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This document is an abbreviated version of the full report, and is composed of the following:
●● Acronyms
●● Executive Summary
●● Derisking Table for Solar Mini-Grids

The full report is available at www.undp.org/DREI
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Acronyms 

ARPU Average revenue per user

BAU Business-as-usual

BDA Business development advisor

BNEF Bloomberg New Energy Finance

BOO Build-own-operate

CAPEX Capital expenditure

CO2 Carbon dioxide

DC Direct current

DFI Development finance institution

DREI Derisking Renewable Energy Investment

ECN Energy Research Centre of the Netherlands

EPC  Engineering, procurement and construction

ESMAP Energy Sector Management Assistance Program

F/X Foreign exchange

FDI Foreign direct investment

FY Financial year

GDP Gross domestic product

GCF Green Climate Fund

GEF Global Environment Facility

GIS Geographic Information System

GHG Greenhouse gas

GTF Global Tracking Framework

GW Gigawatt

HDI Human Development Index

ICT Information and communication technology

IEA International Energy Agency

INDC Intended Nationally Determined Contribution

IPP Independent power producer

IRENA International Renewable Energy Agency

kW Kilowatt

kWh Kilowatt-hour 

LCOE Levelised cost of electricity

Acronyms
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Acronyms 

LCD Liquid crystal display

LED Light-emitting diode

LIC Low-income country

MECE  Mutually Exclusive, Collectively Exhaustive

MG Mini-grid

MTF Multi Tier Framework (on electricity access)

MW Megawatt

NAMA Nationally Appropriate Mitigation Action

NREL National Renewable Energy Laboratory

O&M Operations and maintenance

ONSSET Open Source Spatial Electrification Toolkit 

OM Operating margin

OPEX Operational expenditure

PAYG Pay-as-you-go

PPA Power purchase agreement 

PPP Purchasing power parity

PRI Political risk insurance

PV Photovoltaic 

RE Renewable energy

SDG Sustainable Development Goal

SEforAll Sustainable Energy for All

SHS Solar home system

TPO Third party ownership

UN United Nations

UNDP  United Nations Development Programme

UNFCCC United Nations Framework Convention on Climate Change

UP Uttar Pradesh

USD United States Dollar

VAT Value-Added Tax

Acronyms
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Executive Summary

Executive Summary

The objective of this report is to support policymakers in identifying cost-effective public instruments to 
promote private investment in solar PV-battery mini-grids in developing countries. 

This report expands UNDP’s existing Derisking Renewable Energy Investment (DREI) framework (UNDP, 2013) 
to solar mini-grids. The report introduces methodological concepts and tools, including an open source 
Excel-based LCOE tool, and then sets out the results of two illustrative case studies in Uttar Pradesh, India 
and in Kenya. This report has been prepared by UNDP in collaboration with ETH Zurich.

Opportunity for off-grid renewable energy 
Worldwide, around 1 billion people currently lack access to electricity as of 2016 (WB, 2018; IEA, 2017), of 
which 87% live in rural areas (WB, 2018). Electrifying this population can pay huge dividends in terms of 
human development. 

A real opportunity exists in the coming years to meet this challenge with private sector solutions for off-grid 
renewable energy, either via solar photovoltaic (PV)-battery mini-grids (solar mini-grids) or solar home 
systems (SHS). Three key trends are converging behind this opportunity: first, continued reductions in 
hardware costs – in solar modules, batteries and energy efficient appliances; second, a digital revolution, with 
mobile communication technology facilitating payments and monitoring, as well as new fintech solutions 
(for example, end-user credit assessment); and third, innovation in business models, such as pay-as-you go 
(PAYG) and third-party ownership for solar home systems, which offer energy as a service, and can remove 
previously prohibitive up-front costs for households.

A remaining challenge is to increase investment from current levels. If universal electrification is to be 
achieved by 2030, it is estimated that USD 52 billion in annual investment will be needed (IEA, 2017). In solar 
mini-grids, nearly all current investment is financed through grants and non-commercial, patient equity. In 
PAYG solar home systems, financing is further advanced, and tier 1 companies are now beginning to access 
debt, albeit often at favourable, not fully commercial terms. If off-grid electrification is to truly scale, there 
is a need to access commercial debt financing at large volumes. In the longer term, developing domestic, 
local-currency sources of financing – to avoid foreign exchange risk – will also be key.  

In a private-sector led, fast-moving context, government efforts to support such off-grid renewable energy 
solutions have often, to date, been lagging. Private sector actors often express indifference with current 
regulations, and point to burdensome or poorly-formulated public measures. This report seeks to specifically 
address this policy gap for solar mini-grids, providing policymakers with guidance on implementing 
systematic, well-designed public instruments – seeking to intelligently support and grow the sector as it 
evolves into a mature market. 

DREI framework for solar mini-grids  
A central focus of the Derisking Renewable Energy Investment (DREI) framework described in this report is on 
private sector financing costs – an investment’s capital structure, and investors’ required return on equity and 
debt. As illustrated in Figure E.1, due to their capital intensity, solar mini-grids are penalized in high financing 
cost environments. Developing countries often exhibit high financing costs for renewable energy due to 
investment risks that can exist in early-stage markets. An opportunity is for policymakers to systematically 
address these investment risks, lowering financing costs and leading to competitive investment. 

If universal  
electrification  
is to be achieved  
by 2030, it is  
estimated that  
USD 52 billion  
in annual  
investment will  
be needed.
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LOW-RISK INVESTMENT
ENVIRONMENT

Debt/equity ratio:  50/50
Cost of equity:  9%
Cost of debt:  6%

Loan tenor:  10 yrs
 

Debt/equity ratio:  0/100
Cost of equity:  21%

Cost of debt:  N/A
Loan tenor:  N/A
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There are both public and private strategies to address investment risks. The DREI framework is concerned 
with public strategies, and identifies three central ways – often used in combination – that the public sector 
can improve the risk-return profile of private sector investment opportunities: 

●● Reducing risk, targeting underlying barriers that create investment risk. These instruments are typically 
policies, such a legislation, or technical programmes (“policy derisking”)

●● Transferring risk, shifting risk from the private to public sector. These include instruments such as 
guarantees, or credit lines to commercial banks for on-lending (“financial derisking”)

●● Compensating for risk, increasing the return of investments. These are typically targeted subsidies for 
renewable energy (“direct financial incentives”)

Private sector derisking strategies can be an important complement, and sometimes in early-stage markets, 
a substitute, to public efforts to address risks. As solar mini-grid markets mature, an opportunity also exists 
for diversifying risk through aggregation of multiple mini-grid assets (“portfolio derisking”). 

Figure E.1: Impact of financing costs on solar PV-battery and diesel-powered mini-grids’ generation 
cost in low and high-risk investment environments1    

Source: Authors’ modelling.  

1 All assumptions – except for financing terms - are kept constant between the low-risk and high-risk investment environment; Generation costs only; 
Assumes equal annual electricity output; Solar PV Size @ 15 kWp, Li-ion battery size @ 41 kWh, Diesel System Size @ 6 kW, Investment Life= 20 years, 
Replacement: Battery (10 years), Inverters (10 years), Generator (10 years), Diesel Fuel Price: $0.70/L, Inflation: 2%; Note that operating costs are 
lower in the high-risk investment environment due to higher discounting effect.
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