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EXECUTIVE SUMMARY

As articulated by the 2024 G20 Rio Summit, 2024  
[1]: “Energy poverty occurs when households or 
territorial units cannot fulfil all of their domestic energy 

needs as a result of lack of access to energy services, an 
inability to afford them, or their poor quality or unreliability in 
order to, at minimum, safeguard their health and provide for 
opportunities to enhance their well-being”. This Outcome 
focuses on energy affordability.

Addressing challenges linked to energy affordability requires 
various measures and the following voluntary toolkit elements 
can be referenced to inform national policy, regulatory, and 
investment potential actions towards enhanced energy 
affordability and efforts to achieve SDGs: 

1.	 Lifeline tariffs may assist in providing basic energy 
access for poor households, while more targeted 
subsidies could also assist in addressing affordability 
without overburdening utilities.

2.	 Promote measures such as regulatory or targeted 
subsidies, amongst others, to protect the most 
vulnerable households.

3.	 Promote partnerships to mobilise funding for energy 
infrastructure, particularly in developing countries. 

4.	 Encourage investment in diversified technologies 
and resources that are fit for national circumstances, 
resource endowment and development priorities that 
ensure energy affordability, overall energy security and 
alleviate energy poverty.  

5.	 Support measures that promote equal opportunities 
and recognise policies that drive inclusive participation 
and women’s empowerment through opportunities to 
address disparities in energy access and affordability. 

6.	 Promote diverse and context-appropriate solutions such 
as off-grid and mini-grid systems that draw on a mix 
of energy sources to serve isolated, rural, and remote 
communities where network expansion is costly. 

7.	 Promote a diversified and balanced energy mix that 
promotes access to affordable, reliable, sustainable, and 
modern energy for all, in line with SDGs.  

8.	 Support integrated national energy planning aligned with 
rural development and poverty reduction goals. 

Support energy efficiency and contribute to the goal of 
doubling the global rate of improvement in energy efficiency 
by 2030. Energy efficiency is a “first fuel”. Buildings, transport, 
industry, the power sector and clean cooking may benefit 
from various energy efficiency and energy saving measures 
such as sustainable consumption, the adoption of digital 
monitoring, super-efficient appliances, optimising demand 
for heating and cooling, and scaling up of commercially 
available energy efficiency technologies in line with national 

circumstances that can enable clean, sustainable, affordable, 
just and resilient energy transitions through collaboration and 
using innovative financing mechanisms. 

SCOPE AND STRUCTURE
This report addresses Output 5: Voluntary Energy Affordability 
Toolkit, under Priority 1: Energy Security and Affordable, 
Reliable Access of the Energy Transitions Working Group 
(ETWG) for G20 South Africa 2025 Presidency. It is structured 
around four core sections: 

(1)	 regional energy poverty, energy access and affordability 
assessment, 

(2)	 a set of policy and regulatory actions to enhance energy 
affordability, 

(3)	 balancing utility-led interventions with consumer- and 
community-based initiatives to ensure affordable energy 
access, and

(4)	 energy efficiency, monitoring and evaluation. 

Section A assesses regional disparities in energy affordability 
across member G20 countries. The section also examines 
access to social tariffs - such as lifeline or free basic electricity 
- and broader issues like grid and energy poverty. 

Section B reviews existing policy and regulatory frameworks 
and proposes coordinated interventions by governments, 
regulators, and utilities to expand access to affordable, 
sustainable energy, particularly for vulnerable populations. It 
highlights national and regional strategies, legal frameworks, 
and energy efficiency regulations that support balanced and 
inclusive energy transitions.

Section C will focus on voluntary measures that can be taken 
by utilities to provide affordable energy access for vulnerable 
populations while maintaining financial sustainability. This 
section reviews innovative financing models, subsidies, 
public-private partnerships, and donor-led initiatives aimed at 
supporting inclusive energy provision.

Section D will focus on Energy Efficiency. The G20 has 
pledged action on energy efficiency, and at COP28, world 
leaders adopted the Global Renewables and Energy 
Efficiency Pledge to double global energy efficiency 
improvements by 2030 [2], [3]. Included in this section will 
be policies, regulations, controls, technologies, monitoring, 
capacity building, funding options, other incentives and 
awareness campaigns for energy efficiency.

Together, these sections contribute to a compilation of 
elements to develop a Voluntary Energy Affordability Toolkit 
for developed, developing and underdeveloped countries, 
with the overarching goals of reducing energy poverty.
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SECTION A

ENERGY POVERTY AND 
ENERGY ACCESS AND 
AFFORDABILITY 



BACKGROUND

This outcome examines disparities in energy access and affordability, as well as the prevalence of energy poverty. By 
comparing rural electrification outcomes across this diverse group of nations, the analysis seeks to uncover drivers that 
either hinder or facilitate access and/or affordability of modern energy services. 

POPULATION GROWTH

Figure 1 shows the current population of the five regions of the AU, the EU, and the individual G20 member countries. 
India and China dominate this chart, with populations of at least 1.4 billion each, but it should be noted that summing the 
populations of the AU’s regions yields a similarly sized total [4]. The EU, when treated as a collective union, comes next 
with around 450 million people. 

Figure 1: Population of the five regions of the AU (red), the EU (yellow), and the individual G20 member countries (blue) in 2024, as per UN 
population estimates [4].

In the middle tier, we see populations ranging from about 200 to 400 million. This group includes the United States (~330 
million), Indonesia (~270 million), Brazil (~215 million), and the various African regions shown, such as Western, Eastern, 
and Northern Africa. These regions and countries hold substantial population sizes that will continue to drive rising demand 
for electricity and other resources. 

Below this, there is another group of G20 members with populations in the range of 100 to 200 million, including Russia, 
Mexico, and Japan. Although smaller than India or China, these populations are still large enough to have significant weight 
in global energy use and policy.

Finally, the smallest G20 members are Germany, France, the United Kingdom, South Africa, South Korea, Canada, Saudi 
Arabia, and Australia, each with populations ranging from 25 to 85 million. 
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In the high-growth countries such as India, Indonesia, Saudi Arabia, South Africa, Türkiye, etc., populations are projected 
to keep growing significantly through 2100. Without proportional expansion of generation capacity and infrastructure, 
population growth will outpace electricity availability per capita, possibly worsening energy poverty. In countries such as 
Japan, Italy, Germany, South Korea, and Russia, populations are projected to plateau or decline by mid-to-late century, 
while energy poverty in these countries is not about access but affordability, inequality, and ensuring sustainable supply 
during the just energy transition [5], [6], and [7].

RURAL POPULATION

It can be observed that AU member countries have a higher proportion of their populations living in rural areas than in most 
other G20 members [8], as shown in Figure 3. 

Figure 3: Percentage of urbanisation in the EU (yellow) member countries, and the individual G20 member countries (blue) in 2024, as per 
UN estimates [8].

Among the G20 member states, countries such as Argentina, Japan, Brazil, Saudi Arabia, the United Kingdom, France, 
Canada, Mexico, and the Republic of Korea stand out as highly urbanised, with more than 80 per cent of their populations 
living in urban areas. In the middle range are countries like Germany, Turkey, the Russian Federation, Italy, South Africa, and 
China, where between 60 and 80 per cent of people live in urban settings. At the lower end of the spectrum are India and 
Indonesia, which are the least urbanised of the G20. In both countries, the majority of the population still resides in rural 
areas, largely due to the continued importance of agriculture and rural livelihoods.

These differences have implications for energy access, infrastructure planning, and economic policy, especially in addressing 
rural development needs.

RURAL AND URBAN ACCESS TO ELECTRICITY

This section evaluates the percentage of the population with access to electricity across G20 member countries, 
disaggregating the data to highlight disparities between urban and rural areas. By examining both the share of the population 
with access and the proportion of people living in urban versus rural settings, the analysis provides a nuanced view of how 
electricity access is distributed within and across countries and rural and urban areas. Across the G20, most countries 
report electricity access rates exceeding 90%, reflecting decades of investment in infrastructure and energy systems. 
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However, there are notable exceptions: Indonesia, South Africa (89.8% in 2023) [9], and 58% of the African population 
[10] in 2023, particularly in rural areas. These disparities highlight challenges in achieving universal electrification despite 
national progress. These figures are based on data sourced from the World Bank Group Databank [11]. Figure 4 illustrates 
the percentage of the population with access to electricity across G20 member countries, highlighting the near-universal 
access in most members and the remaining gaps in the AU. Table 1 provides the country names and corresponding 
abbreviations to facilitate cross-country comparisons. 

Table 1: Abbreviations and corresponding country names for G20 members

Abbreviation Country Abbreviation Country

ARG Argentina ITA Italy

AUS Australia JPN Japan

BRA Brazil KOR Korea, Rep.

CAN Canada MEX Mexico

CHN China RUS Russian Federation

DEU Germany SAU Saudi Arabia

EU European Union TUR Turkiye

FRA France USA United States

GBR United Kingdom ZAF South Africa

IDN Indonesia AU* African Union

IND India

Figure 4: Percentage of population with access to electricity in G20 member countries [12]
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A consistent trend across the G20 is the urban-rural divide in electricity access. Figure 5 presents the share of the urban 
population with access to electricity in G20 member countries, while Figure 6 illustrates the corresponding share for rural 
populations.

Figure 5: Urban access to electricity in G20 member countries represented and percentage of urban population [11]

Figure 6: Rural access to electricity in G20 member countries represented and the percentage of rural population [13]
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Urban populations experience greater access, largely due to concentrated infrastructure, higher population densities, and 
improved service delivery mechanisms. In contrast, rural areas often face limited grid extension, high connection costs, 
and logistical barriers, which contribute to significantly lower access rates [14]. Many countries face a dual challenge in 
expanding access to first-time users, particularly in rural regions, while simultaneously improving the quality and reliability 
of existing connections [15]. The persistence of these gaps underscores the need for targeted policies, rural electrification 
programs, and financial mechanisms to reduce upfront connection costs [16], [17], [18]. These figures collectively highlight 
the importance of tailored, region-specific energy access and affordability strategies that account for geographic, economic, 
and demographic variations within and across countries.

Decentralised energy solutions (for example, mini-grids, off-grid solar) could potentially be leveraged to overcome cost and 
infrastructure limitations in rural areas. Targeted public investment and donor support could also be utilised to strengthen 
rural electrification. Integrated energy planning that aligns electrification strategies with rural development goals is essential 
for addressing the rural-urban divide in electricity access. It is critical for achieving equitable development, reducing energy 
poverty, and enabling inclusive economic growth across Africa.

ENERGY SOURCES

Figure 7 illustrates the evolution of installed electricity generation capacity across G20 member countries, including the 
AU and the EU, while Figure 8 provides a closer look at capacity development within the AU based on IRENA’s statistical 
data [19]. Both figures highlight the substantial growth in overall electricity generation infrastructure over time, underscoring 
ongoing efforts to meet increasing energy demand and support economic development. In the G20 context, total installed 
capacity has grown significantly over time, driven by large-scale additions across a diverse range of technologies. This 
growth has been relatively steady, reflecting mature infrastructure, stable investment environments, and long-term energy 
planning in many of these countries. 

Figure 7: Installed electricity capacity over time for all G20 
member countries, including the AU and EU (data sourced 
from IRENA [19] )

Figure 8: Installed electricity capacity over time for countries within the 
AU (data sourced from IRENA [19] )
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COST OF ELECTRICITY

Understanding the cost of electricity is essential to assessing overall energy affordability for end users. From the consumer’s 
perspective, it reflects the actual amount paid to access and use electrical energy. However, this cost is shaped by multiple 
components across the power system. Two key dimensions are particularly relevant: the cost of generating electricity and 
the affordability of access. While generation costs influence wholesale prices, affordability is determined by how these costs 
translate into retail prices, tariffs, and the burden placed on different income groups. 

COST OF GRID INFRASTRUCTURE AND SUPPORT SERVICES

Addressing energy and grid poverty requires a holistic understanding of the full cost of electrification – beyond generation, 
considering the infrastructure needed to deliver power reliably and equitably. The cost of grid infrastructure and support 
services includes capital and operational expenditures related to transmission and distribution (T&D) networks, substations, 
grid operation, and ancillary services such as voltage regulation and frequency control. These grid costs are often the 
determining factor in whether governments and utilities prioritise centralised grid extension or decentralised solutions like 
mini-grids and solar home systems. In many developing countries, weak or ageing grid infrastructure also contributes 
to low reliability, frequent outages, and underutilised capacity, further exacerbating energy poverty despite nominal grid 
connection.

Costs vary significantly depending on geographic and demographic factors, including topography, urban versus rural 
location, and the dispersion of end-users. Maintenance and upgrade costs over the grid's life cycle are often underestimated, 
particularly in regions where climate vulnerability exacerbates infrastructure degradation. 

The cost structure of grid infrastructure is evolving, driven by the need to accommodate the intermittent and decentralised 
nature of VRE (which introduces variability and uncertainty into electricity systems), requiring investment in transmission 
and distribution networks, balancing mechanisms, and ancillary services [20], [21], [22]. Moreover, VRE resources are often 
located far from demand centres (for example, desert regions or offshore), necessitating new long-distance transmission 
infrastructure and substation upgrades [23], [24]. This increases both capital costs and operational complexity. Advanced 
control systems, grid digitalisation, and real-time monitoring technologies are also becoming more critical, adding further 
cost layers to conventional infrastructure. 
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ENERGY PRICES

The cost of energy generation considers technical and economic parameters of energy supply under a private investment 
that recovers all resource supply costs. This cost is usually defined as the real constant payments for a unit of electricity 
calculated under a scenario that considers a given discount rate, no sovereign risk, and a given level of risk for the investor 
[25]. However, the definition includes investment costs, operations and maintenance, fuel costs, social and environmental 
damage, and business performance. In addition to the end-user energy cost and the subsidies, the cost of energy access 
includes the transaction costs between the end user and the service provider. The analysis of the cost of energy is important 
when assessing energy demand and availability and different levels of energy services. Figure 9 shows the average gas and 
electricity prices in 2010 and 2025 for individual G20 member states [26], [27], [28].

High energy prices are a key driver of energy poverty; however, their impact must be understood in the context of the 
individual consumer and their affordability. Thus, both the level of wealth of the country and the wealth of the household 
relative to other households within that country can affect whether energy prices will drive that household into energy 
poverty.

Figure 9: Average gas and electricity prices in 2010 and 2025 [26], [27], [28]
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GENDER DISPARITIES IN ENERGY AFFORDABILITY

Gender disparities in electricity affordability persist across many G20 countries, particularly affecting female-headed 
households in rural and low-income settings. In several regions, these households consistently report lower rates of 
electrification compared to their male-headed counterparts. This inequity underscores the need for gender-responsive 
energy policies that explicitly address social and structural barriers to access [29].

In Sub-Saharan Africa, some regions face notable energy poverty, with women bearing a disproportionate burden, 
spending 20-30% of their time and income on inefficient energy solutions and agricultural practices [30]. Limited access 
to modern energy appears to restrict women's opportunities for education, economic participation, and entrepreneurship. 
Conversely, the affordability of energy can significantly enhance women's productivity by enabling the use of electric 
cooking appliances, lighting, information technologies, and equipment for small businesses [31].

Several initiatives across Africa - ENERGIA (the International Network for Gender and Energy), ECOWAS’s Policy for Gender 
Mainstreaming in Energy Access, the Global Alliance for Clean Cookstoves (now known as the Clean Cooking Alliance), 
and Power Africa’s Women in Energy program - actively promote female empowerment through targeted energy-access 
interventions. ENERGIA, founded in 1996, works to integrate gender in energy policies and support women-led energy 
enterprises, reaching over 4 100 SMEs and nearly 3 million consumers across Africa and Asia during its Phase 5 project [32], 
[33], [34], [35], [36]. The ECOWAS Gender Mainstreaming Policy, endorsed in 2015, mandates the integration of gender-
inclusive measures into energy initiatives across West Africa, including capacity-building, women’s technical exchange 
programs, and financial support for women entrepreneurs [37]. The Clean Cooking Alliance (originally the Global Alliance for 
Clean Cookstoves), launched in 2010 by the UN Foundation, funds and advocates for clean-cooking technologies, which 
disproportionately benefit women by reducing health risks and time spent collecting fuel. Power Africa’s Women in Energy 
program (as part of broader initiatives like IFC’s Energy2Equal) focuses on boosting women’s participation in the energy 
sector - from entrepreneurs to technical roles - via training, mentorship, and workforce development [38]. Together, these 
programs address not only energy access but also leverage energy systems as a catalyst for gender equality, economic 
opportunity, and community health.

HOUSES RECEIVING LIFELINE TARIFFS/ FREE BASIC ELECTRICITY

Energy costs may be controlled or subsidised in various ways across jurisdictions. In some regions, impoverished 
households may have access to a portion of low-cost electricity per month, known as lifeline or social tariffs. Governments 
may also implement measures to reduce average energy costs or cap maximum prices charged to consumers [39]. These 
measures may be put in place in some jurisdictions on a temporary basis to provide support during times of crisis. Several 
African countries implemented free basic electricity under the lifeline tariff category for low-consumption customers as a 
relief measure during the COVID-19 pandemic [40]. 

Many countries in Africa provide cross-subsidised low electricity prices for consumers with low electricity consumption. 
The aim is to make electricity affordable to those using electricity on a subsistence level. These low rates are referred to 
as lifeline tariffs and typically cover between 25kWh and 100kWh of monthly consumption. The effectiveness of lifeline 
tariffs can be undermined by high connection fees that lead to multiple households connecting to the grid through a single 
electricity meter [41]. 

A more targeted approach than consumption-based progressive tariffs can also be followed, as is done in South Africa, 
where households that qualify for the assistance receive a subsistence level of electricity (typically 50kWh per month) free 
of charge [41]. More targeted approaches to providing subsidised electricity are also followed in some European countries 
and referred to as social tariffs [42].

 Grid poverty, on the other hand, describes both the physical absence of grid infrastructure and inadequate service 
provision even in grid-connected areas. It is particularly pronounced in rural and remote communities, where the high 
cost of extending national grids often leads to systemic exclusion. Grid poverty also encompasses situations in which 
connections exist, but electricity is intermittent, unaffordable, or insufficient for productive use.
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ON-GRID VERSUS OFF-GRID CAPACITY

Electricity is a foundational indicator of energy poverty and a key enabler of economic participation, education, healthcare, 
and overall quality of life. Rural populations often face systemic barriers to grid connectivity and reliable supply, compounding 
socioeconomic disadvantages. By highlighting these disparities, the analysis supports targeted policy recommendations 
to improve equity in energy access and guide investments in infrastructure that prioritise underserved communities. The 
availability of electricity is strongly linked to both individual well-being and national income, primarily through its role in 
enabling economic activities. Figure 10 depicts the evolution of on-grid installed electricity capacities across African regions, 
while Figure 11 illustrates the growth of off-grid capacities over the same period.

Figure 10: On-grid installed regional electricity capacities within Africa over time (data sourced from IRENA [19] )
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Figure 11: Off-grid installed regional electricity capacities within Africa over time (data sourced from IRENA [19] )

Access to electricity has long been recognised as a driver of poverty reduction, with evidence showing that electrification 
can reduce poverty by up to 30% in newly connected areas [43]. However, access alone is not sufficient - reliability, 
affordability, and the ability to use electricity productively are essential to realising sustained development benefits [44]. 

QUALITY OF SUPPLY

Quality of supply refers to the reliability, stability, and adequacy of electricity provided to consumers. This includes the 
frequency and duration of power interruptions, voltage stability, and the capacity of the energy system to meet both 
household and productive demand without interruption. In many low- and middle-income countries, consumers experience 
frequent outages, load-shedding, or low-voltage supply, which can undermine the benefits of electrification even when 
access exists [45], [46].

The type and reliability of generation technologies, the condition of transmission and distribution infrastructure, and the 
effectiveness of energy governance all play critical roles in determining actual service quality [47]. For example, systems 
heavily reliant on ageing fuel infrastructure may suffer from mechanical failures, inadequate fuel supply, and costly 
maintenance, resulting in unpredictable supply and frequent outages [48]. Decentralised configurations and stand-alone 
systems can provide stable, modular access. However, these require careful system design, integration with storage, and 
operational planning to ensure adequacy during peak demand or adverse weather [23].

ENERGY DEMAND 

On a global scale, the total demand for energy has increased by 15% in the last decade [49]. In advanced economies, 
overall demand declined on average by 0.5% per year. In emerging markets and developing countries, which account for 
8% of the world’s population, energy demand increased at around 2.6% per year over the last decade [50].
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Electricity demand per capita provides an indication of the average amount of electricity used by each person in that country 
or region. Higher demand per capita tends to be associated with more industrialised and more developed economies.  
Figure 12 shows the aggregated demand per capita for all G20 countries vs African regions. Global electricity demand is 
expected to increase by an average of 3.4% through 2026 [51].

Figure 12: Aggregated G20 vs African Regions Demand per Capita (sourced from EMBER [52])

The aggregated electricity demand per capita of the G20 nations is substantially higher than that of the individual African 
regions. This significant divergence can be attributable to several factors. Foremost among these is the prevalence of energy 
poverty and limited electricity access across much of the African continent, where a substantial portion of the population, 
particularly in rural areas, remains unconnected to national grids or relies on rudimentary, low-consumption energy sources. 
Furthermore, lower levels of industrialisation and urbanisation compared to more developed G20 economies mean a 
reduced demand from energy-intensive sectors. Lower overall economic development and income levels also constrain 
the widespread adoption of electricity-consuming appliances and technologies. Beyond individual consumption patterns 
reflected in per capita figures, analysing total electricity demand is crucial for understanding a nation's overall energy 
requirements and environmental impact. While per capita demand highlights average usage, total demand reveals the 
scale of necessary infrastructure and the aggregate energy burden. Figure 13 shows the total electricity demand trends for 
the G20 countries, including the African regions [52].
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A significant trend is the rising total electricity demand in African regions, primarily fuelled by substantial population growth 
and ongoing urbanisation and industrialisation, despite persistently low per capita consumption [53], [54]. 

FACTORS AFFECTING ENERGY DEMAND 

Shifts in demand are observed in both developed and developing countries as a result of cultural changes, demographic 
shifts, improved infrastructure, greater access to new technologies, and changes in living standards.  There are several 
factors that may affect energy demand, listed in Table 2.

Table 2: Factors affecting energy demand

FACTOR SUB-FACTORS DESCRIPTION

High Upfront Costs Connection Fees The cost of connecting to grid electricity or installing renewable energy systems (e.g., 
solar panels) is often prohibitively high for poor households [55]

Appliance Costs Even if energy is available, the cost of purchasing energy-efficient appliances [56] can 
be a barrier 

Low Household 
Income

Limited Disposable 
Income

Poor households often prioritise spending on basic needs like food, shelter, and 
healthcare, leaving little for energy expenses [57]

Energy Expenditure 
Share

A significant portion of income may be spent on traditional fuels (e.g., charcoal, 
kerosene), which are often more expensive in the long run compared to modern energy 
sources [58]

Lack of Access to 
Credit and Financing

Limited Financial 
Services

Many poor households lack access to formal banking or credit systems, making it 
difficult to finance energy investments [59]

Infrastructure Deficits Rural Electrification 
Costs

Extending grid electricity to rural areas is expensive, and when the costs are passed on 
to consumers, it becomes unaffordable for poor households [60].

Lack of Investment Limited public and private investment in energy infrastructure in poor regions 
exacerbates energy access challenges [61], [62].

Geographical 
Isolation

Remote Locations Poor households in remote or rural areas often lack access to centralised energy 
infrastructure due to geographical barriers [63].

High Costs of 
Infrastructure 
Development

Extending energy infrastructure to isolated areas is often prohibitively expensive, limiting 
access to modern energy [64].

ENERGY AFFORDABILITY AND HEALTH RISKS 

When households can’t afford sufficient heating, homes remain cold, which increases risks of cardiovascular and respiratory 
illnesses, hypothermia, and in vulnerable populations (elderly, infants, and those with chronic illnesses) leads to excess 
deaths in winter. Conversely, in hot periods, households that cannot afford air conditioning or cooling, or have poorly 
insulated housing, are at increased risk of heat stress/heat exhaustion, dehydration, exacerbation of cardiovascular and 
respiratory conditions, and mortality. Vulnerable populations (low-income, children, the elderly, perhaps those with medical 
conditions) are disproportionately exposed and less able to respond or adapt to extreme weather and energy costs.

Achieving reliable, affordable, modern energy services for all is not only for climate or economic goals but also has a direct 
public health dimension. Policies that reduce energy poverty and improve energy affordability (e.g., via energy efficiency, 
insulation, subsidies, etc.) serve a dual purpose: improve health, reduce mortality; also help reduce emissions.
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INTERVENTIONS FOR ADDRESSING ENERGY AND GRID POVERTY

Addressing energy and grid poverty demands integrated, high-level interventions grounded in balanced policies, targeted 
funding, institutional reform, and diversified energy delivery models. While technological solutions (such as solar mini-grids 
or improved transmission lines) are essential, the root causes often lie in institutional, financial, and policy frameworks.

The AU, through the Continental Power Systems Masterplan (CMP) and the Africa Single Electricity Market (AfSEM), has 
articulated plans for a continent-wide interconnected power system encompassing 1.3 billion people across 55 countries. 
Once fully operational, AfSEM will become one of the world’s largest electricity markets. The CMP emphasises regional 
interconnection as a means of achieving technical and economic efficiencies, facilitating the utilisation of Africa’s diverse 
renewable energy resources across borders, and reducing reliance on carbon-intensive generation. By coordinating 
generation capacity, enhancing transmission networks, and promoting cross-border electricity trade, the initiative seeks to 
lower overall system costs and improve supply reliability. Furthermore, the CMP identifies the potential for such integration 
to expand energy access and address persistent grid poverty, thereby supporting sustainable economic development and 
contributing to long-term decarbonisation objectives [65].

Complementing regional integration efforts, the Data to Deal (D2D) model, developed under the UK’s Climate Compatible 
Growth (CCG) programme, is intended to bridge the gap between national energy planning and investment mobilisation. 
The framework combines data-driven modelling with the identification of investment pipelines to attract both concessional 
and private finance for clean energy deployment [66]. While the model highlights the importance of aligning planning with 
finance mobilisation, its effectiveness will depend on the quality of underlying data, the institutional capacity to implement 
identified projects, and the responsiveness of financial markets to such frameworks.

Policy and regulatory frameworks must evolve to explicitly address both affordability and inclusivity. Governments can 
prioritise universal electrification by adopting integrated energy access plans that embrace both grid and off-grid solutions. 
This includes removing regulatory barriers for decentralised energy providers, enabling community-level generation, and 
setting affordability targets within electrification policies [45]. 

Financing mechanisms are crucial for making energy services affordable while incentivising private- and public-sector 
investment in underserved areas. Results-based financing, connection subsidies, concessional loans, and blended finance 
approaches have been effective in reducing upfront costs and de-risking projects [47]. For instance, cross-subsidisation 
schemes - where high-consumption users offset costs for low-income households - can maintain utility viability while 
promoting equity.

Finally, interventions should focus on productive use of electricity and energy efficiency, ensuring that energy access drives 
development outcomes. Ensuring reliable, affordable, and high-quality electricity for all is fundamental to achieving just 
energy transitions. 

SECTION A CONCLUSIONS

The G20 plays a pivotal role in shaping global energy and economic policy.  Despite overall growth in energy access and 
capacity among G20 members, disparities in energy access and energy affordability persist. 

Many G20 countries are already experiencing rising frequency/intensity of heatwaves and cold spells. Infrastructure and 
housing vary significantly, so the ability to cope—through thermal comfort, reliable electricity, cooling or heating—also 
varies. More extreme events lead to higher energy costs and greater strain on households.

Electricity affordability is shaped not only by generation costs- which are falling due to decentralised energy advances - but 
also by grid infrastructure and pricing systems. Efforts to close the energy gap must go beyond expanding grid access 
to improve reliability, affordability, and service quality. Off-grid and decentralised solutions, supported by regulatory reform 
and targeted subsidies, can help address rural energy poverty. A just and inclusive energy transition will depend on scaling 
investment, improving governance, supporting affordability, and ensuring electricity services are reliable and impactful for all.
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SECTION A RECOMMENDATIONS

The findings of this report underscore the urgent need for targeted and coordinated action to address energy poverty 
and affordability disparities across G20 countries. The following recommendations aim to guide policy, regulatory, and 
investment responses for a Voluntary Energy Affordability Toolkit:

A1. TARGET VULNERABLE AND UNDERSERVED POPULATIONS

Prioritise support for low-income households and rural and remote communities. 

A2. ACCELERATE RURAL ELECTRIFICATION WITH DECENTRALISED SOLUTIONS

Promote off-grid and mini-grid systems to serve isolated communities where grid expansion is costly. Support 
integrated energy planning aligned with rural development and poverty reduction goals.

A3. REFORM AND EXPAND LIFELINE TARIFFS AND SOCIAL SUBSIDIES

Use lifeline tariffs to guarantee basic energy access for poor households. Implement more targeted subsidies to 
address affordability without overburdening utilities.

A4. PROMOTE INVESTMENT IN AFFORDABLE ENERGY

Encourage blended finance and public-private partnerships to mobilise funding for energy infrastructure for a diverse 
energy mix. Address high upfront costs and expand access to low-interest financing for energy-efficient appliances 
and systems.

A5. PLAN FOR POPULATION GROWTH AND URBANISATION

Anticipate rising energy demand driven by Africa’s growing population and urbanisation. Ensure national energy 
strategies reflect demographic realities and infrastructure needs. Expand investment in rural energy infrastructure while 
supporting urban resilience measures.

A6. INCORPORATE GENDER-RESPONSIVE POLICIES

Ensure policies include female-headed households, recognising gender disparities in energy access and affordability. 
Implement energy access initiatives that empower women (e.g., training women as electricians, supporting female 
entrepreneurs).

 

A7. ESTABLISH HEALTH ACTION PLANS

Support the development of Health Action Plans through targeted outreach (e.g., home visits to older adults, tracking 
heat- and cold-related morbidity and excess mortality, mapping high-risk areas, providing vouchers for energy use by 
vulnerable groups during extreme weather events, etc.).
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SECTION B

POLICY AND 
REGULATORY 
INTERVENTIONS 
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ROLES OF POLICY AND REGULATORY INTERVENTIONS

Addressing energy poverty - particularly for vulnerable and rural populations - requires the deliberate coordination of 
policy and regulatory frameworks. Policy interventions provide the strategic direction and commitments that set the 
stage for energy access, while regulatory interventions operationalise those commitments through enforceable rules and 
mechanisms. Together, these instruments form the foundation of national efforts to realise SDG 7. Table 3 explores the 
respective characteristics of policy and regulatory interventions. 

Table 3: Characteristics of policies and regulations

Aspect Policy Regulation

Nature Strategic and directional Legal and operational

Binding status Often not binding Legally binding

Purpose Defines goals and priorities Implements and enforces rules

Set by Government ministries or executive Regulatory agencies or lawmakers

Examples Renewable energy targets, social energy 
access programs

Tariff structures, licensing rules, technical 
standards

Policies are broad strategic frameworks or plans set by governments (or agencies) to achieve specific socio-economic or 
developmental goals. They define what needs to be done and why, while regulations are rules or laws enacted by governmental 
or independent regulatory bodies to enforce policies. They specify how the policy objectives must be implemented and are 
typically legally binding. For effective implementation, both must be well-aligned. A strong policy without enabling regulation 
can stall progress, and regulations without clear policy direction can be misaligned or underutilised.

In G20 countries, policy instruments such as Nationally Determined Contributions (NDCs) and long-term low-emissions 
development strategies have created vital momentum toward inclusive energy transitions. These high-level policy 
commitments are increasingly complemented by robust regulatory mechanisms, such as energy market reforms, integrated 
resource planning, minimum service standards, and subsidy targeting. 

Under the G20 2015 Turkey Presidency, the strategic policy options recommended include the following [67]: 

a)	 Enhance national energy policies: Assist countries in formulating robust energy policies and electrification plans, 
emphasising good governance and participatory implementation.

b)	 Strengthen regulatory frameworks: Support the development of clear, credible rules governing tariffs, licensing, 
and concessions, which are vital for attracting investment. Develop proportional regulations that accommodate micro 
and small-scale suppliers.

c)	 Ensure tariff viability and affordability: Promote balanced energy pricing policies that protect vulnerable populations 
while ensuring utility viability.

d)	 Foster inclusive sector planning: Support the creation of SE4All Action Agendas at the national level to integrate 
long-term, cross-sectoral energy planning that involves all stakeholders (private sector, civil society, etc.).

e)	 Promote energy efficiency: Align efforts with the G20 Energy Efficiency Action Plan by promoting the use of energy-
efficient appliances and systems, particularly in rural and off-grid settings.

POLICY AND REGULATORY INTERVENTIONS FOR ENERGY ACCESS AND 
AFFORDABILITY

One of the sustainable development goals of the Italian Cooperation Agency is to guarantee universal access to affordable, 
reliable and modern energy services by 2030. They identified three types of policies to combat energy poverty: first, to 
reduce energy expenditure, second, to improve energy efficiency, and third, to provide subsidies [68].

a)	 Reducing energy expenditure: Households receive electricity and gas bonuses, offering bill discounts based on 
income (ISEE thresholds) and household size. Special bonuses are available to medical device users (regardless of 
income) and to residents in remote or cold regions. There are also reductions in excise duties and fuel prices in specific 
areas.
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b)	 Improving energy efficiency: Measures include tax incentives for energy renovations, extended to fuel-poor families 
and social housing. Support includes energy performance certificates, regulatory standards, and energy tutors to 
guide households. 

c)	 Providing direct subsidies: Financial assistance is offered to support low-income households in managing energy 
costs.

These measures aim to reduce energy consumption costs, enhance the energy performance of housing, and provide 
targeted financial relief. The G20 Italian Presidency (2021) advocated five policy areas [69]:

a)	 Integrated housing and energy planning.

b)	 Support for low-income households to meet energy efficiency standards.

c)	 Mandate the inclusion of energy performance in housing quality assessments.

d)	 Protect vulnerable households amid energy market liberalisation.

e)	 Monitor the actual impact of renovations and support measures.

The policy toolbox for energy access provides the following insights [70]:

Table 4: Insights from the policy toolbox for energy access [70]

Core Policy Element Description

Technology Deployment Includes clean stoves, Liquified Petroleum Gas (LPG), mini-grids, decentralised renewables.

Targeted Financing & Incentives Subsidies, pay-as-you-go plans, grants that reduce barriers for low-income users.

Infrastructure & Market Design Expanding distribution networks; fostering regional trade; regulatory frameworks for off-grid 
systems.

Public Awareness & Education Campaigns to encourage adoption and address cultural hesitations.

Holistic Integration Align energy initiatives with health, environment, and finance sectors.

Monitoring & Evaluation Emphasises data-driven tracking to guide effective scaling and policy refinement.

While many African countries have adopted ambitious energy policies and rural electrification strategies to close the access 
gap, the success of these policy interventions hinges on enabling regulatory environments. Key regulatory measures - such 
as tariff design, licensing for mini-grids, and net metering - are crucial to expand service, protect consumers, and attract 
investment. Establishing independent regulatory bodies is essential to ensure fair pricing, transparency, and accountability, 
alongside developing clear guidelines for tariff setting, subsidy allocation, and utility performance monitoring. Regional 
coordination efforts, including the African Union’s PIDA and the G20’s Compact with Africa, have helped align national 
policies with cross-border regulatory practices.

To ensure long-term, inclusive energy access, integrated resource planning must balance affordability, sustainability, and 
reliability, with targeted infrastructure investments that yield high social and economic returns. Pro-welfare policies such 
as South Africa’s FBE and India’s cross-subsidised tariffs support affordability for low-income households. Expanding 
rural access through decentralised energy sources and mini-grids demonstrates the value of combining policy vision with 
financial and regulatory innovation.

Equity and energy security must be central to long-term planning, particularly for marginalised or off-grid populations. 
Integrated Resource Plans (IRPs) should include metrics on access and affordability and support just transitions in fossil-
fuel-dependent communities. South Africa’s JET-IP exemplifies how international finance can support equitable energy 
transitions. Together, these lessons from the G20 and African experiences form the basis for designing an Energy 
Affordability Toolkit, anchored in scalable, integrated, and justice-oriented policy and regulatory frameworks.
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SECTION B CONCLUSIONS

Tackling energy affordability isn’t just about infrastructure; it requires coordinated strategies that integrate technological 
solutions, financial mechanisms, institutional capacity-building, and community engagement. Whether focusing on clean 
cooking or broader access challenges globally, the emphasis is on designing context-specific, evidence-based, and 
integrated policies.

A summary of policy instruments follows:

a)	 Feed-in tariffs encourage private investment with long-term contracts and stable prices. 

b)	 Competitive bidding/IPPs lower procurement costs through market competition.

c)	 Public-Private Partnerships (PPPs) leverage private investment and expertise in joint energy initiatives, while Tax 
Incentives stimulate renewable energy investment by offering credits and exemptions.

d)	 Universal access programs addressing infrastructure challenges to reduce grid poverty and subsidy-driven electrification 
plans.

e)	 Access to finance initiatives ensures that small-scale enterprises and households can afford clean energy solutions.

International coordination to secure policy support, facilitate knowledge exchange, as well as financing instruments and 
support via the G20 collaboration would also be key.

SECTION B RECOMMENDATIONS

The recommendations for strengthening policy and regulatory frameworks to address energy poverty, especially in the 
context of G20 and African Union countries, are as follows:

B1. REGULATORY REFORMS 

a)	 Prioritise the creation of independent regulatory bodies with clear mandates for tariff design, licensing, and consumer 
protection. Ensure transparency and accountability through well-defined reporting and performance monitoring 
frameworks.

b)	 Develop proportional regulatory frameworks for decentralised and small-scale energy systems. Fast-track approvals 
for mini-grids with pre-approved tariffs, standard licenses, and technical guidelines.

B2. TARGETED POLICY MECHANISMS

a)	 Adopt cross-subsidies, lifeline tariffs, or free basic electricity to protect low-income users while maintaining utility 
financial sustainability. Regularly update subsidy structures to reflect inflation and demographic changes.

b)	 Scale up energy efficiency incentives for low-income households and social housing. Institutionalise energy performance 
audits, standards, and household-level “energy tutors” for capacity-building. 

c)	 Prioritise deployment of clean stoves, LPG, mini-grids, and decentralised renewables in remote or off-grid areas. 
Expand smart metering, performance tracking, and pay-as-you-go (PAYG) systems to improve transparency and 
reduce default risks.

d)	 Develop blended finance mechanisms combining grants, concessional loans, and private investment. Expand Public-
Private Partnerships (PPPs) to leverage private sector efficiency in infrastructure rollout.

e)	 Offer micro-loans, subsidies, or credit guarantees to enable uptake of solar home systems and clean appliances. Build 
financial literacy and trust in community-based finance mechanisms.
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SECTION C

BALANCING VIABILITY 
WITH AFFORDABILITY 
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Balancing the viability of utilities with affordable energy access is another key challenge in many G20 countries. Achieving 
this balance requires market reforms, structural adjustments, and improved operational efficiency. Furthermore, an enabling 
regulatory environment and increased private sector participation are essential for long-term sectoral resilience. 

TARIFF REFORM AND INCLUSIVE ENERGY ACCESS

Tariff reform is a critical component of electricity market reform, aimed at achieving financial sustainability for utilities while 
ensuring affordable access for consumers. This involves transitioning from heavily subsidised or administratively set tariffs 
to cost-reflective pricing that accurately reflects the full costs of generation, transmission, and distribution [71]. 

To ensure the financial sustainability of the power sector while maintaining equity, tariff structures must balance cost 
recovery with affordability. A gradual transition to cost-reflective tariffs - covering the full cost of generation, transmission, 
and distribution - is essential to attract investment and ensure reliable service delivery [72]. However, to protect low-income 
households during this transition, social or lifeline tariffs can be introduced. These offer a basic quantity of electricity at a 
subsidised rate and are typically supported through cross-subsidies from higher-income or industrial consumers [41], [73].

Targeted subsidies- delivered directly to vulnerable consumers rather than utilities- can further enhance efficiency and 
reduce distortion, particularly when implemented through smart subsidy mechanisms that adjust over time as access and 
affordability improve [74]. Transparent, formula-based tariff-setting processes, overseen by independent regulatory bodies, 
are also key to ensuring predictability and building investor confidence [75], [76]. 

Complementary measures, such as national energy access programs, microfinance initiatives, and Pay-As-You-Go (PAYG) 
models, play a critical role in enabling affordability and inclusivity. These approaches - especially relevant for off-grid and 
rural contexts - help extend access to modern energy services for underserved populations, often in partnership with 
NGOs and private sector actors [77], [78] [79]. Collectively, these mechanisms support a more equitable energy transition 
that aligns financial viability with universal access goals.

BRIDGING THE ENERGY INVESTMENT GAP

Many governments face persistent public sector funding shortfalls that hinder the expansion and modernisation of energy 
infrastructure. Public-private partnerships (PPPs) offer a pragmatic solution by combining public accountability with private 
sector capital, innovation, and operational efficiency [80].  Independent Power Producers (IPPs) play a critical role in 
diversifying and expanding generation capacity - particularly in scaling up renewable energy deployment - by leveraging 
private investment and reducing fiscal pressure on governments [81], [82]. Meanwhile, mini-grids and off-grid systems are 
essential components of decentralised electrification strategies, especially in remote or rural areas where grid extension is 
economically unfeasible. These systems not only accelerate universal access to electricity but also promote local economic 
development [77].

REGIONAL POWER POOLS

Cross-border electricity trading enhances resource optimisation, lowers costs, and improves system reliability by allowing 
countries to share surplus generation and diversify their energy supply. The Southern African Power Pool (SAPP), established 
in 1995, is one of the continent's most advanced power pools - owned by national utilities, consensus-driven, but with 
limited political influence and a need for a stronger independent voice. In contrast, the East African Power Pool (EAPP), 
formed in 2005, also relies on consensus but is often hindered by political interference and a weak secretariat. While both 
are utility-owned, EAPP is actively working to develop a regional market and explore potential integration with SAPP [83].
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ENHANCING UTILITY PERFORMANCE

For utilities in developing and emerging economies, improving operational efficiency, modernising infrastructure, and 
strengthening revenue collection are central to ensuring financial viability and delivering reliable service.  High technical 
and commercial losses -caused by outdated infrastructure, electricity theft, and billing inefficiencies - pose significant 
challenges to utility performance and sustainability [72]. Upgrading transmission and distribution infrastructure reduces 
technical losses, while smart metering and advanced data analytics can detect and mitigate commercial losses such as 
theft and non-payment. [73], [77].

Digitalisation offers transformative potential. Automation, digital operations, and smart grid technologies can enhance 
system visibility, optimise energy flows, and enable dynamic pricing, thereby improving both efficiency and customer 
responsiveness [84]. Strengthening billing systems and expanding access to digital payment platforms, such as mobile 
money, improves cash flow and simplifies transactions for both utilities and consumers, particularly in underserved and 
remote communities [85].

Adopting best practices in utility governance, workforce training, and risk management [83] - including systematic 
identification, monitoring, and mitigation of operational and financial risks - further contributes to improved service delivery 
and reduced operational costs [74]. Moreover, integrating renewable energy sources and energy storage solutions supports 
cost reduction, diversifies the generation mix, and enhances grid stability in the face of growing demand and climate-
related challenges [86]. Together, these reforms and innovations enable utilities to balance cost recovery with affordability, 
expand access to modern energy services, and contribute to broader socio-economic development across the region.

CONSUMER EMPOWERMENT AND EDUCATION

Energy efficiency is a critical enabler of expanded energy access, particularly in resource-constrained contexts. By reducing 
per-household energy demand, efficiency measures allow utilities to serve more customers with existing generation 
capacity, enhancing both equity and supply reliability [87], [88]. Section D covers this area in more detail. 

Consumer education and digital engagement are essential to maximise the impact of energy efficiency. Awareness 
campaigns, mobile apps, and smart meters can empower consumers with real-time feedback on their energy use and 
provide cost-saving recommendations [89], [90], [91], [92]. These tools not only help manage demand but also strengthen 
the relationship between utilities and customers.

Engaging communities in energy planning and decision-making further enhances the effectiveness and legitimacy of energy 
efficiency initiatives. Inclusive processes build trust, align solutions with local needs, and improve customer satisfaction - 
contributing to higher bill payment rates and reduced service disputes [93]. When properly implemented, energy efficiency 
is a cost-effective strategy for improving access, reducing energy poverty, and supporting the Sustainable Development 
Goals.
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SECTION C CONCLUSIONS

This section explored the dual challenge of ensuring the financial viability of utilities while maintaining affordable, inclusive 
access to electricity. Achieving this balance requires a blend of market reforms, tariff restructuring, private investment, 
regional cooperation, utility performance improvements, and consumer empowerment.

a)	 Tariff reform: Shifting to cost-reflective tariffs ensures utility sustainability while lifeline tariffs and targeted subsidies 
protect low-income consumers. Transparent tariff-setting by independent regulators builds investor confidence. 
Complementary tools like pay-as-you-go (PAYG) and microfinance enhance access.

b)	 Bridging the energy investment gap: Public-private partnerships (PPPs) and Independent Power Producers (IPPs) are 
essential to fund infrastructure expansion. Off-grid and mini-grid systems help electrify rural areas cost-effectively and 
promote local development.

c)	 Regional power pools: Cross-border electricity trading through SAPP and EAPP enhances reliability and cost-efficiency.

d)	 Consumer empowerment and education: Energy efficiency is a powerful strategy for improving access and reducing 
bills. Consumer awareness, smart technologies, and inclusive engagement drive adoption. Energy efficiency measures 
benefit both consumers and utilities by reducing demand and costs.

SECTION C RECOMMENDATIONS

C1. IMPLEMENT TARGETED AND TRANSPARENT TARIFF REFORM

a)	 Gradually transition to cost-reflective tariffs while protecting the vulnerable via lifeline tariffs and smart subsidies.

b)	 Use transparent, formula-based pricing models to build trust and investor certainty.

C2. PROMOTE PRIVATE SECTOR PARTICIPATION AND INNOVATION

a)	 Expand PPPs and IPP frameworks to mobilise private finance and technical expertise.

b)	 Develop risk mitigation instruments to attract investment.

C3. STRENGTHEN REGIONAL INTEGRATION AND POWER POOLS

a)	 Enhance governance and independence of SAPP and EAPP.

b)	 Support harmonised regulatory frameworks and regional planning to optimise resource sharing.

C4. SCALE UP DECENTRALISED SOLUTIONS

a)	 Expand support for mini-grids, solar home systems, and PAYG models, especially in underserved areas.

b)	 Align energy access programs with local economic development goals.

C5. EMPOWER CONSUMERS THROUGH EFFICIENCY AND EDUCATION

a)	 Implement nationwide energy-efficiency programs with incentives and financing mechanisms.

b)	 Promote consumer education using digital tools (apps, smart meters, campaigns).

c)	 Foster community participation in planning to align solutions with user needs.

These measures, if adopted in combination, offer a pathway to a just and sustainable energy transition that aligns utility 
viability with universal, affordable energy access.
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SECTION D

ENERGY USAGE, 
MONITORING AND 
EFFICIENCY 
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ENERGY INTENSITY

The energy intensity level of the primary energy metric quantifies the efficiency of a nation's or region's economic activity 
with respect to its primary energy consumption. It represents the aggregate primary energy input, measured in megajoules 
(MJ), required to generate one unit of economic output. A higher energy intensity signifies a greater energy input per unit 
of economic output, implying a lower degree of energy efficiency within the economic system. The energy intensity of the 
global economy has been declining due to technological progress, energy-efficiency improvements, and the growth of 
renewables [50]. Figure 14 shows the average energy intensity level of all G20 countries from 2000 to 2022. The energy 
intensity level in Figure 14 is standardised using the 2017 Purchasing Power Parity (PPP) adjusted Gross Domestic Product 
(GDP) in international dollars.

Figure 14: Aggregated Energy Intensity Level trend for all G20 countries (data sourced from world bank [94])

27 PRIORITY 1 – OUTCOME 5  | G20 VOLUNTARY ENERGY AFFORDABILITY TOOLKIT



 The decreasing energy intensity trend observed in G20 countries indicates a general improvement in energy efficiency. This 
progress is driven by factors such as technological advancements and the adoption of more energy-efficient technologies 
across key sectors like industry, buildings, and transportation. Furthermore, structural shifts in economies play a significant 
role, as the increasing prominence of the less energy-intensive service sector relative to the industrial sector contributes to 
lower overall energy intensity levels. Figure 15 below shows the energy intensity levels for 2022 of all the G20 members, 
with the African regions.

Figure 15: Energy intensity level for G20 countries and African regions measured as primary energy consumption per unit of GDP for 2022 
(data sourced from World Bank [94])

ENERGY EFFICIENCY

Energy efficiency refers to using less energy to provide the same service, and it is a foundational pillar for achieving 
sustainable economic growth, reducing greenhouse gas emissions, and enhancing energy security. For the G20 - an 
influential group of the world's largest economies - energy efficiency is not only an environmental and economic imperative 
but also a geopolitical strategy tied to energy access, affordability, and industrial competitiveness. G20 member countries 
agree to improve energy efficiency cooperation based on [95]:

1.	 Mutual benefit: Promote bilateral and multilateral cooperation that leverages the diverse experiences of G20 countries 
for shared advantages.

2.	 Innovation: Support the development, demonstration, and spread of innovative energy-efficient technologies and 
practices, including technology transfer and effective programmes.

3.	 Inclusiveness: Encourage tailored energy efficiency efforts based on each country's development stage, resources, 
and population, aligning with national objectives.

4.	 Knowledge sharing: Strengthen the collection and exchange of data, best practices, and technical support to improve 
energy efficiency across all G20 members.

G20 countries represent over 80% of global energy consumption and hold the potential to drive global energy efficiency 
transition [96]. All G20 nations have recognised the critical role of energy efficiency in meeting their climate goals, particularly 
in the wake of the COP28 commitment to double the global average annual rate of energy efficiency improvement from 
around 2% to over 4% by 2030 [97]. This aligns with the Voluntary Action Plan for achieving SDG 7.3, “Doubling the Global 
Rate of Energy Efficient Improvement by 2030”. However, progress across countries is uneven, reflecting varying levels of 
policy maturity, industrial structure, and investment capability.
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Most G20 members have national energy efficiency plans that include sector-specific targets (e.g., buildings, transport, 
industry). The EU countries (Germany, France, Italy) have long-standing, legally binding energy-efficiency targets under 
the European Green Deal and the Energy Efficiency Directive. China, India, and Indonesia have aggressive industrial 
and appliance-efficiency programs linked to national development strategies. United States energy-efficiency efforts are 
decentralised, with state-level leadership (e.g., California) driving innovation. South Africa and Argentina have emerging 
frameworks, with donor and international support, that guide capacity-building. The sector results are presented in a 9-box 
matrix, which includes the following metrics, defined as follows (Table 5).

Table 5: Definitions of matrix categories

Policies Regulations Controls

High-level frameworks or strategic directions 
set by governments to guide energy efficiency 
goals. These may be part of national 
development plans, climate action strategies, 
or energy sector reforms.

Legally binding rules that require compliance 
from specific actors - such as energy 
performance standards for appliances, 
buildings, or industrial processes.

Mechanisms that monitor, enforce, or verify 
compliance with policies and regulations. 
These can include inspections, licensing, or 
penalties.

Technologies Monitoring Capacity building

Energy-efficient tools, systems, and processes 

that reduce energy consumption. These 

can include appliances, lighting, motors, 

insulation, industrial systems, and digital 

solutions.

The systematic collection and analysis of data 

on energy use and efficiency outcomes.

Initiatives that enhance the skills, knowledge, 

and institutional capabilities of stakeholders 

involved in energy efficiency.

Funding options Other incentives Awareness Campaigns

Financial mechanisms and instruments used 

to support energy efficiency investments - 

especially where upfront costs are barriers.

Non-regulatory motivators that encourage 

energy efficiency behaviour or investment, 

often voluntary or market-based.

Initiatives that inform and educate the public 

or businesses about the benefits of energy 

efficiency and how to act.

These categories are important since they reflect the multi-dimensional nature of energy efficiency, i.e., technical, behavioural, 
financial, and institutional – in other words, the systemic nature is reflected. The following sectors will be considered and 
presented in the matrix format, as explained in Table 5:

1.	 Buildings sector

2.	 Transport sector

3.	 Industrial sector

4.	 Power generation sector
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BUILDINGS SECTOR

To meet the goal of doubling energy efficiency improvements by 2030, the buildings sector - which accounts for 
approximately 30% of global final energy consumption - is a top priority across G20 countries [98]. This includes both 
residential and commercial buildings, as well as new construction and retrofitting. 

Table 6: Buildings sector matrix

Policies Regulations Controls

National Building Energy Codes: 
Mandatory building energy codes which still 

require enforcement in some countries.

Net-Zero & Nearly-Zero Energy Building 
(NZEB) Targets: Canada [99] and Japan 

[100] have long-term net-zero building 

strategies.

Retrofit Roadmaps:

•	 Germany [101] and France [102] focus 

on large-scale renovations.

•	 South Africa’s National Energy Efficiency 

Strategy includes a retrofitting target for 

public buildings.

Green Urban Planning Policies: Integrated 

land use and energy policies [103]. 

Minimum Energy Performance Standards 
(MEPS) and labelling [104]: For HVAC, 

lighting, insulation, appliances. Widespread 

labelling for lighting, cooling, heating, and 

cooking.

Mandatory Energy Performance 
Certificates (EPCs): Required at time of 

sale/rent [105].

Building Material Efficiency Standards: 
Thermal insulation, window glazing, solar 

reflectivity standards.

Energy Use Disclosure Regulations: For 

large buildings [106].

Zoning and Permitting Linked to EE 
Compliance: Incentivised or mandated in 

cities.

Occupancy Controls for Lighting/HVAC 
[107]: Implemented in commercial buildings.

Technologies Monitoring Capacity building

Efficient Heating, Ventilation, and Cooling 
(HVAC): Heat pumps, efficient chillers, 

variable refrigerant flow systems.

Smart Building Systems: IoT-based 

building energy management systems [108].

High-Performance Building Envelope: 
Triple-glazed windows, advanced insulation, 

reflective roofing.

Distributed Energy Integration: Rooftop 

solar PV, solar water heating, and on-site 

battery storage.

Lighting Innovations: Transition to LEDs 

with smart controls.

Building Energy Benchmarks.

Energy Audits: Mandatory in large 

commercial/public buildings.

Smart Meter Rollouts

Training for Architects, Builders, and 
Facility Managers: EU’s BUILD UP Skills 

initiative [109]. 

Green Construction Certification Support

Municipal Government Training: Habitat 

support for sub-national EE program design 

and compliance enforcement.

Funding options Other incentives Awareness Campaigns

Subsidies & Grants for Retrofits

Green Building Incentives: Tax credits for 

EE materials or systems.

Energy Service Companies (ESCOs): 
Financing retrofits via performance contracts.

Green Bonds for EE Buildings: to support 

public and residential retrofits.

Development Finance Institution (DFI) 
Support: support building EE programs in 

lower-income G20 economies.

Property Tax Rebates/Relief: For certified 

green buildings.

Fast-Track Permitting for EE Compliance

Awards & Recognition: Global awards for 

passive house standards, smart homes, and 

bioclimatic buildings.

EE-linked Mortgage Discounts [110].

National Energy Literacy Campaigns: 
“Save Energy” (India) [111].

Homeowner Toolkits: Online portals with 

DIY energy audit tools.

Retail Partnerships: EE appliance 

campaigns via big-box stores.

Construction Industry Outreach: Materials 

supplier initiatives to promote efficient 

building envelopes.
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Challenges in the buildings sector:

a)	 High upfront costs for retrofits: Retrofitting existing buildings with energy-efficient technologies (e.g., insulation, HVAC 
upgrades) often requires significant initial investment, deterring uptake - especially in low-income or rental properties.

b)	 Fragmented regulations and enforcement: Varying building codes, standards, and enforcement capacities across 
national and subnational levels lead to inconsistent implementation of energy-efficiency measures.

c)	 Lack of awareness and behavioural barriers: Many building owners and occupants lack an understanding of the 
energy-saving benefits, or exhibit behavioural inertia that impedes the adoption of energy-efficient practices.

d)	 Skilled workforce shortages: Limited availability of trained professionals in energy-efficient design, construction, and 
retrofitting undermines the quality and scale of implementation efforts.

e)	 Enforcement of mandatory building energy codes

Opportunities in the buildings sector:

a)	 Scaling net-zero and retrofit programs: Programs that offer scalable models for deep retrofits and energy-positive 
buildings, reducing emissions and improving living conditions.

b)	 Digitalisation and smart technologies: The integration of IoT-based building energy management systems (BEMS) and 
smart meters enables real-time monitoring, demand optimisation, and consumer engagement.

c)	 Green finance and incentives: Green bonds, ESCO financing, tax incentives, and property-linked subsidies can 
mobilise capital for energy-efficient buildings.

d)	 Public sector leadership and procurement: Governments can lead by example through mandatory energy standards 
in public buildings and procurement policies that prioritise energy-efficient construction and materials.
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TRANSPORT SECTOR

The G20 countries produce over 80% of total global CO₂ emissions, with around 5.8 billion tons of CO2 emissions coming 
from fuel combustion, making the G20 countries responsible for nearly 70% of global transport emissions [112]. Passenger 
vehicles registered a similar step up in energy efficiency, from around 0.7 per cent per year on average over 2000–10 to 1.6 
per cent in 2010–22. This positive trend was driven by improved fuel-economy standards and the rapid adoption of electric 
vehicles, including two- and three-wheelers and buses [113]. As global mobility demands increase, energy efficiency in 
transport has emerged as a critical lever for reducing fuel consumption, lowering emissions, enhancing energy security, and 
promoting sustainable urban development.

G20 countries - comprising the world’s largest economies - have both the responsibility and the capacity to lead in 
advancing energy-efficient, low-carbon transport systems through innovation, regulation, and investment.

Table 7: Transport sector matrix 

Policies Regulations Controls

National Energy Efficiency Action Plans 
that are transport specific.

Fuel Economy Standards: Adopted by 

most G20 countries to improve efficiency in 

passenger and freight vehicles.

Modal Shift Policies: Incentivise public 

transport, rail, and non-motorised transport 

over private car use.

Urban Mobility Plans: Encourage compact 

city planning to reduce travel needs and 

vehicle usage.

Vehicle Emissions Standards: limit 

pollutants and indirectly encourage efficient 

engines.

Fleet Efficiency Mandates

Import Restrictions: Some countries 

regulate importation of older, inefficient 

vehicles.

Congestion Pricing: implement congestion 

charges to reduce car use and emissions.

Low Emission Zones (LEZ) [114].

Fuel Quality Regulations [115]: Cleaner 

fuels mandated in the EU to support newer 

technologies.

Technologies Monitoring Capacity building

Electric Vehicles (EVs): Strong 

promotion and policies that support battery 

manufacturing and charging infrastructure.

Hybrid Vehicles: Incentivised 

Smart Transport Systems: AI-based traffic 

management, vehicle-to-everything (V2X) 

tech.

Vehicle Efficiency Reporting: Mandatory in 

most countries for new vehicle fleets.

Smart Data Platforms: Transportation 

vehicle tracking systems.

Technical Training Programs: For 

mechanics and engineers on EVs and 

alternative fuel.

City-Level Training: support city officials 

with mobility planning and energy data 

literacy.

Partnerships: to support partner G20 nations 

with workshops and policy development.

Funding options Other incentives Awareness Campaigns

Green Bonds: to fund low-carbon transport 

infrastructure.

Multilateral Financing: provide 

concessional finance for sustainable transport 

projects.

Public-Private Partnerships (PPPs): Used 

for metro systems, EV charging stations, and 

highway efficiency upgrades.

National Subsidies: offer tax breaks and 

purchase subsidies for EVs and efficient 

vehicles.

EV Rebates and Tax Exemptions.

Toll and Parking Exemptions: For EVs and 

high-occupancy vehicles.

Company Tax Incentives: For fleets to 

upgrade to energy-efficient vehicles or convert 

to electric.

Fleet Modernisation Schemes: 
Programmes to scrap old vehicles and replace 

with efficient.

Public Campaigns: EU’s “Mobility Week,” 

India’s “Go Electric,” and Australia’s “Smart 

Transport” outreach.

Labelling Schemes: Energy labels on 

vehicles to inform consumer choice.

Youth and School Programmes: Encourage 

public transport, cycling, and walking through 

educational programs.
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CHALLENGES IN THE TRANSPORT SECTOR:

a)	 High cost and limited infrastructure for EVs and alternative fuel vehicles: Transitioning to electric vehicles (EVs) and 
alternative fuel vehicles, such as hydrogen fuel cell cars or compressed natural gas (CNG) fleets, requires heavy 
upfront investment. EVs still tend to cost more than conventional vehicles due to battery expenses, and the lack 
of widespread charging stations or refuelling points limits consumer confidence. In many countries, particularly in 
developing economies, infrastructure deployment is slow and highly concentrated in urban areas, leaving rural and 
inter-city networks underserved. This creates a “chicken-and-egg” problem: consumers hesitate to purchase EVs due 
to infrastructure gaps, while investors hesitate to invest in infrastructure due to low adoption rates.

b)	 Slow turnover of vehicle fleets, especially in developing economies: The average lifespan of vehicles is long - often 
10-20 years for private cars, and even longer for trucks and buses in low- and middle-income countries. This means 
inefficient, fossil-fuel-dependent vehicles remain on the roads for decades, slowing down the energy transition. Limited 
financial capacity among consumers and fleet operators further delays the replacement of older vehicles with newer, 
more efficient models. As a result, improvements in vehicle energy efficiency and emissions reduction take far longer 
to materialise in practice.

c)	 Fragmented policy implementation across transport and energy ministries: Transport decarbonisation requires 
coordinated planning across multiple ministries - energy, environment, transport, urban planning, and finance. In many 
countries, policies are fragmented, overlapping, or even contradictory. For instance, subsidies for fossil fuels may 
coexist with incentives for EVs, undermining progress.

d)	 Inequitable access to clean and efficient transport modes in rural or underserved areas: Rural areas and low-
income communities often lack access to efficient, low-carbon transport. Investment tends to concentrate in major 
urban centres, leaving vulnerable populations reliant on older, inefficient vehicles or informal transport services. This 
exacerbates inequalities, as these groups face higher per-trip energy costs, longer travel times, and greater exposure 
to air pollution. Without inclusive planning, the transition risks deepening the urban-rural divide and marginalising 
disadvantaged groups.

OPPORTUNITIES IN THE TRANSPORT SECTOR:

a)	 Public-private partnerships in sustainable transport infrastructure: These partnerships can reduce risks for both 
parties, enable innovation, and expand infrastructure coverage more quickly. For instance, joint ventures between 
governments and utilities or oil companies can help repurpose existing networks for clean fuels, while collaborations 
with tech firms can improve data-driven traffic and energy management systems.

b)	 Financial instruments such as green transport bonds, subsidies, and carbon pricing: Well-designed financial 
mechanisms can bridge the cost gap between conventional and clean transport. Green bonds can mobilise large-
scale investment in urban rail systems, charging infrastructure, or bus fleet electrification. Subsidies for EVs, scrappage 
programs for old vehicles, or reduced import tariffs for batteries can accelerate fleet modernisation. Carbon pricing 
mechanisms, if applied fairly, can create long-term incentives for efficiency by making fossil fuels less competitive with 
clean alternatives.

c)	 Technology transfer and knowledge sharing among G20 peers: By sharing best practices, harmonising standards, 
and facilitating technology transfer, peers can help developing economies leapfrog older systems and adopt efficient 
solutions faster. Joint research and development programs, as well as cross-border industrial collaboration, can also 
reduce costs and speed up innovation.

d)	 Capacity-building and pilot projects in multimodal and last-mile connectivity: Investing in skills, planning capacity, 
and demonstration projects helps build momentum for long-term transitions. Pilot programs in integrated transport 
systems - linking metro, bus rapid transit, cycling, and e-mobility solutions - can showcase the benefits of energy-
efficient mobility and attract public support. Last-mile solutions, such as shared e-bikes or electric minibuses, can 
reduce reliance on private cars, especially in congested urban corridors. Scaling up successful pilots can also attract 
further investment and replicate models across regions.
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INDUSTRIAL SECTOR

The industrial sector is the largest global consumer of energy, accounting for approximately 38% [116] of total final energy 
use and a significant share of greenhouse gas emissions, however between 2010 and 2022, progress in energy intensity 
was the largest for the industrial sector going from 0% to 1.4%  reflecting that the industrial processes are more optimised 
with respect energy use and less fossil fuel is consumed for industrial heating which also contributes to efficiency gains 
[117].

In G20 countries, which dominate global industrial output across sectors such as steel, cement, chemicals, manufacturing, 
and food processing, improving industrial energy efficiency is essential to enhance competitiveness, reduce energy intensity, 
and achieve climate goals under the Paris Agreement and net-zero targets. Given its scale and influence, the G20 has a 
critical leadership role in driving a global transition to cleaner, more efficient industrial systems.

To double energy-efficiency improvements in the industrial sector by 2030, G20 countries are implementing a robust 
framework across the policy, regulatory, technological, financial, and behavioural dimensions.

Table 8: Industrial sector matrix 

Policies Regulations Controls

National Energy Efficiency Strategies 

Voluntary Agreements & Sectoral Targets

Decarbonisation Roadmaps

Mandatory Energy Audits.

Minimum Energy Performance Standards 
(MEPS): Applied to motors, boilers, 

compressors, and industrial appliances.

Reporting & Disclosure: Energy use and 

efficiency disclosure.

Energy Consumption Caps

Carbon Budgets or Caps: Included under 

the EU ETS [118] acting as de facto efficiency 

controls.

Process Benchmarking: Industry-specific 

benchmarks.

Technologies Monitoring Capacity building

High-Efficiency Equipment: Advanced 

motors, Variable Speed Drives, cogeneration 

(CHP), and waste heat recovery.

Digital Energy Management: Adoption 

of IoT-based energy monitoring, predictive 

analytics, and AI in smart factories.

Low-Carbon Process Innovation: Green 

hydrogen, CCS and CCUS technologies.

Energy Management Systems: ISO 50001 

certification programs.

Sectoral Benchmarking Tools

Digital Dashboards: Real-time energy 

tracking used by industrial parks.

Training for Energy Managers and 
Auditors.

Industrial Symbiosis & Resource 
Efficiency Workshops 

Energy Efficiency Networks: Peer-learning 

platforms and industrial accelerator programs.

Funding options Other incentives Awareness Campaigns

Green Industrial Finance.

ESG & Sustainability-Linked Loans: Used 

by large firms to fund efficiency upgrades.

Public-Private Investment Platforms.

Carbon Markets & Energy Savings 
Trading.

Tax Deductions & Accelerated 
Depreciation: For energy-efficient 

equipment.

Subsidies for EE Retrofits & Upgrades

Recognition Schemes: e.g., Clean Energy 

Ministerial Energy Management Leadership 

Awards.

White Certificates [119]

Best Practice Showcases platforms for 

case studies.

Industrial Clusters & Hubs Events: run site 

visits and learning exchanges.

Public-Private Dialogues: G20 Energy 

Transitions Working Group discussions and 

industrial energy forums.

Sector-specific Campaigns

CHALLENGES IN THE INDUSTRIAL SECTOR:

a)	 High capital expenditure requirements for upgrading or replacing inefficient equipment: Industrial energy efficiency 
often requires costly upgrades - such as replacing boilers, motors, kilns, or entire production lines. These investments 
are capital-intensive and may have long payback periods, which discourages firms (especially small- and medium-
sized enterprises) from pursuing them. Access to affordable financing is frequently limited, particularly in emerging 
economies with less developed credit markets. As a result, firms continue to operate outdated, energy-intensive 
machinery despite higher long-term operating costs.
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b)	 Long asset lifetimes that delay the turnover to more efficient technologies; Industrial assets such as furnaces, cement 
kilns, or chemical reactors can operate for decades, often 30–50 years. Once these assets are built, companies face 
high opportunity costs in replacing them before the end of their useful lives. This “lock-in effect” slows the adoption 
of more energy-efficient technologies and can perpetuate dependence on carbon-intensive production methods. 
In sectors like steel and cement, which are both capital- and energy-intensive, this creates a significant barrier to 
decarbonisation.

c)	 Lack of skilled workforce to implement advanced energy efficiency measures: Advanced energy efficiency interventions 
- such as process optimisation, waste-heat recovery, or integration of AI-enabled controls - require specialised 
technical knowledge. In many countries, industrial engineers, technicians, and managers are not sufficiently trained in 
these emerging fields. The skills gap limits the capacity of firms to design, implement, and sustain efficiency projects. 
Without workforce development, even when technology is available, its uptake remains slow or suboptimal.

d)	 Fragmented data and limited benchmarking in energy performance: Transparent, standardised data on industrial 
energy use is often scarce. Many companies lack robust monitoring systems to track consumption at the process or 
equipment level. Without benchmarking tools, firms struggle to compare their performance with peers and identify 
opportunities for improvement. This data gap also hampers policymakers in setting realistic efficiency targets and 
designing effective regulations or incentive programs. Fragmentation reduces accountability and slows sector-wide 
progress.

OPPORTUNITIES IN THE INDUSTRIAL SECTOR:

a)	 Public-private partnerships to co-finance industrial modernisation: Governments can share financial risks with 
industries through co-investment models, concessional loans, or guarantees for energy-efficient upgrades. Public-
private partnerships (PPPs) can accelerate modernisation in energy-intensive sectors by aligning industrial needs 
with national energy efficiency goals. For instance, state-backed green investment banks or development finance 
institutions can support energy retrofits in steel, cement, or textiles, helping firms overcome upfront capital barriers.

b)	 Sectoral cooperation and knowledge-sharing platforms within G20: G20 countries can foster sectoral dialogues to 
harmonise standards and accelerate technology deployment. Peer-to-peer exchanges can also support emerging 
economies in adopting proven approaches without repeating costly mistakes. This cooperative model strengthens 
collective progress while respecting national contexts.

c)	 Green industrial policies and sustainability-linked finance mechanisms: Governments can design policies that link 
industrial competitiveness with sustainability - such as tax incentives for efficient equipment, energy-efficiency 
standards, or subsidies for low-carbon innovation. On the financial side, sustainability-linked loans and bonds link 
interest rates to performance against energy-efficiency or emissions-reduction targets. These instruments encourage 
industries to invest in efficiency improvements while signalling to investors that energy performance is integral to long-
term value creation.

d)	 Digitalisation and AI, offering precision control of energy use and predictive maintenance: The rise of Industry 4.0 
technologies creates powerful opportunities for energy efficiency. Digital sensors, real-time monitoring, and advanced 
analytics enable firms to optimise energy use at every stage of production. AI can predict equipment failures, schedule 
maintenance proactively, and minimise downtime - reducing both energy waste and operational costs. Smart energy 
management systems also allow for integration of renewables and demand-response strategies, making industries 
more resilient and cost-effective.
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POWER GENERATION SECTOR

In 1990-2010, electricity generation efficiency increased from 40 to 42 per cent, with an increase of about 46 per cent in 
2010-2022 [113]. The average global thermal efficiency for fossil-fuel-based generation reached only 39.4% in 2021, an 
increase of only 0.2% from 2010 [113]. Some OECD countries and China have made progress by shifting from subcritical 
to more efficient supercritical and ultra-supercritical coal technologies. However, many developing countries continue to 
operate aged plants, mainly due to financial, technical, or policy constraints. Efficiency is further compromised in countries 
with frequent power outages, where backup diesel generators are used, often operating at much lower efficiency.

Table 9: Power sector 

Policies Regulations Controls

National energy efficiency policies set 

strategic goals (e.g., reducing energy 

intensity, integrating efficiency into generation, 

transmission, and distribution systems). 

These include mandatory standards like 

energy audits for power plants, minimum 

performance standards (MEPS) for turbines 

or grid components, and loss-reduction 

benchmarks. 

Compliance mechanisms such as plant 

inspections, real-time monitoring for grid 

losses, penalty systems for inefficiency, 

or mandatory reporting by utilities ensure 

enforcement. 

Technologies Monitoring Capacity building

Includes efficient turbines, combined heat 

and power (CHP), digital grid management 

systems, smart meters, and power factor 

correction systems. In transmission and 

distribution, high-efficiency transformers and 

voltage optimisation help reduce losses.

Smart meters, SCADA systems, energy 

management software, and loss-tracking 

dashboards are critical. 

Includes training for utility engineers, 

technicians, and regulators on energy 

management, retrofitting, or data analytics. 

Also includes institutional reform and 

public-private coordination platforms. Many 

developing countries face capacity gaps that 

delay implementation.

Funding options Other incentives Awareness Campaigns

Funding options include green bonds, 

development finance, PPPs, and concessional 

loans. Results-based financing can help align 

with efficiency outcomes.

Tax rebates for high-efficiency equipment, 

performance-based bonuses for utilities that 

reduce technical losses, or white certificate 

schemes can drive efficiency gains. 

Incentive programs often need better 

alignment with energy pricing structures.

Campaigns targeting utility stakeholders, 

industrial clients, and policymakers can 

elevate the profile of energy efficiency and 

promote behavioural change (e.g., demand-

side management during peak hours).

CHALLENGES IN THE POWER GENERATION SECTOR

a)	 Weak enforcement of regulations: Regulatory agencies may lack the resources, autonomy, or political backing 
to monitor compliance and penalise violations. As a result, inefficient plants remain operational well beyond their 
economic or environmental viability. Weak enforcement also creates uncertainty for investors, discouraging them from 
financing modern, efficient generation technologies.

b)	 Limited technical and institutional capacity: Many utilities and regulators, particularly in developing economies, 
face gaps in technical expertise and institutional strength. Challenges include outdated planning tools, insufficient 
human resources, and weak governance structures. These constraints slow the adoption of best practices in energy 
management, grid optimisation, and maintenance. Without stronger capacity, opportunities for efficiency - such as 
upgrading turbines, deploying combined heat and power, or integrating renewables effectively - remain underutilised.

c)	 Inadequate data collection and usage: Robust data on plant efficiency, grid losses, and load patterns is essential 
for informed decision-making. Yet in many power systems, data is either unavailable, fragmented, or underused. 
Inefficient metering, lack of transparency, and limited analytical tools prevent utilities from identifying inefficiencies or 
benchmarking against global best practices. This hampers both short-term operational improvements and long-term 
planning for system modernisation.
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d)	 High upfront costs: Efficiency upgrades in the power sector often require substantial capital expenditures, such 
as retrofitting plants with advanced boilers, upgrading transmission systems, or deploying smart grids. Even when 
payback periods are favourable, utilities may lack the financial flexibility or creditworthiness to access affordable 
financing. This is especially challenging in countries with regulated tariffs that limit cost recovery, creating disincentives 
for utilities to invest in efficiency.

OPPORTUNITIES IN THE POWER GENERATION SECTOR

a)	 Use of digital tools for real-time efficiency tracking: Smart meters, sensors, and advanced data analytics enable utilities 
to monitor plant and grid efficiency in real time. These tools can detect inefficiencies early, optimise dispatch, and 
reduce technical losses. Artificial intelligence and machine learning can further enhance forecasting and predictive 
maintenance, ensuring that equipment operates at optimal performance. Digitalisation thus offers a low-cost pathway 
to rapid efficiency gains relative to large-scale infrastructure investments.

b)	 Capacity-building partnerships: International cooperation and technical assistance programs can help utilities and 
regulators strengthen their institutional and technical capacity. Partnerships with multilateral organisations, universities, 
or leading utilities in G20 countries can provide training, tools, and expertise to support more efficient power system 
management. Such efforts can be tailored to local contexts - for example, focusing on renewable integration in one 
country, or on grid loss reduction in another.

c)	 Utility reform to decouple revenues from volume sold (to promote DSM): Traditional utility business models reward 
higher electricity sales, discouraging investment in demand-side management (DSM) or efficiency programs. Reforming 
regulatory frameworks to decouple revenues from sales - by tying profits to service quality, efficiency targets, or grid 
reliability - creates incentives for utilities to promote energy savings. This shift aligns the financial interests of utilities 
with national goals for efficiency and emissions reduction.

d)	 Blended finance and results-based incentives: Innovative financing models can lower the barriers of high upfront 
costs. Blended finance - combining concessional finance, grants, and private capital - can de-risk investments in 
power sector efficiency. Results-based incentives, where disbursements are tied to verified improvements (e.g., 
reduced losses, lower emissions), encourage accountability while rewarding progress. These mechanisms can unlock 
investment that might otherwise remain stalled due to perceived risk.

e)	 Building and lighting efficiency: Demand-side efficiency measures in buildings and lighting directly reduce electricity 
demand, lessening strain on generation systems. For example, large-scale adoption of LED lighting or energy-efficient 
HVAC systems can significantly reduce peak load, delaying or avoiding the need for new power plants. Integrating 
building efficiency into power-sector planning enables utilities to meet demand growth at lower cost while improving 
reliability.

The G20's collective commitment to doubling energy efficiency improvements by 2030 is reflected in a broad and coordinated 
policy ecosystem that spans key demand sectors, including buildings, transport, industry, mining, and agriculture. Each of 
these sectors demonstrates a unique yet interconnected approach to advancing energy efficiency - ranging from regulatory 
standards and fiscal incentives to digital innovations and stakeholder engagement platforms. 

a)	 High upfront costs and long asset lifetimes slow efficiency transitions: Transport, industry, and power generation all 
face heavy capital expenditure requirements and asset lock-in effects. This makes the pace of turnover to efficient 
technologies slow, particularly in developing economies. Financial innovation and blended financing models are crucial 
to bridge this gap.

b)	 Institutional and capacity constraints undermine enforcement and uptake: Weak regulation, fragmented policy 
implementation, and limited institutional/technical capacity are common barriers across sectors. Without strong 
governance and skilled workforces, even available technologies and financing cannot be fully leveraged.

c)	 Data gaps limit benchmarking and accountability: Both industry and power generation struggle with inadequate data 
collection, monitoring, and performance benchmarking. Transparent, standardised, and real-time data systems are 
necessary to drive efficiency gains and enable informed policy and investment decisions.

d)	 Equity and access issues persist: Transport and power challenges highlight inequities: rural, underserved, or low-
income groups often face higher costs and reduced access to efficient technologies or services. Without inclusive 
planning, efficiency transitions risk reinforcing inequalities.
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e)	 Digitalisation is a cross-cutting accelerator: Smart grids, digital monitoring, AI-based predictive maintenance, and 
IoT-enabled management systems offer transformative potential across all sectors. Digitalisation can deliver quick, 
relatively low-cost gains and optimise existing infrastructure while preparing for deeper decarbonisation.

f)	 Public-private and international cooperation are essential: Partnerships, whether for transport infrastructure, industrial 
modernisation, or capacity-building in utilities, emerge as a central enabler. G20-level knowledge-sharing and 
technology transfer can help countries leapfrog and scale solutions more rapidly.

g)	 Financial mechanisms must be better aligned with efficiency goals: Instruments such as green bonds, carbon pricing, 
sustainability-linked loans, and results-based incentives provide powerful levers to overcome cost barriers and 
incentivise efficiency. Aligning utility and industrial business models with efficiency rather than volume growth is key to 
systemic change.

h)	 Demand-side efficiency has systemic benefits: Especially in the power sector, measures in buildings and lighting 
reduce strain on generation systems, creating synergies across sectors. Integrated approaches that link supply-side 
and demand-side interventions deliver the highest returns.

SECTION D RECOMMENDATIONS

D1. EXPAND FINANCIAL INSTRUMENTS AND INCENTIVES

Introduce and scale up green finance mechanisms, such as green bonds, energy service company (ESCO) models, 
results-based financing, and concessional loans, to reduce the upfront cost barrier, particularly in developing G20 
economies.

D2. STRENGTHEN REGULATORY ENFORCEMENT

Improve institutional capacity for monitoring, verification, and enforcement of energy efficiency standards through 
robust compliance mechanisms and data-driven oversight tools.

D3. PROMOTE DIGITALISATION AND INNOVATION

Accelerate the adoption of smart technologies - such as IoT-based energy management systems, digital meters, and 
AI-driven analytics - to enable real-time monitoring and optimise energy use across all sectors.

D4. INVEST IN CAPACITY BUILDING

Support vocational training and professional development programs targeting architects, engineers, energy managers, 
farmers, and municipal officials to address workforce gaps in energy-efficient practices and technologies.

D5. EMPOWER LOCAL AND COMMUNITY-BASED PROJECTS

Encourage decentralised and community-driven energy efficiency projects, especially in rural and low-income areas, 
through participatory planning, co-financing models, and technical support.

D6. ENSURE INCLUSIVE AND EQUITABLE IMPLEMENTATION

Design energy-efficiency programs that address the needs of vulnerable groups, such as women, to ensure that the 
benefits of efficiency transitions are broadly shared.
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D7. DEVELOP ROBUST MONITORING AND EVALUATION FRAMEWORKS

Institutionalise energy data collection and evaluation systems to track progress, inform policy decisions, and enhance 
transparency and accountability in achieving energy efficiency goals.

These recommendations aim to deepen the G20’s leadership role in advancing global energy efficiency, building on the 
progress to date while addressing systemic barriers that hinder transformational change.

D8. ELECTRICITY GENERATION EFFICIENCY

Support energy efficiency and contribute to the goal of doubling the global rate of improvement in energy efficiency by 
2030. Energy efficiency is a “first fuel”. Buildings, transport, industry, the power sector and clean cooking may benefit 
from various energy efficiency and energy saving measures such as sustainable consumption, the adoption of digital 
monitoring, super-efficient appliances, optimising demand for heating and cooling, and scaling up of commercially 
available energy efficiency technologies in line with national circumstances that can enable clean, sustainable, 
affordable, just and resilient energy transitions through collaboration and using innovative financing mechanisms. 
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VOLUNTARY ENERGY 
AFFORDABILITY 
TOOLKIT CONCLUSIONS
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Energy access and energy affordability remain a persistent and multifaceted challenge across G20 countries, with 
the burden falling most heavily on rural populations, low-income households, and marginalised communities. This 
report has underscored the systemic nature of energy poverty, which is both a symptom and driver of broader 

socioeconomic imbalances. The interlinkages between access, affordability, reliability, and sustainability call for a holistic 
and context-sensitive approach to energy policy and planning.

Section A revealed significant disparities in energy access and affordability. Structural factors such as urbanisation trends 
and the high cost of energy infrastructure continue to limit energy access. Elements for an affordability toolkit should 
consider not only tariff structures but also upfront connection costs, availability of social subsidies, and the quality of supply.

Section B highlighted the need for coordinated and inclusive policy and regulatory interventions. Well-designed policies 
must prioritise consumer protection, enable private sector participation, and foster innovation while ensuring transparency 
and accountability. Importantly, policy coherence between national, regional, and international levels is essential to align 
development goals with energy access strategies.

Section C explored the balance between utility financial sustainability and affordable service provision. Reforming tariff 
systems and enabling blended finance solutions were identified as essential to bridging the investment gap while ensuring 
no one is left behind. Decentralised and community-based energy systems, especially in underserved regions, offer 
scalable, cost-effective alternatives.

Section D emphasised that energy efficiency must be a foundational strategy in tackling energy poverty. Efficiency 
measures reduce household energy expenditure, extend grid capacity, and support climate goals. However, progress is 
uneven. Expanding access to finance, strengthening regulatory enforcement, and leveraging digital technologies are key 
to unlocking the full potential of energy efficiency - particularly in the buildings, transport, industry, mining, and agriculture 
sectors.

The development of a Voluntary Energy Affordability Toolkit must therefore reflect the voices and needs of vulnerable 
populations, integrate gender-responsive and community-driven solutions, and prioritise the just transition to clean, reliable, 
and affordable energy systems. 
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