 4,368.0



Sum of the 3-year average electricity generated, MWh

Table 1.6: 3-year average of electricity generate, MWh
	Fuel Source
	Electricity delivered to grid (EG, MWh)
	3-year average electricity generated (MWh)

	
	2010
	2011
	2012
	

	Coal
	966,600
	981,000
	1,021,400
	(966,600 + 981,000 + 1,021,400)/3 = 989,666.7

	HFO†
	947,000
	1,028,400
	1,027,000
	(947,000 + 1,028,400 + 1,027,000)/3 = 1,000,800.0

	Kerosene
	18,900
	11,600
	11,000
	(18,900 + 11,600 + 11,000)/3 = 13,833.3



The total 3-year average electricity generated = (989,666.7 + 1,000,800.0 + 13,833.3) = 2,004,300.0 MWh.

Calculating the OM Emission Factor, EFOM
Using data in Tables 1.4, 1.5 and 1.6, we have

EFOM	=	[(636,501 X 2.226) + (202,929 X 3.034) + (4,368 X 3.025)] (tCO2) / 2,004,300 (MWh)
= 	1.0208 tCO2/MWh.

STEP 5 : Calculate the build margin (BM) emission factor. 
According to the “Tool to calculate emissions factor for an electricity system”, project participants should use the set of power units that comprises the larger annual generation. The build margin consists of either: 
(a) The set of five power units (SET5-units) that have been built most recently, 
The set of five power units that have been built most recently represents a gross electricity production (in year 2012) of 685,423 MWh. 
Or (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 (SET≥20 per cent). 
20% of gross electricity production in 2012 represented 499,045 MWh. 
According to the methodological tool, the set of power units (SETsample) that comprises the larger annual generation must be used. In the present case, SETsample = SET5-units.

Identify the date when the power units in SETsample started to supply electricity to the grid. If none of the power units in SETsample started to supply electricity to the grid more than 10 years ago, then use SETsample to calculate the build margin.

The set of 5 most recent power units is described in Table 1.7. A power plant/unit is a facility that generates electric power. Several power units at one site comprise one power plant, whereas a power unit is characterized by the fact that it can operate independently from 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.

Table 1.7: Set of 5 power units under consideration.
	Power unit
	Power plant
	Date Commissioned
	Fuel type
	Installed capacity (MW)
	Net electricity to grid (MWh)
[fossil + renewables]
	Fuel consumption (excluding renewables) (t)

	G6
	Fort Victoria
	May 2012
	HFO
	15
	132,989
	26,957

	G5
	
	Apr 2012
	
	15
	
	

	G4
	
	Apr 2012
	
	15
	
	

	G3
	
	Apr 2012
	
	15
	
	

	G2
	Fort Victoria
	Sept 2010
	HFO
	15
	75,825
	15,474

	G1
	
	Sept 2010
	
	15
	
	

	G2
	La Baraque
	Oct 2007
	coal/bagasse
	45
	155,872
	89,591

	G1
	La Baraque
	Apr 2007
	coal/bagasse
	45
	200,983
	115,585

	G7
	St Louis
	13 Apr 2006
	HFO
	13.8
	119,754
	24,507

	G8
	
	16 Feb 2006
	
	13.8
	
	

	G9
	
	16 Feb 2006
	
	13.8
	
	

	TOTAL
	685,423
	



Sources of data:
Statistics for the generation of individual power plants or power units are not detailed in publicly available national statistics – i.e. from Statistics Mauritius. Generation data to calculate the build margin emission factor was therefore sought from the Central Electricity Board. In particular, Mr Shamshir Mukoon, Corporate Planning and Research Manager, Central Electricity Board, Curepipe, Mauritius (Phone: +230 5250 2226). Please see letter of confirmation from the CEB.

The build margin emissions factor is the generation-weighted average emission factor (tCO2/MWh) of all power units m during the most recent year y for which electricity generation data is available (2012 in present case), calculated as follows:
[image: ]
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 unit m in year y (MWh);
EFEL,m,y = CO2 emission factor of power unit m in year y (tCO2/MWh);
m = Power units included in the build margin; and
y = Most recent historical year for which electricity generation data is available.

Using data given in Table 1.7 and Table 1.4, the BM has been calculated as: 0.9627 tCO2/MWh. The detail of the calculations is as follows:

EFBM	=	[(26,957 X 3.034) + (15,474 X 3.034) + (89,591 X 2.226) + (115,585 X 2.226) + 
(24,507 X 3.034)] (tCO2) / 685,423 (MWh)
= 	0.9627 tCO2/MWh.

STEP 6 : Calculate the combined margin (CM) emissions factor. 
The combined margin emission factor is calculated as follows:

EFgrid,CM,y = EFgrid,OM,y × wOM + EFgrid,BM,y × wBM 

Where: 
EFgrid,BM,y = Build margin CO2 emission factor in year y (tCO2/MWh);
EFgrid,OM,y = Operating margin CO2 emission factor in year y (tCO2/MWh); 
wOM = Weighting of operating margin emissions factor (%); and
wBM = Weighting of build margin emissions factor (%).

The following default values should be used for wOM and wBM:
(a) 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;
(b) 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 combined margin grid emission factors for Mauritius are summarized in Table 1.8.

Table 1.8: Combined Margin grid emission factor for the national electricity system of the island of Mauritius.
	Type of Project
	OM (tCO2/MWh)
	BM (tCO2/MWh)
	CM (tCO2/MWh)

	PV and wind
	1.0208
	0.9627
	1.0063
[(1.0208 X 0.75) + (0.9627 X 0.25)]

	All other projects
	1.0208
	0.9627
	0.9917
[(1.0208 X 0.5) + (0.9627 X 0.5)]
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