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Abstract
This paper delves into the critical topic of the renewable energy transition,
focusing on the shift from fossil fuels to renewable energy sources such as
solar, wind, hydro, and geothermal power. The discussion explores various
facets of this transition, including technological advancements, policy
frameworks, and the economic benefits associated with renewable energy.
The paper begins with an introduction to the renewable energy transition,
highlighting its significance in combating climate change and reducing
dependence on finite fossil fuel resources. The various renewable energy
sources are introduced, showcasing their potential for sustainable electricity
generation and their role in decarbonizing the energy sector. The discussion
further examines the technological advancements in renewable energy,
encompassing solar energy technologies, wind turbine design, hydroelectric
power generation, and geothermal energy extraction techniques. The paper
emphasizes the importance of innovation in driving the scalability and
efficiency of renewable energy systems. Policy frameworks for promoting the
renewable enerqy transition are explored, including international
agreements, national renewable energy policies, and public-private
partnerships. The paper analyzes the role of supportive policies in driving
investment, research and development, and market adoption of renewable
energy technologies. The economic benefits of renewable energy are also
addressed, emphasizing the potential for job creation, energy independence,
and enhanced energy security. The abstract highlights the cost trends and
price competitiveness of renewable enerqy technologies, illustrating their

* Dr. Dynesius Nyangau holds a BA in Philosophy, MA Development
Studies and PhD in Philosophy from Catholic University of Eastern Africa;
MA Philosophy and completed LLB from University of Nairobi.
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economic viability and long-term sustainability. It emphasizes the
significance of the renewable enerqy transition in achieving sustainable and
resilient energy systems. It underscores the importance of technology, policy,
and economic considerations in facilitating the widespread adoption of
renewable enerqy sources. The abstract calls for continued efforts and
collaboration across various sectors to accelerate the transition and realize
the environmental, social, and economic benefits of renewable energy.
Owerall, this abstract provides a concise overview of the renewable energy
transition, covering key aspects such as technology, policy, and economic
considerations. It highlights the potential of renewable energy sources in
transforming the energy landscape and fostering a sustainable future.

Key words: renewable energy transition, solar energy, wind power,
hydroelectricity, geothermal energy.

I. Introduction

The world is at a critical juncture in its quest for a sustainable future,
with the rapid depletion of fossil fuel reserves and the detrimental
effects of climate change becoming increasingly evident.! In response
to these pressing challenges, the transition from conventional fossil
fuel-based energy systems to renewable energy sources has gained
significant attention worldwide. The renewable energy transition
refers to the shift from finite and environmentally harmful energy
sources, such as coal, oil, and natural gas, to clean, abundant, and
sustainable alternatives, including solar, wind, hydro, and
geothermal power.2

1 Hoffmann, M. ]. (2011). Climate governance at the crossroads: Experimenting
with a global response after Kyoto. Oxford University Press; See, Asif, M., &
Muneer, T. (2007). Energy supply, its demand and security issues for
developed and emerging economies. Renewable and sustainable energy reviews,
11(7), 1389-1399.
2 Ibid.
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Renewable energy sources offer immense potential to mitigate the
adverse environmental impacts associated with fossil fuel
consumption.® Unlike non-renewable resources, renewable energy
harnesses natural processes that constantly replenish themselves,
ensuring an enduring energy supply .4 By leveraging the power of the
sun, wind, water, and heat from the Earth's core, societies can reduce
greenhouse gas emissions, combat climate change, and safeguard the
planet for future generations.5

This discussion explores the shift from fossil fuels to renewable
energy sources, including solar, wind, hydro, and geothermal power,
and delves into the technological advancements, policy frameworks,
and economic benefits associated with renewable energy. This paper
asserts that the transition to renewable energy represents a vital
pathway to achieving a sustainable future. By examining the
technological developments, policy frameworks, and economic
advantages linked to solar, wind, hydro, and geothermal solutions,
this research aims to shed light on the transformative potential of
renewable energy and highlight the essential role it plays in shaping
a more environmentally friendly and economically prosperous
world.

The paper will delve into the various renewable energy sources, their
characteristics, and the advancements made in harnessing their
potential. It will explore the multifaceted benefits of adopting
renewable energy, including the reduction of greenhouse gas

3 Shahsavari, A., & Akbari, M. (2018). Potential of solar energy in developing
countries for reducing energy-related emissions. Renewable and Sustainable
Energy Reviews, 90, 275-291.
4 Ibid.
5 Ibid.
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emissions, the promotion of energy security, the creation of job
opportunities, and the stimulation of economic growth. Additionally,
the study will examine the policy frameworks and incentives that
governments and organizations have implemented to facilitate the
transition to renewable energy.

By presenting a comprehensive analysis of the renewable energy
transition, this paper seeks to inform policymakers, researchers, and
stakeholders about the transformative power of sustainable energy
sources. It aims to contribute to the ongoing discourse on renewable
energy, fostering an understanding of its significance and inspiring
further action towards a future powered by solar, wind, hydro, and
geothermal solutions.

II. Understanding Renewable Energy Sources

Solar energy is derived from the radiation emitted by the sun and has
emerged as a prominent renewable energy source for electricity
generation.® The photovoltaic (PV) technology used in solar panels
converts sunlight directly into electricity through the photovoltaic
effect.” Solar power offers vast potential for clean and sustainable
energy production. 8 The sun is an abundant and virtually
inexhaustible resource, providing an estimated 173,000 terawatts of
solar energy to Earth every day.’ The utilization of solar energy for
electricity generation has witnessed remarkable advancements in

6 Singh, G. K. (2013). Solar power generation by PV (photovoltaic)
technology: A review. Energy, 53, 1-13.
7 Singh, G. K. (2013).
8 Ibid.
o Wilfing, M. S. (2019). Integration of Solar Microgrids (Doctoral dissertation,
Purdue University). See, Sornette, D., Kroger, W., & Wheatley, S. (2018). New
ways and needs for exploiting nuclear energy. Springer.
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recent years.l0 The efficiency of solar panels has increased, making
them more cost-effective and capable of converting a higher
percentage of sunlight into usable electricity.’ The integration of
energy storage technologies, such as batteries, enables the storage and
utilization of solar energy even during non-sunlight hours.!2

Wind energy harnesses the kinetic energy of the wind to generate
electricity.’® Wind turbines, equipped with rotating blades, convert
the wind's mechanical energy into electrical energy through a
generator.’ Wind power has gained considerable momentum as a
viable renewable energy source due to its wide availability and
minimal environmental impact.!> The implementation of wind farms,
consisting of multiple wind turbines, has significantly contributed to
electricity generation from wind energy. !¢ These farms can be
established both onshore and offshore, with offshore locations often
benefiting from stronger and more consistent wind patterns. 17
Technological advancements have led to the development of larger,
more efficient turbines capable of generating higher power outputs.!8
Hydroelectric power utilizes the energy of moving water, typically in

10 Tbid.
11 Meral, M. E., & Dincer, F. (2011). A review of the factors affecting operation
and efficiency of photovoltaic based electricity generation systems.
Renewable and Sustainable Energy Reviews, 15(5), 2176-2184.
12 Tbid.
13 Tbid.
14 Dang, T. (2009, October). Introduction, history, and theory of wind power.
In 41st North American Power Symposium (pp. 1-6). IEEE.
15 Tbid.
16 Perveen, R., Kishor, N., & Mohanty, S. R. (2014). Off-shore wind farm
development: Present status and challenges. Renewable and Sustainable
Energy Reviews, 29, 780-792.
17 Tbid.
18 Ibid.
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the form of rivers, to generate electricity.?® It is one of the most
established and widely used renewable energy sources, accounting
for a substantial portion of global electricity production. 20
Hydroelectric power plants consist of dams that store water, which is
released in a controlled manner to drive turbines and produce
electricity.?!

Hydroelectric power offers numerous benefits. It is a clean and
renewable energy source that produces no greenhouse gas emissions
during operation.?2 Hydroelectric plants also provide reliable and
consistent power generation, as water flow can be regulated to meet
demand. Additionally, these plants contribute to water management
and flood control, and their reservoirs can serve as recreational areas
and habitats for various species.z® Geothermal energy harnesses the
heat from the Earth's core for electricity generation and other heating
applications.?* It taps into the natural heat trapped within the Earth's
crust, utilizing geothermal power plants to convert this heat into
electricity. 2 Geothermal energy is available continuously and is
considered a reliable and environmentally friendly energy source.2

19 Tbid.
20 Ellabban, O., Abu-Rub, H., & Blaabjerg, F. (2014). Renewable energy
resources: Current status, future prospects and their enabling technology.
Renewable and sustainable energy reviews, 39, 751-757.
2 Tbid.
22 Ibid.
2 Ibid.
24 Tbid.
% Fletcher, R. (2010). When environmental issues collide: Climate change
and the shifting political ecology of hydroelectric power. Peace & Conflict
Review, 5(1), 14-30.
26 Tbid.
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Geothermal power plants can be classified into three main types: dry
steam, flash steam, and binary cycle plants.?” These plants make use
of different technologies to exploit the heat reservoirs beneath the
Earth’s surface.?8 Geothermal energy not only provides a constant
and reliable source of power but also has the advantage of being
independent of weather conditions, making it a highly stable
renewable energy option.?? By understanding the characteristics and
potential of solar energy, wind energy, hydroelectric power, and
geothermal energy, stakeholders can make informed decisions about
the most suitable renewable energy sources for specific regions. This
knowledge serves as a foundation for planning and implementing
sustainable energy systems that contribute to a greener and more
sustainable future.30

III. Technological Advancements in Renewable Energy

Significant advancements have been made in photovoltaic (PV) cell
technology, which forms the backbone of solar power generation.3!
Innovations in PV cell materials and designs have led to improved
efficiency and cost-effectiveness.32 For instance, the development of
thin-film solar cells, such as CIGS (copper indium gallium selenide)
and perovskite cells, has increased the efficiency and reduced the
manufacturing costs of solar panels. Additionally, research is being

27 Tbid.

28 Tbid.

2 Franco, A., & Villani, M. (2009). Optimal design of binary cycle power
plants for water-dominated, medium-temperature geothermal fields.
Geothermics, 38(4), 379-391.

30 Tbid.

31 Ibid.

32 Franco, A., & Villani, M. (2009). Optimal design of binary cycle power
plants for water-dominated, medium-temperature geothermal fields.
Geothermics, 38(4), 387-390.
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conducted on tandem solar cells, which stack multiple layers of
different materials to capture a broader range of the solar spectrum,
thereby increasing overall energy conversion efficiency.

Concentrated Solar Power (CSP) technologies focus sunlight onto a
small area, generating heat that drives turbines for electricity
production.3* Technological advancements in CSP have led to the
development of more efficient and cost-effective systems. 35 New
types of concentrating solar collectors, such as parabolic troughs,
solar power towers, and linear Fresnel reflectors, have improved the
concentration and capture of solar energy.3¢ The integration of
thermal energy storage systems allows CSP plants to generate
electricity even when sunlight is unavailable, enabling consistent
power supply.3”

Wind turbine technology has witnessed remarkable breakthroughs in
recent years. The size of wind turbines has increased significantly,
with modern turbines reaching heights of over 200 meters and rotor
diameters exceeding 150 meters.38 Larger turbines capture more wind
energy and generate higher power outputs, increasing the efficiency
and cost-effectiveness of wind farms. Innovations in turbine blade

3 Ibid.
3 Ummadisingu, A., & Soni, M. S. (2011). Concentrating solar power-
technology, potential and policy in India. Renewable and sustainable energy
reviews, 15(9), 5169-5175.
% Tbid.
36 Tbid.
%7 Santos, J. J., Palacio, J. C., Reyes, A. M., Carvalho, M., Freire, A. |, &
Barone, M. A. (2018). Concentrating solar power. In Advances in renewable
energies and power technologies (pp. 377-481). Elsevier.
3 Wharton, S., & Lundquist, J. K. (2012). Assessing atmospheric stability and
its impacts on rotor-disk wind characteristics at an onshore wind farm. Wind
Energy, 15(4), 530-527.
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designs have improved aerodynamic efficiency, allowing turbines to
capture more wind energy at lower wind speeds.?® For example, the
introduction of curved or swept-back blades reduces turbulence and
increases energy capture. Furthermore, the use of advanced
materials, such as carbon fiber composites, reduces the weight of the
blades while maintaining structural integrity, resulting in improved
efficiency.

Hydroelectric power generation has benefitted from advancements
in turbine design and efficiency. New turbine designs, such as Kaplan
and Francis turbines, offer higher efficiency across a broader range of
flow conditions.40 Additionally, the use of adjustable blades and
variable-speed turbines optimizes power generation based on water
flow, enhancing overall efficiency.4! Technological advancements
have facilitated the integration of energy storage systems with
hydroelectric power generation. Pumped storage hydroelectricity
(PSH) plants utilize surplus electricity during low-demand periods to
pump water to an elevated reservoir. When electricity demand is
high, the stored water is released, passing through turbines to
generate electricity.*2 PSH plants provide grid stabilization and load
balancing capabilities, improving the reliability and flexibility of
renewable energy integration.3

% Barnes, R. H., Morozov, E. V., & Shankar, K. (2015). Improved
methodology for design of low wind speed specific wind turbine blades.
Composite Structures, 119, 677-684.
40 Waters, S., & Aggidis, G. A. (2015). Over 2000 years in review: Revival of
the Archimedes Screw from Pump to Turbine. Renewable and Sustainable
Energy Reviews, 51, 497-505.
41 Ibid.
42 Guney, M. S., & Tepe, Y. (2017). Classification and assessment of energy
storage systems. Renewable and Sustainable Energy Reviews, 75, 1187-1197.
43 Ibid.
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Enhanced Geothermal Systems (EGS) involves the extraction of
geothermal energy from hot rocks located deeper underground.#
Technological advancements in EGS techniques, such as hydraulic
fracturing and reservoir stimulation, have expanded the potential for
geothermal energy extraction in areas with lower heat resources.4
This approach has the potential to unlock vast geothermal resources
previously considered inaccessible.

Geothermal heat pumps utilize the constant temperature of the Earth
to provide heating and cooling for buildings. ¢ Advances in
geothermal heat pump technology have improved efficiency and
expanded their applicability to a wider range of climates. Innovations
in ground loop designs and the use of advanced heat exchangers
enhance heat transfer efficiency, resulting in higher system
performance.4’

IV. Policy Frameworks for Renewable Energy Transition

International agreements and targets play a crucial role in driving the
global transition to renewable energy .8 The Paris Agreement, signed
by nearly all nations, aims to limit global warming to well below 2
degrees Celsius above pre-industrial levels. 4 It recognizes the

#4 Kumari, W. G. P., & Ranjith, P. G. (2019). Sustainable development of
enhanced geothermal systems based on geotechnical research-A review.
Earth-Science Reviews, 199, 102955.
4 Jbid.
46 Bina, S. M., Fujii, H., Tsuya, S., & Kosukegawa, H. (2022). Comparative
study of hybrid ground source heat pump in cooling and heating dominant
climates. Energy Conversion and Management, 252, 115122.
47 Ibid.
48 Jbid.
4 Rogelj, J., Den Elzen, M., Hohne, N., Fransen, T., Fekete, H., Winkler, H.,
... & Meinshausen, M. (2016). Paris Agreement climate proposals need a
boost to keep warming well below 2 C. Nature, 534(7609), 631-639.
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importance of renewable energy in achieving this goal and
encourages countries to enhance their renewable energy capacities.
Furthermore, organizations like the International Renewable Energy
Agency (IRENA) provide platforms for collaboration and knowledge
sharing among nations. IRENA assists countries in setting renewable
energy targets and facilitates the exchange of best practices,
promoting the adoption of renewable energy at a global scale.5

National policies and regulations are essential for creating an
enabling environment for renewable energy deployment.5! Many
countries have implemented feed-in tariffs, which guarantee long-
term contracts and financial incentives for renewable energy
producers.52 These mechanisms have proven effective in stimulating
investment and market growth. Other policy instruments include
renewable portfolio standards, which mandate a certain percentage
of electricity generation from renewable sources, and tax incentives
or subsidies for renewable energy technologies. 5> Additionally,
regulatory frameworks that simplify grid integration and streamline
project approval processes are critical in encouraging renewable
energy development.54

Numerous countries have successfully implemented supportive
policy frameworks to drive renewable energy adoption. Germany's
Renewable Energy Sources Act (EEG) introduced feed-in tariffs and

50 Rogelj, J., et.al. (2016).
51 Charabi, Y., & Al-Badi, A. H. (2015). Creating an enabling environment for
renewable energy application in the Sultanate of Oman. International Journal
of Green Energy, 12(11), 1169-1177.
52 Ibid.
53 Fischer, C. (2010). Renewable portfolio standards: when do they lower
energy prices?. The Energy Journal, 31(1).
54 Ibid.
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provided a stable and predictable market for renewable energy
investments, leading to significant growth in wind and solar power
generation.5> Similarly, Denmark's Energy Agreement established a
long-term vision and comprehensive policy framework for
transitioning to a 100% renewable energy system, setting a global
benchmark.5 In the United States, states like California and Texas
have implemented ambitious renewable portfolio standards,
resulting in substantial renewable energy capacity additions. 57
China's aggressive policies and incentives have made it a global
leader in renewable energy deployment, significantly increasing its
installed capacity of wind and solar power.>

Public-private partnerships and collaborations are instrumental in
driving the renewable energy transition. Governments can leverage
private sector expertise, resources, and innovation to accelerate
renewable energy adoption.? Collaboration can take the form of
research and development partnerships, joint ventures, and
knowledge-sharing platforms. Public-private collaborations enable
the sharing of risks, costs, and benefits associated with renewable

% Couture, T., & Gagnon, Y. (2010). An analysis of feed-in tariff
remuneration models: Implications for renewable energy investment.
Energy policy, 38(2), 955-965.
56 Taibi, E., Miranda, R., Vanhoudt, W., Winkel, T., Lanoix, J. C., & Barth, F.
(2018). Hydrogen from renewable power: Technology outlook for the energy
transition.
57 Langniss, O., & Wiser, R. (2003). The renewables portfolio standard in
Texas: an early assessment. Energy policy, 31(6), 527-535.
58 Zhang, S., & He, Y. (2013). Analysis on the development and policy of solar
PV power in China. Renewable and Sustainable Energy Reviews, 21, 393-401.
% Veugelers, R. (2012). Which policy instruments to induce clean
innovating?. Research policy, 41(10), 1770-1778.
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energy projects.®® They can also foster technology transfer, facilitate
market development, and attract investments. Governments can
provide policy stability and incentives, while private entities bring
technical expertise, capital, and market knowledge, creating a
mutually beneficial ecosystem.6!

Collaboration among governments, private sector actors, and civil
society organizations can ensure inclusive decision-making processes
and address social and environmental concerns associated with
renewable energy deployment.®? Policy frameworks are crucial in
driving the renewable energy transition. International agreements
and targets set the stage for global action, while national policies and
regulations provide the necessary support for renewable energy
adoption.®® Successful case studies demonstrate the effectiveness of
comprehensive policy frameworks. Additionally, public-private
partnerships and collaborations enhance the transition by leveraging
resources and expertise.®* By implementing robust and supportive
policy frameworks, countries can accelerate the shift to a sustainable
and renewable energy future.

V. Economic Benefits of Renewable Energy
The renewable energy sector offers significant economic
opportunities and has the potential to create numerous jobs.

60 Martins, A. C., Marques, R. C,, & Cruz, C. O. (2011). Public-private
partnerships for wind power generation: The Portuguese case. Energy policy,
39(1), 94-104.
61 Gielen, D., Boshell, F., Saygin, D., Bazilian, M. D., Wagner, N., & Gorini, R.
(2019). The role of renewable energy in the global energy transformation.
Energy strategy reviews, 24, 38-50.
62 Tbid.
63 Ibid.
64 Tbid.
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Investments in renewable energy projects stimulate economic growth
by attracting capital, driving technological innovation, and creating
employment opportunities. %> The installation, operation, and
maintenance of renewable energy systems require a diverse range of
skills, from engineering and construction to research and
development. Studies have consistently shown that the renewable
energy sector generates more jobs per unit of energy produced
compared to fossil fuel-based energy.® The labor-intensive nature of
renewable energy projects, such as solar panel installation and wind
turbine maintenance, results in a higher job creation potential. ¢”
These jobs are often local, providing opportunities for communities
and contributing to regional economic development.¢8

Renewable energy technologies have experienced significant cost
reductions in recent years, making them increasingly price
competitive with conventional energy sources.® The levelized cost of
electricity (LCOE) for renewable energy, such as solar and wind, has
dropped significantly, surpassing the cost of new fossil fuel-based
power plants in many regions.”® Advancements in technology,
economies of scale, and streamlined manufacturing processes have

6% Amankwah-Amoah, J. (2015). Solar energy in sub-Saharan Africa: The
challenges and opportunities of technological leapfrogging. Thunderbird
International Business Review, 57(1), 15-31.
6 Kammen, D. M. (2008). Putting renewables to work: how many jobs can the
clean energy industry generate?. DIANE Publishing.
67 Ibid.
68 Tbid.
69 Tbid.
70 Ram, M., Child, M., Aghahosseini, A., Bogdanov, D., Lohrmann, A., &
Breyer, C. (2018). A comparative analysis of electricity generation costs from
renewable, fossil fuel and nuclear sources in G20 countries for the period
2015-2030. Journal of Cleaner Production, 199, 687-704.
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contributed to cost reductions in renewable energy systems. 7!
Additionally, the declining costs of components, such as solar panels
and wind turbines, have further enhanced the price competitiveness
of renewable energy.”

As the cost of renewable energy continues to decrease, it reduces the
reliance on government subsidies and increases the attractiveness of
renewable energy investments from an economic standpoint.”? This
shift toward cost-competitive renewable energy sources promotes
energy affordability and stability, benefiting consumers and
businesses alike. Renewable energy sources provide an opportunity
for countries to achieve energy independence and enhance energy
security. 7 Reliance on fossil fuel imports exposes nations to
geopolitical risks and price volatility. By diversifying their energy
mix with renewables, countries can reduce their dependence on
external energy sources and mitigate the economic and political risks
associated with fossil fuels.”

Renewable energy technologies, such as solar and wind power, can
be harnessed domestically, utilizing a nation’s own natural

71 Goodrich, A., James, T., & Woodhouse, M. (2012). Residential, commercial,
and utility-scale photovoltaic (PV) system prices in the United States: current
drivers and cost-reduction opportunities (No. NREL/TP-6A20-53347). National
Renewable Energy Lab.(NREL), Golden, CO (United States).
72 Tbid.
73 Frondel, M., Ritter, N., Schmidt, C. M., & Vance, C. (2010). Economic
impacts from the promotion of renewable energy technologies: The German
experience. Energy Policy, 38(8), 4048-4056.
74+ Wang, B., Wang, Q., Wei, Y. M, & Li, Z. P. (2018). Role of renewable energy
in China’s energy security and climate change mitigation: An index
decomposition analysis. Renewable and sustainable energy reviews, 90, 187-194.
75 Ibid.

215



Renewable Energy Transition: Poweringa  (2023) Journalofcmsd Volume 10(4)
Sustainable Future with Solar, Wind,

Hydro, and Geothermal Solutions:

Dynesius Nyangau

resources.’® This reduces exposure to fluctuations in global energy
markets and enhances energy self-sufficiency.”” The decentralized
nature of renewable energy allows for distributed generation,
minimizing the vulnerability of the energy system to disruptions.”
Decentralized energy systems, which rely on renewable energy
sources, offer several economic advantages. Localized generation and
distribution of energy reduce transmission and distribution losses,
resulting in higher overall system efficiency.” This can lead to cost
savings for consumers and businesses, as well as reduced strain on

infrastructure investments.80

Community-owned renewable energy projects empower local
communities, enabling them to actively participate in and benefit
from the energy transition.8! Community ownership not only fosters
social and economic empowerment but also keeps a larger share of
the economic benefits within the local economy.82 This includes
revenue from energy sales, job creation, and increased local
investments. Community-owned renewable projects also promote
social cohesion, as they often involve collective decision-making

76 Shaaban, M., & Petinrin, J. O. (2014). Renewable energy potentials in
Nigeria: Meeting rural energy needs. Renewable and sustainable energy reviews,
29, 72-84.
77 Ibid.
78 Ibid.
79 Gutfleisch, O., Willard, M. A., Briick, E., Chen, C. H., Sankar, S. G., & Liu,
J. P. (2011). Magnetic materials and devices for the 21st century: stronger,
lighter, and more energy efficient. Advanced materials, 23(7), 821-842.
80 Tbid.
81 Ibid.
82 Bramwell, A., & Wolfe, D. A. (2008). Universities and regional economic
development: The entrepreneurial University of Waterloo. Research policy,
37(8), 1175-1187.
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processes and foster community engagement.® These projects can
revitalize rural areas, create new business opportunities, and
contribute to sustainable development at the local level.84

Renewable energy offers significant economic benefits. It creates job
opportunities, stimulates economic growth, and enhances regional
development. 85 The cost competitiveness of renewable energy
technologies continues to improve, making them increasingly
attractive investments. 8¢ Additionally, renewables contribute to
energy independence, reduce reliance on fossil fuel imports, and
enhance energy security.8” The economic advantages of decentralized
energy systems and community-owned projects further contribute to
the transition towards a sustainable and prosperous future.®

VI. Overcoming Challenges in the Renewable Energy Transition

Intermittency, or the variability of renewable energy sources, poses a
significant challenge to their integration into the grid.® Solar and
wind power generation is dependent on weather conditions,
resulting in fluctuations in electricity output.® To overcome this
challenge, grid integration strategies must be employed. @ One

8 Ibid.
84 Tbid.
8 Frondel, M., Ritter, N., Schmidt, C. M., & Vance, C. (2010). Economic
impacts from the promotion of renewable energy technologies: The German
experience. Energy Policy, 38(8), 4048-4056.
86 Jbid.
87 Widén, J. (2011). Correlations between large-scale solar and wind power
in a future scenario for Sweden. IEEE transactions on sustainable energy, 2(2),
177-184.
8 Ibid.
8 Tbid.
%0 Ibid.
1 Ibid.
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approach is the diversification of renewable energy sources.
Combining different types of renewables, such as solar, wind, and
hydroelectric power, helps mitigate the intermittency issue. 92
Additionally, the development of forecasting technologies enables
more accurate predictions of renewable energy generation, allowing
grid operators to balance supply and demand.%

Grid flexibility is also critical. Enhancements in demand response
systems, energy storage, and grid management technologies enable
better integration of variable renewable energy sources. * This
flexibility allows for the efficient utilization of excess renewable
energy during peak production periods and its subsequent release
during periods of low generation.?> Energy storage plays a crucial
role in overcoming the intermittent nature of renewable energy.
Storage technologies allow for the capture and storage of excess
energy during periods of high generation, which can then be
deployed during times of low generation.”¢ Advancements in battery
technologies, such as lithium-ion batteries, have improved the
feasibility and efficiency of energy storage systems.” Additionally,
emerging technologies like flow batteries, compressed air energy

22 Ibid.
% Ibid.
% Tronchin, L., Manfren, M., & Nastasi, B. (2018). Energy efficiency, demand
side management and energy storage technologies-A critical analysis of
possible paths of integration in the built environment. Renewable and
Sustainable Energy Reviews, 95, 341-353.
% Ibid.
% Denholm, P, Ela, E., Kirby, B., & Milligan, M. (2010). Role of energy storage
with renewable electricity generation (No. NREL/TP-6A2-47187). National
Renewable Energy Lab.(NREL), Golden, CO (United States).
97 Ibid.
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storage, and hydrogen storage offer promising solutions for large-
scale and long-duration energy storage.”

Implementing a diversified portfolio of energy storage technologies
at various scales, from residential to utility-level, provides the
flexibility needed to balance energy supply and demand. %
Integrating energy storage with renewable energy projects enhances
grid stability, enables reliable electricity supply, and supports the
transition to a clean and resilient energy system.1% Barriers to entry,
such as financing and regulatory hurdles, can impede the widespread
adoption of renewable energy technologies.’0 Access to affordable
financing is essential to attract investment in renewable energy
projects. Governments and financial institutions should provide
tavorable policies, incentives, and innovative financing mechanisms,
such as green bonds and feed-in tariffs, to facilitate access to capital
and reduce the financial risks associated with renewable energy
investments.102

Regulatory frameworks play a crucial role in creating an enabling
environment for renewable energy development. Streamlining

%8 Ibid.
9 Castillo, A., & Gayme, D. F. (2014). Grid-scale energy storage applications
in renewable energy integration: A survey. Enerqy Conversion and
Management, 87, 885-894.
100 Koirala, B. P., Koliou, E., Friege, J., Hakvoort, R. A., & Herder, P. M.
(2016). Energetic communities for community energy: A review of key issues
and trends shaping integrated community energy systems. Renewable and
Sustainable Energy Reviews, 56, 722-744.
101 Thid.
102 Bertoldi, P., Economidou, M., Palermo, V., Boza-Kiss, B., & Todeschi, V.
(2021). How to finance energy renovation of residential buildings: Review of
current and emerging financing instruments in the EU. Wiley Interdisciplinary
Reviews: Energy and Environment, 10(1), e384.
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permitting processes, establishing clear and consistent policies, and
providing long-term contracts and power purchase agreements
(PPAs) enhance investor confidence and reduce regulatory
uncertainties.’® Additionally, ensuring grid access and fair market
competition for renewable energy producers encourages market
growth and diversification.104

Collaboration between stakeholders is vital in overcoming these
barriers. Public-private partnerships and industry engagement can
facilitate dialogue, address regulatory challenges, and promote
knowledge sharing.1% By fostering an environment conducive to
renewable energy deployment, countries can attract investments,
create jobs, and accelerate the transition to a sustainable energy
future.100

Public awareness, education, and acceptance are crucial for the
successful transition to renewable energy.10” Public understanding of
the benefits and importance of renewable energy sources can
generate support for policies and initiatives that promote their
adoption. 198 Education initiatives, including public outreach
campaigns and school curricula, can raise awareness about
renewable energy technologies, their benefits, and the urgency of

103 Polzin, F., Egli, F., Steffen, B., & Schmidt, T. S. (2019). How do policies
mobilize private finance for renewable energy? — A systematic review with
an investor perspective. Applied Energy, 236, 1249-1268.
104 Tbid.
105 Robinson, H., Carrillo, P., Anumba, C. J., & Patel, M. (2009). Governance
and knowledge management for public-private partnerships. John Wiley & Sons.
106 Tbid.
107 Ibid.
108 Almulhim, A. L. (2022). Understanding public awareness and attitudes
toward renewable energy resources in Saudi Arabia. Renewable Energy, 192,
572-582.
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transitioning to a low-carbon economy.1® Promoting energy literacy
empowers individuals and communities to make informed decisions
regarding their energy consumption and encourages the adoption of
sustainable practices. 110 Engaging stakeholders, including local
communities, in the decision-making process fosters acceptance and
ensures that renewable energy projects align with local needs and
priorities.’’! Addressing concerns related to visual impacts, land use,
and potential environmental impacts through transparent
communication and participatory processes enhances public

acceptance.112

VII Case Studies and Success Stories

Several countries and regions around the world have made
remarkable progress in the renewable energy transition, serving as
inspiring examples for others to follow. Denmark stands out as a
global leader in renewable energy adoption. '3 Through strong
political commitment and supportive policies, Denmark has achieved
a high share of wind energy in its electricity mix.114 It has successfully
integrated wind power into its grid, with wind energy accounting for
over 40% of the country's electricity consumption.!15> Germany is
another notable success story.!1¢ The country's Energiewende, or
energy transition, has been driven by a combination of supportive

109 Tbid.

10 Tbid.

11 Tbid.

12 Tbid.

113 Lipp, J. (2007). Lessons for effective renewable electricity policy from
Denmark, Germany and the United Kingdom. Energy policy, 35(11), 5481-
5495.

114 Tbid.

115 Tbid.

116 Tbid.
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policies, incentives, and public engagement.!’” Germany has rapidly
expanded its renewable energy capacity, with solar and wind power
contributing significantly to its electricity generation. The
Energiewende has not only reduced carbon emissions but also
spurred economic growth and job creation in the renewable energy
sector.118

Costa Rica, a small Central American nation, has demonstrated its
commitment to renewable energy by achieving nearly 100%
renewable electricity generation. 1 Its rich renewable resources,
including hydro, geothermal, wind, and solar power, have been
harnessed effectively.20 Costa Rica's success can be attributed to
long-term planning, investment in infrastructure, and strong
partnerships between the government, private sector, and local
communities.1?!

Community-driven renewable energy projects have emerged as
powerful models for fostering local engagement, empowerment, and
the democratization of energy production.’22 The Danish island of
Samso serves as an exemplary case.!?? The community embarked on
an ambitious renewable energy initiative, aiming to become energy
self-sufficient. 12¢ Through a combination of wind turbines, solar

117 Ibid.
118 Ibid.
119 Recalde, M. Y. (2016). The different paths for renewable energies in Latin
American Countries: the relevance of the enabling frameworks and the
design of instruments. Wiley Interdisciplinary Reviews: Energy and
Environment, 5(3), 305-326.
120 Recalde, M. Y. (2016).
121 Ibid.
122 Ibid.
123 Tbid.
124 Tbid.
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panels, and biomass, the island now produces more energy than it
consumes, leading to economic growth and a strong sense of
community ownership.125

Germany's energy cooperatives provide another inspiring example of
community-driven renewable energy projects.126 These cooperatives
involve local citizens pooling their resources to develop renewable
energy installations, primarily wind and solar.1?” By promoting
decentralized ownership and shared benefits, energy cooperatives
have revitalized local economies, generated jobs, and contributed to
renewable energy growth. Innovative business models and financing
mechanisms have played a pivotal role in driving renewable energy
adoption. 12 Power Purchase Agreements (PPAs) have been
instrumental in enabling large-scale renewable energy projects. For
instance, the SolarCity model in the United States offers residential
and commercial customers the option to install solar panels at no
upfront cost.!?? Instead, customers enter into long-term contracts to
purchase the electricity generated at a fixed rate, providing stable
revenue streams for renewable energy developers.130

125 Ibid.
126 Roesler, T. (2019). Community resources for energy transition:
Implementing bioenergy villages in Germany. Area, 51(2), 268-276.
127 Ibid.
128 Roesler, T. (2019).
129 Kollins, K., Speer, B., & Cory, K. (2009). Solar PV project financing:
Regulatory and legislative challenges for third-party PPA system owners (No.
NREL/TP-6A2-46723). National Renewable Energy Lab.(NREL), Golden,
CO (United States).
130 Tbid.

223



Renewable Energy Transition: Poweringa  (2023) Journalofcmsd Volume 10(4)
Sustainable Future with Solar, Wind,

Hydro, and Geothermal Solutions:

Dynesius Nyangau

Crowdfunding platforms have also emerged as effective financing
mechanisms for small-scale renewable energy projects.’3! Platforms
like Kickstarter and Mosaic enable individuals to invest in renewable
energy installations and earn returns on their investments.32 This
approach democratizes access to renewable energy investments,
allowing ordinary citizens to participate in the transition and benefit
financially. Green bonds have gained traction as a means of financing
renewable energy projects. 133 These fixed-income securities are
specifically issued to finance projects that have positive
environmental impacts.’3* Green bonds provide investors with an
opportunity to support renewable energy initiatives while generating
financial returns, thereby mobilizing capital for the sector.13>

Case studies and success stories demonstrate the feasibility and
benefits of the renewable energy transition. Countries like Denmark,
Germany, and Costa Rica have showcased the potential of renewable
energy sources, driven by supportive policies and strong political
will. Community-driven renewable energy projects have empowered
local communities, fostering engagement and generating economic
and social benefits. 13¢ Innovative business models and financing
mechanisms, such as PPAs, crowd-funding, and green bonds, have

131 Lam, P. T., & Law, A. O. (2016). Crowdfunding for renewable and
sustainable energy projects: An exploratory case study approach. Renewable
and sustainable energy reviews, 60, 11-20.
132 Ibid.
133 Gilchrist, D., Yu, J., & Zhong, R. (2021). The limits of green finance: A
survey of literature in the context of green bonds and green loans.
Sustainability, 13(2), 478.
134 Ibid.
135 Gilchrist, D., Yu, J., & Zhong, R. (2021).
136 Tbid.
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played a vital role in mobilizing investment and accelerating
renewable energy deployment.13”

VIII Renewable Energy Resources in Kenya and Africa38

Africa, with its abundant natural resources and growing energy
demands, has immense potential for renewable energy
development.1® Solar energy is one of the most abundant renewable
energy resources in Africa, and Kenya is at the forefront of its
adoption. 140 The country’s strategic location along the equator
ensures abundant sunlight throughout the year, making solar power
an ideal solution for decentralized energy access.4! Kenya has made
significant strides in solar energy deployment through initiatives
such as the Scaling Solar Program, which aims to increase solar
capacity and reduce electricity costs.’#2 The establishment of solar
parks, installation of solar mini-grids in rural areas, and the adoption
of solar home systems have expanded access to clean and affordable
energy, particularly in off-grid regions.!*> Challenges such as upfront
costs, limited financing options, and inadequate grid infrastructure

137 Ibid.
138 The Author of this paper, Dynesius Nyangau has studied multiple solar
and wind sites with up to 40pv in Kenya, Tanzania and Ethiopia.
139 Asif, M., & Muneer, T. (2007). Energy supply, its demand and security
issues for developed and emerging economies. Renewable and sustainable
energy reviews, 11(7), 1388-1413.
140 Amankwah-Amoah, J. (2015). Solar energy in sub-Saharan Africa: The
challenges and opportunities of technological leapfrogging. Thunderbird
International Business Review, 57(1), 15-31.
141 Amankwah-Amoabh, ]J. (2015).
142 Ulsrud, K., Rohracher, H., Winther, T., Muchunku, C., & Palit, D. (2018).
Pathways to electricity for all: What makes village-scale solar power
successful?. Energy research & social science, 44, 32-40.
143 Ibid.
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hinder the widespread adoption of solar energy.14* Overcoming these
challenges requires innovative financing mechanisms, such as pay-
as-you-go models and public-private partnerships, as well as
investments in grid infrastructure to enable the integration of solar
power into the national grid.45

Africa possesses vast wind energy potential,14¢ and several countries,
including Kenya, have recognized its importance in their energy mix.
Kenya's windy Rift Valley and coastal regions make it an ideal
location for wind power generation.'¥” The Lake Turkana Wind
Power Project, 148 one of Africa's largest wind farms, exemplifies
Kenya's commitment to harnessing wind energy. It has a capacity of
310 MW and significantly contributes to the country's renewable
energy targets.14

However, wind energy development faces challenges such as
intermittency and grid integration.'>° Balancing the variable nature of
wind power with grid stability requires the development of advanced
forecasting techniques, energy storage solutions, and a robust grid
infrastructure. 15! Additionally, supportive policies, incentives, and

144 Ibid.
145 Ibid.
146 Kenfack, J., Bossou, O. V., & Tchaptchet, E. (2017). How can we promote
renewable energy and energy efficiency in Central Africa? A Cameroon case
study. Renewable and Sustainable Energy Reviews, 75, 1217-1224.
147 Hayek, ]., & Kahwaji, R. (2013). Hydrolus: Design of a Savonius Wind Pump
for Developing Regions (Doctoral dissertation, McGill University).
148 Gregersen, C. T. T. (2022). Local learning and capability building through
technology transfer: Experiences from the Lake Turkana Wind Power Project
in Kenya. Innovation and Development, 12(2), 209-230.
149 Gregersen, C. T. T. (2022).
150 Thid.
151 Ibid.
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streamlined regulatory frameworks are necessary to attract
investment and promote the growth of wind energy projects. 152
Hydroelectric power has long been a reliable source of renewable
energy in Africa, and Kenya has harnessed its hydro potential
effectively. 1% The country's numerous rivers and highland areas
provide ample opportunities for hydroelectric power generation.
Projects such as the Seven Forks Hydroelectric Complex and the
Turkwel Gorge Power Station have significantly contributed to
Kenya's electricity generation capacity.15+

Despite its advantages, hydroelectric power faces challenges related
to environmental impacts, land acquisition, and displacement of
communities. 1% Proper environmental impact assessments,
community engagement, and mitigation measures are crucial to
ensure sustainable and socially responsible hydroelectric
development. 15 Africa's Rift Valley region is known for its
geothermal energy potential, and Kenya has emerged as a global
leader in geothermal power generation.'>” The Olkaria Geothermal
complex, located in the Rift Valley, is one of the largest geothermal
power installations in the world. Kenya's geothermal capacity has
steadily increased, providing a stable and sustainable source of
electricity.158

152 Ibid.
153 Ibid.
154 Otieno, H. O., & Awange, J. L. (2006). Energy resources in East Africa:
Opportunities and challenges.
155 Ibid.
156 Tbid.
157 Merem, E. C., Twumasi, Y., Wesley, J., Olagbegi, D., Fageir, S., Crisler, M.,
... & Washington, J. (2019). Analyzing geothermal energy use in the East
African Region: The case of Kenya. Energy and Power, 9(1), 12-26.
158 Ibid.
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Geothermal energy offers several advantages, including baseload
power generation, minimal greenhouse gas emissions, and long-term
energy security.’® However, the high upfront costs of geothermal
exploration and drilling pose financial barriers. Collaborative efforts
between governments, development agencies, and private investors
are essential to mobilize the necessary capital and promote
geothermal development.160

IX. Conclusion

This paper has explored the renewable energy transition and its
potential to power a sustainable future with solar, wind, hydro, and
geothermal solutions. The key points discussed include the definition
and significance of the renewable energy transition, technological
advancements, policy frameworks, economic benefits, challenges,
and success stories associated with renewable energy adoption.

The urgent need for the renewable energy transition cannot be
overstated. Climate change poses a significant threat to our planet
and its inhabitants, and transitioning to renewable energy sources is
crucial in mitigating its impacts.16! The burning of fossil fuels is the
primary contributor to greenhouse gas emissions, leading to global
warming and environmental degradation.162 By shifting to renewable
energy, we can reduce carbon emissions, improve air quality, and
promote environmental sustainability.163

159 Tbid.
160 Thid.
161 Merem, E. C,, et.al. (2019).
162 Tbid.
163 Tbid.
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The renewable energy transition aligns with global sustainability
goals. 14 The United Nations Sustainable Development Goals,
including affordable and clean energy, climate action, and
sustainable cities and communities, emphasize the importance of
renewable energy for a sustainable future.1%> Achieving these goals
requires a swift and comprehensive transition to renewable energy
sources.

Therefore, a call to action is necessary for governments, businesses,
and individuals to support and accelerate the shift to renewable
energy sources. Governments should enact supportive policies and
regulatory frameworks that incentivize renewable energy adoption,
streamline permitting processes, and promote investment in clean
technologies. Businesses should embrace renewable energy
solutions, invest in research and development, and prioritize
sustainability in their operations. Individuals can contribute by
adopting energy-efficient practices, investing in renewable energy
technologies for their homes, and advocating for renewable energy
policies and initiatives.

Collaboration and collective action are vital to driving the renewable
energy transition forward. % Governments, businesses, and
individuals must work together to overcome challenges, seize
opportunities, and accelerate the deployment of renewable energy
technologies. By doing so, we can create a sustainable future, combat
climate change, and ensure a clean and resilient planet for
generations to come. The time for action is now, and the renewable

164 Ibid.
165 Ibid.
166 Merem, E. C,, et.al. (2019).
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energy transition is our pathway to a brighter and more sustainable
future.
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