
   
 

   
 

REPP Extension Business Case 2018 

Annex I: Technical Annex – Appraisal Case Cost Effectiveness Modelling 

Background 
 
Modelling integrity statement 

 
The model has been developed in keeping with BEIS Modelling Integrity Team guidance and is based 
on the framework/structure of the previously approved REPP model.  It has undergone the standard 
ICF QA process and is considered fit for purpose  
 
Cost benefit analysis framework  

This model has been used to conduct an economic analysis of the REPP extension.  A partial NPV has 

been calculated based on an indicative pipeline of renewable energy projects provided by REPP’s 

delivery partner Camco. The benefits that have been valued are the social benefit from carbon 

savings, the welfare benefit from supplying energy to previously unmet demand and the resource 

value saved from switching to renewable energy production against the counterfactual. These are 

the same benefits as modelled for the first phase of REPP funding.  

The UK attributed NPV measures the monetised benefits attributed to UK ICF spend and the REPP 

programme costs attributed to the UK as stated above. 

The project NPV includes all monetised benefits and costs. Costs include both REPP programme 

costs and the capital cost of projects.  

Costs, financing and modelled project pipeline 

Costs 

For modelling and assessment purposes it is assumed that, on behalf of the UK government, the ICF 

will invest £100m.  

Modelled Projects  

For modelling purposes, Camco have provided an indicative pipeline of renewable energy projects 

including both the total project cost and the financial support expected to be required from BEIS 

through REPP.  The projects are sourced from both Camco’s near term and origination pipeline, so 

the modelled pipeline is judged to be a good representation of the types of projects funded in the 

extension period. 

An independent evaluation of REPP has recently been conducted, which gives a number of 

recommendations to ‘course-correct’ the delivery of REPP. It is therefore expected in the coming 

months that the REPP Board of Directors will refine some aspects of the programme mandate, to 

improve its performance. These are expected to cover: 

• The geographical spread within the portfolio 

• The proportion of technologies and types of support product offered within the portfolio 

• The proportion of REPP commitment relative to whole project size 

• Product range 

• Investment time horizon 



   
 

   
 

This introduces some uncertainty around the modelled portfolio, however the pipeline is not expected 

to deviate significantly following any adjustment to the mandate. Further, the sensitivity analysis in 

section further below shows that it is not expected that such adjustments will significantly affect the 

excepted outcomes or value-for-money justification for the programme.  

Projects have been weighted based on the estimated probability of receiving REPP support. A 70% 

factor has been applied to near term projects whilst a 60% factor has been applied to origination 

projects. The profile of the probability weighted pipeline is presented below.  

 

Technology1 
Number of Projects 
(TA only) 

MW Capacity2 (TA 
only) 

Total 
Cost £m 
(TA only) 

TA support 
£m 

Financing 
£m 

Hydropower 7 (2) 32 (13) 83 (32) 0.64 11.98 

Onshore wind 3 (2) 95 (60) 144 (82) 0.74 5.34 
Photovoltaic 5 (1) 41 (14) 54 (13) 0.72 7.99 
PV Minigrid 5 11 38 0.46 10.88 
Waste-to-energy 1 (1) 15 (15) 98 (98) 0.23 0.00 
SHS 1 3 4 0.00 1.34 

Geothermal 1 15 89 0.00 3.21 

Total 23 (6) 212(102) 510 (225) 2.80 40.73 

 

Scaled expected results  

After probability weightings are applied, the pipeline includes £510m worth of projects which 

corresponds to £2.8m of TA and £40.73m of gap financing for which BEIS funds would be used for.  

The results of the economic appraisal were calculated for these amounts and then scaled to the 

proposed £100m BEIS investment. Based on the average deal size and project deals to date, it is 

expected that Camco will source enough projects to spend the proposed BEIS £100m investment.  

Project cost assumptions 

Project cost assumptions are sourced from actual potential projects rather than generic £/MW 

estimates.  These values reflect the best available information however are subject to change.  These 

values have been benchmarked against cost comparators for the regions REPP operates in and are 

found to be comparable3.   The evidence for total project costs is judged to be moderate. 

 

Technology 
Total project Cost per 

MW (£m) 

Hydropower 2.6 

Onshore wind 1.5 

                                                           
1 The REPP preliminary pipeline also includes biomass projects which haven’t been modelled in this appraisal. 
2 Pipeline MW and financing will not match modelled outputs provided below for the central case and 
sensitivity analysis results. This is because expected results have been scaled to the proposed ICF business case 
spend as explained in this document   
3 http://www.irena.org/publications/2016/Sep/Solar-PV-in-Africa-Costs-and-Markets. https://www.esi-
africa.com/the-state-of-wind-energy-in-africa/  

 

http://www.irena.org/publications/2016/Sep/Solar-PV-in-Africa-Costs-and-Markets
https://www.esi-africa.com/the-state-of-wind-energy-in-africa/
https://www.esi-africa.com/the-state-of-wind-energy-in-africa/


   
 

   
 

Photovoltaic 1.3 

PV Mini grid4 3.4 

Waste-to-energy 6.5 

Solar Home 
Systems 1.2 

Geothermal 5.9 

 

REPP TA and financing 

REPP provides both technical assistance support and a range of project financing instruments. These 

activities are solely funded through the grant that BEIS provides to REPP.  REPP then blends BEIS 

finance with other sources of public of private finance at the project level. The types of financing 

support that BEIS funds through REPP are listed below.  

The TA support and financing amounts presented in the above table show what proportion of BEIS 

funds are spent for each project. Comparing these BEIS financing amounts against the total project 

costs indicate the leverage potential of BEIS funds.   

Detailed financial analysis has not yet been conducted for projects in the modelled pipeline. The TA 

and financing requirements are estimates from Camco’s programme managers which are based on 

discussion with project developers and similar deals from the first phase of REPP funding. Camco 

have provided the following justifications for the amount of funding required from REPP for different 

financing instruments. It’s important to note that financial amounts can vary from project to project 

as REPP financial support is targeted at addressing project specific barriers.  

Technical Assistance:  The REPP contribution to development costs, in the form of technical 

assistance loans, represent c. 30-70% of total project development costs.  This is in line with projects 

receiving technical assistance loans through the original REPP funding where the range for projects 

with signed agreements is 20%-60% of total development costs.  

Off grid financing: There is currently a lack of debt financing for roll-out of solar mini grids and solar 

home systems (for off grid electrification). In summary this is because typical debt providers aren’t 

willing to provide finance with the construction and offtake risks of such projects. Moreover, some 

identified projects cannot support market-related interest rates. REPP has started to provide 

financing in the form of term loans that typically represent between 15% and 75% 5of a total Off- 

grid portfolio value, the rest being financed by a mix of equity and grants. The facilities provided by 

REPP are, in some instances, soft with the objective of facilitating the emergence of this segment of 

the market as an investment class for private sector participants.  

 

Financing Type  
Number of Projects 
In Modelled Pipeline 

% of Total Project Costs 
Range  

Off grid 7 14-76 

 

Construction finance: There is currently a lack of construction finance for small scale projects in 

                                                           
4 Accounts for costs of distribution networks.  
5 Note that there may be outliers in the portfolio however these will be subject to a full value for money 
assessment at the project approval stage  



   
 

   
 

Africa, due to the small value of debt required and the lack of risk mitigation measures for small 

projects. For this sort of transaction, REPP provides typically 30-60% of construction costs in the 

form of a construction loan to co-finance construction of a project, with the objective of the 

project being refinanced once the project is in operation and has therefore been effectively de-

risked. 

Financing Type  
Number of Projects 
In Modelled Pipeline   

% of Total Project Costs 
Range  

Construction 4 34-45 
 

Gap financing: 5-15% of project cost. Working capital or mezzanine type financing that helps bridge 

the gap in construction equity and/or help the equity IRR to reach hurdle rate (required by private 

equity). 

Financing Type  
Number of Projects  
In Modelled Pipeline 

% of Total Project Costs 
Range  

Gap Financing 5 6-20 

 
 

Geothermal (can be merged with the above category): Co-financing in the form of a convertible 

loans provided during the drilling phase to unlock a geothermal project and bring it to operation. 

The loan amount represents typically 2-3% of total project costs if heat sources are identified and 

exploited. Currently developers face high exploration drilling costs with high likelihood of failure 

which they are not able to manage or withstand, yet expectations are such that they must finance 

on an all equity basis. The convertible loans in these instances represent a form of risk sharing with 

REPP being cognisant of the risks and so structuring transactions with the objective of capturing 

substantive returns in the event of success. 
 

Financing Type  
Number of Projects  
In Modelled Pipeline  

% of Total Project Costs 
Range  

Geothermal 1 4 

 

Private and Public Finance.  

The model assumes that 40% of the total project cost is financed by the private sector whilst 60% 

comes from the public sector, including BEIS funds.  This expected private public split is based on the 

BEIS ICF logframe target for the current REPP programme. For most projects in the extension 

pipeline the exact split is unknown however changing this split doesn’t impact the project or UK 

attributed NPV so this uncertainty is not judged to be a significant risk. Further, the REPP assessment 

committee will consider each project’s potential to leverage private finance before committing 

funds.   

The public/private finance split for projects is an estimate.  

Profile of investments  

TA, financing and total investment costs are attributed to the year that a project reaches financial 

close. In practice, financing from REPP is disbursed over the whole construction period, which is 



   
 

   
 

assumed to be two years, however it’s counted as committed when the project reaches financial 

close, so the cost is accounted for in that year.  

Camco have provided the expected date of reaching financial close for each project by DD/MM/YY. 

For modelling purposes, these dates were rounded to the nearest year.  

Reflows 

In line with ICF appraisal guidance, reflows to the fund have not been included in this cost benefit 

analysis. More climate and development benefits are expected once funds flowing back to REPP are 

recycled. Reflows are expected for both technical assistance loans and REPP financing.  

Benefit valuation  

The model accounts for a number of the benefits from the projects funded by REPP; the welfare 
benefit of the counterfactual unmet demand, the social benefit of carbon saved from producing the 
energy in a less carbon intensive manner, and the benefit of saving the carbon-based resources from 
switching to renewable energy production.  
 
In line with the appraisal of similar past ICF projects, the cost-benefit analysis assumes that 25% of 
the renewable power generated helps meet current or future unmet demand. This carries significant 
welfare benefits in terms of access to energy, however does not have an associated carbon saving. 
The welfare benefits of meeting unmet grid connected) are valued at the projected future grid 
electricity prices supplied by Enerdata, for the relevant Sub-Saharan region (absent country specific 
data). Under the assumption that off-grid power generation in Sub-Saharan Africa would be 
produced using diesel, off-grid electricity prices in Sub-Saharan Africa were proxied by the national 
average pump prices for diesel fuel from the World Bank. This is conservative considering remote 
off-grid locations are likely to be in excess of this. In order to translate diesel prices into electricity 
prices, a uniform diesel efficiency factor of 2.5 kWh output per 1 litre of fuel was assumed as per 
Camco Africa best practice. By taking fuel prices in USD/Litre and divided by the generator efficiency 
factor, electricity tariffs in USD/kWh were calculated.  
 
It is assumed that the remaining energy generated (75%) displaces future and current thermal 
generating capacity. This carries a carbon and resource benefit. In line with the ICF appraisal 
guidance grid emission factors were sourced from UNFCCC data on a per-country basis (explain 
Camco additions). This database contains the average values of grid emission factors which are 
utilised for registered CDM project activities. The assumption is that current and future generation is 
replaced in equal proportions therefore the country specific combined margin grid emission factors 
are used for estimation of the CO2 savings. For off-grid and projects, the model uses an emission 
factor of 0.7938 tonnes of CO2eq/MWh as per SREP 6data to reflect the likely counterfactual of 
power supplied through diesel generation. The amount of carbon abated or reduced by the 
intervention is valued using the DIFD/DECC ICF carbon prices. Central prices are used for the 
headline results and sensitivity analysis is carried out with DECC’s other international carbon price 
series (high and low).  
 
The resource benefit is valued at the long run variable cost (LRVC) of counterfactual energy 

production to proxy the resource saved from switching to renewable energy production7. The LRVC 

is estimated at 80% of the residential retail price of electricity line with DECC/DfID guidance.  

                                                           
6 Data from the Scaling up Renewable Energy programme which has an off-grid focus  
 



   
 

   
 

The benefits valuation uses a range of data and overall the evidence used to calculate the monetary 

value of benefits is rated as moderate. The electricity price projections are used widely in ICF 

analysis and modelled on the international energy system, therefore we consider this data to be 

moderate to strong. The grid emission factors are internationally recognised (average of country-

specific CDM projects) and therefore considered reliable, however overall results will depend on the 

technology and country mix of the eventual REPP portfolio. Moreover, resource valuation is an 

estimate only, as are the estimates associated with the displacement of current and future energy 

production. 

Technical assistance benefits 

The benefits from technical assistance projects are not included in the project or UK attributed NPV. 

This is because it’s difficult to determine the causal link between technical assistance and eventual 

benefits, particularly when projects are supported by other financial interventions for the type of 

projects REPP supports through TA. 

Unmonetised benefits 

Individual projects are expected to have wider non-monetised benefits, including local development 

and poverty reduction benefits from increased access to energy as well as health and air quality 

benefits from reduced diesel generation. The REPP programme also helps to open new markets and 

foster the development of the private sector in the African countries in which it operates (these 

benefits are not included in the quantitative analysis).  

Renewable energy technical assumptions  

A 20-year lifetime has been used for all projects as this is the expected length for purchasing power 

agreements.  Benefits have therefore been modelled for 20 years. This is conservative given some 

renewable technologies have longer lifetimes. Capacity factors have been sourced from 

internationally recognised IRENA data, whilst a uniform annual degradation rate of 0.5% has been 

applied to energy output.  Transmission and distribution losses are not accounted for, but are not 

expected to have a significant impact on the central analysis. 

Energy access  

In line with ICF reporting methodologies, only new connections from off-grid projects have been 

included.  Estimates are derived from World Bank data on energy consumption per capita by 

country.   

Attribution  

Benefits are attributed based on the contribution that the UK Government makes to each project. 

Private finance leveraged is attributed to the UK Government on the same basis as the benefits. It is 

assumed that 100% of projects benefits are attributable to the UK given all other project finance 

(public and private) is assumed to be leveraged by UK financing given that concessional finance 

provided by REPP is required for projects to go ahead. This assumption is rated as moderate and is 

based on our best available information. 

Additionality 

As for most ICF Programmes, an additionality factor has been applied to expected benefits. This 

considers that some proportion of projects may have been developed without REPP support. The 

recent REPP midterm evaluation reviewed the additionality assumption and judged 75% to be 



   
 

   
 

appropriate as the project approvals process is robust against ensuring additionality.  The sensitivity 

analysis below shows that the BCR is robust against a 50% additionality factor however the cost per 

tonne does fall above the ICF approved project range. 

Failure rate  

The headline results assume a 10% total loss of projects during the construction phase. This is 

considered to be conservative as the concept of failure changes from one of total loss to an outcome 

which is different to expectation once projects reach financial closure after the development stage 

and start construction. This could be a higher construction cost, or a longer construction period. This 

failure rate is in line with past ICF appraisals.  Uncertainty has been accounted for in the sensitivity 

analysis below.  

Discount rates 

In line with appraisal guidelines a 3.5% real discount rate is applied to global public goods; in this 

case the carbon benefits accruing from the project. All other costs and benefits are discounted at a 

developing country real discount rate of 10%. 

Evidence Assessment  

Overall, the evidence used for key assumptions in this economic appraisal is judged to be medium 

and therefore fit for purpose. Pipeline uncertainty is inherent of ICF projects and this uncertainty has 

been managed through the sensitivity analysis below. 

 

Modelled results from REPP Extension  

In the table below, the project level expected results column includes all monetised benefits and 

costs.  Costs include both REPP programme costs and the capital cost of projects.   In contrast, the 

UK attributed column measures the monetised benefits attributed to UK ICF spend and 

the REPP programme costs only attributed to the UK.   

 

Note:  Results are presented net of additionality (75% of project benefits are attributed to BEIS) and a project failure rate 

assumption (10%).  As a result, UK costs plus private and public leveraged funding does not add to the total project costs.  

151                                151                                                   

9,262                            9,262                                                

3.8                                 3.8                                                    

0.4                                 0.4                                                    

£600 £100

£159 £27

£4,000 £700

£475 £92

£230 £230

£261 £261

£490 £490

£15 £398

1.03                              5.30                                                  

£156

1.6                                 

£181

1.8

Project leverage - undiscounted 

Private leverage  (m)

Total costs (£m) Total costs (£m)

GWh electricity produced (GWh) GWh electricity produced (GWh)

Carbon saved (Mt of CO2) Carbon saved (Mt of CO2)

New Energy access (m persons)

Project expected results UK attributed expected results

MW installed (MW) MW installed (MW)

Energy access (m persons)

Project - Net Present Value (£million) UK attributed - Net Present Value (£million)

Project unit costs - undiscounted UK attributed unit costs - undiscounted 

Total costs (m) Total costs (m)

Carbon benefits (m) Carbon benefits (m)

Non-carbon benefits (m) Non-carbon benefits (m)

Technical investment cost/tonne (£/t) Attributed investment cost/tonne (£/t)

Investment cost per MW installed (£'000/MW) Investment cost per MW installed (£'000/MW)

Total benefits (m) Total benefits (m)

Net Present Value (m) Net Present Value (m)

Benefit Cost Ratio Benefit Cost Ratio 

Public leverage (m)

Public leverage ratio

Private leverage ratio



   
 

   
 

 

Value for money 

Based on the expected results, extending REPP is judged to be a cost-effective intervention and 

represent value for money. Refer to the ‘value for money section’ of the Business Case for a full 

discussion on value for money.  

Comparison with original REPP funding  

The REPP extension is expected to be slightly less cost effective than the current REPP programme in 

terms of CO2 savings. The expected cost per tonne for the extension is £26.6 compared to £19.3for 

the current portfolio supported by the original funding. This can be explained by the fact that in the 

REPP extension more finance is expected to be committed per MW on average than the original 

funding which results in a lower leverage ratio (refer to value for money section in the appraisal case 

for more information).  Overall, a relatively similar cost per tonne between the two investment 

periods gives confidence that the expected carbon savings from this appraisal are reasonable. 

  
REPP Extension 
(Modelled pipeline)  REPP First Phase 

Total REPP financing (£m) 83.2 38.9 

REPP Financing per MW (£m) 0.55 0.39 

Expected MW installed (MW) 151 100 

Private leverage ratio 1.6 2.41 

Cost per tonne of CO2e abated 
(UK attributed) (£/tCO2) 26.6 19.3 

 

Sensitivity analysis  

This section outlines the results of the sensitivity analysis conducted on key assumptions in the 

model.   All the discussion below is in UK attributed terms. 

Private versus public finance 

The proportion of public money per project, taking into account both BEIS funds and other public 

sector funds, would have to increase from 60% to 74% for the private sector leverage ratio to 

decrease from 1:1.6 in the central scenario to 1:1, with this level of public funding unlikely for most 

projects. Projects will be assessed against the level of private finance expected to be leveraged 

through REPP financing at the assessment committee. 

Further sensitivity analysis is presented below. 



   
 

   
 

 

 

Technical assistance benefits 

BEIS spend on technical assistance through REPP is expected to support the installation of an 

additional 141 MW of renewable energy (this amount is also scaled up from the pipeline) which is 

estimated to result in an additional 4.8million tCO2e abated. When benefits from projects receiving 

technical assistance are included, the UK attributed BCR increases to 10.9 and the cost per tonne of 

CO2e abated falls to £11.7.  This assumes that these projects would not require additional 

concessional financing from BEIS or other sources (i.e. 100% UK attribution). 

Only projects receiving financing from REPP will be included in results reporting (i.e. projects that 

receive technical assistance will be excluded).  These projects would only be included once the 

finance has been committed by REPP to avoid any potential double counting of results from projects 

that have also received technical assistance  

When a lower additionality discount is applied (50%), the expected cost per tonne is above the 

upper limit of the ICF approved projects range (£37) however the UK attributed BCR is still materially 

greater than 1.0. As discussed in the value for money section, REPP has strong processes for 

ensuring additionality which is why the central assumption is 75%. With a 100% additionality factor 

the BCR increases to 7.1with a cost per tonne of £19.9. 

REPP financing required 

Sensitivity analysis was also carried out on the amount of REPP financing required for projects. This 

is an important assumption for UK attributed results for which there are two main drivers of 

uncertainty. Firstly, the fact results have been scaled to BEIS spend means that the current pipeline 

may not reflect future projects or levels of BEIS financing required.  Secondly, as outlined above, the 

mandate of REPP is currently being reviewed which could have a slight impact on the types of 

projects that REPP finances. The aim of the sensitivity analysis was to reflect the fact that the 

projects financed during the extension may on average require a higher or lower amount of REPP 

financing than the current pipeline indicates. A higher REPP financing amount has the effect of 

increasing the amount of BEIS funds per project and therefore reduces benefits per each £GBP of UK 

spend. When the REPP financing requirement is 20% higher for projects the BCR only falls from 5.3 

to 4.5 whilst there is only a slight increase in the cost per tonne to £31.5. When the REPP financing 

requirement is lower the opposite holds, resulting in the BCR increasing to 6.5 and cost per tonne 

falling to £21.6.  

Sensitivity

Benefit cost ratio 

(UK Attributed)

£/tCO2e abated

(UK attributed)

Central 5.3                                  26.6                                               

Additionality (100%): Central is 75% 7.1                                  19.9                                               

Additionality (50%): Central is 75% 3.5                                  39.8                                               

Increased REPP financing  required (+20%) 4.5                                  31.5                                               

Decreased REPP financing  (-20%) 6.5                                  21.6                                               

Failure rate: 20%  Central is 10% 4.7                                  29.9                                               

Failure rate: 5%  Central is 10% 5.6                                  25.2                                               

Low carbon values 4.1                                  26.6                                               

High carbon values 6.5                                  26.6                                               

Remove 3 highest leverage projects 3.9                                  36.2                                               

Remove 3 lowest leverage projects 6.1                                  23.2                                               

Include Technical Assistance benefits 10.9                                11.7                                               

3 year construction period: Central is 2 5.1                                  26.6                                               

10%administration costs: Central is 8% 5.2                                  27.0                                               

Discount rate for non carbon benefits 20% Central is 10% 3.7                                  26.6                                               



   
 

   
 

An alternative approach is to remove projects from the pipeline that have low leverage potential 

(high REPP financing) or high leverage potential (low REPP financing). The results are also robust to 

this analysis with the BCR only falling to 3.9 when the highest leverage projects were removed from 

the pipeline whilst the cost per tonne still falls within the ICF portfolio approved range.  

Carbon prices 
 
Carbon benefits account for around 47% of monetised project benefits and have a significant impact 
on the BCR. The Central BEIS/DFID ICF carbon prices are used in the main scenario here. When the 
lower carbon values are used a BCR of 4.1 is returned, and when the high carbon values are used a 
BCR of 6.5 is returned.  
 
Other uncertainties and breakeven analysis 
 
We also tested for any possible delays in construction which would delay benefits attributed to ICF 
spend. The results were robust against this.  
 
There is also uncertainty around the delivery partner management fee as the fee structure has not 
yet been negotiated. The case where fees are 25% higher than for the original REPP funding was 
tested for which the results were robust.  
 
Breakeven analysis was also carried out on the additionality and failure rate assumptions. For a UK 

attributed BCR of 1.0, the additionality factor would have to fall to 14% whilst the failure rate would 

have to increase to 84%. The expected cost per tonne is relatively sensitive to change in the 

financing requirement of the portfolio. For the expected cost per tonne to fall outside the approved 

project range, the amount of REPP financing required would need to increase by 40% on average 

which is seen to be unlikely.  

 


