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Chapter 1: Introduction
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Chapter 2: 
The Growing Demand for Electricity
Analyzes the increasing energy requirements driven by AI and EVs, projecting a demand of ~40,000 TWh by 
2034. Discusses how AI's computational needs and EV adoption are reshaping the global energy landscape.
 
Chapter 3: 
Renewable Energy Sources
Focuses on solar and wind power as the backbone of the energy transition. Solar's cost-effectiveness and 
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Chapter 4: 
Marine Energy
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required to meet future demands.
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Chapter 1: Introduction
Why Electricity Will Define Global Dominance
 
Electricity has become the lifeblood of modern civilization. In the past, dominance was achieved 
through territorial conquest, control over natural resources, and industrial strength. Today, the 
defining metric of power is energy, particularly electricity, which fuels nearly every aspect of 
human activity—from running data centers and factories to powering homes and vehicles.
 
The transition to an electrified world is accelerating due to rapid advancements in technology, 
urbanization, and the global push to combat climate change. The shift from fossil fuels like coal 
and oil to cleaner, more sustainable sources of electricity is creating a new paradigm where 
energy control defines geopolitical and economic influence.
 
Key examples of this transformation include:
 
China: The world's largest producer of solar panels and batteries, it dominates the renewable 
energy market and has positioned itself as a global leader in the transition.
 
Europe: Leading the shift with aggressive climate goals and investments in offshore wind farms, 
nuclear energy, and hydrogen infrastructure.
 
United States: Innovating in renewable energy, battery storage, and AI technologies while 
leveraging its vast natural resources
.

The Growing Importance of Electrification
Electrification is reshaping transportation, industry, and urban 
planning:
 
Transportation: Electric vehicles (EVs) are replacing internal combustion engines, with many 
countries phasing out the sale of gas-powered cars by 2035. The electrification of public 
transport, aviation, and shipping is also underway.
 
Industry: Electrification of industries such as manufacturing and steelmaking is reducing 
reliance on fossil fuels, making processes cleaner and more efficient.
 
Urban Planning: Smart cities powered by renewable electricity are being designed to reduce 
emissions, integrate smart grids, and optimize resource use.
Electricity's role is so pervasive that nations unable to meet growing demand risk falling behind 
economically, technologically, and politically.
 

The Shift from Fossil Fuels to Renewables
The global energy system is undergoing a monumental shift from fossil fuels to renewable 
energy sources. This change is driven by:
 
Climate Change: Global commitments to net-zero emissions by 2050 are forcing a reduction in 
fossil fuel consumption.
 
Economic Viability: The costs of solar and wind power have plummeted in the last decade, making 
renewables more competitive than coal and natural gas in many regions.
Energy Independence: Renewable energy reduces reliance on imported fuels, enhancing national 
security.
 

Key milestones in the shift include:
The European Union’s Green Deal, aiming to make Europe the first climate-neutral continent.
The U.S. Inflation Reduction Act, which allocates billions to renewable energy projects.
China’s commitment to peak carbon emissions by 2030 and achieve carbon neutrality by 2060.
 

Electricity as a Strategic Resource
Control over electricity infrastructure and generation technologies is becoming as strategic as oil 
pipelines were in the 20th century. Nations and corporations are vying for leadership in:
 
Renewable Energy Production: Countries with abundant solar, wind, and geothermal resources 
are leveraging them to gain economic and political influence.
 
Battery Storage Technology: Energy storage is critical for managing intermittent renewables. 
Dominance in battery technology ensures control over this critical infrastructure.
 
Power Grid Resilience: Modernizing grids to handle renewable energy, prevent cyberattacks, 
and adapt to climate extremes is vital for national security.
 
The shift to renewable electricity not only addresses environmental concerns but also redefines 
global power dynamics. Countries that can generate and provide abundant, sustainable 
electricity will lead in the 21st century, much as oil-rich nations dominated the 20th.
 

Conclusion: A New Power Paradigm

Electricity is no longer just a utility—it is the foundation of progress, innovation, and geopolitical 
power. The transition to renewables and the electrification of industries are not only reshaping 
economies but also redefining the balance of global influence. Nations and corporations that 
lead this transformation will hold the keys to the future, making electricity the ultimate currency 
of dominance.
 
 



Chapter 2: The Growing Demand for Electricity
The Drivers of Growing Electricity Demand
 
Electricity demand is expected to surge over the next decade due to two transformative 
forces: the rise of artificial intelligence (AI) and the electrification of transportation through 
electric vehicles (EVs). Both sectors are reshaping energy consumption patterns, requiring 
innovative solutions to meet the growing needs.
 
Artificial Intelligence (AI) and Data Centers:
AI systems require massive computational power for tasks such as training machine learning 
models, running autonomous systems, and managing big data analytics.
 
Data centers, which support AI and cloud computing, already account for ~2% of global 
electricity consumption and are growing rapidly.
 
Generative AI applications (e.g., ChatGPT
 autonomous vehicles) exponentially increase energy usage as they rely on high-performance 
computing hardware such as GPUs. Projected Demand: By 2034, AI could consume ~15% of 
global electricity, equivalent to over 6,000 TWh annually.
 
Electric Vehicles (EVs):
EVs are rapidly replacing internal combustion engines, driven by government mandates, 
technological advancements, and declining costs of batteries.
 
EVs currently consume only ~0.5% of global electricity, but as adoption accelerates, their 
share is expected to rise to ~10% by 2034, equivalent to ~4,000 TWh annually.
 
Electrification is extending beyond cars to include buses, trucks, trains, and even ships and 
aircraft.
 
Heating and cooling homes will play a critical role in future energy usage, especially as global 
climates shift and extreme weather events become more frequent. Regions like Australia, 
facing unusually high temperatures, highlight the urgent need to address energy demands 
for climate control.
 
Energy Demand for Cooling: In hotter climates, air conditioning becomes a necessity, 
significantly increasing electricity usage. This makes renewable energy sources like solar 
particularly advantageous in sun-rich areas.
 
Energy Demand for Heating: In colder regions, electrification of heating through heat pumps 
offers an efficient alternative to traditional gas or oil-based systems, with renewable energy 
further reducing emissions.
 
Efficiency and Adaptation: Future energy policies must prioritize building insulation, energy-
efficient appliances, and smart technologies to reduce the overall energy burden for climate 
control.
 
Grid Flexibility: Rising demands for heating and cooling require a flexible, resilient energy grid 
that can handle seasonal fluctuations and peak loads.
 
Sustainability and Equity: Policies should ensure affordable energy solutions for all, 
particularly vulnerable populations disproportionately affected by climate extremes.
 

Projected Energy Needs in 5 and 10 Years
 
2029 (5-Year Outlook):
Global electricity demand is projected to reach 33,000 TWh/year (up from ~26,800 TWh
 in 2024). AI will consume 6–10% of global electricity (~2,000–3,300 TWh).
EVs will account for ~5% of global electricity (~1,650 TWh), with widespread adoption driven 
by improved charging infrastructure and supportive policies.
 
2034 (10-Year Outlook):
Electricity demand is forecast to rise to 40,000 TWh/year.
AI’s share will climb to ~15% of global electricity (~6,000 TWh).
EVs will consume ~10% of global electricity (~4,000 TWh), as electric cars dominate vehicle 
fleets in many countries.
 
Key Insight: The combined effect of AI and EVs will add ~10,000 TWh/year of new electricity 
demand by 2034—approximately equivalent to the total electricity consumption of China 
today.
 
The Electrification of Industries
Beyond AI and EVs, other sectors are driving electricity demand:
 
Industrial Processes:
Sectors like steelmaking, cement production, and chemical manufacturing are shifting from 
fossil fuels to electricity.
 
Technologies like electric arc furnaces and hydrogen-based production are replacing 
traditional methods.
 

Residential and Commercial Heating and cooling:
Electric heat pumps are increasingly replacing gas-based heating systems, especially in 
regions focused on reducing carbon emissions.
 
Agriculture:
Electrification of irrigation, machinery, and food production is on the rise, driven by efficiency 
gains and sustainability goals.
 
Challenges of Meeting Growing Demand
 
Grid Modernization
Existing grids were not designed for the variable output of renewables or the increased load 
from AI and EVs. Investments in smart grids, decentralized energy systems, and grid 
resilience are critical.
 

Balancing Supply and Demand:
The intermittency of solar and wind power requires robust energy storage solutions, such as 
batteries and hydrogen. AI-driven energy management systems can optimize grid 
performance and integrate renewables more effectively.
 
Energy Equity:
Ensuring access to affordable and reliable electricity in developing regions remains a major 
challenge, even as global demand rises.
Opportunities Created by Rising Demand
 

Acceleration of Renewable Energy Deployment:
Meeting higher demand will spur investments in solar, wind, geothermal, and marine energy 
technologies.
 

Innovation in Storage and Transmission:
Growing electricity needs will drive advancements in battery technology, hydrogen systems, 
and high-voltage transmission networks.
 

Economic Growth and Job Creation:
The electrification of industries and transportation will create millions of jobs in 
manufacturing, installation, and maintenance.
 
 
 



Global Implications
 
Energy Security:
Nations capable of generating and storing sufficient electricity will gain strategic 
advantages. Regions with renewable energy resources (e.g., solar in deserts, 
geothermal in volcanic zones) will become energy hubs.
 
Decentralization of Energy Systems:
Distributed energy generation (e.g., rooftop solar, local wind farms) will reduce 
dependence on centralized power plants, increasing resilience.
 

Conclusion: An Electrified Future
The growing demand for electricity represents both a challenge and an opportunity. 
While AI and EVs are reshaping energy consumption, they are also driving innovation 
in renewable energy, storage, and grid management. Countries that can adapt to 
and capitalize on these trends will lead the energy transition, ensuring economic 
growth and global influence in the decades ahead.
 
This chapter sets the stage for exploring the technologies that will supply the 
electricity needed to power this new era, from solar and wind to innovative sources 
like marine and geothermal energy
 

Recent Developments in Global Energy Demand
 
Reuters
US power use to reach record highs in 2024 and 2025, EIA forecast says

Financial Times

Air conditioning to be majr driver of electricity demand, says 



Chapter 3: Renewable Energy Sources
The Backbone of the Energy Transition
Renewable energy sources, particularly solar and wind power, are rapidly becoming the dominant 

contributors to global electricity generation. As fossil fuels are phased out due to environmental 
concerns and economic factors, renewables are scaling up to meet rising demand. By 2034, 
renewables are expected to account for at least 70% of the global electricity mix, with solar and 
wind leading the charge.
 

Solar Power: A Bright Future.  Why Solar Leads the Transition:
Solar energy has become the most accessible and rapidly deployable renewable resource. Its 
versatility—scaling from small rooftop systems to large utility-scale farms—makes it a key player in 
global decarbonization efforts.
 
Costs of photovoltaic (PV) cells have plummeted by over 80% in the last decade, making solar power 
cheaper than fossil fuels in many regions

.
Technological Innovations:
Perovskite Solar Cells: A new generation of cells that promise higher efficiency and lower 
production costs than traditional silicon-based cells.
 
Bifacial Panels: These can capture sunlight from both sides, significantly increasing energy output.
 
Floating Solar Farms: Solar panels deployed on reservoirs, lakes, or coastal areas reduce land use 
and benefit from cooling effects, increasing efficiency.
 

Projected Growth
Solar power is expected to contribute 30–35% of global electricity by 2034.
Massive solar farm projects, such as those in deserts like the Sahara, aim to supply energy across 
continents via high-voltage transmission lines.
 

Wind Power: Harnessing the Atmosphere Onshore Wind:
Onshore wind power remains one of the cheapest sources of renewable electricity, with costs 
continuing to decline. Advances in turbine design, such as larger blades and higher towers, are 
improving efficiency and energy output.
 
Offshore Wind:
Offshore wind farms harness stronger, more consistent winds at sea, allowing for higher energy 
production.
 
Floating Turbines: Enable wind farms to be placed in deeper waters where winds are more reliable 
and powerful.
 
Projected Growth:
Offshore wind is expected to contribute 10–15% of global electricity by 2034.
Europe, the U.S., and China are leading in offshore wind deployment, with projects like Dogger Bank 
in the North Sea set to become the largest offshore wind farm in the world.
 

Hydropower: The Old Reliable
Current Role:
Hydropower is the largest source of renewable electricity today, providing ~16% of global electricity. 
It offers reliable baseload power, balancing intermittent sources like solar and wind.
 

Challenges:
Environmental impacts, such as habitat disruption and displacement of communities, limit new 
large-scale dam projects.
 

Climate change affects
 water availability, posing risks to long-term hydropower reliability.
 

Future Role:
Small-scale hydropower systems and pumped storage projects are expected to complement solar 
and wind by providing grid stability and energy storage.
 

Other Renewable Source. Geothermal Energy:
Geothermal is explored in detail in Chapter 6, but it is worth noting that it provides a steady, reliable 
power source in regions with volcanic and thermal activity.
 

Marine Energy:
Wave and tidal energy, along with Ocean Thermal Energy Conversion (OTEC), are emerging 
contributors discussed in Chapter 4. These technologies tap into the vast energy potential of the 
oceans.
 



The Advantages of Renewables Environmental Benefits:
Solar, wind, and hydro produce zero greenhouse gas emissions during operation, making them 
essential for combating climate change.
Transitioning to renewables reduces air and water pollution, improving public health and 
biodiversity.
 
Economic Viability:
The Levelized Cost of Electricity (LCOE) for solar and wind is now below that of coal and gas in 
many regions, making them the most cost-effective options for new energy projects.
Renewable projects create millions of jobs in installation, maintenance, and R&D.
 
Energy Independence:
By leveraging local renewable resources, nations can reduce dependence on imported fossil fuels, 
enhancing energy security.
 

Challenges of Scaling Renewables Intermittency:
Solar and wind power are weather-dependent, requiring advances in energy storage and grid 
management.
 

Land Use and Biodiversity:
Utility-scale solar farms and onshore wind projects can compete with agricultural land and 
disrupt ecosystems.
 

Material Needs:
Manufacturing renewable energy infrastructure requires critical minerals like lithium, cobalt, and 
rare earth metals. Ensuring sustainable supply chains is essential.
 
 

The Role of Policy and Investment  Government Support:
Policies like tax incentives, feed-in tariffs, and renewable energy mandates are driving adoption.
International initiatives, such as the Paris Agreement, encourage investment in renewables.
 
Private Sector Leadership:
Companies like Tesla (solar storage), Vestas (wind turbines), and Ørsted (offshore wind) are driving 
technological advancements
.
Global Collaboration:
Cross-border renewable energy projects, like intercontinental solar energy sharing, showcase the 
potential of cooperation.
 

Conclusion: Renewables as the Energy Backbone
Renewable energy sources are poised to dominate the global energy mix within the next decade. 
Solar and wind power, supported by hydropower, geothermal, and marine technologies, will 
provide the bulk of the world’s electricity. While challenges like intermittency and resource 
constraints remain, advances in technology and policy will ensure that renewables meet the 
growing demand for clean, reliable power.
 
.
 
 
 
 
 
 
 



Chapter 4: Marine Energy: Tapping the Power of the Oceans
The Untapped Potential of Marine Energy
 
The Earth's oceans hold immense, largely untapped potential for generating renewable 
electricity. With over 70% of the planet covered by water, marine energy technologies aim to 
harness this abundant resource to meet growing global energy demands. By capturing the 
power of waves, tides, and ocean thermal gradients, marine energy could become a key 
player in the transition to a sustainable energy future.
 
1. Wave Energy
Wave energy harnesses the kinetic and potential energy of ocean surface waves to generate 
electricity. As waves are created by wind blowing across the ocean, they represent a 
concentrated and reliable source of energy.
 
Technologies:
Oscillating Water Columns (OWCs): Devices that trap air in a chamber as waves rise and fall, 
driving turbines.
 
Point Absorbers: Buoys that move with waves, converting kinetic energy into electricity.
Attenuators: Long floating structures that lie parallel to wave direction, flexing as waves 
pass and generating power.
 
Global Potential: Wave energy could generate up to 29,500 TWh annually, nearly matching 
today’s total global electricity consumption.
 
Challenges:
High costs of deployment and maintenance in harsh marine environments.
Potential environmental impacts on marine ecosystems.
 

Examples:
The Wave Hub Project in the UK is testing wave energy devices to commercialize the 
technology. Portugal's Pelamis Wave Energy Converter is one of the first grid-connected 
wave farms.
 
2. Tidal Energy
Tidal energy exploits the predictable rise and fall of ocean tides, driven by gravitational 
forces between the Earth, Moon, and Sun. This predictability makes tidal power highly 
reliable compared to other renewable sources.
 
Technologies:
Tidal Stream Generators: Underwater turbines placed in fast-moving tidal currents, similar 
to underwater wind turbines.
 
Tidal Barrages: Dams built across estuaries, capturing energy as water flows in and out with 
the tide.
 
Tidal Lagoons: Enclosed areas of the sea that trap water at high tide, releasing it through 
turbines during low tide.
 
Global Potential: Tidal power could generate 1,200 TWh annually with current technology, 
enough to power millions of homes.
 
Challenges:
High upfront costs and environmental concerns related to habitat disruption.
Limited suitable locations with strong tidal currents.
 

Examples:
The La Rance Tidal Power Station in France has been operational since 1966, producing 
240 MW of power.
 
South Korea's Sihwa Lake Tidal Power Station is the largest tidal plant in the world, 
generating 254 MW.
 
3. Ocean Thermal Energy Conversion (OTEC)
OTEC utilizes the temperature difference between warm surface water and cold deep 
seawater to produce electricity. This technology is particularly effective in tropical regions 
where temperature differences exceed 20°C.
 

How It Works:
Warm surface water is used to vaporize a working fluid (like ammonia) with a low boiling 
point.The vapor drives a turbine to generate electricity, and cold water is used to condense 
the vapor back into a liquid.
Global Potential: OTEC could generate 10,000 TWh annually, particularly in equatorial and 
tropical regions.
 

Challenges:
High costs of infrastructure and maintenance.
Limited to regions with sufficient temperature gradients.
 
 



Examples:
Japan and Hawaii are leading OTEC research, with pilot plants exploring its feasibility for large-
scale deployment.
 
4. Offshore Wind Farms
While offshore wind is not a new concept, its integration into marine energy systems is 
revolutionizing electricity generation. Offshore wind turbines benefit from stronger and more 
consistent winds over the sea compared to onshore sites.
 

Technological Innovations:
Floating Wind Farms: These allow turbines to be installed in deeper waters, unlocking vast 
areas for energy production.
 
Hybrid Systems: Combining offshore wind farms with wave energy converters or desalination 
plants to maximize output. Global Potential: Offshore wind could generate 71,000 TWh 
annually, more than enough to meet projected global demand by 2034.
 
Challenges:
High installation and maintenance costs in deep-sea environments.
Balancing energy production with marine biodiversity preservation.
 

Examples:
Dogger Bank Wind Farm in the North Sea is set to become the world’s largest offshore wind 
farm, producing 3.6 GW.
 
Norway’s Hywind Tampen is the first floating wind farm to power offshore oil and gas 
operations.
 

Advantages of Marine Energy
Abundance:
Oceans provide a vast and largely untapped energy resource.
Predictability: Tidal and wave energy are more predictable than solar or wind, improving grid 
reliability.
 
Energy Independence:
Coastal nations can harness their surrounding waters to achieve greater energy security.
 
Integration with Other Systems:
Marine energy systems can complement offshore wind farms, aquaculture, and desalination 
plants.
 

Challenges of Marine Energy
High Costs: Marine energy projects require significant upfront investment in infrastructure, 
R&D, and maintenance.
 
Environmental Concerns:
Potential impacts on marine ecosystems, such as noise pollution and habitat disruption, need 
careful management.
 
Technological Maturity:
Many marine energy technologies are still in the pilot or demonstration phase and require 
further innovation to scale.
 

Future Outlook for Marine Energy
Marine energy is poised to play a significant role in the global energy mix as technology 
matures and costs decline. Key developments in wave, tidal, and offshore wind technologies, 
combined with large-scale deployment, could make the oceans a cornerstone of renewable 
energy systems by 2034.
 
Countries like the UK, Norway, Japan, and the United States are investing heavily in marine 
energy research, while international organizations like the International Renewable Energy 
Agency (IRENA) are promoting its global adoption.
 

Conclusion: Unlocking the Power of the Oceans
Marine energy represents one of the most exciting frontiers in renewable energy. With the 
potential to generate tens of thousands of TWh annually, the oceans could provide a 
sustainable, reliable, and carbon-free solution to meet the growing electricity demand. 
Harnessing this power will require overcoming technical and environmental challenges, but the 
rewards—a cleaner, more secure energy future—make it a crucial part of the global energy 
transition. This chapter connects to geothermal energy (Chapter 6) and ammonia (Chapter 5) as 
complementary emerging solutions for a diversified energy mix.
 
 
 
 
 
 



Chapter 5: Ammonia from Seawater
The Role of Ammonia in the Energy Transition
 
Ammonia (NH₃) is emerging as a transformative player in the global energy landscape. 
Historically used as a fertilizer, ammonia is now recognized as a versatile, carbon-free 
energy carrier. By producing ammonia from seawater using renewable energy, it can 
become a key solution for energy storage, transportation, and even direct electricity 
generation.
 
Why Ammonia?
Carbon-Free Energy Carrier:
Ammonia does not contain carbon, so it produces no carbon dioxide (CO₂) when used as 
a fuel or energy carrier. Combustion or utilization in fuel cells emits only nitrogen and 
water.
 
Energy Dense and Transportable:
Ammonia has a high energy density compared to hydrogen gas, making it easier and 
more cost-effective to store and transport.
Existing infrastructure, such as pipelines and tankers used for natural gas, can be 
adapted for ammonia.
 
Versatility:
Can be used directly in gas turbines or fuel cells to generate electricity.
Acts as a hydrogen carrier, allowing hydrogen to be stored and transported in a stable 
form before being released for use.
 
How Ammonia Is Produced from Seawater
Ammonia is synthesized by combining hydrogen and nitrogen. The key to a sustainable 
ammonia economy lies in producing hydrogen from seawater and using renewable 
energy to power the process.
 
Hydrogen Production via Seawater Electrolysis:
Electrolysis splits water (H₂O) into hydrogen (H₂) and oxygen (O₂). By using seawater as 
the feedstock, hydrogen can be produced sustainably.
Advanced electrocatalysts and membranes are being developed to prevent issues like 
chloride ion corrosion and byproducts such as chlorine gas.
 
Nitrogen Extraction:
Nitrogen (N₂) is obtained from the air through well-established processes like air 
separation.
 
Ammonia Synthesis (Haber-Bosch Process):
Hydrogen and nitrogen are combined under high pressure and temperature to form 
ammonia. Research is underway to develop energy-efficient alternatives to the Haber-
Bosch process, such as electrochemical ammonia synthesis.
Applications of Ammonia in Energy
 
Electricity Generation:
Ammonia can be burned in gas turbines or used in ammonia-compatible fuel cells to 
generate electricity. It offers a reliable, dispatchable power source, complementing 
intermittent renewables like solar and wind.
 
Energy Storage:
Ammonia serves as a large-scale energy storage medium, storing excess renewable 
energy for later use. It can stabilize grids by providing backup power during periods of 
low renewable energy output.
 
Hydrogen Carrier:
Ammonia can be "cracked" to release hydrogen, which can then be used in hydrogen fuel 
cells. This allows ammonia to function as a transportable form of hydrogen, addressing 
the challenges of hydrogen's storage and distribution.
 
Decarbonizing Heavy Industry and Transport:
Ammonia is being tested as a fuel for shipping, aviation, and industrial processes that are 
difficult to electrify
.
Global Projects and Innovations
Green Ammonia Projects:Yara International in Norway has opened Europe’s largest green 
hydrogen and ammonia plant, targeting carbon-free fertilizer production and energy 
storage. Morocco is developing a project powered by wind and solar to produce 200,000 
tons of green ammonia annually from desalinated seawater.
 
Shipping and Export:
Countries with abundant renewable resources, such as Australia and Saudi Arabia, are 
positioning themselves as major exporters of green ammonia.
Technological Advancements:
 
Research into low-energy ammonia synthesis and seawater electrolysis is accelerating, 
with pilot projects demonstrating feasibility.
 



Advantages of Ammonia from Seawater. Abundant Raw Materials:
Seawater and air are virtually limitless resources, ensuring sustainable production.
 
Carbon-Free: Ammonia enables a zero-carbon energy system, crucial for achieving net-zero 
emissions.
 
Scalable and Transportable:
Existing global infrastructure can be adapted for ammonia, enabling rapid scale-up.
Challenges of Ammonia as an Energy Solution
 
High Production Costs:
Current processes are energy-intensive, though renewable energy integration and 
technological advances are reducing costs.
 
Efficiency Losses:
Ammonia’s conversion back to hydrogen or electricity involves energy losses, making direct 
use preferable where possible.
 
Nitrogen Oxide (NOₓ) Emissions:
Ammonia combustion can produce NOₓ, a pollutant. Technologies like selective catalytic 
reduction (SCR) are needed to minimize emissions.
 
Safety Concerns:
Ammonia is toxic and requires careful handling and storage, though safety protocols are 
well-established in the fertilizer industry.
 

Future Potential of Ammonia Global Energy Trade:
Ammonia could become the energy commodity of the future, much like oil and gas today. 
Exporting nations with abundant renewable energy could ship ammonia globally to meet 
demand.
 
Energy Security:
Coastal nations with seawater access can produce ammonia locally, reducing dependence 
on imported fossil fuels.
 

Integration with Renewables:
Ammonia production provides a solution to the intermittency of solar and wind, allowing 
energy to be stored and transported where needed.
Examples of Ammonia’s Potential
 
Shipping:
The maritime industry is exploring ammonia-powered ships as part of its efforts to decarbonize.
 
Grid Stability:
Japan is blending ammonia with coal in power plants to reduce emissions while 
transitioning to renewables.
 
Industrial Use:
Ammonia is being tested in cement and steelmaking as a clean alternative to fossil fuels.
 

Conclusion: Ammonia’s Role in the Energy Future

Ammonia from seawater represents a revolutionary pathway to a carbon-free energy 
system. By leveraging renewable energy to produce ammonia, nations can create a 
sustainable, scalable solution for electricity generation, energy storage, and hydrogen 
transport. While challenges remain, technological advancements and growing investment 
are positioning ammonia as a cornerstone of the future energy mix.
 
This chapter sets the stage for geothermal energy (Chapter 6) and highlights ammonia’s 
complementary role in decarbonizing global energy systems.



Chapter 6: Geothermal Energy: Heat Beneath Our Feet
Harnessing the Earth’s Heat for Electricity
Geothermal energy, derived from the heat stored within the Earth's crust, offers a clean, 
renewable, and reliable source of power. With advancements in deep drilling and enhanced 
geothermal systems, this form of energy has the potential to significantly expand its role in 
meeting global electricity demand.
 

How Geothermal Energy Works
Geothermal systems use the Earth’s natural heat, often sourced from:
 
Magma and Volcanic Activity: Hot rock close to the surface.
Geothermal Reservoirs: Natural pockets of hot water and steam beneath the ground.
 
Radiogenic Decay: Heat generated by the decay of radioactive isotopes in the Earth's crust.
Electricity is generated by tapping into these heat sources:
 
Dry Steam Plants: Use steam from underground reservoirs to turn turbines directly.
 
Flash Steam Plants: Convert high-pressure hot water into steam to drive turbines.
 
Binary Cycle Plants: Transfer heat from geothermal water to a secondary fluid with a lower 
boiling point, vaporizing it to spin a turbine
 
Volcanic and Thermal Hotspots
Certain regions with active volcanic and geothermal activity offer high potential for geothermal 
power due to readily accessible heat. Examples include:
 
Rotorua, New Zealand:
Located in the Taupō Volcanic Zone, Rotorua is home to geothermal activity that supports both 
electricity generation and direct-use applications like heating.
New Zealand already generates 17% of its electricity from geothermal energy.
 
Iceland: 
A global leader in geothermal energy, Iceland derives 26% of its electricity and 90% of its heating 
needs from geothermal sources.
 
Pacific Ring of Fire:
Countries like Indonesia, the Philippines, and Japan, rich in volcanic activity, have immense 
geothermal potential.
 
Deep Drilling for Geothermal Energy
To unlock geothermal potential beyond traditional hotspots, advanced drilling technologies are 
enabling access to deeper, hotter zones:
 
Enhanced Geothermal Systems (EGS):
EGS involves drilling into hot, dry rock and injecting water to create artificial geothermal 
reservoirs. This method greatly expands the geographical range of geothermal power, making it 
viable in regions without natural reservoirs.
 
Supercritical Geothermal Energy:
Supercritical fluids exist at extreme temperatures and pressures, offering up to 10 times the 
energy output of conventional geothermal systems.
Challenges include managing extreme conditions and developing materials capable of 
withstanding the heat and pressure.
 
Laser and Plasma Drilling:
Innovative drilling techniques like plasma or laser drilling can reach depths of 10 km or more, 
unlocking previously inaccessible geothermal zones.
 

Advantages of Geothermal Energy
Reliable and Stable Power:
Unlike solar and wind, geothermal energy is not weather-dependent, providing consistent 
baseload electricity.
 
Minimal Land Use:
Geothermal plants require significantly less space compared to solar or wind farms.
 
Environmental Benefits:
Geothermal energy produces minimal greenhouse gas emissions and has a low ecological 
footprint when managed properly.
 

Challenges of Geothermal Energy
High Initial Costs:
Drilling and exploration are expensive, especially when targeting deep reservoirs or supercritical 
zones.
 
Geological Risks:
Identifying productive geothermal sites is complex, and some wells may not yield sufficient 
energy.



Regional Limitations:
Traditional geothermal energy is restricted to tectonically active regions with accessible heat 
sources.
 
Direct Use Applications
Beyond electricity generation, geothermal energy is used for direct heating applications:
 
District Heating:
Cities like Reykjavik, Iceland, use geothermal heat for residential and commercial heating.
Agriculture: Geothermal heat is used in greenhouses to grow crops in cold climates.
 
Industrial Applications:
Processes such as drying food, pasteurizing milk, and extracting minerals benefit from 
geothermal heat.
 
Global Potential
The International Renewable Energy Agency (IRENA) estimates that geothermal energy could 
supply 8.3% of global electricity demand by 2050, with potential significantly expanding 
through technologies like EGS and supercritical systems.
 

Regions of High Potential:
Africa: The East African Rift has immense geothermal resources, particularly in Kenya and 
Ethiopia
 
North America: The western United States, Canada, and Mexico have significant geothermal 
capacity.
 
Asia-Pacific: Indonesia is the second-largest producer of geothermal electricity, with plans to 
expand further.
 

Integration with Renewables:
Geothermal energy complements solar and wind by providing stable power during periods of 
low sunlight or wind.
 

Future Innovations
Closed-Loop Systems:
These systems circulate fluid through sealed pipes underground, eliminating the need for 
water injection and minimizing environmental impact.
 
Hybrid Systems:
Combining geothermal with solar or wind to optimize energy output and increase efficiency.
 
AI-Driven Exploration:
AI technologies are being used to identify optimal drilling sites, reducing exploration costs and 
risks.
 

Case Studies
Hellisheiði Power Plant, Iceland:
One of the largest geothermal plants in the world, it produces 303 MW of electricity and 400 
MW of thermal energy.
 
Geysers Geothermal Complex, California:
The largest geothermal field in the U.S., with an installed capacity of 1.5 GW.
 
Olkaria Geothermal Plant, Kenya:
Kenya leads Africa in geothermal development, with Olkaria contributing significantly to its 
renewable energy mix.
 

Geothermal’s Role in the Energy Mix
Scaling Beyond Hotspots:
Advanced drilling and EGS are making geothermal viable in regions without traditional 
reservoirs, increasing its global accessibility.
 
Decarbonizing Energy Systems:
Geothermal energy offers a carbon-free solution for baseload electricity and heating, crucial 
for achieving climate goals.
 
Economic and Social Impact:
Geothermal projects create jobs, reduce energy costs, and provide energy independence for 
developing nations.
 
Conclusion: Heat as a Future Power Source
Geothermal energy has vast untapped potential to contribute to a sustainable energy future. 



By leveraging advancements in drilling and innovative systems, geothermal energy can expand 
beyond traditional volcanic regions to play a major role in global electricity generation. As we 
integrate geothermal energy into the broader renewable energy mix, it will complement other 
sources like solar, wind, and marine energy, creating a diversified and resilient energy system.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Chapter 7: The Role of Nuclear Energy
Nuclear Energy in the Global Energy Landscape
 
Nuclear energy has long been a reliable source of low-carbon electricity, providing stable 
baseload power to complement intermittent renewables like solar and wind. However, 
challenges such as high costs, public skepticism, and waste management have limited its 
growth in recent decades. The advent of Small Modular Reactors (SMRs) and advanced 
nuclear technologies is reigniting interest in nuclear energy as a vital component of the clean 
energy transition.
 

Why Nuclear Energy Matters Reliable Baseload Power:
Nuclear power plants operate continuously, providing consistent energy output regardless of 
weather or time of day. It is especially critical for stabilizing grids heavily reliant on variable 
renewables.
 
Carbon-Free Electricity:
Nuclear plants emit no greenhouse gases during operation, making them a key tool for 
achieving net-zero emissions.
 
Energy Security
By reducing dependence on imported fossil fuels, nuclear energy enhances energy 
independence for many nations.
 

The Rise of Small Modular Reactors (SMRs)
SMRs represent a new generation of nuclear technology, addressing many of the challenges 
associated with traditional large-scale reactors.
 
What Are SMRs?
SMRs are smaller, factory-built reactors designed to generate between 50 MW and 300 MW of 
power, compared to the 1,000+ MW output of traditional reactors.
They are modular, meaning components can be manufactured off-site and assembled quickly, 
reducing construction time and costs.
 
Advantages of SMRs:
Cost-Effectiveness: Smaller size and factory production lower capital costs.
Safety: Advanced designs include passive safety features that automatically shut down the 
reactor in emergencies.
 
Flexibility: SMRs can be deployed in remote areas, industrial sites, or integrated with 
renewable energy systems.
 
Scalability: Multiple SMRs can be added over time to meet growing energy needs.
 

Examples of SMR Projects:
 
NuScale Power (USA): Developing the first U.S.-approved SMR design, with plans to build a 
462 MW plant by the early 2030s.
 
Rolls-Royce SMRs (UK): Aiming to deploy compact reactors to decarbonize industrial 
processes and support grid power.
 

Challenges Facing Nuclear Energy
 
High Initial Costs:
While SMRs reduce costs, nuclear power remains more expensive than renewables like solar 
and wind. Financing large-scale projects often requires substantial government support or 
long-term contracts.
 
Waste Management:
Spent nuclear fuel requires secure, long-term storage, which remains a political and technical 
challenge. Technologies like deep geological repositories are being developed, but 
implementation is slow.
 
Public Perception:
Accidents like Chernobyl and Fukushima have created widespread fear of nuclear energy.
Overcoming public resistance requires transparency, education, and advancements in reactor 
safety.
 
Regulatory Hurdles:
Nuclear projects face lengthy approval processes and complex regulations, delaying 
deployment.

 
 
 

 



Advanced Nuclear Technologies Molten Salt Reactors (MSRs):
Use liquid salt as both a coolant and fuel medium, allowing operation at higher temperatures 
and lower pressures. Can run on alternative fuels like thorium, reducing reliance on uranium.
 
Fast Reactors  Designed to use nuclear waste as fuel, significantly reducing the volume of 
waste and increasing fuel efficiency.
Fusion Power:
Fusion reactors, which mimic the processes powering the sun, promise virtually limitless clean 
energy. While still in experimental stages, projects like ITER in France are making significant 
progress.
 

Global Examples of Nuclear Energy Leadership
France:
France generates ~70% of its electricity from nuclear power, showcasing its viability as a 
dominant energy source.
Plans to invest in SMRs and extend the lifespan of existing reactors.
China:
Rapidly expanding its nuclear fleet, with 24 reactors under construction and significant 
investment in SMR development.
United States:
Home to the world’s largest nuclear fleet, though growth has slowed. SMRs are seen as a way 
to rejuvenate the sector.
Japan:
After Fukushima, Japan scaled back nuclear power but is now revisiting its role to achieve 
decarbonization goals.
 

The Role of Nuclear Energy in Decarbonizatiom Industrial 
Applications:
High-temperature nuclear reactors can provide heat for industrial processes like steel and 
hydrogen production.
 
Grid Stability:
Nuclear complements renewables by providing reliable baseload power, ensuring grid stability 
during periods of low wind or sunlight.
 
Hybrid Systems:
SMRs can be paired with renewable energy systems to optimize energy generation and reduce 
intermittency.
 

Advantages of Modern Nuclear Energy
Efficiency:
Advanced designs extract more energy from fuel, reducing waste and increasing output.
 
Longevity:
Nuclear plants have long lifespans, often operating for 60 years or more.
 
Resilience:
Nuclear plants are less vulnerable to weather-related disruptions, providing energy security in 
extreme conditions.
 

Challenges to Overcome
Cost Competitiveness:
Renewables continue to outpace nuclear in terms of cost per megawatt-hour. Innovations in 
SMRs and fast-track approval processes could help bridge the gap.
 
Waste Disposal:
Permanent solutions for high-level waste must be prioritized to ensure public and 
environmental safety.
 
Scaling SMRs:
Widespread adoption of SMRs requires substantial investment in R&D, manufacturing, and 
deployment infrastructure.
 

Future Outlook for Nuclear Energy
SMR Deployment:
By 2034, SMRs could become a significant contributor to the energy mix, especially in remote 
areas, industrial hubs, and countries with limited renewable resources.
 
Integration with Renewables:
Nuclear energy will complement solar, wind, and storage systems to create a balanced and 
resilient energy grid.
 
International Collaboration:
Projects like ITER (fusion research) and partnerships in SMR development are accelerating 
nuclear advancements.

 



Conclusion: A Stable Partner in the Energy Transition
Nuclear energy, especially through innovations like SMRs and advanced reactors, will play a 
critical role in achieving global decarbonization goals. While it is unlikely to surpass renewables 
in scale or cost-effectiveness, its reliability and carbon-free operation make it an essential part 
of a diversified energy strategy. As technology improves and public acceptance grows, nuclear 
energy will continue to provide stable, scalable power for a cleaner and more resilient future.
 

Chapter 8: Energy Storage Technologies
The Critical Role of Energy Storage
Energy storage technologies are the backbone of a renewable-powered world. As solar, wind, 
and other renewables dominate the energy mix, their intermittent nature requires efficient 
storage systems to ensure a consistent and reliable electricity supply. Moreover, as electricity 
demand surges due to AI, electric vehicles (EVs), and industrial electrification, energy storage 
becomes indispensable for balancing supply and demand, stabilizing the grid, and optimizing 
energy use.

 
Why Energy Storage Is Essentia Balancing Supply and Demand:
Renewable energy production often peaks when demand is low (e.g., midday for solar, windy 
nights for wind power). Energy storage allows excess energy to be saved and used during peak 
demand.
 
Grid Stability:
Energy storage smooths out fluctuations in renewable energy generation, preventing 
blackouts and maintaining consistent voltage and frequency on the grid.
 
Decarbonization:
Storage enables the replacement of fossil fuel-based peaker plants with clean, renewable 
energy sources.
 

Types of Energy Storage Technologies
 
Batteries:
Batteries are the most widely used form of energy storage, ranging from small residential 
systems to grid-scale installations.
 
Lithium-Ion Batteries:
The dominant technology due to high energy density, efficiency (~90%), and declining costs.
Used in EVs, portable electronics, and utility-scale energy storage.
 
Solid-State Batteries:
A next-generation technology offering higher energy density, faster charging, and improved 
safety. Expected to play a major role in future EVs and grid systems.
 
Flow Batteries:
Use liquid electrolytes to store energy. While bulkier, they are ideal for large-scale, long-
duration storage applications.
 
Emerging Innovations:
Sodium-ion and zinc-air batteries are gaining attention as lower-cost alternatives to lithium-ion 
systems.
 

Hydrogen as an Energy Carrier: Green Hydrogen:
Produced via electrolysis using renewable energy, hydrogen can be stored and later converted 
back into electricity using fuel cells or turbines.
 
Ammonia Storage:
Ammonia (NH₃), derived from green hydrogen, serves as a stable, transportable hydrogen 
carrier.
 
Advantages:
Long-term storage potential and suitability for sectors like shipping, aviation, and heavy 
industry.
 
Challenges:
High costs of production and efficiency losses during conversion.
Pumped Hydroelectric Storage: Uses surplus electricity to pump water to a higher elevation; 
the water is released to generate electricity when needed.
 
Advantages:
Mature technology with high efficiency (~80%) and long lifespans.
Challenges: Requires suitable geography and has a large environmental footprint.
 



Thermal Energy Storage: 
Captures heat or cold for later use in power generation or heating and cooling systems.
 
Molten Salt Systems:
Store heat from concentrated solar power plants to generate electricity at night.
 
Ice Storage:
Used in commercial buildings for cooling systems.
Compressed Air Energy Storage (CAES):
Compresses air in underground caverns or tanks using surplus energy; the air is released to 
drive turbines during peak demand.
 
Advantages:
Suitable for large-scale storage with long durations.
 
Challenges:
Requires specific geological conditions.
Emerging and Experimental Technologies
 
Gravity-Based Storage:
Uses gravitational potential energy, such as lifting and lowering weights or water, to store and 
release energy.
 
Companies like Energy Vault are developing innovative solutions using this concept.
Liquid Air Energy Storage (LAES): Cools air into a liquid state for storage and re-expands it to 
drive turbines. Offers high capacity and long-term storage potential.
 
Supercapacitors:
Store energy electrostatically for rapid charging and discharging.
Ideal for applications requiring short bursts of energy, such as grid balancing.
 
Applications of Energy Storage
Residential and Commercial Use:
Home battery systems, like Tesla Powerwall and LG Chem, store solar energy for use at night 
or during outages. Commercial buildings use energy storage to reduce peak electricity costs.
 
Electric Vehicles:
Batteries in EVs are becoming a major source of energy storage. Vehicle-to-grid (V2G) 
technology enables EVs to supply power back to the grid.
 
Utility-Scale Storage:
Grid-scale systems store renewable energy for later use, providing backup power during high 
demand or low renewable output.
 
Off-Grid Solutions:
Rural and remote areas use storage to provide reliable power, reducing dependence on diesel 
generators.
 

Advantages of Energy Storage Technologies Integration of 
Renewables:
Enables renewable energy to meet baseload and peak demand, accelerating the transition 
away from fossil fuels.
 
Energy Independence:
Reduces reliance on imported fuels by allowing countries to maximize their renewable 
resources.
 
Cost Savings:
Improves efficiency, reduces energy waste, and lowers the cost of grid operations over time.
 
Challenges and Limitations Cost: While costs for technologies like lithium-ion batteries have 
fallen significantly, they remain high for long-duration and large-scale storage.
 
Material Supply:
The production of batteries requires critical minerals like lithium, cobalt, and nickel, which are 
subject to supply chain and geopolitical challenges.
 
Environmental Concerns:
Mining for battery materials and disposal of used batteries have environmental impacts.
 
Efficiency Losses:
Energy is lost during storage and retrieval processes, with some technologies more efficient 
than others.
 
 
 
 



Future of Energy Storage Technological Innovation:
Advances in materials science, such as solid-state batteries and alternative chemistries, will 
improve efficiency and reduce costs.
 
Scaling Hydrogen and Ammonia:
Hydrogen and ammonia will play a growing role in long-term and industrial-scale storage, 
complementing battery systems.
 
Global Investment:
Governments and private sectors are investing heavily in energy storage, recognizing its 
importance for the energy transition.
Integrated Systems:
Hybrid systems combining storage technologies (e.g., batteries, hydrogen, and thermal) will 
optimize performance and resilience.
 
Case Studies
Tesla’s Hornsdale Power Reserve (Australia):
 
A 150 MW lithium-ion battery system supporting the South Australian grid, reducing 
outages and energy costs.
 
Hydro-Québec’s Pumped Storage (Canada):
One of the largest hydroelectric storage systems, providing backup power for millions.
 
Green Hydrogen Storage (Germany):
Germany is investing in hydrogen infrastructure to store surplus wind and solar power for 
industrial and grid use.
 
Conclusion: Powering the Future with Storage
Energy storage technologies are essential for enabling a renewable-powered world. From 
short-term battery systems to long-duration hydrogen and pumped hydro solutions, storage 
ensures that clean energy is available when and where it is needed. As costs decline and 
innovations accelerate, energy storage will underpin the stability, reliability, and efficiency of 
future energy systems.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 9: The Role of Policy and Investment
The Necessity of Policy and Investment in Energy Transition
 
The global shift to renewable energy and sustainable electricity systems is not just a 
technological challenge—it is a financial and regulatory one. Governments, private sectors, 
and international organizations play critical roles in fostering the development, 
deployment, and scaling of clean energy technologies. Effective policies and investment 
strategies are essential for overcoming barriers, incentivizing innovation, and accelerating 

the energy transition.
 
The Role of Government Policies Incentivizing Renewable 
Energy Deployment:
 
Subsidies and Tax Incentives:
Governments provide financial support to renewable energy projects through production 
and investment tax credits.
 
Example: The U.S. Inflation Reduction Act (IRA) offers billions in subsidies for solar, wind, 
and hydrogen projects.
 

Feed-In Tariffs:
Fixed prices are guaranteed for renewable energy producers, encouraging investment.
 
Example: Germany’s Energiewende policy.
 

Carbon Pricing:
Carbon Taxes:
Governments impose taxes on fossil fuel use to incentivize cleaner energy sources.
Example: Sweden’s carbon tax has been instrumental in reducing emissions.
 

Cap-and-Trade Systems:
Companies trade emission allowances under a cap, encouraging efficiency and investment 
in renewables.
 

Energy Access and Equity:
Policies focus on ensuring energy access for underserved regions and vulnerable 
populations.
Example: India’s Saubhagya Scheme electrified rural areas, emphasizing solar power and 
microgrids.
 

Research and Development (R&D) Funding:
Governments fund early-stage research for technologies like advanced nuclear reactors, 
green hydrogen, and long-duration energy storage.
 
Example: The EU’s Horizon Europe program invests heavily in clean energy R&D.
 

Grid Modernization and Resilience:
Investment in smart grids and grid interconnection enables renewable integration and 
enhances resilience against cyberattacks and climate-related disruptions
.
Private Sector Investment
Corporate Leadership:
Companies like Tesla, Ørsted, and Vestas are driving innovation in energy storage, wind 
turbines, and solar technology. Tech giants like Google and Microsoft are investing in 24/7 
clean energy solutions to power their operations.
 
Venture Capital and Startups:
Startups developing emerging technologies—like solid-state batteries, advanced 
geothermal systems, and ammonia production—rely on venture capital for early growth.
 
Example: Companies like Energy Vault and Heliogen are attracting significant funding for 
innovative storage and solar technologies.
 
Green Bonds and Climate Finance:
Financial instruments like green bonds are used to raise capital for renewable energy 
projects
.
Example: The World Bank and private entities have issued green bonds for solar farms 
and wind projects globally.
 
Public-Private Partnerships:
Collaboration between governments and private sectors ensures risk-sharing and 
accelerates deployment.\
 
Example: The International Solar Alliance (India and France) promotes solar adoption in 
developing countries through joint investments.
International Collaboration



Global Climate Agreements:
The Paris Agreement provides a framework for nations to commit to renewable energy 
targets and climate goals.
Countries pledge net-zero emissions by mid-century, driving renewable energy adoption 
worldwide.
Technology Sharing:
Countries and organizations collaborate to share knowledge and resources for renewable 
energy projects. 
Example: The Mission Innovation initiative brings together 24 countries to accelerate clean 
energy innovation.
 

Development Banks and International Aid:
Institutions like the World Bank, Asian Development Bank, and African Development Bank 
fund renewable energy projects in emerging economies.
 
Example: The World Bank’s Scaling Solar Program supports solar power development in 
Africa.
Barriers to Policy and Investment
 

Economic and Political Resistance:
Fossil fuel industries and political interests often resist policies that threaten traditional 
energy systems. 
 
Example: Subsidies for coal and oil still exist in many countries, slowing renewable energy 
adoption.
 

High Initial Costs:
Renewable energy projects, especiall y emerging technologies like SMRs and marine energy, 
require significant upfront capital. Long-term financing mechanisms are needed to bridge 
the gap.
 

Regulatory Hurdles:
Permitting processes for renewable energy projects can be slow and complex.
Example: Offshore wind projects in the U.S. often face lengthy environmental reviews.
Energy Transition Inequities: Developing nations lack the resources to transition at the same 
pace as wealthier countries, risking an unequal global energy future.
 

Successful Case Studies
 
Denmark’s Renewable Energy Leadership:
Denmark generates over 50% of its electricity from wind, thanks to long-term policies, 
public support, and investment in offshore wind farms.
 
China’s Solar Boom:
Aggressive subsidies and domestic manufacturing have made China the world’s largest 
producer of solar panels.
 
Kenya’s Geothermal Expansion:
Government policies and international financing have enabled Kenya to become a leader in 
geothermal power, supplying 48% of its electricity.
 
 

Opportunities for Policy and Investment Decarbonizing 
Heavy Industry:
Policies incentivizing green hydrogen and electrification of industrial processes are critical 
for decarbonizing steel, cement, and chemical production.
 

Energy Access in Emerging Markets:
Targeted investments in microgrids, solar home systems, and off-grid storage solutions can 
bring electricity to remote and underserved regions.
 

Scaling Emerging Technologies:
Support for innovations like SMRs, marine energy, and next-generation storage can address 
scalability challenges.
 
Circular Economy:
Policies promoting recycling and reuse of materials (e.g., lithium from batteries) will reduce 
resource pressures and environmental impact.
 
Conclusion: Building the Framework for a Sustainable Future
The energy transition cannot succeed without robust policies and significant investment. 
Governments must set the stage with incentives, regulations, and international 
collaboration, while private sector innovation and financing drive the development and 
deployment of clean energy technologies.
A holistic approach—balancing economic growth, environmental protection, and social 
equity—will ensure a sustainable and equitable energy future. This chapter transitions into 
Chapter 10, which explores the dominant energy sources of 2034 and how these 
investments and policies shape the future energy landscap

 
 



Chapter 10: The Dominant Energy Source in 2034
The Energy Landscape in 2034
 
By 2034, the global energy system will be shaped by the convergence of technological 
advancements, policy frameworks, and growing electricity demands from AI, electric vehicles 
(EVs), and industrial electrification. The dominant energy source in this future will be 
renewables, led by solar and wind, complemented by energy storage technologies, geothermal 
power, nuclear energy, and innovative solutions like green hydrogen and ammonia.
 

Solar and Wind: Leading the Energy Mix. Solar Power:
Projected Contribution: Solar is expected to provide 30–35% of global electricity by 2034.
 

Why It Dominates:
Rapid cost declines, now below $20/MWh in many regions.
Technological innovations like perovskite solar cells, floating solar farms, and bifacial panels.
 

Global Adoption:
Desert regions like the Sahara are being tapped for massive solar projects to supply clean 
electricity across continents.
Distributed solar systems (rooftop installations) will dominate in urban and rural areas alike.
Wind Power:
 

Projected Contribution: Wind energy is expected to supply 20–25% of global 

electricity by 2034, with offshore wind contributing a significant portion.
 

Offshore Innovations:
Floating turbines are unlocking deeper waters with stronger, more consistent winds.
Onshore Expansion: Improved turbine designs and materials are reducing costs and increasing 
efficiency.
 

The Role of Energy Storage
Energy storage technologies will be critical to integrating intermittent renewables like solar and 
wind into the grid.
 
Battery Storage:
Lithium-ion and solid-state batteries will dominate short- to medium-term storage, stabilizing 
grids and powering EVs. Long-duration storage systems like flow batteries will support utility-
scale renewable integration.
 
Hydrogen and Ammonia:
Green Hydrogen: Produced from renewable electricity, hydrogen will serve as a storage 
medium and a fuel for decarbonizing heavy industries and transport.
Ammonia: A stable and transportable hydrogen carrier, ammonia will power ships, turbines, 
and large-scale storage systems.
 
Thermal and Gravity Storage:
Molten salt and gravity-based storage systems will support long-term, high-capacity storage.
Geothermal and Marine Energy: Supporting Stability
 
Geothermal Power:
Projected Contribution: Geothermal energy will provide 5–10% of global electricity by 2034, 
particularly in volcanic and tectonic regions. Enhanced Geothermal Systems (EGS) and 
supercritical geothermal technologies will expand its reach beyond traditional hotspots.
 
Marine Energy:
Wave, tidal, and ocean thermal energy conversion (OTEC) will complement solar and wind, 
especially in coastal regions. Offshore wind farms paired with wave energy converters will 
maximize output from marine environments.
 

The Role of Nuclear Energy
Small Modular Reactors (SMRs):
SMRs will address the need for reliable baseload power in regions with limited renewable 
resources. Countries like the U.S., Canada, and the UK will deploy SMRs to stabilize grids and 
support industrial electrification.
 
Fusion Power:
While still in development, projects like ITER are paving the way for fusion energy as a potential 
long-term solution by the mid-21st century.
Energy Efficiency and Grid Modernization
 
Smart Grids:
AI-driven grids will optimize energy distribution, balancing supply and demand in real time.
Microgrids will provide resilience, especially in remote and disaster-prone areas.
  



Energy Efficiency:
Advanced materials, smart buildings, and efficient appliances will reduce overall electricity 
demand, even as electrification expands.
 

Regional Variations in Energy Dominance Europe:
 A leader in offshore wind and hydrogen technologies, Europe will rely heavily on renewables, 
supported by nuclear power.
 
Asia: China will dominate solar manufacturing and deployment, while Japan and South Korea 
will lead in hydrogen and advanced nuclear energy.
 
Africa: Solar power will transform Africa, with vast desert regions hosting large-scale projects 
to electrify the continent and export energy.
 
North America: The U.S. will combine solar, wind, nuclear, and geothermal to maintain energy 
independence and decarbonize its economy.
 

Projected Energy Mix in 2034
 
Renewables: ~70% (Solar: 30–35%; Wind: 20–25%; Others: 10–15%)
 
Nuclear: ~10–15% (Including SMRs)
 
Fossil Fuels: ~10–15% (Natural gas may remain for transitional and backup use)
 
Hydrogen and Ammonia: ~5–10% (As a storage and supplementary energy source)
The Geopolitics of Energy Dominance
 

Control of Resources:
Nations with abundant renewable resources (e.g., solar in deserts, wind in coastal areas) will 
gain economic and political influence.
 
Energy Exports:
Countries like Australia, Saudi Arabia, and Morocco will export green hydrogen and ammonia, 
becoming key players in the global energy trade.
 
Technological Leadership:
Nations investing in advanced energy technologies (e.g., SMRs, battery storage, marine energy) 
will lead innovation and define global standards.
 

Challenges to Overcome Infrastructure Development:
 
Expanding grids
 storage facilities, and renewable projects requires significant investment.
Material Supply:
 
Securing critical minerals for batteries, turbines, and solar panels will remain a challenge.
Global Equity: Ensuring access to affordable and clean energy in developing nations is essential 
for a just energy transition.
 

Conclusion: The Dominant Energy Source in 2034
By 2034, the energy landscape will be dominated by renewables, particularly solar and wind, 
supported by energy storage and complementary technologies like nuclear, geothermal, and 
hydrogen. This diverse energy mix will ensure a stable, clean, and resilient global energy 
system, meeting growing demand while addressing climate goals.
 
The energy transition represents a monumental shift in how the world powers itself, with 
opportunities for innovation, collaboration, and leadership. As nations and industries align 
around this vision, electricity will emerge as the ultimate driver of progress and sustainability. 
This chapter concludes the narrative, preparing the reader for a glossary of terms and 
references to deepen understanding and explore further.
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 11: Glossary of Technical Terms
 
This chapter provides clear definitions of key technical terms used throughout the 
book, helping readers better understand the concepts and technologies shaping the 
future of energy.
 
A
Ammonia (NH₃): A colorless gas composed of nitrogen and hydrogen. When produced using 
renewable energy, ammonia serves as a carbon-free energy carrier and storage medium.
Artificial Intelligence (AI): Computer systems capable of performing tasks that typically 
require human intelligence, such as learning, problem-solving, and decision-making. AI 
significantly increases energy demand due to its reliance on data centers and high-
performance computing.
B
Baseload Power: The minimum amount of continuous power required to meet a region’s 
energy needs. Stable energy sources like nuclear and geothermal provide baseload power.
Bifacial Solar Panels: Solar panels that capture sunlight on both sides, increasing energy 
output.
C
Carbon Capture and Storage (CCS): Technology to capture CO₂ emissions from industrial 
processes or power plants and store them underground to prevent release into the 
atmosphere.
Compressed Air Energy Storage (CAES): A method of storing energy by compressing air in 
underground reservoirs or tanks, which is later released to generate electricity.
Circular Economy: A system focused on minimizing waste and maximizing resource reuse, 
crucial for sustainable energy production and battery recycling.
D
Distributed Energy Systems: Decentralized power generation systems, such as rooftop solar 
panels, that produce electricity close to where it is used.
Dry Steam Plant: A type of geothermal power plant that uses steam from underground 
reservoirs to directly turn turbines.
E
Electrolysis: A process that uses electricity to split water into hydrogen and oxygen. When 
powered by renewables, it produces green hydrogen.
Enhanced Geothermal Systems (EGS): Artificial geothermal reservoirs created by injecting 
water into hot dry rock, enabling energy generation in regions without natural geothermal 
resources.
F
Feed-In Tariff: A policy mechanism that guarantees a fixed price for renewable energy 
producers, incentivizing clean energy investments.
Fusion Energy: A process that mimics the energy production of the sun, combining light 
atomic nuclei to release vast amounts of energy. Fusion is still in experimental stages.
G
Geothermal Energy: Heat energy extracted from beneath the Earth’s surface to generate 
electricity or provide heating.
Green Hydrogen: Hydrogen produced via electrolysis powered by renewable energy, offering 
a carbon-free alternative to traditional hydrogen production methods.
Gravity-Based Storage: Energy storage that uses gravitational potential energy, such as lifting 
and lowering heavy weights.
H
Haber-Bosch Process: An industrial process for synthesizing ammonia from nitrogen and 
hydrogen. Green ammonia is made by using renewable hydrogen in this process.
High Voltage Direct Current (HVDC): A technology for efficiently transmitting electricity over 
long distances, often used for integrating renewable energy into grids.
L
Levelized Cost of Electricity (LCOE): A measure of the average cost to produce electricity 
over the lifetime of a power-generating asset, including construction, operation, and 
maintenance.
M
Microgrid: A localized energy system capable of operating independently or connected to a 
larger grid, often used in remote or disaster-prone areas.
Molten Salt Storage: A thermal energy storage technology that uses molten salt to store heat 
for electricity generation during non-peak renewable production periods.
N
Net-Zero Emissions: Achieving a balance between greenhouse gas emissions produced and 
those removed from the atmosphere, often through carbon capture or offsetting.
Nitrogen Oxides (NOₓ): Pollutants produced during combustion. Technologies like catalytic 
converters reduce NOₓ emissions in ammonia-based power systems.
O
Ocean Thermal Energy Conversion (OTEC): A technology that uses temperature differences 
between warm surface water and cold deep water to generate electricity.
 
 
 
P



P
Perovskite Solar Cells: A new type of solar cell with higher efficiency and lower production 
costs compared to traditional silicon-based cells.
Pumped Hydroelectric Storage: A system that stores energy by pumping water uphill during 
low demand and releasing it downhill to generate electricity during high demand.
S 
Smart Grid: An electricity grid enhanced with digital technology to monitor, manage, and 
optimize energy flows in real time.
Small Modular Reactors (SMRs): Compact nuclear reactors designed for flexibility, scalability, 
and enhanced safety.
T
Tidal Energy: Renewable energy generated by harnessing the rise and fall of ocean tides, 
using turbines or barrages.
Thermal Energy Storage: Systems that store energy in the form of heat for later use in power 
generation or heating and cooling.
V
Vehicle-to-Grid (V2G): A technology that allows electric vehicles to return stored electricity to 
the grid, helping stabilize energy systems during high demand.
W
Wave Energy: Renewable energy captured from the movement of ocean waves using 
specialized devices such as buoys or oscillating water columns.
Wind Turbine: A device that converts wind kinetic energy into electricity. Offshore wind 
turbines are particularly effective due to stronger, more consistent winds at sea.
Z
Zero-Carbon Energy: Energy produced without emitting greenhouse gases, including sources 
like solar, wind, geothermal, and nuclear.
 
This glossary serves as a reference for readers navigating the complex world of energy 
technology and policy, providing a foundation for understanding the terms that define the 
future of energy. The next chapter offers references and further reading for those who wish to 
explore these topics in greater depth
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Chapter 12
References and Further Reading
This  provides a curated list of sources, references, and additional materials for readers who 
want to explore the topics discussed in the book in greater depth. It includes a mix of scientific 
research, industry reports, policy documents, and accessible articles on renewable energy, 
emerging technologies, and global energy trends.
 

1. Foundational Energy Resources
International Energy Agency (IEA) Reports:
 
World Energy Outlook 2023: Comprehensive analysis of global 
energy trends and projections. Link
 
Renewables 2023: Insights into the deployment of 
renewable technologies and global capacity. Link
 
International Renewable Energy Agency (IRENA):
Geothermal Energy: A Renewable Solution for Decarbonization: 
Explores the potential of geothermal energy. Link
 
Hydrogen: A Renewable Energy Perspective: 
Analysis of hydrogen’s role in energy systems. Link
 

2. Renewable Energy\
 
Solar Energy:
Solar Power in the Desert: Technical and economic analysis of large-scale solar farms in arid 
regions. Scientific American Article
 

Advances in Perovskite Solar Technology: 
Nature Reviews Materials, 2023. Link
 

Wind Energy:
 
The Rise of Offshore Wind Farms: A report by the Global Wind Energy Council (GWEC). Link
Floating Wind Turbines: Unlocking Deeper Waters: MIT Technology Review, 2023. Link
 
Marine Energy:
Harnessing the Oceans: A Guide to Wave and Tidal Energy
: Renewable UK, 2023. Link
 

3. Emerging Technologies
Energy Storage:
 
Advancing Battery Technologies for the Grid: 
Department of Energy (DOE) Report. Link
 

The Promise of Solid-State Batteries: 
Journal of Energy Storage, Link
 
Hydrogen and Ammonia:
Green Ammonia: An Energy Revolution: World Economic Forum (WEF) White Paper. Link
 
Hydrogen Storage and Distribution Technologies: Hydrogen Council, 2023. Link
 
Geothermal Energy:
Enhanced Geothermal Systems: Unlocking Global Potential: IRENA, 2024.  Link
 

4. Nuclear Energy
Small Modular Reactors (SMRs):
 
NuScale Power: SMR Technology Overview: Company insights on modular reactor 
designs. Link
 
The Future of Nuclear Energy in a Carbon-Constrained World: Massachusetts Institute of 
Technology (MIT) Report. Link
 

https://www.iea.org/
https://www.iea.org/reports/renewables-2023
https://www.iea.org/reports/renewables-2023
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.scientificamerican.com/
https://gwec.net/
https://gwec.net/
https://www.renewableuk.com/
https://www.energy.gov/
https://www.energy.gov/
https://www.energy.gov/
https://www.sciencedirect.com/science/article/pii/S2095809922007664
https://www.weforum.org/
https://hydrogencouncil.com/en/
https://www.irena.org/
https://www.nuscalepower.com/en
https://energy.mit.edu/
https://energy.mit.edu/


Fusion Energy:
The ITER Project: Progress and Challenges: ITER Organization, 2024. Link
Fusion Energy for the Future: Nature Energy, 2023. Link
 

5. Policy and Investment
Global Policies
The Paris Agreement and Energy Transition: United Nations Framework Convention on 
Climate Change (UNFCCC). Link
 
Energy Policies of IEA Countries: A comparative review. Link
 
Financing Clean Energy:
Green Bonds and Climate Finance: World Bank Group, 2023. Link
 
Scaling Renewables in Emerging Markets: International Finance 
Corporation (IFC). Link
 

6. Case Studies
 
Denmark’s Energy Transition:
How Denmark Became a Wind Power Leader: Bloomberg Green, 2023. Link
 
Iceland’s Geothermal Energy:
Geothermal Energy in Iceland: A Sustainable Model: Icelandic Energy Authority Report. Link
 
Kenya’s Geothermal Success:
Kenya’s Renewable Energy Journey: Africa Renewable Energy Initiative (AREI).  Link
 

7. Accessible Resources for General Readers
The Big Switch: Rewiring the World for a Net-Zero Future by Saul Griffith.
How to Avoid a Climate Disaster by Bill Gates.
Renewable Energy: A Very Short Introduction by Nick Jelley.
 

8. Technical Journals and Publications
Nature Energy: Articles on the latest advances in renewable energy and grid integration. 
Link
 

9. Key Organizations and Websites
International Energy Agency (IEA): https://www.iea.org
International Renewable Energy Agency (IRENA): https://www.irena.org
World Resources Institute (WRI): https://www.wri.org
Global Wind Energy Council (GWEC): https://www.gwec.net
 
 
 
 
 
 
 
 
 
Conclusion
This list of references provides a foundation for further exploration into the future of energy. 
From academic research to policy frameworks and case studies, these resources offer insights 
into the technologies, innovations, and strategies shaping the global energy transition. 
Together, they empower readers to engage with and contribute to the ongoing dialogue about 
creating a sustainable, electrified world.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.iter.org/
https://www.iter.org/
https://unfccc.int/
https://unfccc.int/
https://www.iea.org/
https://www.iea.org/
https://www.worldbank.org/ext/en/home
https://www.worldbank.org/ext/en/home
https://www.ifc.org/en/home
https://www.bloomberg.com/asia
https://www.bloomberg.com/asia
https://orkustofnun.is/en
https://orkustofnun.is/en
https://www.ruchisoya.com/
https://www.nature.com/nenergy/
https://www.iea.org
https://www.iea.org
https://www.iea.org
https://www.iea.org
https://www.iea.org
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.irena.org/
https://www.wri.org
https://www.wri.org
https://www.wri.org
https://www.wri.org
https://www.wri.org
https://www.wri.org
https://gwec.net/
https://gwec.net/
https://gwec.net/
https://gwec.net/


Conclusion

Nuclear: Includes base costs, nuclear waste disposal, and long-
term management.
 
Renewables: Accounts for grid adaptation, such as storage and 
transmission upgrades for variability.
 
Coal: Reflects costs including environmental mitigation measures 
like emissions controls.

 

For countries with abundant sunshine and wind, focusing on renewables 
is often the most cost-effective and sustainable strategy. Investing in 
solar and wind infrastructure, alongside energy storage and grid 
adaptation, can meet energy demands while minimizing environmental 
impact.
 
 Nuclear may not be practical due to its high setup costs, waste 
management challenges, and the added expense of shipping waste 
overseas. However, nuclear could still play a role as a backup in 
scenarios where renewable output is inconsistent.
 
 Reducing reliance on coal and gas remains crucial, paired with a 
transition plan that prioritizes clean technologies. Policies should be 
tailored to each nation’s natural resources and economic realities, 
ensuring a resilient, low-cost energy future.
 
Debates about the future of energy in Australia highlight concerns over 
costs, emissions, and economic impact. Building nuclear reactors could 
cost around $331 billion over 25 years, but these estimates assume 
construction costs much lower than seen internationally. In comparison, 
renewable energy strategies, including solar, wind, batteries, and grid 
upgrades, may cost more upfront but offer long-term benefits like faster 
emission reductions and lower operating expenses.
 
Renewables like rooftop solar could reduce household energy costs by 
up to 70%, according to (AEMO)  a  government-owned organization 
responsible for managing and operating Australia’s electricity and gas 
markets and systems, while nuclear-focused plans risk slowing 
renewable adoption and maintaining reliance on costly fuels like petrol 
and gas. Nuclear reactors, which may not be operational until the late 
2030s, also face delays that could hinder progress toward climate goals.
 
Experts suggest prioritizing scalability, affordability, and sustainability 
when planning energy transitions. Renewables are quicker to deploy, 
more cost-effective, and aligned with reducing carbon emissions, but 
nuclear fusion—a promising new technology—could play a role in the 
long-term.
 
A groundbreaking fusion energy project in Virginia aims to demonstrate 
the potential of this clean, limitless power. Fusion combines hydrogen 
atoms to mimic the energy production of stars, creating energy without 
long-term nuclear waste. The proposed plant, set to be operational by 
the early 2030s, would generate 400 megawatts—enough to power 
150,000 homes. Achieving “net fusion energy,” where more energy is 
produced than consumed, is a critical milestone expected shortly after 
initial tests in 2026.
 
While fusion promises to replace fossil fuels as a reliable power source, 
it remains a long-term solution requiring further innovation and 
collaboration. Its commercialization represents a key step toward a 
cleaner, sustainable energy future.
 
The rapid pace of technological innovation in energy production is 
reshaping the landscape in ways that were unimaginable just a few years 
ago. Advances in materials science, such as high-temperature 
superconductors, are revolutionizing the efficiency and scalability of 
renewable energy storage and transmission. Similarly, breakthroughs in 
fusion technology and modular reactors are pushing the boundaries of 
what nuclear energy can achieve, offering designs that are smaller, safer, 
and faster to deploy than traditional reactors. These developments are 
transforming the timeline and economics of energy systems, making 
older models obsolete before they are even implemented.
 
Long-term forecasting in this environment is fraught with uncertainty. A 
nuclear reactor project initiated today could take 15–20 years to come 
online, by which time entirely new methods for generating 
electricity—such as grid-scale fusion plants, advanced solar cells with 
near-perfect efficiency, or next-generation battery technologies—are 
likely to be available. These advancements challenge the viability of 
committing to traditional, large-scale infrastructure when emerging 
solutions promise to outpace them in cost, efficiency, and environmental 
impact.
 

https://www.wondermagicfactory.com/conclusion%20audio.htm


 





 
 
 
 
 
 
 
 
 
 


