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Developing renewable energy sources contributes to alleviating poverty, fuelling industrial production and
transportation, expanding rural development and protecting health while promoting sustainability and environmental
quality (Hostettler, 2015). Renewables account for approximately 20 per cent of global final energy consumption, with
the most prominent growth happening in the power sector and with global capacity rising more than 8 per cent in
2013 (IEA, 2014a). Fossil fuels, however, continue to dominate global primary energy consumption, with coal
remaining the major contributor to the world’s energy pool (REN21, 2014). Almost 1.3 billion people in the world,
mainly in rural areas, live without access to electricity and 2.7 billion without modern reliable energy services (UNDP,
2013; Alliance for Rural Electrification, 2014; IEA, 2014a). Global energy consumption is projected to rise by 56 per
cent by 2040, with fossil fuels dominating the energy grid (US EIA, 2013). Strong economic and continued population
growth in developing countries will be the prevalent force driving world energy markets during that period. Coal use is
on the rise, mainly due to China’s consumption, and global energy-related carbon dioxide emissions are predicted to
have a 46 per cent increase by 2040, a rise from about 31 billion metric tons in 2010 (US EIA, 2013).

These developments have been prompting efforts to deploy renewable energy sources in many countries of the world
to make access to energy more sustainable and address the problems of air quality and climate change. The United
Nations (UN) has declared the years 2014–2024 the decade of Sustainable Energy for All (United Nations, 2015).
Renewable energy technologies, which are a part of the low-carbon facet of global energy supply, are rapidly
increasing their presence in many countries of the world. The top five countries for total installed renewable power
capacity by the beginning of 2014 were China, the United States (US), Brazil, Canada and Germany. In the
European Union (EU), renewables have represented the majority (72 per cent) of new electric generating capacity for
the last several years (REN21, 2014). Renewables, however, are no longer dependent on a small number of
countries. Major renewable energy companies became very interested in Africa, Asia and Latin America; where new
markets are emerging on and off-grid. Investment patterns are also shifting away from traditional governmental and
foreign donor sources to greater reliance on private and often local firms and banks (Martinot et al., 2002; REN21,
2014). Support for the adoption of renewable energy has been growing among the governmental agencies, industry,
non-governmental organisations and the public at large. These actors pursue energy, environment and development
agendas at local, regional and global levels (Bayer et al., 2013; REN21, 2014).

The policy, manufacturing and financing for renewables continue to expand across the developing world and
emerging economies. By 2018, according to the International Energy Agency (IEA), non-OECD countries are
predicted to account for 58 per cent of total renewable generation, up from 54 per cent in 2012. Renewable energy
generation in most developing countries still mostly depends on inexpensive and abundant hydropower, but other
technologies are on the rise in countries with good resources and emerging support measures (IEA, 2013).

Helped by global subsidies, renewables may account for almost half of the increase in total electricity generation to
2040, with the use of biofuels more than tripling (IEA, 2014b). Generation of renewables is also predicted to rise
more than twice as much in many developing countries and emerging economies. The number of developing
countries with policies in place to support renewable energy has increased sixfold since 2006, resulting in one-fifth of
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the world’s power production presently coming from renewable energy sources (United Nations, 2014). Continuing
advances in technology, innovations in policy and financing, decreasing prices, and educational efforts make
renewables more attractive and affordable for a larger number range of consumers around the world (REN21, 2014).

However, as renewable energy policies, markets and industries develop, they increasingly face new challenges,
which are multifaceted and highly complex. The fact that significant reserves of fossil fuels are still available impedes
the willingness to give sufficient importance to the renewables. Fossil fuels receive six times more in subsidies than
renewable energy sources (Hostettler, 2015). In their competition with mature fossil fuel and nuclear technologies,
renewables encounter major challenges to commercialisation, including underdeveloped infrastructure and lack of
economies of scale. Additionally, the integration and combination of different energy sources from a market, policy
and technical perspectives are becoming more challenging and requiring capacity building. The success of deploying
new technologies depends on the ability to build, monitor and maintain energy infrastructure, as well train scientists,
decision-makers and manufacturers at domestic and global levels (MacLeod and Rosei, 2015).

For developing countries, especially, costs and the lack of sound policies are some of the main barriers. Start-up
expenditures, the lack of approaches to balance price disparities between renewables and fossil fuels, and
overarching structural obstacles, such as the centralised nature of the energy industry, impede support and
implementation of new initiatives, deter investment in renewables and frustrate more localised approaches to energy
access. Notably, the introduction of renewables presents an issue of inequality. The problem is that the rate of
technology diffusion, the availability of financing and policy implementation are uneven within and across countries’
national boundaries. And while renewable energy is one of the world’s fastest-growing energy sources now,
increasing by 2.5 per cent per year (REN21, 2014), it has not been sufficient to keep pace with the consequences of
rapid growth in demand for energy.

Employing renewable energy faces a range of economic, policy, structural and social challenges, requiring not only
further technological development and investment but also a deeper understanding of both the success factors and
the obstacles to accomplish widespread adoption. This chapter will proceed by presenting the discourse on the
deployment of renewable energy with an emphasis on policy, technology and investment for renewables in the
developing countries. It will continue with the discussion of some of the major international challenges that may
explain the difficulties in the adoption and implementation of renewable energy, including the effects of global
learning on the introduction of renewables, the barriers to technology and policy diffusion. The chapter ends with
concluding remarks.

Policy, Technology and Investment Considerations for Renewable Energy

Countries around the world increasingly take measures to research and deploy renewable energy sources to improve
energy security, encourage economic growth and respond to environmental challenges particularly associated with
climate change. The research by the International Energy Agency demonstrates that renewable energy technologies
have been mainly adopted by countries with relatively high gross domestic product (GDP) per capita and also high
energy security concern (Müller et al., 2011). Such front-runner countries have both the capacity and the impetus to
engage with renewables especially during the initial development stages, when costs are high. The wealth of these
countries also influences the choice of the technology for generating renewables, where countries with lower
economic capacity focus on lower-cost, well understood and established renewable sources, such as hydro and
biomass. With the increasing maturity of renewables, falling prices, enhanced education and improving
competitiveness, the likelihood of technology diffusion across national boundaries increases. For many developing
countries, the opportunities to deploy renewable energy sources exist particularly in cases where the resource
conditions are good and the need for expansion in energy access is high (Müller et al., 2011).

The majority of developing countries are blessed with substantial renewable energy resources, such as solar and
wind, covering large geographical areas and not requiring a centralised approach for dissemination. The deployment
of renewable energy can make effective use of available human capital in countries with underemployment without
compromising the desirable features of energy supply. The rationale for the adoption of renewables is strengthened
both by the improvement in the quality of life of rural, distant, under-served populations and by the devastating
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environmental effects of fossil fuel use. Additionally, for developing countries the stakes of dealing with environmental
consequences are much higher than for developed nations. Yet, the capacity of developing countries to manage
severe environmental degradation and its health consequences is often inadequate and undermined by their
vulnerability to external shocks either financial or environmental.

Developing countries also have a number of common characteristics that influence the acceptance, spread and
sustainability of renewable energy approaches (Kandpal et al., 2003). The most important feature is the desire for
economic development and a constant trade-off between growth and environmental protection (Mohiuddin, 2006;
Hostettler, 2015). The majority of the population has low, or relatively – compared to the developed countries – lower
energy consumption per capita, which reflects poorer quality of life and low purchasing power of potential end-users
of renewable energy. Many of the developing countries import fossil fuels, which creates risks for energy security and
foreign exchange. And while developing countries have experience with renewable energy technologies, projects,
especially in the past, were characterised by fragmented efforts and were implemented in isolation from other
development challenges such as health, education and local development. Additionally, up until the 1990s,
renewables were introduced without the guidance of integrated policies (GNESD, 2007). So, the priority for many
developing countries became the creation of supporting policies for the adoption of renewables.

Policy

The introduction and implementation of support policies to a large degree determine the extent to which renewables
are developed in a country (Berg, 2013). The renewable energy market is also a policy-driven market. The adoption
of support policies, however, does not follow the one-size-fit-all approach. The choices of policy instruments and
sectors need to reflect the objectives of each country according to its priorities regarding environmental protection,
economic development and socio-economic structure (Djiby, 2011). Also, while a particular policy approach may be
considered as effective, public expenditures required to achieve this might be disproportionate and therefore
politically unbearable. Determining the costs and risks of various policy tool kits involves multiple, complex
assumptions and considerations of country market structure, resource endowments and national goals (UNDP,
2013).

Developed countries usually serve as front runners in establishing new policies. For example, in Europe, new policies
are emerging to accelerate or manage the integration of renewables into existing power systems, including the
development of energy storage and smart grid technologies. Developing countries are adopting support policies and
experimenting with various policy tools. By the end of 2013, developing and emerging economies became the
leaders in the increase of renewable energy support policies and accounted for 95 of the 138 countries with such
policies (REN21, 2014). Renewable energy support policies usually include the use of regulatory and economic
instruments such as standards, planning and codes; building institutional structures and capacity; as well as
voluntary approaches, including information provision, advertisement, and education. The latter policy tools are only
in their nascent stages in developing countries, with most emphasis on economic tools such as direct investments in
infrastructure, fiscal and financial incentives and market-based initiatives, including allowances for greenhouse gas
(GHG) emissions or green certificates. Specifically, feed-in tariff policies (policies based on prices) and renewable
portfolio standards (RPS) (policies based on quantities) are the most commonly used policy support mechanisms.
Regulatory policies, as well as economic instruments, have been found to have a strong effect on the production of
renewable energy in the developing world. (Pfeiffer and Mulder, 2013)

Most renewable energy policies enacted or revised focus on the power sector, yet a big challenge for the renewable
energy industry, in general, has been competition from heavily subsidised conventional energy. Other significant
policy challenges for the developing countries and emerging economies include the problems of policy formation in
the context of economic development, where growth is a priority and where old and entrenched mechanisms are
difficult to part with. Households or energy companies which want to install wind turbines or solar panels have been
discouraged by lengthy pay-back times. Without political measures to facilitate access to the market and increased
consumer demand, manufacturers of wind turbines or solar photovoltaic (PV) panels cannot produce the unit
volumes needed to bring prices down and drive technological innovation.
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Another challenge is the creation of an enabling policy environment and targets that can encourage the private sector
to participate in financing the development of renewable energy projects (UNDP, 2013). Supporting renewable
energy demonstration projects to spread information in remote areas, training microfinance leaders and
decentralising the implementation of renewable energy projects may foster the spread of renewable energy projects.
Such actions would also help build a better equipped sustainable renewable power industry, generate profits and
create jobs, as well as increase efficiency in financing (Mohiuddin, 2006; MacLeod and Rosei, 2015). Most support
for renewable energy policies and technologies in developing countries comes from local governments or from
international donors, which undermines their sustainability, as the funds fluctuate with changing priorities and crises.

Finally, the establishment of innovative policies and sustainability of renewable energy markets and technology may
benefit from the adoption of an overall energy governance framework. The introduction of energy governance
enables more efficient involvement of various stakeholders, increasing the decision-making authority of local
governments, creating diversified institutional arrangements and public involvement (Djiby, 2011), as well as
increasing capacity to tailor policy to local conditions, especially in countries with wealth disparities and varied
commitments to environmental improvement.

Technology

The choice and deployment of renewable energy technologies may significantly contribute to building a
comprehensive strategy towards more sustainable economic growth. Technological innovation and capacity in
renewables result from a broad range of factors and not merely from effective research and development efforts
(Müller et al., 2011). These include technological capability of a country, innovation-friendly regulation, market
conditions that favour adaptive learning, and others. Specifically, a study of patent activity demonstrates the relative
strength of different developed countries in generating technology innovation and using their pioneering country
advantage in renewables. For instance, Germany and Denmark exhibit strength in wind energy technologies, the
United States, Germany and Japan show the highest shares of patents for solar PV technology, and the EU as a
whole presents the largest patent shares for biomass and biogas, wind and solar thermal technologies (Müller et al.,
2011). The emerging challenge with the adoption and spread of renewable energy technologies is twofold. The first is
whether these pioneer countries can sustain their first‐mover advantage in the face of growing competition from
emerging economies with lower production costs. While renewable energy innovation has traditionally been the
prerogative of the developed world, it is now on the rise in the emerging economies. BRICS countries rank among the
top global inventors (Bayer et al., 2013). The biggest limitation, however, is that these countries do not yet export
their technologies to either developed or other developing countries on any substantial scale.

The second concern is whether many low-income developing countries are able to secure the diffusion of these
technologies, as well as create conditions for the development of domestic renewable energy technologies (Ockwell
and Mallett, 2012). Due to the relatively high upfront costs of most technologies, having access to finance is
considered to be an important prerequisite for their adoption (Kandpal et al., 2003; Brunnschweiler, 2010; Huenteler
et al., 2014). As such, higher level of economic development tends to influence the level of renewable energy
development, because the former usually suggests more public and private financial resources, increasing
environmental awareness and growing electricity demand (Pfeiffer and Mulder, 2013). Globally, there has been a
discernible trend in lowering costs and improving efficiency of renewable technology installations, making it possible
to build onshore wind and solar PV installations in certain areas around the world without subsidy support,
particularly in Latin America. There has also been an increased use of mini-grids, which supported the dissemination
of renewable energy-powered electrification in rural and suburban areas with poor electrification (Müller et al., 2011).
With the help of information and communication technology for power management and end-user services, technical
advances that allow the integration of renewable sources in mini-grid systems, stimulated a rapid expansion of the
use of renewables-powered mini-grids in developing countries (REN21, 2014).

Investment

Renewable energy sources are progressively being viewed as investments that can generate economic advantages
by reducing dependence on foreign fossil fuels, improving air quality and health safety, increasing energy access and
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security, building opportunities for economic development and reducing unemployment. Global investment in
renewable power capacity and fuels increased more than fivefold over the period 2004–2013. Total global
investment (both public and private) in research and development for renewable energy technologies has almost
doubled over the past decade (REN21, 2014).

The portrait of renewable energy development is, however, becoming more multifaceted, with more challenges seen
in some regions of the globe. While new global investment in renewable energy remains relatively high, there is
observable decrease in the last several years. Global new investment in renewable power, without hydropower
projects, was US$214.4 billion in 2013 (REN21, 2014), which was down 14 per cent relative to 2012, and 23 per
cent lower than the record level in 2011 (Frankfurt School-UNEP, 2014). The reduction in investments for two
consecutive years was mostly due to uncertainty over support policies in Europe and the United States and
retroactive reductions in support in some other countries. While Europe’s investment was down by more than 40 per
cent, the emerging economies are coming to the forefront for the first time, with China alone having invested more in
renewable energy than all the European countries (REN21, 2014). Economic difficulties, policy uncertainties,
reductions in incentives and strong and persistent competition from traditional energy sources played the role in the
investment volume. Different countries in the world specifically experienced challenges in integrating renewables in
their power grids, while the manufacturing sector, especially wind and solar, moved into a complex phase of
restructuring and consolidation (IEA, 2013).

Additionally, renewable energy sources are being introduced into an uneven playing field, where their energy prices
do not fully reflect externalities. Global subsidies for traditional fuels and nuclear energy remain high despite the
benefits of renewables and environmental quality concerns. Estimates for the global cost of fossil fuel subsidies
range from $544 billion to $1.9 trillion – several times higher than those for renewable energy (REN21 2014). A large
part of renewable capacity additions is found in countries with extensive subsidy systems, which can compensate
investors for the comparatively high costs of the renewable energy technologies (Wagner, 2014). Although renewable
energy technologies have undergone significant cost reductions in the last several years, they are still comparatively
immature and much less able than traditional sources of energy to provide cost-competitive power generation on a
large scale. Especially in developing countries, the barriers towards a larger transition to renewable energy are not
just the disproportionate subsidies and technology costs but also the challenges of securing long-term commitment
and affordable finance (UNDP, 2013).

Global Learning and Diffusion of Policy and Technology

Because high upfront costs and disproportionate financing remain some of the major challenges for large-scale
commercialisation and adoption of renewables, especially in developing countries, the question becomes how to
facilitate the development and diffusion of renewable energy technologies and policy approaches (Schmidt, 2014).
As the industries producing renewable energy technologies are becoming increasingly globalised (Huenteler et al.,
2014), the conditions of global learning, the paths of technology diffusion and the characteristics of the front-runner
and borrower countries influence adoption and transfer of renewable energy technologies.

Global Learning

The spread of renewable energy technologies, especially in developing countries and emerging economies, depends
on the combination of global and local learning processes, which, in turn, depend on domestic and international
policy provisions and local institutional and industrial contexts (Huenteler et al., 2014). Building technological
capabilities through learning is viewed as an important contributing factor in the deployment of renewable energy
sources that can result in cost reductions, performance improvement and climate change mitigation efforts (Ockwell
and Mallett, 2012; Lema and Lema, 2013). Increased technological capacity — the accumulation of technological
knowledge and experience — is essential for building local capacity for production, poverty reduction and socio-
economic development. However, technological capabilities comprise not only the information, materials and
components but also the skills and well developed routines. This means that technological learning demands the
development of local capacities in addition to the removal of trade barriers, provision of intellectual rights and other
forms of technical assistance (Huenteler et al., 2014).
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Individuals and firms learn and innovate via their collaboration with research institutes, consumers, suppliers,
competitors, etc. The formation of formal and informal networks, as well as a system of financing for research and
development, is an important requisite for technological learning. Domestic positive policy and investment climate
may influence and increase technological capacity through learning, yet it is not the single function for technology
advancement. Acquired technological capacities can risk decline in the absence of a domestic support policy
framework, stable financing and an accepting culture. The significant task is to create domestic opportunities and an
atmosphere for continuous learning for governments, firms and communities through the build-up of organisational
processes and culture, support of science and education, as well as various systems for innovation.

Technological learning has an ever-evolving global component composed of the movement of goods, services,
materials, documents and information where many parts of supply chains are geographically dispersed and
disintegrated. The markets for renewable energy technologies have also become globalised. The aggregate global
market knowledge and trends to a large degree stipulate the development of technological capacities in firms and
industries beyond domestic and local circumstances (Huenteler et al., 2014). Timely and reliable data on renewable
energy are also crucial for creating energy plans, outlining criteria for targets, examining progress and effectiveness
of policy actions and generating investment. Global data collection on renewables demonstrates an improvement
with more broad and sensible record keeping, increased openness and better communication among stakeholders.
However, there are many challenges remaining. In many countries, data on renewable energy are incomplete, not
collected systematically, and with a time lag between developments and availability, which can be a significant
impediment to relevant and timely decision-making process. Additionally, the large number and diversity of
technologies in certain sectors, such as heating and cooking, may also lead to the dispersed and inconsistent data
collection (REN21, 2014). This, in turn, can cripple the capacity to make informed decisions and affect financing
opportunities, policy outcomes and planning for the future.

Diffusion of Policy and Technology

The dynamics of the global system and information flows also stand out as an important set of requisites influencing
diffusion of renewable energy policy and technology. Diffusion is a process by which policy, technology and
innovations are communicated throughout the international system over time (Jörgens, 2005). The role of
international organisations, transnational networks and political linkages between states, the influential role of
frontrunner countries and the institutionalisation of policy transfer shape the mechanisms of diffusion (Kern et al.,
2001; Tews, 2005). Among many international factors, the role of front-runner states is critical for diffusion, as their
expertise, economic strength, demand for environmental solutions and desire to influence others all impact on
whether a policy diffuses effectively (Graham et al., 2013). Acting first in the adoption of renewable technology may
give a country the ability to ‘defend their own interests by assuming an active, pioneering role’ (Kern et al., 2001: 5).
In addition to regulatory advantages, leader nations may have a market advantage in renewable technology. Policy
innovations in leader countries can set international standards, which put pressure on other countries to adopt similar
policy (Kern et al., 2001). This regulatory conformism can lead to group behaviour in policy making and contribute to
diffusion.

Diffusion of renewable energy policy and technology embodies the flows of information, experience and equipment
for the adoption of renewable energy sources among various stakeholders, such as governments, firms, financial
institutions and other entities. The diffusion may provide an adopting country the capacity to implement, operate and
maintain borrowed technologies and policy measures to local conditions. The spread of renewable technology and
policy may not be easy and straightforward for developing countries where immediate financial and institutional
constraints are likely to be more acute than in most developed countries. Diffusion mechanisms must be responsive
to the particular needs and challenges of developing countries and must advance, to the greatest extent feasible,
multiple societal objectives. In countries where a significant portion of the population still lacks access to basic stable
energy services, concerns about long-term environmental sustainability often are surpassed by more pressing
problems of energy access and affordability.

In general, it has been demonstrated that the diffusion of renewable energy technologies depends on the
implementation of economic and regulatory instruments, per capita income and schooling levels and stability of the
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regime (Pohl and Mulder, 2013). A thorough understanding of domestic resources and knowledge of policy
measures that have been successfully applied in other countries also influences the prospects of adoption of efficient
and context-specific measures for the renewable sources. A combination of measures to build a coherent enabling
framework is important to ensure cost-efficient transfer and diffusion of a specific technology. Especially in
developing countries, there is a need for targeted technical assistance that incorporates social equity components,
not jeopardising low-income consumers but still attractive to both private and international aid organisations (UNEP,
2011).

Conclusions

Although the adoption of renewable energy sources is increasing in many parts of the world, widespread adoption is
constrained by a multitude of policy, regulatory, technological, social and financial barriers. Enormous subsidies for
fossil fuels and nuclear power persist, and they continue to vastly outweigh financial incentives for renewables.
Market failures coupled with unfavourable financial, institutional and regulatory environments demand governmental
intervention to establish renewable energy sources. Building human and institutional capacity, setting up research
and development infrastructure, creating an enabling environment for investment and providing information present a
challenge for many countries. A lack of supporting policy framework also stands as a large barrier among the risks
that can undermine renewable project feasibility, even in the conditions of plentiful resources and favourable
technology development. This array of challenges to the adoption of renewables requires a systematic approach in
research to deepen the understanding of the challenges that exist for the deployment and diffusion of renewables in
different countries. The exact difficulties that countries face depend upon national circumstances, the dynamics of
the global system and the flows of information and resources. Devising effective responses to a problem that is global
and multi-generational in scale presents a challenge that is, especially for developing countries, greatly complicated
by the simultaneous need to expand access to essential energy services and to advance multiple objectives,
including economic and social development goal as well as environmental ones.
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