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Abstract: 

Various projections indicate that current priorities and plans will leave half of today’s unelectrified 
population still in the dark in 2030 and hinder climate change goals. Development with the 
backdrop of climate change creates the need for a viable infrastructure for the generation and 
distribution of energy, particularly in developing countries.  
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Introduction 

The UN Sustainable Development Goal (SDG) 71 sets out the target of ensuring universal 
access to affordable, reliable and modern energy services by 2030 which must be achieved in 
tandem the adoption of clean, renewable energy resources. The UN promotes international 
cooperation to facilitate this transition, with the focus on clean energy research and investment in 
the development of energy infrastructure. 

For the achievement of the UN SDGs by 2030, an estimated 1 billion people must gain 
access to sustainable electricity resources. However, following the current trajectory would mean 
falling short of that number by 700 million.2 In particular, those gaining access to electricity 
worldwide since 2010, the vast majority (80 per cent) are urban dwellers – leaving many people 
within rural areas in the dark.3 Centralized power systems remain out of the reach of a significant 
number of people in the developing world. Furthermore, the benefits of energy access are not 
realized in many cases, with the supply being unreliable and un-affordable.4 Inadequate economic 
means prohibit people from partaking in the resources in the regions reported as electrified. 
Electricity grids are riddled with poor distribution infrastructure, poor transmission, and capacity 
shortages and persistent outages mean that homes and business resort to backup diesel 
generators.         

Lack of access to modern energy hinders household progress. Without energy access, any 
productive activity is limited to daylight hours, particularly affecting children who require 
electrification for doing homework and for recreation. Energy poverty places limitations on 
communications, access to clean, safe water and refrigeration and food preparation. These have 
direct impacts on the healthy growth and development of both children and adults.  
Energy access is necessary to alleviate poverty; however, centralized grid development plans will 
fray the efforts against climate change. This necessitates a re-conception of energy provision; this 
paper looks at the present concerns and the development of infrastructure based around 
renewable energy resources.   
 
 

 

 
1 “Goal 7: Ensure Access to Affordable, Reliable, Sustainable and Modern Energy for All - SDG Indicators.” United 
Nations, United Nations, https://unstats.un.org/sdgs/report/2016/Goal-07/. 
2 “Energy - United Nations Sustainable Development.” United Nations, United Nations, 
https://www.un.org/sustainabledevelopment/energy/. 
3 “Sustainable Development Goal 7.” Electricity, https://www.iea.org/sdg/electricity/. 
4 Levin, Todd, and Valerie M. Thomas. “Can Developing Countries Leapfrog the Centralized Electrification 
Paradigm?” Energy for Sustainable Development, vol. 31, 2016, pp. 97–107.   doi: 10.1016/j.esd.2015.12.005. 
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Business-As-Usual (BAU) Energy Provision 

1.1 Access concerns 

A centralized approach, based on fossil fuel energy generation, requires steep investments. 
With the committed financing as of 2016, it will take closer to 100 years – not 10 – to reach 
universal access through this method.5 Electricity grids are in poor condition in many developing 
countries with as many as 200 million people considered to have a “weak-grid” connection with 
as much as 50% downtime.6 The choice of allocation of public funds oscillates between extending 
an already weak grid to one more village, to improve grid quality, or to generate more energy. Rural 
communities are usually dispersed, and their commercial energy consumption is modest. 
Approximately 87% of the people without electricity live in rural areas characterised by 
remoteness and sparse population density, where the extension of national grids is often 
technically difficult, costly, and inefficient.7 This hampers the energy infrastructure with poor 
capacity utilization efficiency for transmission. Rural communities fall down the priority rung 
because the conventional methods for development of energy infrastructure generate economic 
frustrations, for both private and public providers. In Africa, new rural grid-connections have an 
average overnight cost estimated to be USD 2,300 per household.8 This means that a vicious cycle 
is created wherein poor communities are restricted to energy-inefficient resources, which are more 
costly, and ultimately, exacerbate their impoverished condition. Supplies tend to have high initial 
costs, while less efficient devices tend to be cheaper to set up. However, taking efficiency into 
consideration means that “poorer people often pay more per unit of energy used because they 
cannot afford the initial costs of supply option that have the lowest lifetime costs.”9  

BAU governance of the energy sector will not be able to achieve universal energy access, 
particularly access to renewable, clean energy. The centralized grid system is over-burdened, and 
subject to cascading failures. In 2012, exhaustion led to the failure of the system in India, causing 
a blackout that affected 600 million. Introduction of renewable energy resources, which implies 
introducing distributed infrastructure components, are an opportunity for developing countries to 
vault over the traditional centralized model, particularly in regions without access.  

 

 
5 Zero Emission Resource Organization, 30. 
6 Ibid, 32. 
7 “Rural Electrification.” The Alliance for Rural Electrification (ARE), September 17, 2019. 
https://www.ruralelec.org/rural-electrification. 
8 Zero Emission Resource Organization, 26. 
9 Kaygusuz, K., 2011. "Energy services and energy poverty for sustainable rural development," Renewable and 
Sustainable Energy Reviews, Elsevier, vol. 15(2), pages 936-947, February. 
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1.2 Environmental Implications                           

 
Figure 1 Projection of emission trends and the resulting gap between those and the ones required for meeting the 

Paris agreement. 

Source: Climate Action Tracker 2019 

As of September 2019, a gap persists between the projected emission levels of 2025 and 
2030, and those that would align with the goal of the temperature limit agreed to in the Paris 
Agreement. To limit warming to 1.5˚C above pre-industrial levels, benchmark emissions must fall 
to around 41 Gt CO2e in 2025 and 27 GtCO2e in 2030. However, taking into account current 
pledges and targets globally, global emissions are expected to rise to 52–55 GtCO2e in 2025 and 
53–56 GtCO2e in 2030. In particular, energy related emissions account for nearly 60% of this total. 
Most of the new coal power plants are planned in developing countries with a substantial 
estimated increase in the power demand in the developing regions during this time period as 
well.10 

 
10  Zero Emission Resource Organization, 16. 
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According to the UN, the proportion of the global population with access to clean fuels and 
technologies for cooking, such as gas and electricity, increased from 54 per cent to 58 per cent 
from 2005 to 2014.11 Yet, in some regions, such as sub-Saharan Africa, advancements have been 
slow and access remains very low. This limited progress has not kept pace with population growth. 
As a result, the absolute number of people relying on polluting fuels and technologies for cooking 
has actually increased, reaching an estimated 3 billion people.12 

To meet the increased demand for power, projections from the International Energy 
Agency (IEA) indicate that a substantial share of the growing demand will be met by fossil fuels, 
with that being the majority source in developing regions.13 In 2017, a report by a coalition of NGOs 
found that the G20 countries provided an average of $71.8 billion of public financing for fossil-fuel 
projects per year between 2013 and 2015, compared with just $18.7 billion for renewable energy. 
Japan provided $16.5 billion per year, which was six times more than it allotted for renewables.14 
Oil Change International, a clean energy advocacy group, conducted a study in 2018 which 
estimated that public aid for energy projects from wealthy nations to Africa was $59.5 billion 
between 2014 and 2016. 60% of that aid was spent on fossil fuels, compared with just 18% on 
renewables. It found governments that were moving away from fossil fuels at home continued to 
fund such projects in Africa, where communities are experiencing some of the worst impacts from 
climate change.15  

1.3 Water-Energy-Food Nexus                                                                                                                       

The water-energy-food security nexus provided by the Food and Agricultural Organization 
(FAO) posits that water security, energy security, and food security are interlinked, with changes 
in one affecting the other. They also lie at the heart of sustainable development and poverty 
reduction. Producing energy requires water to cool power plants and produce biofuels, while 
making water accessible and clean for human consumption demands energy.   

With regards to water, the United States requires around 731,920 million litres a day to 
produce and burn the nearly 900 million tonnes of coal it uses each year to generate just a third of 
the nation’s electricity. In India, current government plans are to produce 500 gigawatts of coal-
fired electricity by 2040, which will require at least 58 billion cubic metres of water per year. While 

 
11 United Nations SDG Report, Goal 7.  
12 Ibid. 
13 “Sustainable Development Goal 7.” Electricity, https://www.iea.org/sdg/electricity/. 
14 Carrington, Damian. “G20 Public Finance for Fossil Fuels 'Is Four Times More than Renewables'.” The Guardian, 
Guardian News and Media, 5 July 2017, https://www.theguardian.com/world/2017/jul/05/g20-public-finance-for-
fossil-fuels-is-four-times-more-than-renewables. 
 
15 McVeigh, Karen. “Rich Countries Pushing 'Dirty Energy' in Africa, Report Claims.” The Guardian, Guardian News 
and Media, 23 July 2018, https://www.theguardian.com/global-development/2018/jul/23/rich-countries-pushing-
dirty-energy-africa-report-claims. 
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in China, about 15% of national water withdrawals are used for coal mining, processing, ash 
control, and for cooling of its coal-fired power plants.16 For water-basins to not be depleted, trade-
offs will be required. Farmers usually bear the cost of the difference, paying a higher price for water 
usage.  
 
Delivering Clean, Universal Energy Access 

2.1 Distributed Energy Resources (DERs) 

DERs are small-scale power generation sources located near end-user consumers 
intended for self-consumption. They can be aggregated into a self-contained network called a 
micro-grid. Historically, DERs were diesel generators, detached from the grid and used as backup 
for electricity provision. In recent years, the scope has expanded, to include low-carbon energy 
resources such as micro-turbines, solar photovoltaic (PV) sources, energy storage facilities.  These 
resources are expanding in variety and sophistication and provide possibilities for knitting together 
comprehensive, more resilient networks. These advancements go hand-in hand with the 
increasing sophistication of information and communication technology. Integration of sensors and 
processors are making it possible to assess the grid down to every individual device. The 
information generated can be utilized to manage electricity generation and distribution more 
efficiently. 

 
Figure 2 Left: Centralized Energy System; Right: Distributed Energy System 

Source: Vezzoli C. et al. (2018) Distributed/Decentralized Renewable Energy Systems 

 
16 Waughray, Dominic. “Water-Energy-Food: Can Leaders at Davos Solve This Global Conundrum? |” The Guardian, 
Guardian News and Media, 16 Jan. 2017, https://www.theguardian.com/global-development-professionals-
network/2017/jan/16/water-energy-food-challenge-davos. 
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The expense and infrastructure involved with centralized systems limit the possibilities of 

direct and democratized access to energy. DER systems can cope with isolated failings, with each 
energy-using unit being served by multiple production resources, unlike the centralized system 
which can debilitate the entire network. This resource security is an important element for 
development.  Small generation units, operated by individuals or communities serving as both 
producer and consumer, can foster self-sufficiency and reduce inequality. A community in 
possession of a micro-grid can contract a firm to operate it and sell the resource while returning 
value to the owners. This can help with keeping money in circulation, instead of continuous 
investment in fossil fuel acquisition. The constituencies created by such small units can also help 
guide the climate and environment policy, particularly when this will already accelerate the 
decarbonization process. Building the grid from the bottom up, not only resists concentration at 
the top, but also promotes active community engagement on issues relating to the environment.  

There are high fixed costs associated with extending a centralized grid to distribute only a 
few kilowatt hours from a power plant to end user, as opposed to the scalable nature of the stand-
alone solutions. For every dollar invested in renewable energy generation intended to increase 
rural access, three to six dollars must be invested in grid infrastructure.17 By contrast, larger 
distributed solutions can be distributed and installed in a matter of days. A customer requiring 
energy for medium-power appliances and eight hours a day can have a powered home in a matter 
of days – almost irrespective of distance from the closest town.18 

Unelectrified households are often using kerosene, diesel, and other highly polluting 
sources of energy. Until universal access is reached, unelectrified households have the highest 
emissions per unit of energy consumed. A standard unelectrified household emits 0.35 to 0.75 
tCO2e per year, according to estimates.19 As distributed solutions are both cheaper and faster, a 
substantial measure can be achieved in terms of reducing baseline emissions by 2030.  

Meanwhile, DER adoption can also bolster innovation. Power plant developments are 
bulky, require extensive time investment for building and improvement, and pose capital barriers 
to entry in market. DERs are smaller and are augmented by information and communication 
technology with continuously reducing capital barriers. The time for learning and improvements is 
shorter, allowing for rapid transformation and acceleration towards sustainable, equitable access. 

Full grid defection – complete disconnection from the centralized electric-power system- is 
not yet economically feasible. However, at current rates of cost declines, however, the feasibility is 
expected to be realized sooner than expected. 

 
17 Zero Emission Resource Organization, 26. 
18 Ibid, 29. 
19 Zero Emission Resource Organization, 30  
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Figure 3 Grid defection economics. 

Source: McKinsey, The Next Disruptive Technology in the Power Sector (2015). 

 
2.2 Challenges to Implementation 

According to Goldthau,20 the functioning of infrastructure doesn’t evolve just with the 
technological advancement. Technology evolves alongside institutions, societal actors and policies, 
leading to socio-technical systems. The changes wrought in the society and economy, and the 
energy technology within that environment, lead to a “lock-in” or path dependency. With regards 
to energy infrastructure, this could perpetuate development of centralized systems, developed as 
a combination of physical as well as socio-economic infrastructure. This poses a problem for low-
carbon targets, with the power sector focused around a large-fossil based approach. The 
consideration goes beyond investment in physical development; legislation procedures and 
policies to regulate networks would require a re-think, with considerable inertia involved in such a 
process. 

 
20 Goldthau, Andreas. “Rethinking the Governance of Energy Infrastructure: Scale, Decentralization and 
Polycentrism.” Energy Research & Social Science, vol. 1, 2014, pp. 134–140., doi: 10.1016/j.erss.2014.02.009. 
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Goldthau also describes infrastructure as a common pool resource (CPR), wherein 
consumers have unlimited access to it. But the limitation of these resources opens up the possibility 
of “destructive overuse” fueled by self-interest, especially with regards to decentralized energy 
resources intended to provide more autonomy to the consumer. 

With various renewables, comes complexity and a need for flexibility. DERs are expected 
to transition from the nascent stage very quickly, as rooftop solar panels, electric vehicles, home 
batteries, and smart meters become more common. A grid with renewables requires resources 
that can compensate for their natural variations. The system of uniform tariffs requires adaptation 
with an element of cost recovery for distributed resources. Shorter periods of defined rates and 
complex rate schedules will affect DER adoption, particularly for consumers potentially balking at 
the associated complexity and investment. Financing creativity will be important to nudge 
consumers on the fence. 

Advancements in renewable energy technology have led to the development of regulatory 
provisions for it, in particular in countries with energy access deficit. According to a UN report, 
however, these policies have not made any inroads towards a cohesive integration scenario. Few 
countries have regulations that clarify interconnection procedures for the main electricity grid 
reaching a mini-grid.21 Only 40 per cent of countries have a grid code that includes variability of 
renewable energy sources, 36 per cent of countries have transmission pricing rules for renewables, 
14 per cent of countries have plant forecast rules for generation from renewables.22 

The focus needs to shift to address small scale, low-carbon infrastructures, particularly for 
engagement and investment from the private sector. Large-scale infrastructure projects will not 
contribute discernibly towards universal, sustainable access. The requirement is for the resolution 
of the legal and regulatory framework towards energy structures, with a focus on a layered system 
involving distributed resources. The current system is intended for one-way power flows which 
can’t capitalize on the value of DERs. 

Conclusion 

Energy access is imperative to boost other measures of socio-economic development. 
Many rural areas are too remote to be successfully connected to the main grid. The population 
growth in many developing regions is outgrowing the capability to provide grid connection. This 
will lead to scarcity of energy resources, or to migration to urban areas with overburdened 
infrastructure already prone to persistent failures. Distributed energy technologies, provided near 
to the end-user are cleaner from an environmental perspective, and propose lower distribution and 
transmission infrastructure costs. They provide a reasonable alternative for development geared 
towards the future, particularly towards the equitable distribution of resources.  

 
21 World Bank, “Regulatory Indicators for Sustainable Energy 2018.” 
https://www.worldbank.org/en/topic/energy/publication/rise-2018. 
22 Ibid. 



The New Energy Paradigm: Advancing Distributed Energy Solutions 
 

12 
 

Bibliography 

Carrington, Damian. “G20 Public Finance for Fossil Fuels 'Is Four Times More than Renewables'.” 
The Guardian, Guardian News and Media, 5 July 2017, 
https://www.theguardian.com/world/2017/jul/05/g20-public-finance-for-fossil-fuels-is-
four-times-more-than-renewables. 

“CAT Emissions Gaps.” CAT Emissions Gaps | Climate Action Tracker, 
https://climateactiontracker.org/global/cat-emissions-gaps/. 

 “Energy - United Nations Sustainable Development.” United Nations, United Nations, 
https://www.un.org/sustainabledevelopment/energy/. 

Goldthau, Andreas. “Rethinking the Governance of Energy Infrastructure: Scale, Decentralization 
and Polycentrism.” Energy Research & Social Science, vol. 1, 2014, pp. 134–140., doi: 
10.1016/j.erss.2014.02.009. 

“Goal 7: Ensure Access to Affordable, Reliable, Sustainable and Modern Energy for All - SDG 
Indicators.” United Nations, United Nations, https://unstats.un.org/sdgs/report/2016/Goal-
07/. 

International Energy Agency, “Tracking Clean Energy Progress.” https://www.iea.org/tcep/. 

Kaygusuz, K., 2011. "Energy services and energy poverty for sustainable rural development," 
Renewable and Sustainable Energy Reviews, Elsevier, vol. 15(2), pages 936-947, 
February. 

Levin, Todd, and Valerie M. Thomas. “Can Developing Countries Leapfrog the Centralized 
Electrification Paradigm?” Energy for Sustainable Development, vol. 31, 2016, pp. 97–107. 
doi: 10.1016/j.esd.2015.12.005. 

McVeigh, Karen. “Rich Countries Pushing 'Dirty Energy' in Africa, Report Claims.” The Guardian, 
Guardian News and Media, 23 July 2018, https://www.theguardian.com/global-
development/2018/jul/23/rich-countries-pushing-dirty-energy-africa-report-claims.  

McKinsey & Company, “Battery Storage: The Next Disruptive Technology in the Power Sector.” 
https://www.mckinsey.com/business-functions/sustainability/our-insights/battery-storage-
the-next-disruptive-technology-in-the-power-sector. 

“Rural Electrification.” The Alliance for Rural Electrification (ARE), September 17, 2019. 
https://www.ruralelec.org/rural-electrification. 

Roberts, David. “Clean Energy Technologies Threaten to Overwhelm the Grid. Here's How It Can 
Adapt.” Vox, Vox, 11 Nov. 2019, https://www.vox.com/energy-and-
environment/2018/11/30/17868620/renewable-energy-power-grid-architecture. 



The New Energy Paradigm: Advancing Distributed Energy Solutions 
 

13 
 

“Sustainable Development Goal 7.” Electricity, https://www.iea.org/sdg/electricity/. 

Waughray, Dominic. “Water-Energy-Food: Can Leaders at Davos Solve This Global Conundrum? 
|” The Guardian, Guardian News and Media, 16 Jan. 2017. 

World Bank, “Regulatory Indicators for Sustainable Energy 2018.” 
https://www.worldbank.org/en/topic/energy/publication/rise-2018. 

Zero Emission Resource Organization, “Cheaper, Faster, Cleaner”.  April 2019. 
https://www.kirkensnodhjelp.no/globalassets/lanserte-rapporter/2019/cheaper-faster-
cleaner.pdf 


