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This policy brief was written as an exercise for the Summer School on Modelling, June 2019.  Results and implications included in this note do not reflect the opinions of the UN or associated organizations  and should not be relied on for policy decisions.	1
1.	Introduction
The aim of this policy brief is to provide an insight into the amount of investment needed and the energy mix required for Sierra Leone to meet with its SDG 7.1. commitment of ensuring universal access to affordable, reliable and modern energy by 2030. Using OSeMOSYS modelling tool, results shows the following:
· That an Extra 2.2 Billion USD in Total Investment is needed to meet National Electrification Target.
· For power generation that is resilient to climate change an extra 500 Million USD is required over that for business as usual. 
· That Run-off Hydro are more Economically Viable than Large Hydro Technology With Dam
· That any percentage decrease restriction on CO2 Emissions would lead to approximately 2.7% increase in operational cost
2.	Problem definition 
Sierra Leone due to its climatic and topographical features, is endowed with abundant Renewable Energy Potential, but however it faces severe energy scarcity. The energy supply infrastructure is limited to mainly oil-fired Thermal plants and hydro power plants, with small share of Solar and Biomass. Thermal plants can be greatly affected by High fuel Price and hydro power by change in climatic conditions. The rate of Electrification of the country is at 14% and only 17.8% of Sierra Leone’s population of 7million people has access to Electricity. The Mining companies and other heavy power industries are not connected to Grid, all of the above stalls the Socio Economic Development of the nation.
The context and challenges highlighted above pose the research question of ”How can investment in a diversified energy supply mix ensure universal access to electricity and increase energy security and climate resilience?”
3.	Methodology and Scenario Development
Scenarios were modeled in OSeMOSYS, which is a linear programing generator that selects suitable energy mix to provide least-cost optimal solutions. The modeled period spans from 2015 to 2050, with each year having two seasonal variations of 6 months dry season (November to April) and 6 months raining season (May to October).
The following scenarios were investigated:
Base Case Scenario (BAU): This scenario implements the business as usual i.e. the electrification rate of 14% and the energy supply mainly coming from Hydro and other variable renewable sources (VRES).
National   Electrification (NE): This scenario is a modification of the base case wherein the domestic demand projections were increased such that the rate of electrification was targeted at 60% by 2025, 80% by 2030 and 100% by 2035.
Delayed Hydro (DH): In this scenario, the national electrification rate was maintained, but restrictions were made such that the installation of phase 2, 3 and 4 of Bumbuna was delayed to start in 2027.
Climate Resilient (WS): In this scenario, the national electrification rate was maintained, but with modifications made such that the model experiences intermittent drought in several years of the modelling period. This increases the dry period of the dry season and reduce the capacity factor of the Hydro power plants.
Emission Restriction (ER): In this scenario, the allowable emission in the base case was restricted by 80%, 60% 40%, 20% etc. and the percentage increase in operational cost recorded.
4.	Results
Fig. 1 compares the percentage of population with access to electricity for the BAU and the NE scenario.

[bookmark: OLE_LINK1]Figure.1: Comparison of Electricity access for Base Case and National Electrification scenario.
In BAU, at 2050 only 58% of the population will have access to Electricity, while in NE Universal Access is achieved in 2035.
[bookmark: OLE_LINK2]Figure 2 compares the share of renewable energy (RES) in the mix for various scenarios. 

Figure.2: Compares the share of renewable energy (RES) in the mix for various scenario during the model period 2050.
For the BAU scenario, with its relatively low demand projections and electrification rate, close to 90% of RES is used. For National Electrification, where considerably higher demand needs to be met, more fossil fuel and biogas comes into play, bringing the share of RES down to about 42%. If investments in hydro infrastructure are delayed, there is a further reduction in RES share down to about 32%.
[bookmark: OLE_LINK3]Figure 3 compares the total investment for the various scenarios. NE was run over two base cases, one that implements Large Hydro with DAM and the other with only run-off river hydro. 

Figure.3: Comparison of total investment for the various scenarios.
Result shows Extra 2.2 Billion USD in Total Investment is needed to meet National Electrification Target, 2.4 billion USD with DAM, and another 500M USD to make power production resilient to climate change.
To analyze the effectiveness of the different scenarios, the Average Supply cost was chosen as indicator, which is the ratio of total annual cost to Total Annual Production (figure 4). The graphs of the various scenarios all follow each other throughout the modelling period with base case slightly higher.


Figure.4: Compares the average supply cost for the various scenarios.                                                                                                      
Figure 5 presents Emission Abatement curve that shows the effect restricting the allowable emission has on operational cost. 

Figure 5: Compares the average supply cost for the various scenarios.
On average, any percentage decrease (restriction) in CO2 Emissions will result in 2.7% increase in operational cost.
5.	Limitations
As National Electrification (universal access) is the central theme of this research, only the domestic demand projections were utilized, i.e mining, industrial and commercial demands were not considered. Secondly, the base case data utilized were informed by the current energy policy, which seems very ambitious and may need revision. Also other energy sources such and Gas, Coal and import of electricity that would be made possible by regional integration (WAPP) were not considered. Lastly, universal access was implemented on the assumption that the consumers are willing and capable for paying for the use of electric power.
6.	Policy implications and recommendations.
Based on the modelling results and analysis, the following policy recommendations are proffered.
· In order to achieve universal access by 2035 as stated in the Government energy policy, huge investments must be made in the energy sector.  The modelling results show that extra 2.2 billion dollars is needed over current rate of funding. The development of Hydro and Large Scale VRES should be accelerated and new energy sources such as LNG, imported coal and electricity should be introduced in the energy mix.  The funding plan should involve reaching out to donor community.
· The modelling results show that the energy supply in Sierra Leone is heavily reliant on VRES, with a share of about 90%. However, VRES supply varies with changes in climatic conditions. To ensure power generation resilience to climate change, extra 500M USD investment should be made on non VRES.  

· To meet the increase in demand projection for national electrification, investing in VRES including run-off hydro provides an economical and effective approach.  
· The modelling result shows that the CO2 emissions for Sierra Leone energy sector are relatively low, amounting to about 5% of the total emissions. Further results show that any percentage decrease (restriction) in CO2 Emissions will result in 2.7% increase in operational cost.
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Share of RES Power Generation %
Base Case	National Electrification	Delay Hydro	Climate Resilent	89.690526250304032	42.296647504843449	32.880151126725011	32.098003391276038	


Total Investments, Billion USD

Base Case	National electrification	DAM Base Case	DAM National Electrification	Climate Resilent	4564.9619495090647	6766.5100923243381	5028.7446815596841	7369.3019632760306	7943.8119208628204	


Base Case	2015	2020	2025	2030	2035	2040	2045	2050	145.5723467919598	139.3913303997837	14.86682410903861	7.2696691832368598	9.9877115201023035	12.974645867280801	15.39933588933726	8.0443801936140442	Climate Resilent	2015	2020	2025	2030	2035	2040	2045	2050	145.57244225634599	98.565707730435605	12.299278797345879	23.974895223455071	9.1254712982221857	13.137038120008491	17.007557433211801	10.49677607294571	National Electrification	2015	2020	2025	2030	2035	2040	2045	2050	145.57244084239619	98.788350986917806	12.50849013617035	16.50363609671431	9.3548919983000545	12.194815434729961	12.44254655838798	10.388745421568411	Delay Hydro 	2015	2020	2025	2030	2035	2040	2045	2050	145.57244084239619	97.281968403265964	10.22457960441591	16.577495451128531	8.9992491277440951	12.755045119485249	14.330078962473269	12.92571480320867	Renewables	2015	2020	2025	2030	2035	2040	2045	2050	82.825206317759381	112.5049871471363	141.58759008081421	163.15248924427871	156.56493387440921	156.45181463136981	168.6481189999341	180.69518125857689	High fossil fuel prices	2015	2020	2025	2030	2035	2040	2045	2050	82.810793176463875	114.34226270260559	145.41920866042571	183.20054422766961	187.0542859847983	194.2527680999188	200.30513088254239	211.20000471270069	Natural gas	2015	2020	2025	2030	2035	2040	2045	2050	82.991631380620433	113.5068807272816	163.20070801906189	152.97719437400599	147.4354724087606	144.6489914223996	141.83469775310331	139.75534981239139	
USD/MWh	



% Increase in Cost VS % Decrease in Emission

80%	60%	40%	20%	8%	BAU	12.876666484316219	10.85720360707634	8.0832396635123178	4.7446769085449958	1.2589925526449079	0	% Decrease in Emissions

% Increase in Cost


Electricity Access, % of total population	
Base	2015	2020	2025	2030	2035	2040	2045	2050	0.17799999999999999	0.23499999999999999	0.29199999999999998	0.34899999999999998	0.40600000000000003	0.46300000000000002	0.52	0.57699999999999996	National electrification	2015	2020	2025	2030	2035	2040	2045	2050	0.18	0.300465104193606	0.59614290093016997	0.89195545938380305	1	1	1	1	Base	2015	2020	2025	2030	2035	2040	2045	2050	0.178235245774686	0.28208642421543201	0.535841536976985	0.79591586772496004	0.87476920309858197	0.942893106677274	1	1	
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