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About RMI

RMI is an independent nonprofit founded in 1982 that transforms global energy systems through market-driven solutions to 

align with a 1.5°C future and secure a clean, prosperous, zero-carbon future for all. We work in the world’s most critical

geographies and engage businesses, policymakers, communities, and NGOs to identify and scale energy system interventions 

that will cut greenhouse gas emissions at least 50 percent by 2030. RMI has offices in Basalt and Boulder, Colorado; New York 

City; Oakland, California; Washington, D.C.; and Beijing.

About UN-OHRLLS

United Nations Office of the High Representative for Least Developed Countries, Landlocked Developing Countries and Small 

Island Developing States (UN-OHRLLS) helps coordinate and implement programs of action which assist vulnerable countries in 

areas including economic growth, poverty reduction, and meeting targets laid out in the SDG.
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Executive Summary

LDCs are in urgent need of a 
pathway to accelerate their

progress on universal access to 
sustainable energy

Energy access deficits remain a challenge that both contributes to 

and results from the lack of development in least developed countries 

(LDCs). Therefore, access to sustainable energy (SDG7) is expected to 

be one of the key thematic topics in the Fifth UN Conference on the 

Least Developed Countries (LDC5). This work supports preparations for 

developing the agenda regarding electricity access and the renewable 

energy transition for LDC5 by providing concrete, evidence-based, and 

applicable recommendations.

LDCs are in urgent need of accelerating their progress on universal 

access to sustainable energy:

• There are more than 500 million people who have no energy access 

in LDCs today, representing a 52% electrification rate, compared with 

the 90% global average. This problem is more serious in rural areas, as 

only 39% of the rural population has power access. 

• Along with electrification efforts to provide power access, additional 

problems need to be solved, including the lack of sufficient supply and 

reliability of power, as well as clean cooking problems. 

• To achieve SDG7, LDCs need to accelerate their pace of electrification 

in the coming decades, connecting 63 million new customers each 

year in 2019–2030 compared with their historic pace of 23 million in 

2000–2018.

However, LDCs may head in the wrong direction without intervention:

• Past trends show LDCs are falling behind in adopting modern 

renewable technology, as the capacity of non-hydro renewables is 

growing less rapidly in comparison to fossils to meet new demand, and 

in comparison to the rest of the world. 

• Business-as-usual development will end in an expensive, slowly 

deployed, and carbon-heavy power system that makes universal access 

very difficult and unsustainable.
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Executive Summary

The energy transition provides a cheaper 
and more sustainable solution for 
accelerating the progress on universal 
energy access in LDCs

The energy transition provides a new pathway for LDCs to achieve universal 

access, creating a sustainable power system and enabling widespread 

socioeconomic development that benefits domestic economies:

• Technology improvements and dropping costs in renewables, energy 

storage, and distributed technologies make it technically feasible and 

economically and environmentally beneficial to adopt an  

energy transition. 

• Electrification via the energy transition approach will help LDCs 

leverage these new technology advances, creating new economic 

development opportunities by enabling human capital development, 

driving GDP growth, increasing employment opportunities, and opening 

new market areas: 

• Power access unlocks the potential to advance goals for economic 

development, public health, education, water and sanitation, and 

gender equality, while the energy transition helps integrate broader 

climate and environmental objectives and reduces negative impacts 

during economic development. 

• The energy transition unlocks markets for modern renewable and 

energy efficiency technologies, which are worth hundreds of billions 

of dollars. 

• Universal power access is also closely linked with GDP growth and 

employment opportunities, where a $1 investment in electrification 

can unlock $20 in GDP growth potential, and one job created in the 

power sector unlocks seven indirect job positions. 

• Both traditional and energy transition approaches in electrification 

have a financing gap, but the energy transition presents better 

opportunities to attract investments, as it aligns better with the 

development goals of LDCs and global market trends.
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Executive Summary

LDCs can capture the benefits of the 
energy transition via government-led 
interventions and investors’ engagements 

Three pillars are identified to help LDCs leverage the energy 

transition across the full spectrum of the power system and to solve 

electrification challenges: 

• From a grid aspect, LDCs should build a diversified least-cost grid that 

uses more wind and solar power in the grid system and leverages their 

declining costs. 

• From a distributed energy aspect, LDCs should leverage least-cost 

distributed systems in electrifying rural and peri-urban areas, using 

minigrid and solar home systems to complement traditional grid 

supply while reducing electrification cost and improving the clean 

energy portfolio. 

• From a demand-side aspect, LDCs should promote efficient 

electrification using efficient appliances and electrification of 

productive use, transportation, and cooking to improve the efficiency 

and effectiveness of energy service.

LDC governments could work from five intervention areas to help support 

key pillars of the energy transition and put it on track for rapid expansion: 

 

• Planning: LDCs should use integrated resource planning that considers 

all types of resources from supply to demand side. 

• Technology: LDCs should use appropriate technologies and system 

designs that best fit the local context. 

• Finance: LDCs should use financial instruments to attract and direct 

funding toward the right projects. 

• Market: LDCs should cultivate local business and streamline the  

supply chain. 

• Policy, regulations, and governance: LDCs should build a clear and 

stable regulatory framework. 

Investors should work with governments on navigating the finance system 

and establishing viable financing models.
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Executive Summary

A shared vision of the energy transition can 
be built in LDCs for future collaboration

For future work, LDCs could reach a shared vision and foster collaboration 

in the energy transition by adopting guiding principles corresponding to 

five intervention areas: 

• Principle 1: System planning—To avoid technology lock-in or economic 

risks (e.g., stranded assets), integrated power system planning in LDCs 

should embrace a flexible approach that fully considers all types of 

resources, from generation to consumption. 

• Principle 2: Reducing cost—Taking advantage of improvements and 

cost reductions in energy technologies will require the creation of 

supporting, forward-thinking programs such as technical guidance and 

bulk procurement. 

• Principle 3: Increasing investment—Creating incentive mechanisms 

for clean energy solutions is critical to prioritize suitable technologies, 

accelerate adoption of proven business models, and raise attractiveness 

for both international public financing and private capital. 

• Principle 4: Creating a market—LDCs can create and guide renewable 

and efficiency markets, anchored locally by developing demand- 

stimulation programs that streamline supply chains, ensure access, 

and develop standards for encouraging renewable technologies and 

efficient appliances. 

• Principle 5: Enabling expansion—Clear regulatory environments in 

LDCs will guarantee policy continuity and define crucial issues such as 

tariffs, subsidies, licensing, and technical standards.



Introduction
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Introduction

Background
This work supports preparations for the Fifth UN Conference on the 

Least Developed Countries (LDC5) in January 2022 by UN-OHRLLS,

which will define the new 10-year Programme of Action for LDCs.

Access to sustainable energy (SDG7) is expected to be one of the key 

thematic topics, with electrification and the adoption of renewable energy

representing important goals for the LDCs.

This report aims to provide concrete, evidence-based, and broadly 

applicable recommendations regarding electricity access and the 

renewable energy transition that can support and inform policymakers 

and leaders as they develop the agenda for LDC5.

Structure
To that end, this report includes separate sections summarizing the 

needs and challenges faced by LDCs, as well as pathways to address 

them as part of a comprehensive and inclusive energy transition effort: 

• Urgency for sustainable energy access in LDCs provides an 

overview of energy access issues in LDCs and the potential  

risks associated.  

• Untapped opportunities lie in accelerating the energy transition 

for LDCs presents the benefits of the energy transition and the 

opportunities it brings when combined with electrification efforts. 

Least developed countries (LDCs), as defined by the United Nations (UN), 
need to reach a shared agenda on accelerating energy access and the 
energy transition for the upcoming LDC5

• Challenges LDCs face in energy access and the energy transition 

introduces power-sector bottlenecks in LDCs and their impact on 

countries’ energy transition journey. 

• Critical pillars and interventions required to accelerate LDCs’ energy 

transition highlights three pillars and five intervention areas that will 

put the energy transition on track for self-expansion. 

• Government’s catalytic role in setting comprehensive and cohesive 

policies lays out key concerns and potential solutions for five 

intervention areas in three energy transition pillars, providing case 

studies for LDCs to reference. 

• Investors’ key role in transforming energy access and the 

energy transition landscape introduces bridges to align investors’ 

contributions and long-term resources for the energy transition with 

governments’ agenda for energy access. 

• Build a shared vision to gain momentum for the energy transition 

suggests a framework of guiding principles to help LDCs build a shared 

understanding and foster collaboration on the energy transition.

Ensure access to affordable, 
reliable, sustainable, and modern 
energy for all.

UN’s Sustainable Development Goal 7



Urgency for 
Sustainable 
Energy Access  
in LDCs



 / 13Opportunities for Achieving Universal Energy Access through the Energy Transition in the Least Developed Countries

Urgency for Sustainable Energy 
Access in LDCs

LDCs are a group of low-income 
countries confronting severe

structural impediments to sustainable 
development

Definition of Least Developed Countries
The least developed countries (LDCs) are a group of 46 countries 

recognized by the United Nations (UN) to have exclusive access to certain 

international support measures, characterized by the following:

• Low income

• Weak human assets in terms of nutrition, health, education, and  

adult literacy

• High economic vulnerability based on instability of agriculture 

production, instability of exports, economic importance of 

nontraditional activities, merchandise export concentration, and 

percentage of population displaced by natural disasters

There are 33 LDCs in Africa, 12 in Asia and the Pacific, and 1 in  

Latin America.

Economics in LDCs
By definition, LDCs have economic development issues:

• The total GDP of LDCs in 2017 was US$952 billion, accounting for 1.3% 

of the world’s GDP. This is equivalent to an average per capita GDP of 

US$1,100 in LDCs, compared with a global average of US$10,800. 

LDCs’ share of world merchandise exports is still below 1%. 

Population in LDCs
In coming decades, LDCs will cover more population in both absolute 

number and the share of the global total:

• The LDC population is expected to increase from 1 billion in 2017 

(13% of global population) to 1.3 billion in 2030 and 1.9 billion in 

2050, accounting for 20% of the world’s population by 2050. 

The majority of people will still live in rural areas, although the 

urbanization rate is growing:

• The urbanization rate of LDCs was 34% in 2019 and is projected to 

reach 40% in 2030.

Geographic location of least developed countriesExhibit 1  

Source for statistics on this page: United Nations, "Least Developed Countries (LDCs)," accessed April 2021, https://www.un.org/development/desa/dpad/least-developed-country-category.
html; UN-OHRLLS, "LDCs in Facts and Figures 2018," 2018, http://unohrlls.org/about-ldcs/facts-and-figures-2/; World Bank, "World Development Indicators," accessed April 2021, https://data.
worldbank.org

https://www.un.org/development/desa/dpad/least-developed-country-category.html
https://www.un.org/development/desa/dpad/least-developed-country-category.html
http://unohrlls.org/about-ldcs/facts-and-figures-2/
https://data.worldbank.org
https://data.worldbank.org
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Urgency for Development

A massive energy access deficit is one of 
the LDCs’ structural barriers, which both 
contributes to and results from the lack of 
economic development

Electricity Access Deficit
More than 500 million people have no access to energy in LDCs today, 

representing more than 60% of the world‘s unelectrified population, even 

though LDCs only comprise 13% of the world’s total population.

The electrification rate of LDCs remains very low compared with the rest of 

the world, although it grew significantly from 20% in 2000 to 52% in 2018.

Disparities in Electricity Access
There is significant disparity in electricity access between urban and  

rural areas: 

• In 2018, on average, 78% of the urban population in LDCs had 

electricity access, compared with only 39% of rural populations. 

There is a huge difference in electricity access between countries  

and regions:

• Asia-Pacific LDCs have reached an average electrification rate of 

83%, while the electrification rate in the 33 African LDCs and Haiti is 

only 36%.

Reliability
For LDC populations benefiting from energy access, economic activities 

and living standards are still undermined by power supply reliability, 

based on the most recent World Bank Enterprise Survey:

• On average, companies operating in LDCs reported nearly 10 times the 

electrical outages in a typical month, with a typical outage duration of 

more than five hours. 

Source for statistics on this page: World Bank, "World Development Indicators," accessed April 2021, https://data.worldbank.org; World Bank, "World Bank Enterprise Survey," accessed 
April 2021, https://www.enterprisesurveys.org/en/data/exploretopics/infrastructure

Electrification rate for rural and urban LDC 
populations compared to global average

Exhibit 2  

• Five LDCs reported experiencing no less than 28 outages in a typical 

month, which is nearly one outage per day. 

• In 20 LDCs, the typical outage duration is longer than five hours; six 

LDCs reported durations longer than 10 hours, which impede regular 

daily life.

Clean Cooking Issues
Clean cooking is normally a separate energy access problem from 

electricity access deficits. However, access to power could partially 

relieve the clean cooking problem, as in 2018, only 16% of the population 

in LDCs had access to clean fuels and technologies for cooking.

In 22 LDCs, mostly in Africa, less than 5% had access to clean cooking.

  LDC Total (% of LDCs' population)

  LDC Urban (% of LDCs' urban population)
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Urgency for Development

To provide universal access, LDCs need 
to significantly increase the pace of 
electrification project deployment 

Although there has been some progress on power access in LDCs, there 

is still a long way to go to reach universal access in 2030. LDCs need 

to provide power access to more customers within a shorter period 

than they have historically. The power access rate needs to increase 

dramatically, from a 32% increase in 2000–2018 to 48% in 2019–2030. 

Rural areas will be subject to larger pressure, as they suffer more energy 

access issues than urban areas.

Source for statistics on this page: World Bank, "World Development Indicators," accessed April 2021, https://data.worldbank.org

Increase needed in access to electricity for rural and urban LDC populations in order to meet SDG7 Exhibit 3  

• Universal access means connecting more than 500 million people 

that are currently without power access, and an additional 250 

million customers with the consideration of population growth from 

2018 to 2030. 

• The number of newly connected customers each year needs to nearly 

triple for the coming decade, from 23 million in 2000–2018 to 63 

million in 2019–2030:

• For rural areas, the number of newly connected customers each 

year needs to increase from 13.7 million to 41 million. 

• For urban areas, the number of newly connected customers each 

year needs to increase from 9.5 million to 22 million.
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Urgency for Development

In addition to access, the sufficiency of 
supply is a critical issue for achieving SDG7 
(sustainable energy access)
The annual electricity consumption level is only 212 kWh per capita 

among LDCs, whereas the average global annual consumption is more 

than 3,000 kWh per capita:

Source for statistics on this page: CIA, "CIA World Factbook," accessed April 2021, https://www.cia.gov/the-world-factbook/; RMI, Rockefeller Foundation, and SEforALL, "Electrifying 
Economies," accessed April 2021, https://www.rockefellerfoundation.org/rf-microsites/electrifying-economies/; World Bank, "World Development Indicators," accessed April 2021,  
https://data.worldbank.org

Electricity consumption map by country-level annual electricity demand per capita

• In 20 LDCs, annual power consumption is less than 100 kWh per capita; 

11 LDCs have annual demand of less than 50 kWh per capita, failing to 

meet the definition of energy access. 

• Only two countries have annual power consumption larger than 1,000 

kWh per capita, both of which are located in Asia and the Pacific.

Exhibit 4  

Haiti 39 kWh

Ethiopia 69 
kWh

Timor-Leste 
97 kWh

Malawi 71 
kWh

Chad (lowest) 
13 kWh

https://www.cia.gov/the-world-factbook/
https://www.rockefellerfoundation.org/rf-microsites/electrifying-economies/
https://data.worldbank.org


 / 17Opportunities for Achieving Universal Energy Access through the Energy Transition in the Least Developed Countries

Urgency for Development

LDCs need to aim for providing energy 
service beyond meeting the definition of 
“energy access,” growing demand that 
drives socioeconomic development

i See Appendix A for more on the consumption thresholds.

There is a direct correlation between per capita energy consumption 

and standard of living. In other words, no rich country is energy poor. 

Besides electricity access, sufficient consumption is essential for human 

development and economic growth: 

• Efforts for universal access in LDCs need to aim for providing sufficient 

access to power for agriculture and businesses, enabling people’s 

participation in the modern economy.

50 kWh 
per person 

per year

70 kWh 
per person 

per year

300 kWh 
per person 

per year

1,000 kWh 
per person 

per year

Consumption threshold to be 

defined as energy access:i The 

International Energy Agency 

(IEA) definition of energy access 

is annual consumption per capita 

of 50 kWh in rural areas and 100 

kWh in urban areas.

Sufficient for household 

service including lights, 

phone chargers, radio, a 

fan, and TV when efficient 

appliances are used.

Sufficient for 

community service 

including health 

clinics, schools, and 

water pumping.

Sufficient for productive use including 

agricultural processing and small 

business, and additional household 

service including fridge, washing 

machine, and electric cooking.

Electricity consumption per person 

will be much higher when averaged 

across a whole country, including 

cities and industry.

Consumption threshold to support modern 

economies: With a top-down approach of 

analyzing countries’ power demand around 

the world, a modern energy minimum 

of 1,000 kWh per person per year has been 

proposed as a country-level threshold for 

middle-income status.

Consumption threshold to drive local economic activities: The 

minimum consumption threshold that sufficiently drives social 

and economic development is set at 300 kWh per person per 

year as a community-level target. This is a bottom-up calculation 

of energy-efficient appliances’ consumption to provide the first 

stages of development in household, community service, and 

productive use in rural communities.

Enable the demand that unlocks development
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Urgency for Development

To provide universal access to modern 
energy service and unlock development, 
LDCs must significantly increase supply

ii See Appendix B for more on the consumption scenarios.

LDCs’ annual power consumption in 2030 by 
different scenarios

Exhibit 5  
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With the consumption thresholds defined on the previous 

page, RMI set three scenarios to estimate the annual power 

consumption for LDCs in 2030:ii 

Minimum scenario: Just provide new connections to customers 

with the minimum supply that meets the definition of  

energy access. 

Development scenario: Ensure people have at least 300 kWh 

annual consumption, which is the threshold to drive  

rural development. 

Modernization scenario: Target providing 1,000 kWh per person 

per year, meeting the country-level threshold of modern energy 

service for middle-income status.

The power system will grow significantly as LDCs aim to 

provide connections to more people with the ambitions to make 

the supply sufficient to increase economic development and 

support modernization:

Minimum scenario: The demand will increase at a 2% annual 

growth rate, equal to 51 TWh additional annual consumption in 

2030 compared with today’s level. 

Development scenario: The demand will increase at an 8% annual 

growth rate, equal to 260 TWh additional annual consumption  

in 2030.  

Modernization scenario: The system will need to increase its 

capacity of power supply at a 19% annual growth rate.

LDCs need the ability to supply at least 237 TWh annually to meet 

the definition of “energy access,” and 1,315 TWh to target the  

1,000 kWh threshold.
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Urgency for Development

Heading in the wrong direction: The 
current focus drives LDCs toward fossil 
fuels to meet potential demand while the  
non-hydro renewable capacity endures 
slower growth

The share of renewables in the energy mix is declining, meaning fossil 

fuels take the major role in the incremental market:

• Across LDCs, the average share of renewable energy in total final 

energy consumption (TFEC) fell to 70.8% in 2017, a decrease from 

75.6% in 2010. 

• Compared to the global average, LDCs have a high overall share of 

renewables only because a large percentage of the population relies on 

Electricity capacity by technology type in LDCs Global electricity capacity by technology typeExhibit 6  Exhibit 7  

traditional uses of biomass—wood fuel and crop and animal residues— 

for cooking and heating. 

• Excluding traditional uses of biomass, the share of renewables in total 

final energy consumption reached 11.4% in 2017, up only marginally 

from 11.1% in 2010.

LDCs as a group are falling behind in adopting modern renewable 

technology:

• In the electricity sector, LDCs’ renewable capacity reached 48% in 

2019, down from 55% in 2010 and 56% in 2000, while the global 

renewable capacity has experienced steady growth.  

• Non-hydro renewable capacity experienced significant growth globally, 

while progress is much less obvious in LDCs as a group. 
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The share of 
renewable energy 
in global power 
capacity grew to 

over 33% in 2018.

Source: UN-OHRLLS, Policy Briefs in Support of the High-Level Political Forum 2020: 
Advancing SDG 7 in Least Developed Countries, 2020

Source: REN21, Renewables 2019 Global Status Report, 2019, https://www.ren21.
net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
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Urgency for Development

“Business as usual” will result in a fossil- 
heavy energy mix that significantly 
departs from the climate target in the Paris 
Agreement

Various studies predict the regional energy mix globally in 2030 under 

different scenarios. “Business as usual” scenarios normally cannot 

meet the electrification goals with climate ambitions that keep global 

temperature increase below 2°C, although recent development of 

renewable and clean technologies are already considered:iii

Estimated energy mix of LDCs’ power sectors in 2030 by different consumption scenarios and  energy mix scenariosExhibit 8  

• The discrepancy of fossil fuels in the power energy mix between 

“business as usual” and “climate friendly” scenarios is roughly 

15%–20%. 

The 2030 energy mix result of LDCs in the figure below reflects combined 

influences from energy mix scenarios and consumption scenarios, 

where LDCs in Africa are subject to more development pressure in the 

power sector and take a greater weight in high-consumption scenarios. 

Therefore, the power energy mix result in LDCs will lean more toward the 

energy mix scenarios of Africa and will be slightly more fossil-heavy.

iii We use the regional energy mix of Africa and Asia Pacific, where most LDCs are located.
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Four selected energy mix scenarios from different 
research efforts 

1. Oxford’s machine learning (ML) scenario:1 This predicts the 

power energy mix in Africa by building a machine-learning model 

that demonstrates high accuracy in predicting the failure and 

success of power generation projects using the largest data 

set on historic and planned power plants available for Africa, 

combined with country-level characteristics. 

2. IEA’s stated policies (SP) scenario:2 This predicts the power 

energy mix in Africa and Asia Pacific based on all of today’s 

announced policy intentions and targets, insofar as they are 

backed up by detailed measures for their realization. 

3. IEA’s sustainable development (2C) scenario:3 This predicts the 

power energy mix in Africa and Asia Pacific based on a surge 

in clean energy policies and investment that puts the energy 

system on track to achieve sustainable energy objectives in full, 

including the 2°C Paris Agreement goal, energy access, and air 

quality goals. 

4. RMI’s 1.5 degrees Celsius (1.5C) scenario:4 This predicts the 

power energy mix in Africa and Asia Pacific by reviewing major 

climate and energy scenarios put out by the IEA, oil majors 

such as BP and Shell, and national governments, and then 

constructing a scenario that keeps warming to 1.5°C.
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Urgency for Development

The combination of increasing demand and 
a fossil-heavy energy mix will lead LDCs to 
high potential GHG emissions  

To meet the minimum requirement of universal access, the GHG emissions 

of the power sector in LDCs will decrease in 2030 compared with today’s 

emissions, because some incremental low-carbon transformation is 

already under way in LDCs. However, this level of consumption would 

bring no improvement to the energy service level for people who have 

power access today and would provide minimum service for newly 

connected customers. This type of power access is unlikely to create 

economic prosperity, implying an economic stagnation in LDCs and an 

increasing gap in development from the rest of the world. 

• To meet the consumption level sufficient to provide economic 

development in rural areas or initiate modernization, power sector 

emissions will increase significantly in 2030:

• Carbon emissions will increase 14%–84% in 2030 in the 

Development scenario, where power consumption increases 140%. 

• In the Modernization scenario, carbon emissions in 2030 will be 3.5–

5.4 times today’s emissions levels to meet sevenfold consumption.   

• Climate-friendly approaches present huge potential emissions 

savings among all consumption scenarios. On average, actively 

pursuing low-carbon development in the power sector will reduce more 

than 30% of carbon emissions compared with following the current 

path of incremental transformations: 

• The cumulative effect of low-emissions development in 2020–2030 

will reduce 250 MT of CO
2
 emissions in the Development scenario 

and 665 MT in the Modernization scenario. 

Source for statistics on this page: RMI analysis based on the settings of consumption scenarios, energy mix scenarios, and IEA’s CO
2
 emissions factors of power from coal, oil, and gas 

in Africa and Asia Pacific in World Energy Outlook 2020.

LDCs’ annual CO2 emissions in 2030 by different 
consumption scenarios and energy mix scenarios

Exhibit 9  
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• The carbon-reduction effect will last more than 10 years, as the 

avoided fossil fuel plants normally have a life span of 30—40 years.



 / 23Opportunities for Achieving Universal Energy Access through the Energy Transition in the Least Developed Countries

Urgency for Development

Most importantly, without intervention 
LDCs are likely to have expensive, slowly 
deployed, and carbon-heavy power 
systems that make universal access costly

If power systems are developed following the current fossil-heavy trend, 

LDCs may face expensive, slowly deployed, and carbon-heavy power 

systems that make universal access very difficult, as well as losing the 

opportunity to benefit from new technology advancement:

• Power systems will be locked in to expensive and inefficient fossil 

plants that could have life spans of 40+ years:

• Many fossil contracts are long-term “take or pay” contracts, which 

allow little flexibility. 

• With price setting in a competitive market, more than 50% of 

global coal capacity could lose profitability by 2030, and more 

than 70% of global coal capacity could be loss-making in 2030, 

meaning utilities may face huge financial risks and seek government 

subsidies once committed. 

• In 2030, the low-emissions approaches will reduce fossil fuel power 

generation by 74 TWh in the Development scenario and 220 TWh 

in the Modernization scenario, saving at least US$222 million and 

US$660 million, respectively.iv 

• Global renewable costs are declining, and fossil resources will 

increasingly be less competitive as renewable cost reductions are 

seen in LDCs. 

• LDCs will also be locked in to building fossil fuel transport 

infrastructure and ongoing fuel costs, which can be volatile. 

iv Based on an analysis by the RMI China power team, the cost savings of using renewable power to replace coal power will be at least US$3/MWh even after considering the highest 
generation efficiency of 1,000 MW-level, ultra-supercritical plants and exempting all depreciation and upgrade costs of coal plants.

Source: Carbon Tracker Initiative, Powering Down Coal: Navigating the Economic and 
Financial Risks in the Last Years of Coal Power, 2018, https://carbontracker.org/wp-
content/uploads/2018/11/CTI_Powering_Down_Coal_Report_Nov_2018-1.pdf

Global gross profitability curve of existing and 
under-construction coal capacity

Exhibit 10  

• Building fossil fuel plants will increase the risk of fuel dependency:

• Only about half of LDCs have proven fossil fuel reserves, while many 

others depend on imports. 

• The import dependence is present not only in natural resource 

endowments, but often also in the weakness of the refining and 

transformation sector further down the energy value chain. 

• Besides the direct opportunity loss in economic benefits, the current 

fossil-heavy pathway will worsen the effects of climate change, which 

is directly linked to the increasing number of extreme weather events 

and natural disasters.
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Urgency for Development

Key Takeaways: Urgency for 
Development

• LDCs still suffer from a massive energy access deficit today, 

which both contributes to and results from the lack of 

economic development. 

 

• Achieving SDG7 (universal access to sustainable energy) 

requires LDCs to accelerate the progress of both providing 

connections and enabling demand growth. 

• If historical trajectories continue, the development of the 

power sector in LDCs will head in a direction that is misaligned 

with climate targets in the Paris Agreement. 

• Without intervention, LDCs may face expensive, slowly 

deployed, and carbon-heavy power systems that make 

universal access very difficult, while missing the opportunity to 

benefit from new technology advancement.  



Untapped 
Opportunities Lie 
in Accelerating 
the Energy 
Transition for  
the LDCs
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Untapped Opportunities Lie in Accelerating 
the Energy Transition for the LDCs

Technology improvements and 
dropping costs in the clean energy 

transition provide a new direction for 
LDCs to achieve universal access

Renewable energy technologies including geothermal, 

hydropower, wind, solar, and biomass experienced technology 

improvements in recent decades. In particular, solar PV and onshore 

wind became cost competitive as their costs have fallen sharply, driven 

by improving technologies, economies of scale, increasingly competitive 

supply chains, and growing developer experience.

Integrating renewable energy is now a cheaper solution to increase grid 

generation capacity as the cost of renewables continues to decrease.

For the past 10 years:

• The global-weighted average levelized cost of energy (LCOE) of 

renewables dropped below that of fossil fuels, meaning it is cheaper to 

build a renewable plant to meet incremental demand:v 

• The LCOE of solar power dropped 89% from $359/MWh to $40/MWh.

• The LCOE of onshore wind dropped around 70% from $135/MWh to 

$41/MWh.

• The LCOE of coal power and natural gas power is $109/MWh and 

$56/MWh, respectively.

Projected reductions in solar and wind LCOE in 
China, compared to coal marginal costs 

Exhibit 11  

For the foreseeable future:

• The LCOE of renewables will outcompete the marginal cost of coal 

plants in this decade, meaning it is cheaper to replace an existing 

coal plant with a newly built renewable plant. The savings on coal 

plants’ fuel cost and other ongoing costs alone will cover the full cost, 

including both capital cost and O&M cost, of renewable plants.vi

v See Appendix C for more details.
vi Based on RMI analysis showing the LCOE of renewable power will drop below the marginal cost of coal plants.

Source: RMI
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Distributed energy presents multiple 
benefits and is particularly relevant for 
electrification in LDCs for remote rural areas

The cost of distributed energy systems fell in the past 10 years as the 

price of key system components dropped:

• Solar PV panels and battery costs dropped more than 80% in the past 

10 years.5 

Distributed energy is the more efficient electrification option in some 

circumstances. Compared to large grid-scale projects, distributed 

energy is:6 

• Faster to build: A 50 kW minigrid can be deployed in two months, 

instead of years or decades for large power infrastructure. 

• More reliable: Minigrids report system uptime close to 99%, far higher 

than unreliable grid-edge power for traditional grid extension.

Distributed energy resources combine electricity generation, 

storage, and demand-side management at smaller scales (below 10 

MW, often much smaller) to match final electricity demand: 

• Electricity generation is fully or primarily renewable, often 

primarily using solar photovoltaic (PV) systems. 

• Storage systems generally use lead-acid or lithium-ion batteries, 

although other emerging technologies may become important 

over time. 

• Demand-side management includes a range of activities related 

to energy efficiency and demand response, redistributing loads 

to match supply, and reducing infrastructure cost (for example 

through variable tariffs).
• Resilient: Solar panels and battery systems are already being  

used to keep the power on after major disasters, such as hurricanes 

and wildfires. 

• Low carbon: Renewable energy avoids emissions from fossil-fueled  

grid supply.

Distributed energy is particularly relevant for electrification in 

LDCs as it provides a cost-effective and fast-deployment means of 

transformational energy access in remote rural areas:

• LDCs will have more than 780 million people living in rural areas in 

2030, accounting for 60% of their total population.7 

• Based on 2017 data, UN Statistics Division population forecasts 

for LDCs suggest that universal access by 2030 would require 571 

million more people to be connected to grids and 341 million people to 

minigrids, while 114 million would require stand-alone systems.8
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Opportunities

Historical cost reductions for solar and lithium-ion battery technology

Solar PV weighted average cost Li-ion battery weighted average cost

Exhibit 12  
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Transformational development is possible by focusing on the demand side, creating 
immediate benefits at the community level

Energy efficiency and demand stimulation technologies will reduce power system costs, allowing for more energy services.

vii Based on a comparison using the HOMER Pro Microgrid Analysis Tool and parameters from: RMI, Rockefeller Foundation, and SEforALL, "Electrifying Economies: Detailed Cost Models and 
Benchmarks," 2020; and RMI, Rockefeller Foundation, and SEforALL, "Electrifying Economies: Energy Consumption Benchmarks," 2020.
viii Ibid.

Traditional electrification approach, common in  

off-grid communities in LDCs:

• 500-household community with extensive lighting, 

phone charging, radios, TV, fans, and refrigerator. 

Some households have separate freezers, and 

most wealthier households have irons and washing 

machines. 

• Peak demand is mismatched with solar generation. 

• There are no public services, productive uses, or 

commercial activities. 

• There is not much opportunity for demand growth 

and income generation. 

• There is low power consumption (579,756 kWh/yr), 

high cost of power (US$0.32/kWh) and high diesel 

consumption (104,887 L/yr).vii

Transformational electrification approach:

• Same domestic appliances as traditional 

electrification scenario. 

• Similar but shifted peak demand to better match 

solar generation.  

• Services for social and economic development 

stimulate demand.

• Public service: cell phone tower, school, health 

clinic, residential water pump

• Business: hair salon, restaurant & bar, hotel, 

small shops, bakery

• Agriculture: grain mills, irrigation 

• Other sectors such as cooking and transportation 

can stimulate demand and can also be used for 

demand-side management.   

• There is high power consumption (1,077,470 kWh/

yr), low cost of power ($0.20/kWh) and low diesel 

consumption (25,618 L/yr).viii

• Use of efficient 

appliances to provide 

affordable energy 

services with less power. 

• Electrification of 

activities that are 

traditionally powered  

by less sustainable fuels 

to improve the economic 

case for both electrified 

activities and the  

power system. 
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Load profile for traditional electrification approach Load profile for transformational electrification 
approach

Exhibit 13  Exhibit 14  
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LDCs are well positioned to seize the 
energy transition opportunities in 
electrification, creating sustainable power 
systems and enabling socioeconomic 
development at the national level

The energy transition—a global trend of energy sector transformation— 

links renewable, distributed energy and demand-side resources, 

providing a systematic solution on national electrification efforts.

The energy transition refers to the energy sector’s shift from fossil-based 

systems of energy production and consumption—including oil, natural 

gas, and coal—to renewable energy sources like wind and solar, as well as 

energy storage. It also includes maximizing the opportunities available 

from the demand side, such as increasing energy efficiency and better 

managing energy demand to consume renewable power: 

• Build more renewable plants and integrate more renewable power into 

the grid so the system has a higher mix of low-cost renewable power. 

• Use distributed energy resources to provide power access to remote 

rural areas, which reduces the cost of building distribution lines and 

improves the clean energy portfolio of the power system as distributed 

generation sources are primarily renewable. 

• Use demand-side resources to reduce the consumption of fossil power 

and increase the utilization of renewable power:

• Use efficient appliances to reduce unnecessary power consumption. 

• Electrify activities to use high-renewable-mix power to replace fossil 

fuel consumption. 

ix See Appendix D for more details.

• Manage demand to better fit the renewable generation curve so 

there is less excess renewable power to be stored or curtailed.

It’s time for LDCs to seize the opportunity to diversify power systems 

with renewable power, distributed energy systems, and efficient 

appliances, aligning socioeconomic development with environmental 

sustainability:

• Universal access with the energy transition helps LDCs achieve 

socioeconomic development while avoiding conflict with broader 

environmental objectives such as avoiding environmental destruction 

for economic gain and reducing greenhouse gas emissions:ix

• Universal access can be linked to other development programs, as 

it unlocks the potential to enhance economic development, public 

health, education, water and sanitation, and gender equality. 

• The energy transition helps integrate broader climate and 

environment objectives in energy access efforts, which enhance 

their effectiveness and efficiency on supporting poverty reduction, 

livelihood improvement, and other socioeconomic goals.
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Accelerated electrification resulting from 
the adoption of clean energy solutions 
can create new markets and generate 
macroeconomic benefits 

The market potentials for power and appliances in LDCs are huge as 

they reduce the large discrepancy of power access and consumption 

between LDCs and the rest of the world:9

• The household energy consumption in developed countries is 5–10 

times greater than that in India, 10–20 times greater than that in 

Nigeria, and 20–200 times greater than that in most rural African 

areas, which is likely similar to the case in most LDCs. 

• The cumulative market opportunity across televisions, refrigerators, 

and fans is estimated at US$12.6 billion at the end of 2018 and 

predicted to grow to US$25.3 billion by 2030 globally, where LDCs will 

take a significant portion.

Besides the appliance and power market, electrification also contributes 

significantly to countries’ GDP growth:

• Expansions in grid-energy infrastructure explain 27.4% of GDP growth 

in Ethiopia, 31% in Tanzania, and 85.3% in Sudan.10 

• A rough estimate indicates that spending $1 on distributed energy 

resources can unlock $20 in GDP.11

Electrification also has positive effects on the labor market:12

• Each direct energy job unlocks two more informal jobs and five 

productive use jobs.  

• Among all the electrification-related jobs, more than 20% are taken 

by women, and about 40% are taken by youth, who are impacted the 

hardest by the dearth of employment opportunities.

Penetration of electrical appliances in the United States, Europe, sub-Saharan Africa, and IndiaExhibit 15  

Source: Efficiency for Access Coalition, 
The State of the Off-Grid Appliance Market, 
2019, https://www.clasp.ngo/wp-content/
uploads/2021/01/SOGAM-Report-Exec-
Summary.pdf

https://www.clasp.ngo/wp-content/uploads/2021/01/SOGAM-Report-ExecSummary.pdf
https://www.clasp.ngo/wp-content/uploads/2021/01/SOGAM-Report-ExecSummary.pdf
https://www.clasp.ngo/wp-content/uploads/2021/01/SOGAM-Report-ExecSummary.pdf
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Opportunities

The energy transition presents better 
investment opportunities to fill financing 
gaps in electrification in LDCs

Financing Gaps in Electrification
Energy access in LDCs faces a persistent and enormous financing gap, 

where the energy transition enlarges the gap but presents an opportunity 

to leverage more financing resources:  

• The total official development assistance to the energy sector in LDCs 

is just US$3 billion per year.13 

• To provide universal energy access at 300 kWh per capita per year 

for sufficient household activities, basic public service, and various 

productive uses, as well as some room for electrifying cooking or 

transportation, LDCs will need annual investment of US$35 billion 

in a “business as usual” scenario and US$46 billion in a “climate 

friendly” scenario.x 

• Besides power access, displacing the majority of charcoal with modern 

fuels in LDCs would require a total US$7.5 billion investment in 

2020–2030 to produce and distribute stoves and build downstream 

infrastructure.xi

Investment needed in the power sector for different scenariosExhibit 16  

x Investments are estimated by proportionally adjusting 2020–2040 Africa and Asia Pacific power sector investment numbers in IEA’s World Energy Outlook 2020.
xi Using the clean cooking investment number in Africa, as LDCs and Africa have a similar amount of the population without access to clean cooking.
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Opportunities

New Financing Sources Enabled by the  
Energy Transition
Energy transitions are qualified for climate financing, which reveals 

a promising trend of financial flow toward LDCs with more resources 

committed in the overall funding pool, and more directed to LDCs:  

• The annual average of global climate finance flows has been steadily 

increasing and will continue to grow with over 10% annual growth rate.14 

• Developing countries continue to be the dominant destination of 

climate investment, and flows to developing countries increased by 9% 

from last period.15 

• Public climate finance (bilateral and multilateral attributable to 

developed countries) to LDCs increased 72% from US$5.7 billion in 

2013 to US$9.8 billion in 2017.16

Business opportunities created by the energy transition are also reflected 

by climate financing, as we observe consistent roles of the private sector 

and huge investment growth for electric transport.17

By collaborating with other development programs such as education, 

health, water supply, transportation, agriculture, or trade, and integrating 

energy transition elements, energy access programs will have extended 

funding pools.18

• In 2019, LDCs received US$61.6 billion from the Development 

Assistance Committee, multilaterals, and other developing countries. 

• Financial flows to the energy sector only take 9% of the total US$32 

billion in bilateral official development assistance commitments that 

LDCs received in 2019.
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Opportunities

Key Takeaways: Opportunities in the 
Energy Transition

• Technology improvements and dropping costs in renewables, 

energy storage, and distributed technologies make it 

technically feasible and economically and environmentally 

beneficial to adopt an energy transition that shifts the energy 

sector from fossil-based systems to renewable energy sources. 

• Electrification via the energy transition approach will help 

LDCs leverage these new technology advances, creating 

a sustainable power system that meets SDG7, enables 

widespread socioeconomic development, and benefits 

domestic economies. 

• Both traditional and energy transition approaches in 

electrification have a financing gap, but the energy transition 

presents better opportunities to attract investments from 

climate finance and other funding sources as it aligns better 

with the development goals of LDCs and global market trends.  
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Challenges LDCs Face in Energy 
Access and the Energy Transition

LDCs face challenges in taking 
advantage of opportunities provided

by the energy transition and in 
achieving universal access 

LDCs face challenges in electrification related to financing, technical 

expertise, and regulation, which hinders them in developing a diversified 

power system.

Financial Challenges
• Limited diversification in energy mix: Currently, the energy mix 

in most LDCs relies on few generation assets, as limited financial 

resources hamper countries’ ability to diversify their energy mix. 

Overdependency on a sole power source lowers the national power 

system’s resilience, especially under threats of climate change and 

geopolitical uncertainties. 

• Investment bottlenecks: Financial flows remain far short of what is 

needed to reach universal energy access. The attractiveness of LDCs 

for investors is currently restricted by a lack of an investment-ready 

pipeline of projects. There are issues accessing financial resources 

for renewable and distributed energy projects, as most existing loan 

approval processes in LDCs’ financial institutions are designed for 

conventional fossil plants. LDCs also lack awareness of alternative 

funding streams relevant to their universal access goals. Beyond 

development aid funding, there is a missed opportunity to access 

a larger funding pool ranging from climate change mitigation to 

support in upgrading public services (e.g., energy for public health or 

education facilities).

Insights from LDC government stakeholders

In March 2021, RMI and UN-OHRLLS held convenings with 

government stakeholders from LDCs in order to better 

understand challenges faced in the energy sector and 

collaboratively brainstorm solutions. Many insights in this report 

resulted from these convenings.
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Technical Expertise Challenges
• Inadequate resource planning: While most electrification programs 

rely on master plans and centralized approaches, there is often a lack 

of integrated resource planning that comprehensively assesses all 

options to achieve the optimal solution for generation, transmission, 

and distribution. As a result, distributed energy resources such as 

minigrids and demand-shaping measures tend to be left out when 

directing large governmental funding. Besides the system-planning 

level, LDCs also need support at the subsector and project level to 

achieve optimal use of resources. 

• Challenges in grid reliability: The integration of high volumes of 

renewable power brings up concerns about grid reliability, which is 

an issue that many LDCs struggle with regardless. System operators 

lack the equipment and knowledge to manage the variability and 

intermittency implications in a renewable-heavy grid.

Regulatory Challenges
• High cost of power: LDCs have not benefited significantly from cost 

reductions in renewable technologies, mainly due to supply chain issues. 

• Few demand-side management interventions: Demand-

side management is critical to lower power system costs and 

increase local income-generating activities, enabling financing of 

electrification in remote regions. However, there are insufficient 

interventions in this area. 

• Regulation issues: Policy design and enforcement, and the regulatory 

enabling environment more broadly, need further building and 

coordination for sector development. For instance, tariff-setting and 

governance structures are critical in integrating new technologies.
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To solve LDCs’ electrification challenges, an integrated understanding of needed 
interventions must be developed, covering three key aspects of the power system

Centralized grid aspect

Utility-level generation and grid 

infrastructure provide large volumes 

of electricity for energy-intensive 

industry and urban households. 

Supply side Demand side

Distributed access aspect

Minigrids and solar home systems 

quickly reach remote areas, 

complement the grid supply, and 

leverage local generation.

Demand-side aspect

End-user electrification and efficiency 

measures ensure electricity is utilized 

effectively and efficiently to create the 

most cost-effective power system for 

development. 

Desired 
Outcome:

1
2
3

4

5

6

7

Limited diversification in energy mix: Leverage renewable power at the utility and 
distributed-access level to increase power source diversity.

Technology optimum not achieved: Leverage best-in-class technologies and project design approaches to find optimal system/project 
structure.

Challenges in grid reliability: Leverage flexibility resources from all aspects.

High cost of power: Use technology optimum to reduce system cost and increase customers’ ability to pay.

Investment bottleneck: Use technology optimum to increase projects’ profitability and create tailored financial models that enable 
transactions in amount and terms for different projects.

Few demand-side management 
interventions: Create tariff incentives and 
energy efficiency program for customers.

Few demand-side management 
interventions: Find tailored appliances 
appropriate to local activities.

Regulation issues: Strengthen institutional frameworks to develop the market and support implementation. 
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LDCs have the opportunity to address all 
levels of the power system holistically, as 
most challenges intersect all aspects

Centralized grid aspect Distributed access aspect Demand-side aspect
Why are solutions not done 
today?

1 Limited  
diversification in 
energy mix

• Use renewable energy to reduce 
system’s dependence on fuel 
imports.

• Leverage renewable energy‘s 
declining costs to reduce system 
cost, then use cost savings to 
justify and attract financing for its 
high upfront capital cost.

• Use distributed energy systems, 
which primarily use solar and 
storage for more diversified energy 
generation. 

• Increase system resilience via 
distributed energy systems that 
decentralize part of the power 
infrastructure.

• Lack of financing for high-capital 
renewable resources.  

• Low costs of renewables are not 
seen in LDCs due to supply chain 
issues.

2 Inadequate 
resource planning

• Consider all available generation 
resources in system planning. 

• Use best planning approaches 
to coordinate development of 
different resources and grid layout. 

• Use best technical approaches in 
project implementation.

• Consider distributed energy in 
system planning and coordinate its 
role with centralized resources. 

• Use best technical approaches in 
project implementation.

• Consider demand-side resources 
and their impact on demand curve 
in system planning for the central 
grid and distributed energy system. 

• Promote efficient appliances to 
reduce the installed capacity of the 
system.

• Processes are not in place for 
comprehensive integrated resource 
planning.

3 Challenges in 
grid reliability

• Leverage fuel cost savings from 
renewable energy to build better 
transmission system. 

• Enhance local expertise to manage 
the variability and intermittency of 
renewable generation.

• Leverage distributed energy 
system to supplement generation 
and storage resources for grid 
system.

• Use demand management to 
reduce the dispatch burden of 
matching supply and demand 
curve.

• Lack of equipment and technical 
expertise for balancing renewables.

To solve the challenges of electrification, LDCs should understand the 

linkage between three aspects of the power system spectrum, leveraging 

solutions and supporting mechanisms ranging from supply to demand.
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Centralized grid aspect Distributed access aspect Demand-side aspect
Why are solutions not done 
today?

4 High cost of 
power

• Leverage renewable energy‘s 
declining costs to reduce system 
cost, then transfer cost savings 
to end customer via proper utility 
business model and tariff setting. 

• Mitigate stranded asset risk of 
fossil plants.

• Use distributed energy resources 
to reduce net demand, avoiding 
capex of transmission to remote 
rural areas. 

• Reduce distributed system  
cost by properly sizing projects 
and leveraging declining 
renewable costs.

• Reduce cost of energy service 
by deploying energy-efficient 
appliances. 

• Reduce cost per unit of power by 
increasing energy service level and 
the total effective consumption. 

• Increase customers’ ability to 
pay by enabling income-earning 
activities.

• Low costs of renewables not seen 
in LDCs due to supply chain issues. 

• Regulation is not in place to 
incentivize distributed energy 
resources.  

• Lack of utility energy efficiency 
programs.

5 Investment 
bottlenecks

• Create financing model that 
leverages renewable energy’s 
advantages on low levelized cost 
and mitigates its shortcoming of 
high capital cost. 

• Access climate finance and other 
green funding for renewables.

• Link distributed energy with rural 
development goals, such as poverty 
alleviation, education, and health to 
access development funds. 

• Create profitable business models 
to attract private financing. 

• Create a low-risk regulation 
environment to attract financing.

• Stimulate electricity demand to 
increase projects’ profitability.  

• Cultivate consumer market 
and supply chain of domestic 
productive use appliances; attract 
investment in manufacturing and 
distribution.

• Lack of expertise in how to qualify 
for and obtain climate finance. 

• Economic and other issues cause 
private investors to perceive LDCs 
as high risk. 

• Lack of funding to create local 
supply of appliances.

6 Few demand 
management 
interventions

• Launch efficiency program 
for grid-connected customers 
through appliance standards and 
tariff incentives to improve load 
management.

• Find tailored appliances 
appropriate to local household 
behaviors and productive activities.

• Comprehensive research and data 
collection has not been done.

7 Regulation 
issues

• Coordinate incentives and 
subsidies between utility-level 
renewable and fossil fuel power.

• Create a clear policy and 
regulatory framework for 
distributed energy systems. 

• Coordinate incentives between 
grid system and distributed 
energy system.

• Provide standards and supply chain 
support for targeted appliances.

• Subsidy reform has not been 
successfully done in many LDCs. 

• Appliance standardization activities 
have not been carried out.
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Key Takeaways: Challenges in the 
Energy Transition

• LDCs are facing a range of challenges to achieving sustainable 

energy for all—from planning to operation, from technical 

expertise to financial availability, as well as building a high-

level, cross-cutting enabling environment. 

• LDCs should treat the power system as an integrated organism 

from generation to consumption, understanding how solutions 

can be built at different scales of the power system, ranging 

from the centralized grid aspect to the distributed access 

aspect to the demand-side aspect.  

• By addressing the power system holistically, from the central 

grid to the individual consumer level, LDCs can address most 

challenges more efficiently and effectively.



Pillars and 
Interventions 
That Tackle 
the Challenges 
and Speed Up 
the Energy 
Transition
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Pillars and Interventions That Tackle 
the Challenges and Speed Up the 

Energy Transition

Three pillars of successful experience encompass all aspects of an LDC-driven energy 
transition future

Centralized grid aspect

Utility-level generation and grid 

infrastructure provide large volumes 

of electricity for energy-intensive 

industry and urban households. 

Pillar 1: Build a diversified  
least-cost grid
Leveraging renewable energy's 

declining costs, while including 

dispatchable power for reliability, will 

ensure a resilient least-cost system that 

is minimally dependent on fuel imports 

and mitigates stranded asset risk. 

Pillar 2: Leverage least-cost 
distributed systems
Integrating distributed energy resources 

with traditional grid supply could extend 

energy access and the clean portfolio 

of the power system, energizing the 

economic development and livelihood 

improvements of rural and peri-urban 

areas with clean, resilient, reliable, and 

fast-deployable supply.

Pillar 3: Promote efficient 
electrification
Switching to modern energy sources 

and efficient appliances represents 

a massive opportunity for increasing 

productivity, improving service, 

reducing system development costs, 

and creating new revenue streams 

directly for the consumer.

Supply side Demand side

Distributed access aspect

Minigrids and solar home systems 

quickly reach remote areas, 

complement the grid supply, and 

leverage local generation.

Demand-side aspect

End-user electrification and efficiency 

measures ensure electricity is utilized 

effectively and efficiently to create 

the most cost-effective power system 

for development.

Energy Transition Future 
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An integrated approach that coordinates across these pillars can unlock cost-effective 
electricity access for all

Pillar case studies are detailed in the following pages.

Pillar 1: Build a diversified 
least-cost grid

Pillar 3: Promote efficient 
electrification

Pillar 2: Leverage least-cost  
distributed systems

• Grid capacity expansion with renewable-

heavy generation is cost competitive with 

fossil-heavy generation.  

• Reduce reliance on large-scale generation; 

instead use distributed energy resources 

(such as connected microgrids) for grid 

expansion to avoid stranded asset issues.  

• Least-cost grid densification can be used 

to connect customers close to existing 

grid infrastructure with little to no 

additional medium-voltage line. 

• Using efficient appliances could improve 

livelihoods while reducing the need for 

power system expansion.  

• Electrifying productive use increases 

capacity utilization to reduce per-unit 

costs and improve system viability.  

• Electrifying transportation and cooking 

switches dirty and expensive fuels to 

renewable-mix power, further stimulating 

system demand.

• Solar home systems and minigrids can 

meet power needs in areas that grid 

extension hasn't reached, helping increase 

demand to achieve better economics 

when the main grid does arrive.

CASE STUDY 

A renewable-heavy grid in Malawi is cost 

competitive with a fossil-heavy grid.

CASE STUDY 

Stimulating productive uses of electricity in 

Nigeria reduces minigrids’ cost of service.

CASE STUDY 

Grid-connected minigrids in Nigeria can offer 

substantial economic benefit to distribution 

companies, minigrid owners,  

and communities.

CASE STUDY 

Integrated electrification approaches with 

minigrids, solar home systems, productive 

use, and energy efficiency measures can 

reduce electrification cost.

A more robust, cheaper, and more sustainable power system 
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Case study: A renewable-heavy grid in Malawi is cost competitive with a 
fossil-heavy grid

Grid diversification has cost reduction and resilience benefits:

• Modular renewable plants allow generation to more closely 

match demand as loads grow. 

• A diversified grid is also more resilient to natural or  

human-caused disaster, since generation is spread over 

different regions.

• Malawi has sufficient hydro resources to balance high levels 

of renewables in the future; interconnections with other 

regions can provide this service in the near term and during 

the dry season. 

Net present value (NPV) comparison between generation mixesExhibit 17  

Note: All of the generation mixes assume that diesel peaking is phased out by 2030, in line with Malawi‘s goals. There will be additional coal and gas transport infrastructure 
costs, which have not been included, as indicated by question marks. ESCOM emissions are low because coal and gas do not need to be dispatched to meet load.

ESCOM
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Generation 
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Generation 
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Generation mix 1 provides a low-cost, reliable, and diversified 

solution, with the potential to dynamically adjust investment 

based on demand forecasts.

Power generation installed capacity in 2030 Exhibit 18  

Generation mix 2 and ESCOM mix have extra coal and gas 

infrastructure costs and are vulnerable to risks of fluctuating 

fuel import prices and forex use, stranded assets, and 

technology lock-in.
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Case study: Grid-connected minigrids in Nigeria can offer substantial 
economic benefit to DisCos, minigrid owners, and communities 

The situation

• Thousands of communities across 

Nigeria are currently underserved by 

distribution companies (DisCos) and 

receive unreliable or no electricity. 

• Community development was limited by 

poor voltage quality and an average of 

four hours of electricity service per day. 

• The lack of reliable power supply led 

people to resort to expensive diesel 

generators for backup power. 

• The distribution companies were 

experiencing losses up to 70% due 

to this poor centralized energy 

infrastructure and business models.

How undergrid 
minigrids work

The solution

• A tripartite agreement 

is signed among the 

community, the distribution 

company, and a minigrid 

developer to build and 

operate an undergrid 

minigrid, providing 

power to underserved 

communities and feeding 

excess power back to 

the grid as additional 

generation capacity that 

complements supply.

The impacts

• DisCos can reduce financial losses to serve rural customers 

by 60%–100% from the current average of about $19 per 

connection per year. A single DisCo transitioning 400 

undergrid communities to minigrid service could reduce 

annual financial losses by $3 million to $6 million; this 

equates to nearly $30 million to $60 million across all 

DisCos and 4,000 communities across Nigeria. 

• Minigrid owners could collect approximately $1 billion 

in revenue by installing and operating 4,000 undergrid 

minigrids, while reducing project capital costs by 12%–30% 

through sharing distribution infrastructure (depending on 

the condition of existing equipment). 

• Undergrid communities could save $0.15 per kWh compared 

with their current blended electricity cost (including the 

grid and generator backup), or a total of $170 million 

annually across 4,000 communities.

Source: RMI, Electrifying the Underserved: Collaborative Business Models for Developing Minigrids Under the Grid, 2019, https://rmi.org/insight/undergrid-business-models/; 
RMI, Rockefeller Foundation, and SEforALL, "Electrifying Economies: Grid-Connected Minigrid in an Urban Market," 2020, https://www.rockefellerfoundation.org/rf-micro-
sites/electrifying-economies/?popup=utility-business-models

https://rmi.org/insight/undergrid-business-models/
https://www.rockefellerfoundation.org/rf-microsites/electrifying-economies/?popup=utility-business-models
https://www.rockefellerfoundation.org/rf-microsites/electrifying-economies/?popup=utility-business-models
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Case study: Stimulating productive uses of electricity in Nigeria reduces 
minigrids’ cost of service

Productive uses are essential elements to integrate with minigrid 

projects to reduce cost of service: 

• For existing minigrids, which are often oversized, adopting 

productive use could reduce the high cost of service caused by 

improper system design. 

• For minigrids with ideal design, productive uses improve the 

economics of agriculture processing and have strong IRR, 

which, when combined with the minigrid, can reduce the cost of 

service for both. 

By analyzing value chains and processing flows of 12 main crops 

in Nigeria, three agriculture processing activities are selected as 

targeted productive uses, which have strong effects in improving 

the economics of the minigrid, reducing cost of service by 6%–19%.

Minigrid tariff to achieve 15% IRR for investors 
under different scenarios

Exhibit 19  

Source: Scarlett Santana et al., Agricultural Productive Use Stimulation in Nigeria: Value Chain & Mini-Grid Feasibility Study, RMI and Deloitte Consulting LLP, 2020, 
https://pdf.usaid.gov/pdf_docs/PA00WQX4.pdf
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Case study: Integrated electrification approaches with minigrids, solar home 
systems, productive use, and energy efficiency measures can reduce total cost 

This study models and compares the costs of electrifying a 

grouping of four hypothetical communities via an integrated 

approach, as compared with simple grid extension.

• The hypothetical communities in the study include one peri-

urban community with a grid connected to 600 households 

and 200 households without power access, plus three off-grid 

communities of varying size to reflect different situations in 

rural electrification. 

• For an integrated approach to electrification, the system uses 

grid densification to connect peri-urban customers, a grid- 

connected minigrid to increase reliability, an off-grid minigrid 

to connect remote rural communities, and productive use and 

energy efficiency measures among customers to reduce the 

unnecessary installed capacity and increase the utilization of 

the minigrid. 

• The electrification project provides new connections to 1,200 

households and improves grid supply to 800 that were already 

connected. Consumption in rural areas increases to an average 

of nearly 200 kWh per capita. 

• The comparison considers both upfront capital costs and 

ongoing operation and maintenance costs over a 25-year  

life span.

Comparing the cost per unit of electricity for 
grid extension compared to an integrated 
electrification approach

Exhibit 20

Source: RMI, Rockefeller Foundation, and SEforALL, "Electrifying 
Economies: Detailed Cost Models and Benchmarks," 2020, https://www.
rockefellerfoundation.org/wp-content/uploads/2020/12/EE-Download-
Opportunity-Datasheet-Detailed-Cost-Models-and-Benchmarks.pdf

The integrated approach can reduce the whole-system cost of 
providing adequate, reliable electricity by US$0.125/kWh. The 
annual cost of the grid extension approach is $660,000, compared 
to the integrated approach, which reduces the cost to below
$490,000 per year.
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https://www.rockefellerfoundation.org/wp-content/uploads/2020/12/EE-Download-Opportunity-Datasheet-Detailed-Cost-Models-and-Benchmarks.pdf
https://www.rockefellerfoundation.org/wp-content/uploads/2020/12/EE-Download-Opportunity-Datasheet-Detailed-Cost-Models-and-Benchmarks.pdf
https://www.rockefellerfoundation.org/wp-content/uploads/2020/12/EE-Download-Opportunity-Datasheet-Detailed-Cost-Models-and-Benchmarks.pdf
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To drive an integrated approach to 
implementing solutions across these 
pillars, there are five major intervention 
areas LDCs can target

Although they have many differences between them, as emerging sectors, 

energy transition pillars have many commonalities when compared 

with conventional power system development, which leads to similar 

intervention areas.

Transformation pillars

Pillar 1: 

Build a diversified least-cost grid

• Utility-level renewable 

generation

• Smart grid technology

• Ancillary service 

 

 

Pillar 2: 

Leverage least-cost distributed 

systems

• Hybrid minigrid

• Grid-connected minigrid

• Solar home systems 

 

 

Pillar 3: 

Promote efficient electrification

• Energy-efficient appliances

• Productive uses

• Electric vehicles

• Clean cooking with electricity

Commonalities across 
pillars 
The planning process should 

incorporate various factors 

to ensure technologies are 

deployed effectively.  

As technologies evolve, so  

does expertise required for 

project design.

Renewable costs are 

competitive over their lifetime 

but require financing for their 

high upfront capital cost.

The supply chain is not mature 

and the local markets are at 

nascent stages.

The policy, regulation, and 

governance environments are 

not comprehensive or fully 

aligned to enable the energy 

transition.

Five intervention areas

1. Planning: Integrated resource planning will achieve 

an optimal and diversified system design that is reliable, 

resilient, self-sufficient, efficient, low-carbon, and low-cost. 

2. Technology: Technologies and system designs that are 

suitable for the local context are chosen to meet customers’ 

needs more efficiently and effectively, providing better 

service with lower cost. 

3. Finance: Financing mechanisms that mobilize funding 

resources beyond energy access and private capital will 

enlarge investment pools for power-sector development. 

4. Market: Market cultivation that streamlines the supply 

chain and ensures accessibility of new technologies and 

equipment will reduce energy transition costs and create 

opportunities for developing new local business for 

manufacturing and retail.

5. Policy, Regulation, & Governance: Supportive policies 

and clear regulatory and governance frameworks that 

coordinate goals of multiple government departments 

will enable cross-sector collaboration and create strong 

foundations for future economic development.
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By approaching major intervention areas 
holistically, LDCs will create positive 
feedback loops that unlock the sector for 
rapid expansion

By spending collective efforts on the five major intervention areas, LDCs 

can create positive feedback loops of falling costs, increasing investment, 

and growing markets, which move the sector toward exponential growth:

• The technology optimum will be achieved using integrated resource 

planning that strategically deploys resources to the right projects in 

the right order, and leveraging technologies and system design that 

best serve customer needs.  

• This optimal design will result in the best economical, sustainable 

system as it reduces the cost of service and increases willingness to 

pay, therefore maximizing the system’s profitability and attracting 

more financing. 

• Once more resources are invested in the sector, that investment will 

create a bigger market in which the cost of equipment can be reduced 

by economies of scale, and people’s ability to pay will increase as more 

business and employment opportunities become available. 

• The cost reduction and economic development will further enhance 

the system’s economic sustainability, starting the virtuous cycle of 

sector growth. 

• Besides working from the technical perspectives to achieve a technology 

optimum, LDCs also need work from institutional perspectives where 

policies, regulations, and governance direct human capital, financing 

resources, and policy support toward the energy transition. 

• All intervention areas involve capacity building and raising awareness, 

which ensure that the right project design and implementation 

approaches are used.

Policies, regulations, and governance set the foundation for power system development 

Economies of scale further reduce system cost, and 

people’s ability to pay rises as income increases

Positive feedback loops 

Technical perspectives

Technical perspectives Support the right projects Less risk, 
more confidence

Streamline 
supply chain

Comprehensive and effective 

system planning

Tailored and diversified 

technology

More financial 
resources invested for 
viable business model

Bigger market 
and more 
employment

Cheaper power, 
better service, and 
an economically 
sustainable system
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Key Takeaways: Energy Transition 
Pillars and Interventions 

• There are three pillars for LDCs to pursue to build the most 

cost-effective power system for all.

• From a grid aspect, LDCs should build a diversified, least-

cost grid that leverages renewable energy’s declining costs. 

 

• From a distributed access aspect, LDCs should leverage 

least-cost distributed systems in electrifying rural and peri-

urban areas to complement traditional grid supply.  

• From a demand-side aspect, LDCs should promote efficient 

electrification using efficient appliances and electrification 

of productive use, transportation, and cooking to improve 

the efficiency and effectiveness of energy service. 

• When working on the energy transition pillars, LDCs should 

take a holistic approach across five intervention areas to 

create an enabling ecosystem for rapid expansion of the 

energy transition sector. 

• For planning, LDCs should use integrated resource 

planning that considers all types of resources from supply 

to demand side. 

• For technology, LDCs should use appropriate technologies 

and system designs that best fit the local context. 

• For finance, LDCs should use financial instruments to 

attract and direct funding toward the right projects. 

• For market, LDCs should cultivate local business and 

streamline the supply chain. 

• For policies, regulations, and governance, LDCs should build 

a clear and stable regulatory framework. 
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Government Can Play a Key Role 
by Setting Comprehensive and 

Cohesive Policies
The optimal ecosystem can only be achieved through a concerted effort from all key 

stakeholders, in which governments play a leading role

Intervention areas

1. Planning: Coordinate cross-sector goals 

and solutions to find optimal power sector 

planning.

2. Technology: Ensure best available 

technical options are taken by organizing 

capacity building among decision-makers 

and using policy instruments to promote 

desired technical specifications.

3. Finance: De-risk investment using policy 

and financial instruments and by providing 

credibility enhancements in mobilizing public 

and private financing.

4. Market: Extend social impact by 

integrating electrification efforts with local 

activities and supply chain.

5. Policy, Regulation, & Governance: Set 

up clear policy and regulatory environment 

to reduce the uncertainty of using the right 

technical and business models.

Sector participants

Different government departments

Set up cross-sector collaboration to form aligned 

goals, policies, and regulations on electrification.

Utility 

Work with government to find grid development 

plan that meets electrification and other 

development goals.

Private developer

Work with government to find viable business 

model with required policy, regulation, and 

financing support.

Investors 

Work with government to find viable financial 

model with required policy, regulation, and 

financing support.

Civil society and development partners

Work with government to determine need for 

capacity building and awareness raising for 

system participants and the general public.

Governments

Play a leading role to support 

the right projects using an 

optimal mix of financial and 

policy instruments.

They can be the center for:

• Gathering information: 

collect and share data across 

sectors and departments. 

• Facilitating collaboration: 

connect system participants 

domestically and 

internationally on project 

collaboration. 

• Organizing capacity 

building: connect system 

participants with content 

experts for targeted topics. 

• Coordinating resources: 

deploy human and financial 

capital to targeted areas.
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Government’s Role

To ensure an optimal system, governments should consider the following actions in 
intervention areas for each pillar, and ensure the right supporting resources are in place

Planning Technology Finance
Why are solutions 
Market

Policy, Regulation,  
& Governance

Build a diversified 
least-cost grid

• Incorporate land use 
consultation when 
developing  
renewable farms.

• Incorporate transmission 
development when 
planning generation.

• Build technical 
understanding of renewable 
resource options. 

• Actively integrate smart-
grid elements (e.g., meters).

• Access climate financing. 

• Hold energy auctions, 
where competitive 
procurement can drive 
down costs of building 
plants.

• Provide capacity building 
and legislation to support 
renewable energy auctions.

• Reform fossil fuel subsidies. 

• Include environmental 
and health externalities in 
technology costs.

Leverage  
distributed 
systems

• Incorporate minigrid and 
solar home systems in 
electrification plan. 

• Incorporate grid-
connected minigrid in 
electrification plan.

• Standardize design and 
implement process and 
technical specifications  
for DERs. 

• Facilitate market analysis 
and encourage the adoption 
of innovative  
DER technology.

• Use policy instruments to 
create financial incentives 
for viable business models. 

• Use financial instruments 
to encourage private-sector 
investment.

• Extend project pipelines 
with other development 
programs. 

• Deepen the understanding 
of local needs and 
streamline local  
supply chain.

• Enforce clear regulatory 
and governance 
environments. 

• Establish financial 
regulations that encourage 
lending toward minigrid.

Promote efficient 
electrification

• Incorporate energy 
efficiency considerations 
in demand forecast. 

• Incorporate electric  
transportation and 
cooking in demand 
forecast.

• Incorporate community-
led activities in appliance 
selection process. 

• Design specific financing 
program for smallholders to 
get access to appliances.

• Streamline supply chains. 

• Design bulk procurement 
program. 

• Offer local awareness 
building and technical 
support.

• Develop standards for 
targeted appliances. 

• Design government-driven 
promotion program to 
foster efficient appliance 
market growth.
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Government’s Role—Diversified Grid

Pillar 1: Build a diversified least-cost grid

Centralized grid aspect

Utility-level generation and grid 

infrastructure provide large volumes 

of electricity for energy-intensive 

industry and urban households. 

Pillar 1: Build a diversified  
least-cost grid
Leveraging renewable energy's 

declining costs, while including 

dispatchable power for reliability, will 

ensure a resilient least-cost system that 

is minimally dependent on fuel imports 

and mitigates stranded asset risk. 

Pillar 2: Leverage least-cost 
distributed systems
Integrating distributed energy resources 

with traditional grid supply could extend 

energy access and the clean portfolio 

of the power system, energizing the 

economic development and livelihood 

improvements of rural and peri-urban 

areas with clean, resilient, reliable, and 

fast-deployable supply.

Pillar 3: Promote efficient 
electrification
Switching to modern energy sources 

and efficient appliances represents 

a massive opportunity for increasing 

productivity, improving service, 

reducing system development cost, and 

creating new revenue streams directly 

for the consumer.

Supply side Demand side

Distributed access aspect

Minigrids and solar home systems 

quickly reach remote areas, 

complement the grid supply, and 

leverage local generation.

Demand-side aspect

End-user electrification and efficiency 

measures ensure electricity is utilized 

effectively and efficiently to create 

the most cost-effective power system 

for development. 

Energy Transition Future 
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Government’s Role—Diversified Grid

Governments face challenges in building renewable-heavy grids in LDCs, although mature 
solutions are accessible

Issues Potential solutions

Planning

• Processes are not in place for successful planning of 
renewable generation and transmission infrastructure.

• Mobilizing agricultural and community land for wind and 
solar farms causes social tensions.

• Inadequate transmission means renewable development 
may not be as impactful.

• Energy planning, including by governments and utilities, should:
• Conduct integrated planning, including transmission and renewable development plans. 
• Include thorough stakeholder participation to ensure adequate compensation .
• Negotiate revenue-sharing agreements with landowners and local communities. 

• Farmers can lease part of their land to renewable developers to diversify income:
• Sheep grazing can continue under solar panels without modification .
• Shade-resistant crops under panels reduce water use and extend growing seasons.  
• Farmland regulates temperature, which increases solar efficiency.

Technology

• Renewable integration needs new technologies. 

• Expertise needed to deal with the variability and 
intermittency issues in a renewable-heavy grid is lacking.

• Education and capacity building are needed for power system planners. 

• Power system planners should integrate smart-grid elements like smart metering, 
communication to operators for grid monitoring (e.g., fault detection, isolation, system 
restoration), supply control from centralized/distributed plants, and demand control.

Finance

• Renewable generation and transmission infrastructure 
need financing. 

• High initial capital costs and investment risks make it 
challenging to obtain financing for large  
renewable projects.

• Governments should take advantage of climate funding sources. 

• Risk-mitigating financial instruments from governments or development banks can 
encourage private-sector investment by transferring risks to these third parties. 

• Governments should hold energy auctions, where competitive procurement can drive  
down prices.

Market
• Competition and choice of renewable developers is 

inadequate, driving up costs. 

• Renewable procurement processes are lacking.

• Policymakers need capacity building and legislation to support renewable energy auctions.

Policy,  
Regulation, & 
Governance

• Uncertainty about feed-in tariff pricing.
• Fossil fuels are subsidized.
• Negative externalities (health, environment) not valued.

• Governments can use renewable auctions to set prices for feed-in tariffs.
• Policymakers should consider reforming fossil fuel subsidies.
• Policymakers should account for externalities using market mechanisms or regulation.
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Government’s Role—Diversified Grid

Ensuring robust and inclusive processes 
are in place for community co-creation 
and compensation for land use, and that 
projects are optimized accordingly

Challenges Related to Land Use
Solar and wind farms require large tracts of land, as do transmission lines. 

There can be conflict around land ownership, use, and compensation, 

especially if land is used for farming. Land rights may be formal ownership 

or informal/customary individual or collective rights, which are often not 

recognized by law.

Potential Solutions
Stakeholder consultation and participation is important to ensure 

adequate compensation for land and potential impacts on those with land 

rights, whether formal or customary. Policymakers can create regulation 

to ensure thorough stakeholder engagement. One outcome could be 

revenue-sharing agreements with landowners and local communities.xii

Thorough stakeholder consultation is beneficial to multiple parties. 

For instance, developers are incentivized to adequately compensate 

stakeholders, to avoid costly land conflicts stalling construction. 

Communities that are supportive of renewable infrastructure will create 

an enabling ecosystem, which will ensure that construction can happen as 

scheduled and that equipment is maintained during its lifetime.

Developers should consider low-impact solar and wind development, 

which can allow farming to continue in some cases as farmers lease part 

of their land for an additional income stream. Sheep grazing can continue 

under panels without modification; there are several hundred farms 

doing this in the United States, UK, Germany, France, China, and Japan. 

Additionally, shade-resistant crops can be grown under solar panels, 

reducing water use, controlling soil and wind erosion, and extending 

growing seasons. Farmland regulates temperature, which increases solar 

efficiency and reduces O&M activities. Further, electricity from solar and 

wind can be used on farms for irrigation, cold storage, and agricultural 

processing.19 This requires forgoing nonconventional site preparation such 

as topsoil stripping, soil compaction, and land grading.20

Recommendations for Governments
• Governments should allocate capacity to understand the basic 

concerns of land use for renewables, which could be done by a 

ministerial planning department.  

• Developers should be regulated to ensure they are thoroughly 

consulting with stakeholders and optimizing projects accordingly.  

• The ministerial planning department should ensure that there are 

processes in place to adequately compensate communities with land 

rights where energy infrastructure is proposed, and policymakers 

should make relevant regulation regarding community compensation, 

which developers need to abide by.

CASE STUDY  

In the Philippines, indigenous peoples must approve geothermal 

development on their ancestral lands. Host communities close to 

the project site are beneficiaries of priority employment, social 

development projects, taxes, subsidies, and royalties.

For more information, see the report Comparison of Geothermal 

Regulation between Chile, Philippines and New Zealand.21

xii See Appendix E for more detail.
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Close coordination between governments 
and utilities leads to improved integrated 
resource planning exercises that include 
transmission improvements

Challenges Related to Resource Planning
The construction of large solar and wind farms requires a lot of land, 

and solar and wind resources vary by region. Since optimum locations 

for renewable generation may not be near load centers, transmission 

infrastructure will be required. Further, the impact of renewables on 

the overall system needs to be properly modeled and accounted for in 

planning for grid integration. There are also challenges in forecasting 

future demand in order to conduct effective resource planning, as well as 

in predicting how increased renewables may impact reliability and volatile 

fuel prices may impact fossil generation costs.

Some issues specific to building transmission are as follows: (1) an 

inadequate enabling environment, including permits, political traction, 

and logistics; (2) a lack of funding for developers due to difficulty in 

proving bankability and limited private investment; and (3) insufficient 

utility experience in project implementation.

Potential Solutions
Successful renewable development requires considering broader 

system dynamics, which is done using integrated resource planning. 

Effective planning requires collaboration across governments, utilities, 

investors, development partners, and project developers. Policymakers 

can incentivize renewable deployment in specific areas where there 

will be lower connection costs due to existing or planned transmission 

infrastructure. For example, in South Africa, the Council for Scientific 

and Industrial Research identified eight Renewable Energy Development 

Zones to reduce pressure on the overall system caused by plants being 

too close to one another. Policymakers can ensure grid connection 

challenges are addressed in renewable energy auctions by including grid 

integration requirements and the desired locations for renewables.22

 

Some solutions for the transmission issues listed above are: 

1. Technical assistance for utilities and the government, including review 

of technical agreements, tariff setting, public–private partnership 

frameworks, procurement processes, and operational readiness. 

2. Using concessional finance and climate funding sources to fund 

transmission infrastructure. 

3. Technical assistance and training for utilities to build expertise in 

project implementation.

Recommendations for Governments
• Governments should build capacity with a ministerial planning 

department trained to conduct comprehensive integrated resource 

planning. Governments should ensure processes exist for collaboration 

between different actors during grid planning stages, including demand 

forecasting and technical expertise to support system balancing needs 

and transmission expansion for increased renewable resources. 

• Governments should use policy incentives such as tax benefits to 

direct renewable development in desired areas, coordinating with 

existing or planned transmission infrastructure. Finally, governments 

should consider grid integration, distribution, and transmission as well 

as generation infrastructure when mobilizing finance.
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It is important that utilities fully consider 
and leverage available technological 
solutions to reduce the impact of 
renewable energy variability

Challenges Related to Renewable Energy Resources
Renewable resources have different characteristics from fossil plants, and 

accordingly technical solutions can ensure the reliability of the electricity 

supply. Solar and wind are known as variable renewable energy (VRE) 

resources and have the following characteristics: 

1. Variability: these resources are not available at all times (e.g., solar is 

only available during the day). 

2. Intermittency: these resources experience small fluctuations (e.g., when 

a cloud passes overhead and blocks sunlight). 

3. Location-specific characteristics: there is variation in resource 

availability, variability, and intermittency between locations at a 

given time.

Potential Solutions
Technological options can help integrate VREs into the grid. Energy 

storage can diminish variability over several hours (lithium-ion batteries) 

or longer (pumped hydro storage), and supply control from centralized and 

distributed plants can adjust supply according to renewable availability. 

Smart inverters and fault ride through capabilities can protect against 

issues caused by intermittency. Building renewable projects in different 

areas smooths out location-specific issues. All these options will require 

education and capacity building for power system planners and operators.xiii

Smart-grid technologies such as demand-side management can also 

alleviate variability by adjusting load to match times of higher VRE 

output. These can include advanced metering paired with dynamic pricing 

(such as time-of-use rates or real-time pricing) to incentivize consumers 

to use energy during off-peak hours. In cases where consumption is 

automatically adjusted according to price signals, energy management 

systems are required. A simpler method is to identify industries that can 

adjust their load and incentivize them to change their demand profiles by 

charging lower rates during peak solar or wind hours.

Recommendations for Governments
• Governments should consider the use of policy instruments such as 

exempting renewable plants’ revenue tax for a few years to encourage 

the adoption of renewables, integrating more renewables into the grid. 

• Governments should also build capacity to equip planners and 

operators with technical expertise to integrate VREs into the grid. This 

can be done within a dedicated ministerial planning unit and by funding 

necessary training for operators in the utility. 

• Governments should work with investors to mobilize finance to 

fund equipment, software, and training for technology solutions for 

integrating VREs.

xiii Costs are in Appendix F.
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Government’s Role—Diversified Grid

Governments can take advantage 
of concessional loans and financial 
instruments to mitigate risk in LDCs

Challenges Related to Financing Energy Infrastructure
Building energy infrastructure is capital intensive, and LDCs can struggle 

to attract financing due to perceived risks. Climate funding is available 

for renewable projects—however, LDCs can face issues in accessing this 

financing due to complex accreditation processes. In terms of private 

investment, there is a lack of central communication to investors on the 

needs of the energy sector.

Potential Solutions 
Renewable energy investors in developing countries include governments, 

banks, equity firms, insurance companies, pension funds, industry 

bodies, clean energy companies, and startup project developers. Usually, 

debt finance comes from banks, with equity finance provided by equity, 

infrastructure, and pension funds.

In order to qualify for climate funding, the Ministry of Energy needs to 

learn about the accreditation processes of different funds, and direct 

appropriate resources to completing the process. This may require 

specific advisors that are specialists in this area.

For attracting private finance, communication with investors should 

flow through one entity, for example the Investment and Trade Ministry. 

This entity should implement a coordinated strategy to communicate 

project needs, pipeline, and government priorities in a clear, transparent 

manner. It should also issue clear guidance on the roles, responsibilities, 

and contact points of government agencies involved in approvals for the 

energy sector.

Recommendations for Governments
• Governments should work with sector experts to complete 

accreditation processes to access climate funding. 

• There should be one department communicating with potential 

investors about the country’s energy investment needs, processes 

involved, key stakeholder offices to consult, and other key information 

necessary for investment. For example, an investor pitch book is an 

effective way to communicate this information. 

• There is a near-term opportunity for governments to facilitate a clean 

energy COVID recovery with a green stimulus package.

CASE STUDY  

The Multilateral Insurance Guarantee Agency provided a 

guarantee of US$150 million for the first utility-scale wind farm 

in Senegal. The 158 MW wind farm, the first stage of which was 

inaugurated in February 2020, will supply over 2 million people, 

providing a 15% increase in the country’s generation capacity.

More information can be found on the Multilateral Insurance 

Guarantee Agency’s website.23

Parc Eolien Taiba N’Diaye wind farm, Senegal.
Source: George C. Ledec, Kennan W. Rapp, and Roberto G. Aiello, Greening the Wind: 
Environmental and Social Considerations for Wind Power Development, 2011, https://
documents1.worldbank.org/curated/en/239851468089382658/pdf/662330PUB0EPI0
0e0wind09780821389263.pdf

https://documents1.worldbank.org/curated/en/239851468089382658/pdf/662330PUB0EPI00e0wind09780821389263.pdf
https://documents1.worldbank.org/curated/en/239851468089382658/pdf/662330PUB0EPI00e0wind09780821389263.pdf
https://documents1.worldbank.org/curated/en/239851468089382658/pdf/662330PUB0EPI00e0wind09780821389263.pdf
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Renewable energy auctions are proven 
to be an effective method to procure 
renewables at competitive rates

Challenges Related to Renewable Procurement
LDCs do not have adequate processes in place to procure renewables, and 

a lack of choice and competition results in high prices for renewables.

Potential Solutions 
Technology-neutral auctions with all-source procurement for system 

services is emerging as best practice, but technology-specific auctions 

are historically more common. Policymakers and governments need 

capacity building to design and hold auctions, and legislation is also 

required for successful auctions. Competition needs to exist for auctions, 

and the number of developers can be increased by designing auctions to 

have low barriers to access, transparent rules, administrative processes 

that are well communicated, and an adequate regulatory framework that 

offers security to investors.

Infrastructure and grid capacity to renewable sites should be regulated, 

including conditions for granting access to the grid; clarity on how costs 

of connection, grid expansion, and grid reinforcement will be shared; and 

obligations for transmission system operators.24

To reduce logistical difficulties for the developers, the government should 

aim to provide initial environmental, economic, and/or technical impact 

assessments for sites to be auctioned. Governments should invest in 

infrastructure to transport equipment and encourage construction in 

areas with high renewable potential.

To minimize investment risks and therefore the cost of capital, 

governments should provide a strong legal basis for auctions and provide 

financial guarantees or partner with international financial institutions  

for funding.

Recommendations for Governments
• Governments should work with sector experts to build capacity on 

holding successful auctions for renewable energy procurement, 

including auction design, legislation, impact assessment, and financial 

guarantees needed in the implementation. 

• LDCs can also explore cross-country auctions, as aggregation across 

national auctions can have a transformational impact, especially 

for smaller countries. A recent example of this is the 5 GW solar 

partnership between Namibia and Botswana.25

CASE STUDY  

The Moroccan Agency for Sustainable Energy (MASEN) 

managed a solar auction to install 2,000 MW of solar across 

five sites by 2020. MASEN conducted initial environmental 

impact assessments and commissioned pre-feasibility studies, 

encouraging more developers to participate in the auction. The 

establishment of MASEN as a specific governing agency and the 

public–private partnership model for de-risking the large-scale 

project were both important for the success of the auction. The 

use of concessional finance with lower interest rates through 

international financing institutions, and financial backing by 

MASEN, led to low prices in bids submitted.

For more information, see the IRENA report.26

Ouarzazate concentrated solar power and solar PV plants, Morocco.
Source: Xinhua, “Feature: Chinese Builders Help Morocco Restructure Energy Mix via Solar 
Power Projects,” 2018, http://www.xinhuanet.com/english/2018-09/08/c_137454723.htm

http://www.xinhuanet.com/english/2018-09/08/c_137454723.htm
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Government policy and regulation provide 
the enabling environment and ecosystem 
for renewables

Challenges Related to Renewable Growth
In many LDCs, the ecosystem to encourage the growth of renewables 

is inadequate. This is due to fossil fuel subsidies, costs of renewables, 

system integration into the grid, and enabling policies.

Potential Solutions 
Different policies can enable the growth of renewables by reducing the 

cost of renewables, reducing competition from fossil fuels, increasing 

the capability of the grid to integrate more renewables, and even just 

signaling political commitment. Fossil fuel subsidy reform can increase 

the competitiveness of renewables, and savings can be directed toward 

funding growth in the renewable industry. However, access to cost-

effective alternatives to fossil fuels is important, and steps must be taken 

to ensure that price increases do not impact poor populations the most.

Set pricing policies can reduce the costs of renewables. Auctions can be 

used to competitively set renewable energy pricing and can serve as real 

price discovery mechanisms, used to set prices for feed-in tariffs. Feed-in 

tariffs/premiums can be used to administratively set renewable energy 

pricing, triggering deployment of renewable energy generation, since they 

provide a stable income to generators. However, they need to adjust to 

changing market conditions.

System integration policies will help with reliability and operations as 

more renewables are integrated into the grid. Initial variable renewable 

energy (VRE) generation does not cause integration issues. As VRE 

increases, the need arises for new or revised grid codes, improved 

system operations, and coordinated generation deployment. At high 

VRE, flexibility of power systems is important. Policies need to adapt to 

technical challenges, system operations, and market design.

Renewable portfolio standards (RPS) can spur renewable growth by 

signaling commitment to increasing renewables. RPS policies have been 

adopted in Bangladesh, Indonesia, and Vietnam, among other developing 

countries. In the United States, RPS policies have resulted in the growth 

of renewables.27

Recommendations for Governments
• Governments could use auctions to set prices for feed-in tariffs, which 

will encourage renewable deployment.  

• Policymakers should account for externalities using market 

mechanisms or regulation such as air pollution penalties or carbon 

taxes, or by factoring healthcare costs associated with fossil plants 

into planning and cost analysis.  

• Policymakers should also assess policies regarding fossil fuel subsidies, 

renewable portfolio standards, and system integration, and implement 

these where necessary to encourage renewable deployment. 
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CASE STUDY  

Price adjustments of petroleum products and LPG in Ghana were 

successfully conducted between 2005–2014, after failed efforts 

in 2001 and 2003. The savings from the subsidy reform were 

directed toward poor communities in the form of eliminating 

school fees, increasing public transport, funding healthcare in 

poor areas, increasing the minimum wage, and funding a cash 

transfer program for poor families. These measures have been 

found to reduce inequality. A similar approach can be conducted 

to direct subsidy reductions to boost renewable growth in LDCs.

More information can be found in the New Climate  

Economy paper.28

Vehicle fueling station in Ghana.
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Pillar 2: Leverage least-cost distributed systems

Centralized grid aspect

Utility-level generation and grid 

infrastructure provide large volumes 

of electricity for energy-intensive 

industry and urban households. 

Pillar 1: Build a diversified  
least-cost grid
Leveraging renewable energy's 

declining costs, while including 

dispatchable power for reliability, will 

ensure a resilient least-cost system that 

is minimally dependent on fuel imports 

and mitigates stranded asset risk. 

Pillar 2: Leverage least-cost 
distributed systems
Integrating distributed energy resources 

with traditional grid supply could extend 

energy access and the clean portfolio 

of the power system, energizing the 

economic development and livelihood 

improvements of rural and peri-urban 

areas with clean, resilient, reliable, and 

fast-deployable supply.

Pillar 3: Promote efficient 
electrification
Switching to modern energy sources 

and efficient appliances represents 

a massive opportunity for increasing 

productivity, improving service, 

reducing system development cost, and 

creating new revenue streams directly 

for the consumer.

Supply side Demand side

Distributed access aspect

Minigrids and solar home systems 

quickly reach remote areas, 

complement the grid supply, and 

leverage local generation.

Demand-side aspect

End-user electrification and efficiency 

measures ensure electricity is utilized 

effectively and efficiently to create 

the most cost-effective power system 

for development. 

Energy Transition Future 
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Government-led actions can overcome issues that stop LDCs from leveraging distributed 
energy’s full potential

Issues Potential solutions

Planning

• Lack of awareness, technical and financial expertise, 
and coordination and collaboration between different 
departments to include distributed energy systems in 
electrification plan.

• Officially set a national electrification plan that clearly identifies the role of different 
technologies and resources. 

• Organize capacity building on how to conduct least-cost electrification planning. 

• Work with developer partners to ensure appropriate methodologies and tools are used.

Technology

• Technology improvements and cost reductions in 
energy technologies are slow to reach small developers 
and local utilities in LDCs.  

• Misconducted system design leads to high cost of 
service.

• Encourage and promote standard system design approaches and implementation procedures. 

• Provide standards for energy products and services to ensure quality products are used.  

• Actively engage in market analysis and technical assistance, and facilitate the private 
sector’s access to that information. 

• Allow some flexibility in governance systems to enable innovative business models.

Finance

• Lack of business model and incentive policy on 
mobilizing public and private finance. 

• Misaligned incentives reduce the competitiveness of 
minigrids and discourage sector’s investment. 

• Lack of capacity to navigate available financing 
systems.

• Collaborate with Minister of Finance on international public finance.  

• Use policy incentive mechanisms to prioritize least-cost sustainable energy solutions to give 
private investors the confidence for long-term investment in energy infrastructure and assets. 

• Use proven business models and financing mechanisms to unlock additional private capital.

Market

• Missing opportunities for LDCs to anchor locally and 
extend minigrids’ influence and resource pools via 
cross-ministerial coordination and collaboration.

• Integrate energy access with other development programs to expand minigrid project pipelines. 

• Deepen the understanding of needs and project pipelines from all development goals; adjust 
targeted policies to support business and remove barriers on supply chain development and 
local distribution.

Policy,  
Regulation, & 
Governance

• A stable, transparent, and friendly regulatory 
framework may be absent for minigrid business in 
LDCs, increasing the uncertainty and risks of project 
development. 

• Set clear regulatory environments and define crucial issues. 

• Establish new financial entities or regulations for existing financial entities to encourage and 
cultivate expertise in lending toward minigrid.
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Integrated planning and quantitative 
analysis, with an emphasis on distributed 
energy systems, lead to better outcomes in 
an electrification plan

Challenges Related to Integrated Planning
In an electrification plan, LDCs sometimes fail to comprehensively 

assess all technical and resource options that could achieve the optimal 

solution. Distributed energy may be left out in government-led planning 

processes, which could result in the expensive development of large fossil 

plants. There is also a lack of technical and financial expertise, as well 

as coordination and collaboration between different departments, which 

hinders LDCs’ ability to set optimal electrification plans that include 

distributed energy systems.

Potential Solutions 
An integrated electrification plan that includes both on- and off-grid 

technologies is the first, indispensable step to providing valuable insights 

on the appropriate mix of solutions, costs, and financing needs for 

viability. LDCs need to develop a roadmap of future projects and related 

investments that meet electrification targets at the least possible cost, 

taking into account the availability of funding, and respecting political, 

social, development, or environmental priorities. 

These plans should include both grid-connected and off-grid distributed 

energy systems, as well as cost benchmarks and accurate demand 

forecasts. Including distributed energy in system planning signals a 

governmental priority in energy access, providing more confidence for 

investors. The reference methodologies and needed tools are available 

online for LDC leaders to understand elements in integrated planning, 

but country-specific solutions need to be built via government-led 

collaboration among energy and policy research entities.

Recommendations for Governments
• Governments should officially set national electrification plans with 

clearly identified roles for distributed energy systems. 

• Governments should work with developer partners to ensure 

appropriate methodologies and tools are developed and used  

in planning. 

• Governments should also train system planners in modeling tools 

and policy toolkits such as SEforALL’s decision tree to enhance their 

capacity in how to conduct least-cost electrification planning, with 

emphasis on:

1. Using examples of cost comparison between grid extension and 

integrated electrification approaches to increase the awareness of 

the necessity of including distributed energy in national electrification 

plans, as well as how this links to other development goals. 

2. Having the technical expertise to use scientific approaches and 

modeling tools for effective planning, and to transform results into a 

clear roadmap and implementation policies. 

3. Having the capacity to manage the activities of collecting data, 

identifying and engaging stakeholders, and coordinating the 

interests of different sectors.
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CASE STUDY  

SEforALL’s integrated electrification planning decision tree 

provides guidance on how to carry out electrification planning. 

The target outcomes are providing electricity and associated 

energy services necessary to meet human needs and contribute 

to sustainable development at the least cost.

It summarizes the successful experience of Ethiopia, Nepal, and 

Togo in gaining high-level political support for an integrated 

electrification strategy.

For example, Togo has brought its electrification rate from 18% 

to 45% in the past 13 years—thanks, in part, to presidential 

support for an integrated electrification strategy.

The appointment of a special advisor to Togo’s president 

responsible for coordinating government efforts across 

ministries in support of electrification, and the launch of an 

initiative to bring electricity to 5,000 remote villages, are just a 

few outcomes of the national strategy.

More information can be found on SEforALL’s Decision  

Tree document.29
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Promoting suitable technical approaches 
to reduce system costs and establish 
profitable business models accelerates the 
energy transition

Challenges Related to Distributed Renewable 
System Costs
Despite the rapid price reductions and technology advancements in 

components of distributed energy, minigrids in LDCs are still expensive in 

the sense of local ability to pay, and in comparison with global averages. 

Policymakers need technical and institutional support to ensure small 

developers and local utilities in LDCs are able to take advantage of 

technology improvements and cost reductions in energy technologies 

to lower their cost of minigrid service. Misconducted system design may 

be one of the major factors that leads to a high cost of service. Missed 

opportunities are seen in the areas of appropriate sizing of minigrid 

systems, using a modular approach to meet households’ demand, and 

accommodating income-generating activities.

Potential Solutions 
Promoting the right technical approaches including load analysis, system 

design, and the community-led selection of domestic and productive 

appliances will reduce system costs and enable strong business models. 

Community-led design approaches that deeply engage with local people 

and are embedded in the local context and needs will serve the best 

interests of both communities and minigrid investors and developers, 

creating a foundation for project longevity.

Governments can provide support for private business by engaging 

in market analysis, technical assistance, and business development 

support and by facilitating the private sector’s access to this information. 

Policymakers can more easily access many sources of information than 

small private businesses can, and local governments could play a major 

role in program design, drawing on a deeper understanding of local 

context and demand.

Governments can also endorse certain technical pathways and proven 

business models by setting bulk procurement projects of relevant 

equipment. This will reduce the cost of equipment and accelerate business 

development along the supply chain.

Recommendations for Governments
• Governments should encourage and promote standard system design 

approaches and implementation procedures by providing guidance 

such as standardizing the minimum performance requirements of 

minigrid components, or by setting minigrid proposal templates:

• Policymakers can borrow successful experience from the private 

and NGO sectors on technical approaches to reduce system costs, 

transforming their methodology into government-led pilot projects 

or sector guidance.  

• Governments can work with developers to find key data for market 

analysis and then leverage their existing statistics bureau to collect 

and publish market data. 

• Governments should allow some flexibility in governance systems to 

encourage innovative business models and forward-thinking programs.
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CASE STUDY  

By driving down equipment costs, optimizing design, strongly 

supporting load growth, and dedicating efforts to increase 

accessibility to required equipment, the Mlinda project in India 

created a strong business model for minigrids, reducing capital 

costs by 45%. Incomes among customers have increased by over 

12%, and consumption has increased by 2%, allowing system 

expansion that will further reduce costs.

More information can be found in the Mlinda case study on the 

Rockefeller Foundation website.30

CASE STUDY  

The Rockefeller Foundation is working to establish a technology 

facility that uses standardized specifications and aggregated 

procurement to drive down costs of energy storage, solar PV 

panels, and associated controls, decreasing the cost of providing 

electricity access for 200 million people by $7 billion.

More information can be found in the Rockefeller  

Foundation report.31

Microgrid installation by Mlinda in India.
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Employing proper financing instruments 
and incentive mechanisms to catalyze 
investment and support the market creates 
more market uptake

Challenges Related to Financing Distributed 
Renewable Resources
Finance flows to the minigrid sector remain inadequate. This is because 

projects are too small, the perception of risk is too high, and the returns 

on investment are often too low for traditional financing options. Private 

financing is necessary but difficult to mobilize due to less viable business 

models caused by high costs and high interest rates in LDCs. Misaligned 

incentives such as fossil fuel subsidies and high import taxes reduce the 

competitiveness of minigrids and discourage the sector’s development. 

Even when financing resources are available, LDCs’ access is impeded by 

insufficient awareness of the funding and a lack of ability to navigate the 

application systems and generate compelling proposals.

Potential Solutions 
Engaging with finance ministries is the first step in improving financing 

for the distributed energy sector. As finance ministries have a vested 

interest in how energy impacts overall development and national budgets, 

engaging finance ministries in energy access can leverage a wider range 

of government tools to enable financing and engage the banking sector. 

Various policy instruments such as subsidies, loans, taxes, and risk 

mitigation can be used as financial incentives to support viable business 

models and expand private-sector participation in distributed energy.

Depending on the local context, government incentives will likely be 

required to offset barriers to new market development. For businesses 

to engage in the market, they need to receive fair compensation for the 

cost of providing services. Consumers need to be able to afford these 

services to create a market and may need access to affordable financing 

to participate in the commercial market. Policy instruments need to be 

tailored to the local context to function effectively and sustainably. 

The forms of those policy instruments may vary, but the purpose is 

always to create a viable business model and an unbiased or more 

advantageous position for distributed energy when it is the optimal option 

for energy access. When setting policies, governments need to consider 

minigrids’ advantages and disadvantages compared with other generation 

resources. As LDCs need to import system components in the near term, 

policies around foreign currencies and import taxes also affect minigrid 

projects. Governments should also consider using grants in properly 

structured subsidy form to attract more investors for relevant projects.

Recommendations for Governments
• Electrification policymakers should collaborate with the Ministry 

of Finance on international public finance to stimulate market 

development and private-sector engagement.  

• Governments should use policy incentive mechanisms to prioritize 

least-cost sustainable energy solutions and give private investors 

confidence in long-term investments in energy infrastructure  

and assets. 

• Governments should use proven business models and financing 

mechanisms to unlock additional private capital.
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CASE STUDY  

Nigeria’s Rural Electrification Agency (REA) used a results-based 

financing program to provide developers with a US$350 grant 

subsidy per household connection for capital expenditures after 

90 days of service. This has attracted qualified developers and 

investors who have committed US$40 million as of 2020.

More information can be found on the SEforALL website,32 as well 

as the case study on the Rockefeller Foundation website.33

REA Managing Director Ahmad Salihijo signing an executed grant agreement 
with a developer.
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Governments should engage with 
development programs to expand project 
pipelines and enable local prosperity

Challenges Related to Funding and Cross-Sector 
Collaboration Opportunities
LDCs face various needs for development. As such, government-supported 

programs to alleviate poverty, improve health and education, support 

greenhouse gas emissions reductions, and respond to disasters can 

provide a valuable vehicle to implement energy access programs, attract 

and leverage development-focused funding, and learn from long-standing 

community programs and partnerships. Electrification initiatives should 

actively pursue cross-ministerial collaboration and incorporate energy 

access as an element in the design development program.

Potential Solutions 
Energy access and development programs can be effectively linked to 

support mutually beneficial outcomes. Minigrids are increasingly cost- 

effective for powering health, education, agriculture, and other social 

development needs in rural areas—especially in remote areas where 

diesel transport costs are often very high and grid extension may be 

uneconomical. Local entities that provide social development and public 

services can increase revenues of minigrids by functioning as anchor 

loads or simply by stimulating demand.

Resilient, low-carbon minigrids provide a suitable solution to energy 

access in programs that focus on environmental quality, climate 

mitigation, and disaster relief. Minigrids are often implemented in rural 

communities, where the expertise of social development ministries 

and their local partners can be extremely valuable in navigating local 

dynamics and effectively designing and implementing projects. Deeply 

ingrained social protection programs in LDCs, such as health and 

education programs, often have long-standing relationships with local 

communities and key NGO partners.

By deeply understanding national needs and project pipelines of 

distributed energy from all development programs, governments can 

better position themselves to support business and remove barriers to 

supply chain development and local distribution.

Recommendations for Governments
• Governments should initiate cross-ministerial collaboration and 

integrate energy access with other development programs to expand 

minigrid project pipelines, while partnering with national and local 

agencies, utilities, and NGOs. 

• Governments should also facilitate communication among minigrid 

developers, local partners, and retailers to deepen the understanding of 

needs and project pipelines of distributed energy from all development 

goals. Governments should target policies to support business and 

remove barriers to supply chain development and local distribution.
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Transparent regulatory frameworks are 
needed to reduce uncertainty and risk of 
DER projects

Challenges Related to Minigrid Project Development
Minigrid project development may be risky with associated uncertainty 

for developers in LDCs due to a lack of stable, transparent, and friendly 

regulatory frameworks to support minigrid business models. 

Potential Solutions 
Regulations should be reviewed and streamlined for distributed energy 

development, addressing critical issues such as tariffs, licensing, technical 

standards, and grid connection. Clear and streamlined regulations set a 

clear path and reduce burdens of meeting various business requirements 

for the private sector. For example, the government could reduce the 

cost and time for getting minigrid permits by simplifying the process or 

setting up a “one-stop shop” that allows enterprises to access a wide set 

of agencies and processes. 

Financial regulation and regulatory entities that facilitate, obligate, and 

encourage lending to the sector help financial players build experience 

and direct resources into relevant projects. Intermediaries should be 

created and regulated to manage the funds to support and develop the 

energy access market, enable transactions in the amounts and terms 

needed for minigrid developers, and provide microfinance for end users. 

These entities can also oversee other market activities such as market 

analysis, education and training, and the disbursement of incentives. 

Bangladesh, Ethiopia, Mali, and Nepal all demonstrate programs in which 

governments have used existing organizations or created new entities to 

serve as financial intermediaries to translate large amounts of funding 

into the small-scale needs of end users.

Recommendations for Governments
• Governments should set clear regulatory environments and define 

crucial issues such as tariffs, licensing, and grid interconnections. 

• Governments should also establish new financial entities or regulations 

for existing financial entities to encourage and cultivate expertise in 

lending toward minigrids.
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CASE STUDY  

The government of Sierra Leone developed a minigrid regulatory 

framework based on examples from Nigeria and Tanzania. 

To attract minigrid developers and investors, the framework 

includes cost-reflective tariffs, a clear process for licensing and 

permitting, and a plan for when the grid arrives at an off-grid 

minigrid site.

Based on the successful minigrid regulatory experience around 

the world, SEforALL developed an investment-grade policy and 

regulatory framework decision tree. The decision tree serves as 

a toolkit to help the Ministry of Energy go through the process 

of developing a robust regulatory framework enabling private-

sector actors to contribute to national electrification objectives 

and unlock investment in the sector.

More information can be found in the case study section on the 

Rockefeller Foundation website.34

CASE STUDY  

Smart Power Myanmar and Myanmar’s Department of Rural 

Development train the staff of banks to build a greater 

understanding of the minigrid market and project economics. 

This has contributed to US$18.5 million being committed by local 

banks so far to new equipment financing facilities.

More information can be found in the case study section on the 

Rockefeller Foundation website.35
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Pillar 3: Promote efficient electrification

Centralized grid aspect

Utility-level generation and grid 

infrastructure provide large volumes 

of electricity for energy-intensive 

industry and urban households. 

Pillar 1: Build a diversified  
least-cost grid
Leveraging renewable energy's 

declining costs, while including 

dispatchable power for reliability, will 

ensure a resilient least-cost system that 

is minimally dependent on fuel imports 

and mitigates stranded asset risk.

Pillar 2: Leverage least-cost 
distributed systems
Integrating distributed energy resources 

with traditional grid supply could extend 

energy access and the clean portfolio 

of the power system, energizing the 

economic development and livelihood 

improvements of rural and peri-urban 

areas with clean, resilient, reliable, and 

fast-deployable supply.

Pillar 3: Promote efficient 
electrification
Switching to modern energy sources 

and efficient appliances represents 

a massive opportunity for increasing 

productivity, improving service, 

reducing system development cost, and 

creating new revenue streams directly 

for the consumer.

Supply side Demand side

Distributed access aspect

Minigrids and solar home systems 

quickly reach remote areas, 

complement the grid supply, and 

leverage local generation.

Demand-side aspect

End-user electrification and efficiency 

measures ensure electricity is utilized 

effectively and efficiently to create 

the most cost-effective power system 

for development.

Energy Transition Future 
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Governments should step in to promote 
efficient electrification and provide 
guidance from the beginning of  
sector development

For efficient electrification, governments should work on three 

subsections: 1) efficient appliances, 2) productive uses, and 3) electric 

transportation and cooking. The three subsections all involve promoting 

and adopting advanced equipment at the individual level. Therefore, the 

new consumption behavior can increase and shape the demand curve to 

improve the economics of the power system.

Although they are in different stages of market maturity in LDCs, the three 

subsections share common challenges as they are not fully developed in 

electrification efforts and need support mechanisms that can be effective 

at the individual level. Therefore, there is an opportunity for governments 

to step in for early-stage interventions and set the right tone for sector 

development. The general challenges and interventions across all three 

subsections are listed in the table below.

Issues Potential solutions

Planning
• Lack of coordinated planning for increasing demand 

from electrification of cooking and transportation, 
expansion of power to productive use activities, and 
reducing demand from efficient appliances.

• Carry out integrated energy planning to identify the development goal of transportation and 
cooking, as well as residential and productive use appliances.

Technology
• Appliances and technologies need to be selected to fit 

local dynamics in LDCs.
• Incorporate community-led activities in the appliance selection process.
• Conduct technoeconomic analysis on targeted appliances.

Finance
• High initial cost and lack of personal financing make 

it challenging for individuals to obtain efficient 
appliances.

• Design specific financing programs for electric transportation and cooking, as well as 
residential and productive use appliances, including loans for smallholders, insurance, and 
credit guarantees.

Market

• Domestic production and supply chains need to be 
aligned with targeted efficient electrification efforts.

• Alternative appliances need an aligned marketing 
strategy to help local people overcome their current 
reliance on biomass for cooking or conventional 
gasoline transportation.

• Streamline supply chain and ensure access to the targeted appliances.
• Design bulk procurement programs to stimulate local manufacturing and supply  

chain development.
• Offer extensive services to help local people and businesses make better use of modern  

energy service. 

Policy,  
Regulation, & 
Governance

• Without an efficiency-standards framework for 
appliances and clear plans for electrifying end-user 
activities, investment and local manufacturing in 
efficient appliances will stall.

• Develop efficiency standards for targeted appliances.
• Design government-driven promotion program to unlock the initial market of efficient 

appliances.
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The promotion of efficient appliances helps 
ensure sufficient energy service with less 
system capacity

Situation and Challenges Related to Increasing 
Efficient Appliance Adoption
Promoting highly efficient appliances could help rural communities achieve 

sufficient energy service for both domestic and economic activities with 

roughly 50% less power demand, as compared with using inefficient 

appliances.36 However, despite the clear benefits, appliance efficiency is 

not explicitly included in many power access efforts. Affordability and 

accessibility therefore become major constraints for the growth of the 

efficient appliances market. The supply system in some locales supports 

only basic, low-power energy services, such as lighting and mobile phone 

charging, preventing the powering of additional household services, such as 

home cooling, refrigeration, entertainment, and cooking.

Even when the supply system can support additional appliances, many 

customers are unable to afford them without cash on hand. Manufacturers 

struggle to lower the retail price, given the high costs of distributing to 

off-grid and often last-mile regions. The total obtainable market for off- 

grid appliances is less than 20% of the addressable market, largely due to 

limited access to finance and consumer accessibility.37

Potential Solutions 
Policy guidance that provides encouragement and support can effectively 

unlock this market, as its fundamentals are strong. For electrification 

project planning, efficiency considerations of residential and productive use 

appliances should be included, and dedicated efforts are needed to ensure 

adoption. For customers, project implementation entities need to provide 

access to low-cost consumer financing tailored to appliances and must 

invest in customer awareness of efficient appliances and their benefits.

On the supply side, policy mechanisms such as technical standards are 

needed to encourage ongoing technology innovation focused on boosting 

product efficiency and lowering costs.38 Bulk procurement can create 

better economies of scale in production and distribution. Capacity building 

for the manufacturer and distributor can deepen the insights into consumer 

needs to inform appropriate product development and distribution 

strategies. Establishing energy efficiency and trade policy among trading 

partners, such as shared efficiency and test standards or reduced tariffs 

for efficient appliances, could boost the market for high-efficiency 

appliances by creating a better environment for international trade.

Recommendations for Governments
• Governments should ensure efficient appliances are part of an 

electrification plan, and they should set up dedicated resources to select 

and implement policy instruments such as setting technical standards, 

bulk procurement, trade policy, and capacity building.
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CASE STUDY  

Government-led bulk procurement of high-efficiency LED 

lightbulbs in India promotes energy efficiency and cost savings. 

The program aggregates individual purchasing behavior into 

large procurement orders, which secure markets and reduce risk 

for investing in local manufacturing. The establishment of a local 

supply chain reduces the cost of LEDs and leads to more LED 

adoption. This program avoids 9,550 MW of peak demand and 

saves 48 billion kWh and 39 Mt CO
2
 emissions per year.39

CASE STUDY  

The Association of Southeast Asian Nations (ASEAN) promotes 

highly efficient ACs in the regional market by harmonizing their test 

standard and reducing import tariffs within the member states.

In ASEAN, 68% of all ACs are imported from other ASEAN 

countries, and only 28% of imported ACs come from China. This 

is in stark contrast to other markets, where Chinese imports can 

account for up to 50%.40
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Productive use studies and pilot programs 
are critical to testing viable project designs 

Situation and Challenges Related to Promoting 
Productive Uses
Many electrification projects still overlook the importance of integrating 

productive uses—activities that increase people’s incomes from existing 

activities or that create new opportunities to generate income or savings, 

especially in rural communities. Productive uses could be any possible 

business and agriculture process in a rural area. Electrification often leads 

to productive uses by increasing energy inputs (e.g., making irrigation 

possible with electric pumps), increasing the efficiency of energy services 

(e.g., using electric motors rather than diesel engines), or by making new 

energy services available (e.g., showing movies or cold storage). In return, 

productive uses improve the performance of the electrification system by 

increasing energy consumption and people’s ability to pay.

Integrating productive uses is a highly customized process that needs 

cross-sector expertise and intensive local engagement. There is no “one 

size fits all” solution; projects to promote productive uses need to be 

designed and implemented specifically to fit each country and community.

Potential Solutions 
Solutions will vary based on the country and the local agriculture 

entities and policies, targeted crops, and value chain activities, as well 

as viable business and financial models. But the general prerequisites 

for a successful productive use program are similar in LDCs. In general, 

communities must have access to affordable and reliable electricity; 

processors must be aware of investment opportunities and equipped to 

develop enterprises; financial solutions on offer must meet community 

needs for purchasing equipment; efficient, compatible equipment with 

timely maintenance services must be available and affordable; and cross-

sector alignment is needed to prioritize and collaborate on productive 

use efforts.

To achieve these prerequisites, the general approaches recommended to 

develop productive uses in electrification are:

1. Fill knowledge gaps on minigrids, productive uses, and local agricultural 

value chains; align and connect cross-sectoral actors to treat rural 

electrification as a whole. Create and strengthen sector alignment and 

coordination to open dialogue across the energy, agriculture, and finance 

sectors to identify opportunities to develop productive uses. 

2. Design viable business models via a series of community engagement 

and analysis activities, including using value chain analysis to identify 

prioritized activities to electrify; conducting technoeconomic analysis 

for the viability of identified activities, equipment purchases, and the 

power system; and designing business models and financing options for 

equipment purchases and power consumption. 

3. Prove and demonstrate the viability of equipment and business models 

via pilot programs. 

4. Develop supportive policies for an enabling ecosystem. Providing 

technical advisory, capacity building, and funding support for the local 

community, finance providers, developers, and other stakeholders will 

lubricate the ramp-up of productive uses. 

5. Nigeria, Ethiopia, and Tanzania all work on productive uses in 

electrification and have valuable experience in designing business 

models and financial models for reference.41

Recommendations for Governments
• The energy department and agriculture department should jointly 

conduct productive use studies to assess the process flow and value 

chain of primary crops in the country and identify key processes that 

can be electrified. 

• Electrification programs should pilot productive uses to test viable 

business models and financing mechanisms such as fee for service or 

equipment leasing. Programs should also plan for capacity building and 

support for accessing appliances, such as transporting equipment to 

local communities via a local agriculture association.
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It is critical to consider electric 
transportation and electric cooking in 
future infrastructure planning

Situation and Challenges Related to Electric 
Transportation and Electric Cooking
With renewables taking a heavier role in the energy mix of the power 

system, switching to electricity from conventional fuels in transportation 

and cooking presents a new opportunity for sustainable development. 

Electric cooking (“eCooking”) appliances are already quite common in 

many developing and developed countries, and the market for electric 

vehicles and motorbikes has grown rapidly in recent years.

For LDCs, the transportation and cooking sectors present huge market 

opportunities and potentials for improving carbon emissions and 

efficiency by switching conventional fuels to renewable-heavy electricity. 

Similar to productive use, this switch could stimulate demand and improve 

the economics of the power system. Electric motorbikes take 1.5 kWh per 

charge,xiv and electric vehicles on average consume 6–9 kWh per day in 

China.42 The annual power consumption for electric cooking is estimated 

at 308–397 kWh per person.43

eCooking has the potential to become the primary cooking form 

as traditional biomass fuels such as firewood and charcoal take up 

huge market share and cause serious adverse consequences for the 

environment, health, and economic development of the population. 

Worldwide, 3 billion people still rely on open fires and simple stoves using 

wood, dung, charcoal, and coal to cook their food. An estimated 4.3 

million premature deaths are caused each year by indoor air pollution due 

to cooking practices still widespread in many parts of Southeast Asia, 

Latin America, and Africa. People in rural areas work an estimated eight 

to nine hours per week collecting and transporting cooking fuels.44

For transportation, the low per capita car ownership level in LDCs 

presents an opportunity to greatly expand the passenger car stock, while 

ownership of two- and three-wheelers continues to increase as one of 

the world’s fastest growing markets. Africa is set to become the second 

largest market for motorcycles (in unit terms) after Asia and will grow 

rapidly over the next decade. It’s sensible to consider leapfrogging to 

electric technology for both motorcycles and vehicles.45

Although electrifying transportation and cooking are trends of the future, 

they are in very early stages of development in LDCs. They may not fit 

local people’s routines, and their influence on local power systems still 

needs research.

Potential Solutions 
LDCs could include electrification of transportation and cooking in long- 

term planning for the energy sector and national planning to research 

their benefits and influence ahead. For example, the departments of 

energy and transportation need to coordinate their policy on promoting 

electric vehicles and their plans for road extension and rehabilitation. 

Once development targets are set, technology innovation and selection 

are needed for electric vehicles/motorcycles and eCooking appliances 

that fit local cooking behaviors. 

Tax incentives to encourage import purchases of suitable high-quality 

equipment, and consumer financing that makes them available and 

affordable, are crucial for adoption. Regulators may set a flexible 

framework for setting the electricity tariffs, so the power price can 

be designed and adjusted to fit the development stage of electric 

transportation and eCooking. And governments can provide catalytic 

capital for the pilot projects, such as by providing subsidies to the tariffs 

for electric vehicle charging to spur the sector or by directing public 

finance to build charging stations. Public communication campaigns need 

to explain the benefits of transitioning away from conventional fuels.

Recommendations for Governments
• Governments should include electric transportation and electric cooking 

in their consideration of power system planning today, conduct research 

to assess their benefits and potential influence toward power system 

and socioeconomic development, set up a development plan for the 

sector, and direct catalytic capital for pilot projects.
xiv Calculated based on regular electric motorbikes with 150W charger and 10-hour charging time.
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Combined with actions on five intervention areas, the energy transition will bring new 
opportunities for LDCs to enhance the power system and sectors’ capabilities

Intervention areas Opportunities provided by energy transition

Planning
Using integrated resource planning to achieve an optimal 
and diversified system design that is reliable, resilient, 
self-sufficient, efficient, low-carbon, and low-cost.

• Integrated technologies and considerations for every component, from generation to 
consumption, creating coordinated plans with well-linked initiatives.

Technology

Selecting technologies and system designs that are 
suitable for the local context, are chosen to meet 
customers’ need more efficiently and effectively, and 
provide better service with less cost.

• Energy transition provides more technical options, which diversifies the energy mix and 
lowers the cost of power. 

• Distributed systems and demand-side management could help increase power system 
resilience and reliability, therefore reducing the fragility of the existing system under 
climate change.

Finance
Employing financing mechanisms that mobilize funding 
resources beyond energy access and private capital will 
enlarge investment pools for power sector development.

• Energy transition provides additional financing opportunities, as some initiatives already 
have huge commitments, and energy transition projects could be easily linked to climate 
issues and other SDGs, therefore attracting joint funding.

Market

Promoting market cultivation that streamlines supply 
chains and ensures access to the right technology and 
equipment will reduce the component cost and open 
opportunities for new local businesses in manufacturing 
and retailing.

• The massive need coming from energy access in LDCs could stimulate local manufacturing 
and supply chains with proper industry policy. 

• Distributed systems and demand-side management are directly linked to end users’ needs, 
supporting agriculture and local economies.

Policy,  
Regulation, & 
Governance

Enforcing supportive policies and clear regulatory 
and governance frameworks that coordinate goals of 
multiple government departments will enable cross-
sector collaboration and create a strong foundation for 
future economic development.

• LDCs will gain experience on fostering specific sector development by using policy and 
regulation instruments. 

• Energy transition prepares LDCs in creating policy and regulatory frameworks that can 
enable advanced technologies and innovative businesses, which could be applied beyond the 
energy sector.



 / 84Opportunities for Achieving Universal Energy Access through the Energy Transition in the Least Developed Countries

Government’s Role—Efficient Electrification

Key Takeaways: Government's Role in 
the Energy Transition

• Governments take a leading role in the energy transition, as 

they are at the center of gathering information, facilitating 

collaboration, organizing capacity building, and coordinating 

resources among sector participants.    

• For most challenges in intervention areas in the energy 

transition pillars, there are many case studies and approaches 

that can provide successful experiences and guide LDCs to 

solutions. However, there is no universal solution that fits 

every context.  

• Capacity building is critical for leaders in LDCs’ governments 

and sectors to facilitate an understanding of the problems, 

available technical options, policy and financing instruments, 

and associated regulatory frameworks.
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Investors Can Accelerate Progress
by Working with LDCs to Find  

Tailored Solutions

Energy transition projects in LDCs need investment from a range of private, public, and concessional sources, complemented by government support.46

LDCs need to reach a shared agenda on accelerating energy access and the energy 
transition for the upcoming LDC5

Uses of Finance Sources of Finance

Lower-risk commercial 
activities
(no subsidy)

• Standalone systems for 
productive use

• Pico solar for middle to high 
socioeconomic brackets

Market-based financing 
Commercial investors

Higher-risk commercial 
activities
(in need of temporary subsidy)

• Utility-level generation
• Minigrids

Guarantees, subordinate 
capital, first loss capital 
Development finance institutions 
(DFIs), government

Not fully commercially viable 
activities
(in need of temporary subsidy)

• Minigrids targeting  
productive use

Not fully commercially viable 
activities
(in need of long-term or 

permanent subsidy)

• Transmission
• Distribution
• Efficient appliances
• Electric transportation
• Cooking solutions
• Pico solar for low 

socioeconomic brackets

Donor capital, grants, 
and some concessional 
financing 
Government, NGOs, DFIs

Subsidy
required

Full commercial

Government role is to de-

risk investment in segments 

that can be commercially 

viable by reducing perceived 

risks, such as lengthy and 

uncoordinated procurement 

and permitting processes 

for clean energy projects, 

and supporting economically 

viable projects that lack 

commercial return rates to 

attract investors.
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Investors

Investors and LDCs’ governments can join efforts to overcome barriers affecting finance 
flow toward the energy transition

Preference for loans versus grants: There is a 

particular need for grant financing in LDCs, for example 

grant support for feasibility studies for early-stage 

projects, grants for PU equipment, or grants to design 

demand-stimulation programs. But international funds 

have preferred to use loans rather than grants. 

Priorities of funds’ results frameworks: Funds give 

high weight to parameters such as greenhouse gas 

abatement and leveraging co-finance, which incentivize 

large-scale investments in (higher-emitting) middle-

income countries. 

Overemphasis on private-sector engagement: The 

current trend in international finance is toward even 

greater private-sector engagement through public–

private partnerships, yet it is important to reaffirm the 

central role of public finance in sustainably financing 

infrastructure and thereby providing the basis for 

structural transformation. 

Complicated finance system: There are multiple 

financing facilities with overlapping but different 

focuses, terms, and application systems, making it 

difficult for LDCs to navigate. Capacity support is 

necessary for LDCs, but they don’t know where to apply 

for it. 

Intensive de-risk work: LDCs face many de-risk needs 

and de-risk options. Tailored solution are needed for 

different projects to attract appropriate investment.

High risks (actual and perceived): 

political instability, regulatory 

uncertainty, currency risk, low investor 

returns, an unproven business model, and 

unreliable cash flows (creating concerns 

of nonpayment).

Investor returns and short-termism: 

Investments in low-income energy 

markets are often longer term, higher 

risk, and generate a lower financial return.

Investment size and transaction costs: 

The sums of finance are often too small 

for mainstream investors. The transaction 

costs of funding many small projects are 

high because of the due diligence and 

bureaucracy involved.

Policy and regulatory environment: In 

many developing countries, the policy 

and rules around energy projects can be 

unfavorable or confusing.

Shortage of proven business models 

and quality business plans: Funders are 

looking for proven business models and 

well-developed business plans, a clear 

understanding of risks and returns, and an 

indication that risks are being managed. 

Need to work together 
to communicate 

concerns from both 
sides and find a 

compromise solution.

For LDCs, there is no 

easy-access financing.

For investors, there is 

no investment-ready 

project pipeline.
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Investors

Concerted and complementary interventions from different financial 

actors to address challenges in access to finance for LDCs will create a 

virtuous circle, leading to an acceleration in the creation of pipelines of 

bankable clean energy projects. Ultimately, this catalytic intervention from 

investors will drive down transaction costs for energy transition projects.

The investor community is poised
to provide catalytic support to accelerate 
the volume and readiness of energy 
transition projects

Investor type Key actors
Early-stage 
feasibility grant 

Long-term  
public financing 

Project de-risking 
facility  

Simplified access to 
finance system 

Philanthropy
• The Rockefeller Foundation
• Shell Foundation

Concessional 
Finance

• The World Bank, IFC 
• African Development Bank 
• European Investment Bank 

Commercial 
Finance

• The World Bank, IFC 
• African Development Bank 
• European Investment Bank 

Climate Finance
• Green Climate Fund
• Global Environment Facility 
• Green Investment Banks, etc. 
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Investors

By bridging the communication gap,  
LDCs, policymakers, and investors  
can create a sustainable enabling 
environment and multiply benefits from 
this catalytic engagement  

• Communications between investors and LDCs are needed to tailor 

solutions that serve the needs of both sides:

• Investors should find LDCs’ pain points on funding applications and 

tailor the financing system to better serve the specific context of 

LDCs, reducing the complexities wherever possible. 

• LDCs should understand investors’ key concerns and leverage policy 

and regulation instruments to de-risk the investment accordingly. 

• A shared agenda between governments and investors can be built 

through government-led energy transition investment studies that 

provide a clear and specific investment prospectus for various energy 

transition projects and that assess existing financing resources. 

• This type of work is complicated and needs dedicated funding 

support and collaboration among government, financing experts, and 

technical experts.

CASE STUDY  

The Malawi Sustainable Energy Investment Study by Malawi’s 

Department of Energy Affairs and other partners provides a 

clear and specific investment prospectus for meeting Sustainable 

Development Goals and improving power sector financial 

health and service. This type of work will help the government, 

development partners, investors, and the private sector 

converge on a shared agenda.47

Project prioritization

• Identifies projects and programs in 
transforming the power sector, and 
builds a timetable of implementation.

Finance analysis

• Maps project needs to appropriate 
types of finance, identifies 
funding sources, and provides 
recommendations to obtain financing.

De-risk project identification 

• Identifies key sector-wide risks 
and provides recommendations to 
reduce perceived and existing risks to 
attract appropriate, low-cost, private 
investment.
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Investors

Key Takeaways: Investors’ 
Contributions in LDCs’ Energy 
Transition Journey

• Providing catalytic support through feasibility studies and 

demonstration projects will help inform policymakers and in 

return foster a positive enabling environment to accelerate the 

creation of bankable electrification projects.
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Build a Shared Vision and Gain 
Momentum for Future Work

• These principles offer a framework to create an ecosystem 

for achieving universal energy access with an economic and 

environmentally friendly optimum. 

Key principles can structure future 
power system improvement in LDCs

• Supported by tangible, evidence-based, and replicable examples of 

energy access and transition efforts, these principles will help effectively 

address challenges from the capacity building stage to implementation. 

• LDCs’ adoption of common guiding principles will help create a shared 

vision, foster collaboration among LDCs, and build momentum in the 

run-up to the 2021 UN High-Level Dialogue on Energy, as well as the 

LDC5 Conference.

Principle 1: System planning: To avoid technology lock-in or economic risks (e.g., stranded assets), integrated power system 

planning in LDCs should embrace a flexible approach that fully considers all types of resources, from generation to consumption.

Principle 2: Reducing cost: Taking advantage of improvements and cost reductions in energy technologies will require the 

creation of supporting, forward-thinking programs such as technical guidance and bulk procurement.

Principle 3: Increasing investment: The creation of incentive mechanisms toward clean energy solutions is critical to prioritize 

suitable technologies, accelerate adoption of proven business models, and raise attractiveness for both international public 

financing and private capital. 

Principle 4: Creating a market: LDCs can create and guide renewable and efficiency markets, anchored locally by developing 

demand-stimulation programs that streamline supply chains, ensure access, and develop standards for encouraging renewable 

technologies and efficient appliances.

Principle 5: Enabling expansion: Clear regulatory environments in LDCs will guarantee policy continuity and define crucial issues 

such as tariffs, subsidies, licensing, and technical standards.
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Appendices

Appendix A: Consumption Thresholds48

The 300 kWh and 1,000 kWh per person per year consumption thresholds 

can both be found in the Electrifying Economies website:  

• The 300 kWh threshold comes from bottom-up energy ladder modeling 

in rural communities.49 It builds an estimate of rural electricity needs, 

drawing on usage and performance levels of various appliances and 

activities. Taken together, these usages allow communities to reach a 

level of energy prosperity as they start to see the economic benefits  

of electrification: 

• Residential use: Extensive lighting, phone charging, and radios. 

Half of all cooking needs with electric cookstoves, induction hubs, 

and pressure cookers providing high-quality cooking solutions and 

drastically cutting indoor air pollution. Practically every house now 

has a refrigerator, and some have separate freezers. Almost all 

households have TV and more than two-thirds of them own fans. A 

good portion of the wealthier households have irons and washing 

machines, reaching levels consistent with those in fully electrified, 

middle-income countries. Electronics such as internet routers and 

kitchen appliances account for further energy consumption. 

• Community services: Health clinics, schools, and shared water supply. 

• Productive use: Irrigation for crops and electrified grain milling 

increases agricultural productivity. Shops, hospitality businesses, 

welders, and sawmills produce employment and income. The 

community becomes wealthier by increasing its output and 

attracting investment. 

• The 1,000 kWh threshold comes from a rough observation of 

consumption data for countries around the world.50 Historical data 

shows that gross national incomes (GNI) and electricity consumption 

are strongly correlated across countries and over time within the same 

country. A cross-country estimate suggests that national average 

electricity consumption of 1,000 kWh per person per year corresponds 

to an annual income of about $2,500 per person—roughly the midpoint 

for lower-middle-income status. Using this country-level indicator as a 

modern energy minimum could complement existing household access 

measurements to help target the next step on the energy ladder.
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Annual per capita consumption for 
activities in rural areas

Restaurant

Exhibit 21
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Appendices

Appendix B: Consumption Scenario Setting

• Assuming three energy service levels that LDCs aimed to provide for 

their customers:

• Consumption threshold to be defined as energy access: IEA’s 

definition of energy access is annual consumption per capita 

reaching 50 kWh in rural areas and 100 kWh in urban areas. 

• Consumption threshold to drive local economic activities: The 

minimum consumption threshold that sufficiently drives social and 

economic development is set at 300 kWh per person per year. 

• Consumption threshold to support modern economies: The minimum 

consumption threshold sufficient to support modern economies is 

set at 1,000 kWh per person per year. 

• Calculating the annual consumption level for people who have power 

access today:

• The current electric power consumption (kWh per capita) data are 

calculated based on the countries’ total population instead of the 

population with power access. 

• To understand the energy service level of people who have access 

today, the new annual consumption level is calculated using total 

annual consumption divided by the population with power access. 

• Setting three scenarios to estimate the total annual power 

consumption of all LDCs in 2030:

• Minimum scenario: Provide new rural customers with 50 kWh per 

year, and new urban customers with 100 kWh per year. Keep the 

consumption level of those who have power access in the country 

today the same. 

• Development scenario: Ensure everyone with at least 300 kWh annual 

consumption. If people with power access consume more than 300 

kWh per year today, the consumption level for this group of people 

remains the same, and assume new customers have 300 kWh annual 

consumption. Otherwise, assume everyone will have 300 kWh annual 

consumption in 2030. 

• Modernization scenario: Assume everyone will have 1,000 kWh 

annual consumption in 2030. Note the annual electricity consumption 

of Bhutan already meets this target even after considering the 

population growth. Therefore, the study assumes Bhutan’s total 

power demand remains the same in this scenario, as it’s enough to 

provide targeted energy service.
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• Electricity from renewables became cheaper as capacity increased:

• At each doubling of installed solar capacity, the price of solar 

electricity declined by 36%. 

• At each doubling of installed wind capacity, the price of wind 

electricity declined by 23%. 

Price comparison for different generation technologies depending on capacity installedExhibit 22

• Electricity from fossil fuel was historically cheap, but it’s not  

getting cheaper:

• There is little room for substantially improving the efficiency of fossil 

power plants. 

• The price of electricity from all fossil fuels is not only determined by 

the technology but to a significant extent by the cost of the fuel itself.

Appendix C: LCOE of Different Generation Technology51
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Appendices

Appendix C: LCOE of Different Generation Technology52

LCOE comparison for different generation technologiesExhibit 23
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Appendices

Appendix D: Relationship between Energy 
Access and Socioeconomic Development53

• Access to modern energy, such as electricity and electric lighting, 

plays an indispensable role in enabling widespread socioeconomic 

development:

• Provision of modern energy services unlocks the potential to 

enhance economic development, public health, education, water 

and sanitation, gender equality, and a range of other factors 

affecting development goals. 

• The cumulative effect of energy access enables citizens to better 

their own socioeconomic livelihoods, participate in an increasingly 

global market, and ultimately contribute to economic development 

and prosperity domestically. 

• Energy access programs can be crucial in supporting broader 

environmental objectives such as avoiding environmental destruction 

for economic gain and reducing greenhouse gas emissions. Therefore, 

energy access efforts that support poverty reduction, as well as health, 

environmental, and other social and economic goals, should integrate 

with broader climate objectives and programs.
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Economic 
development

• Reduced household energy expenditure both in financial and labor terms
• Enabling of enterprise development among agriculture, manufacturing, and service sectors
• Increased connectivity and competitiveness in today’s globalized world

Education
• Improved studying conditions 
• Better classroom technology

Gender equality
• Time liberation for women and girls from chores
• Enabling of girls’ education by reducing girls’ workload at home
• Improved women’s health by reducing indoor air pollution 

Public health and 
healthcare

• Reductions in respiratory illnesses from indoor air pollution
• Operation of basic medical equipment and provision of treatment at night 
• Refrigeration of vaccines, medicines, and blood

Water and 
sanitation

• Better water accessibility
• Enabling of water treatment and sanitation facilities 

Climate resilience
• Reductions in combustion-based fuels
• Enabling of renewable integration
• Better equipped for disaster and emergency situations 

Related development programs

Poverty 
Alleviation 
Programs 

Health Programs 

Education 
Programs

Climate Change 
Programs

Agriculture 
Programs

Water Quality  
Programs

Air Quality  
Programs

Disaster Relief 
Programs
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Appendix E: Comparison of Revenue-Sharing Arrangements54

Arrangement Advantages Disadvantages

Lump Sum 
Payment

• Landowner: Source of immediate cash
• Developer: Does not have to provide payments in subsequent years

• Landowner: Does not provide steady income stream
• Developer: Must provide lump sum up front

Flat or Fixed 
Fee (per 
turbine/
hectare)

• Landowner:
• Provides steady, predictable income stream
• Protected in years of low electricity and/or revenue 

• Developer: Does well in high-production/revenue years 

• General:
• Can be used to compensate a landowner for use of land for an access road 

crossing the property, even if there is no turbine installed on the land
• Clarity and transparency: Easy to verify

• Landowner: Forgoes potentially higher, if fluctuating, level of income 
associated with royalty payments 

• Developer: Expenses are harder to bear in years of low electricity and/or 
revenue 

• General:
• Payments do not mirror actual revenue generated
• Eliminates the economic incentive for the landowner to cooperate with 

the developer to ensure optimum power generation

Royalties

• General:
• Takes into account varying productivity
• Gives landowner incentive to work with developer to place the turbines 

on the most productive locations
• Gives landowner and developers incentives to ensure continuous power 

generation
• Easy to verify if based on gross revenue

• Landowner: Difficult to verify electricity and revenue generated by each 
turbine:
• Individual turbine generation information is hard to get
• Individual monitors on turbines do not reflect the energy sold because 

they do not account for energy losses in the electrical system
• Developers generally do not like to share turbine productivity data

Royalty/
Minimum 
Guarantee 
Combination

• Same as above, with additional benefits from an up-front fee or a 
minimum guarantee

• Same as above
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Appendix F: Technology Cost Benchmarks for Integrating Renewables55

Summary of estimated costs for renewable power integration into 
existing grids

Smart grid technology costs

Offshore 
wind plants

Onshore
wind plants

Other RE 
technologies

Grid 
infrastructure 
costs

Grid 
connection 
costs

15%–30% 
of the total 
capital cost of 
offshore wind 
farms

11%–14% of the 
total capital 
cost of onshore 
wind farms

0%–5% 
of project 
investment 
costs for other 
renewable 
technologies 
(EUR 0–75/kW)

Grid 
upgrading 
costs

Usually the 
upgrading cost 
is included 
in the grid 
connection 
cost

EUR 0.5–3.0/MWh for 20%–30% 
energy penetration level

System 
operation 
costs

Profile 
costs

Costs due to reduced utilization of plants constitute 
more than half of the integration cost at 30%–40% 
penetration rates (EUR 15–25/MWh).
Costs are zero or negative at low penetration rates.

Short term 
system 
balancing 
costs

< EUR 6/MWh for thermal systems
< EUR 2/MWh for hydro systems

Technology Capital and O&M costs

Advanced metering 
infrastructure (AMI)

US$50–$250/meter; up to US$500/meter, 
including communications and IT; 
O&M US$1/meter/month

Advanced electricity 
pricing

Depends on program; generally low if AMI already 
exists

Demand response 
(DR)

US$240/kW capacity 
(vs. US$400/kW for gas peaking plant); 
O&M costs low

Distribution 
automation (DA)

Depends on specific tech; IVVC/FLISR demo
~ US$150,000/feeder

Renewable resource 
forecasting

Wind forecasting service
US$ 2,500/month/plant;
PV expected to be similar

Smart Inverters <5% more than conventional inverter;
O&M same as conventional inverter

Distributed storage Tech-dependent; typically higher than other energy/
power production methods

Virtual power plants 
(VPPs)

Low

Micro-grids Technology-dependent; US$5/watt capacity
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