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Bridging the Energy Gap:
Balancing Global Electricity Demand
with Sustainable Production

As the world becomes more digitally interconnected and electrified, the
demand for electricity is surging at an unprecedented rate.

Emerging technologies such as artificial intelligence (Al), electric vehicles,
data centers, cryptocurrency mining, and content creation are driving a rapid
increase in global energy consumption.

This growing demand, coupled with the need to electrify industries and
transport, poses a significant challenge: how to meet the world’s electricity
needs without exacerbating environmental degradation.

Currently, a significant portion of the world's electricity is generated from
fossil fuels, which contribute heavily to greenhouse gas emissions and
climate change.

At the same time, renewable energy sources like solar, wind, and hydropower
are expanding, but they are not yet capable of meeting the world’s rapidly
growing energy needs on their own.

The gap between what humans require for power and what can be produced
sustainably is widening, threatening both the planet’s ecological balance and
long-term economic stability.

This report explores the key drivers of rising electricity demand and assesses
the challenges of sustainable energy production.

It also examines the critical steps needed to bridge the gap, including
advances in renewable energy, energy efficiency, and technological
innovation. Ultimately, balancing global electricity demand with sustainable
production is essential for securing a prosperous and environmentally sound
future.



Electricity needs are increasing due to

Al, data centers, crypto, electric cars, and 200,000,000
content creators producing and transmitting videos.

What other new technologies require more electricity?

In addition to Al, data centers, crypto, electric cars, and content creation,
several other emerging technologies are contributing to the increasing
demand for electricity:

1.

5G Networks: The rollout of 5G infrastructure is driving higher
electricity consumption due to the energy demands of more
extensive, faster, and more reliable mobile data networks.

Cloud Computing: The growing reliance on cloud services for
storage, processing, and hosting is expanding the electricity needs of
massive data centers worldwide.

Edge Computing: As more data is processed locally, closer to the
end user, new networks of edge computing devices are being
established, requiring additional electricity for servers, routers, and
cooling systems.

Quantum Computing: Though still in its infancy, quantum computing
requires significant power for cooling and operating specialized
equipment.

Blockchain Beyond Crypto: Blockchain applications for supply chain
management, smart contracts, and decentralized finance (DeFi) are
growing and require electricity, especially in network validation and
storage.

Autonomous Vehicles: Self-driving cars and drones demand
substantial computing power for Al processing and real-time data
analytics, requiring electricity for both the vehicles and associated
infrastructure (e.g., sensor networks and charging stations).
Augmented Reality (AR) and Virtual Reality (VR): As these
immersive technologies expand for gaming, remote work, and



10.

11.

training, their computing and energy demands grow, both in terms of
personal devices and the servers that support them.

Smart Cities: The development of smart cities with loT sensors,
smart lighting, autonomous public transportation, and integrated
traffic management systems creates increased demand for
electricity.

Artificial General Intelligence (AGI): As efforts continue toward
developing AGlI, even larger models and more complex processing
systems could dramatically raise electricity consumption in research
and real-world applications.

Biotech and Genomics: Large-scale biological computing, genomics
research, and gene editing (like CRISPR technology) also demand
significant computational power, contributing to the energy burden.
3D Printing: Industrial-scale 3D printing, especially in manufacturing
and construction, uses energy-intensive processes to create
materials and structures on demand.

The combined growth of these technologies

points to the critical need for scalable, sustainable energy

solutions to support the digital future.

Who is assessing electricity needs for the world?

Several global organizations, research institutions, and governmental bodies
are actively assessing electricity needs for the world. These entities focus on
both current energy demand and future projections, factoring in technological
growth, population trends, and sustainability goals. Key organizations include:

1. International Energy Agency (IEA)

The IEA is one of the most prominent organizations assessing global
electricity needs. They release annual reports like the World Energy
Outlook and Electricity Market Report, analyzing trends in energy
consumption, production, and future demand. They also assess the
impact of emerging technologies such as electric vehicles, Al, and
digital infrastructure.



2. United Nations (UN)

« United Nations Department of Economic and Social Affairs (UN
DESA) and Sustainable Development Goals (SDG 7) initiatives focus
on ensuring access to affordable, reliable, and sustainable energy for all
by 2030. They work to balance electricity needs with sustainability,
particularly for developing nations and underserved regions.

o SEforALL (Sustainable Energy for All): This UN initiative assesses
energy demand while promoting renewable energy and energy
efficiency.

3. International Renewable Energy Agency (IRENA)

« IRENA focuses on the global transition to renewable energy and its
potential to meet increasing electricity demands sustainably. They
publish reports on energy transformation, including the integration of
new technologies like Al and electric vehicles into renewable power
grids.

4. World Energy Council (WEC)

« The WEC provides long-term energy projections and scenarios through
reports such as the World Energy Scenarios. They consider
technological innovations, population growth, and climate change in
their assessment of electricity demand and supply.

5. World Bank Group
« The World Bank focuses on energy access in developing countries,
funding electrification projects, and renewable energy development.
They assess electricity needs through various lenses such as
infrastructure development, economic growth, and climate resilience.

6. National and Regional Governments
« U.S. Department of Energy (DOE), European Union (EU) Energy
Directorate, China National Energy Administration, and other
governmental bodies produce forecasts for electricity demand, oftenin
collaboration with regional grid operators. They assess how to meet
future electricity needs with a mix of renewables, nuclear, and
traditional sources, considering technological advancements.



7. Private Sector Research and Consulting Firms
« Companies like McKinsey & Company, BloombergNEF (BNEF), and
Deloitte publish reports on electricity needs in relation to tech trends
like Al, electric vehicles, and the Internet of Things (loT). Their forecasts
often serve industries looking to adapt to energy needs and market
changes.

8. Global Electricity Initiative (GEI)
o GElis acollaboration of electricity utilities and stakeholders focused on
assessing and promoting electricity access, efficiency, and
sustainability across the globe.

9. Intergovernmental Panel on Climate Change (IPCC)

o Although primarily focused on climate change, the IPCC assesses
electricity needs through the lens of decarbonization, evaluating how
the energy sector must evolve to reduce emissions while meeting
increasing global electricity demands.

10. Non-Governmental Organizations (NGOs) and Think Tanks
o Organizations like the Rocky Mountain Institute (RMI) and World
Resources Institute (WRI) conduct research on energy trends,
especially renewable energy and energy efficiency, to guide policy and
business decisions globally.

11. Grid Operators and Utilities
« Regional and national grid operators, such as National Grid in the UK or
ISO New England in the U.S., are on the front lines of assessing how
much electricity will be needed, managing infrastructure, and
integrating renewable energy sources.

These organizations continuously monitor technological advancements,
industrial trends, and sustainability requirements to ensure that future
electricity needs are met in a way that supports economic growth, climate
goals, and energy access for all.



What is the gap between what humans need electrically,
and what can be produced sustainably, without
causing catastrophic environmental damage?

The gap between the global electricity needs of humans and what can be
sustainably produced without causing catastrophic environmental damage is
significant, and addressing it is one of the greatest challenges of the 21st
century. Several factors contribute to this gap:

1. Current Energy Demand vs. Sustainable Supply

o Current Global Demand: As of 2023, global electricity consumption is
around 27,000 terawatt-hours (TWh) annually, with a significant portion
of this energy still generated from fossil fuels (coal, oil, and natural gas).
These sources account for around 60% of electricity production, leading
to high greenhouse gas emissions.

« Renewable Energy: Renewable energy sources (solar, wind, hydro,
geothermal, and biomass) have grown rapidly and now account for
about 30% of electricity generation. However, these sources alone
currently cannot meet global demand, especially given the expected
rise in electricity consumption due to new technologies (Al, electric
vehicles, etc.).

2. Projected Future Demand
» Electricity demand is expected to increase substantially in the coming

decades due to factors such as:
o Electrification of transport (electric cars, trucks, public transport).
o Growth of Al, data centers, and other digital infrastructure.
o Expansion of smart cities and lol networks.
o Increasing energy demand in developing countries as they

industrialize and electrify.



By 2040, global electricity demand is projected to grow
by about 60%, which will put immense pressure on the
energy system unless sustainable energy sources
can scale up dramatically.

3. Current Sustainable Capacity

« Solar and Wind: Solar and wind power are the fastest-growing
renewable energy sources. Solar capacity reached over 1 terawatt in
2023, and wind is close behind, but this is still far from the capacity
needed to meet future demand.

« Energy Storage: A key limitation of renewables is intermittency (e.g.,
solar power is not available at night, and wind is variable). Energy
storage solutions, like batteries, are improving but are still not at the
scale needed to store excess renewable energy efficiently for grid
stability.

« Nuclear Power: Nuclear energy is a low-carbon option, but safety
concerns, high costs, and political resistance have slowed its
expansion, though it remains a critical part of many countries'
decarbonization plans.

4. Environmental and Resource Constraints

» Fossil Fuels and Climate Impact: Continuing to rely on fossil fuels to
close the energy gap would lead to catastrophic environmental damage,
contributing to global warming, ocean acidification, extreme weather
events, and loss of biodiversity. The world must rapidly reduce its
dependence on fossil fuels to avoid exceeding 1.5°C of warming, a key
threshold identified by the Intergovernmental Panel on Climate Change
(IPCC).

« Mineral and Material Constraints: Renewables like solar panels, wind
turbines, and batteries require significant amounts of minerals (e.g.,
lithium, cobalt, rare earth elements). Mining and processing these
materials can cause environmental degradation, resource depletion,
and geopolitical tensions.



Land and Water Use: Renewable energy projects (especially hydro and
large-scale solar) require substantial land and water resources,
potentially causing deforestation, habitat loss, and water shortages.
Sustainable siting and technological innovations (e.g., floating solar) are
needed to mitigate these issues.

5. Technological and Policy Barriers

Energy Efficiency: The gap between what humans need and what can
be sustainably produced could be reduced by improving energy
efficiency in industries, buildings, transportation, and digital
infrastructure. However, the adoption of these technologies has been
uneven.

Carbon Capture and Storage (CCS): CCS technologies could reduce
emissions from fossil fuel plants, but they are not yet widely deployed
and remain expensive.

Political and Economic Barriers: Many countries still heavily subsidize
fossil fuels, and political inertia prevents the rapid adoption of
renewable energy and necessary policy shifts. International cooperation
is also vital for sharing technology and financial resources but remains a
challenge.

6. Energy Justice and Access

Energy Poverty: Around 759 million people still lack access to
electricity, especially in sub-Saharan Africa and parts of Asia. Expanding
energy access in these regions is critical, but doing so sustainably is
difficult without major investments in renewable infrastructure.
Unequal Distribution: Richer countries are more likely to have access
to clean energy technologies, while poorer countries often depend on
fossil fuels due to cost and availability.

7. The Energy Transition and the Path Forward
Closing the gap between energy needs and sustainable production will
require several major shifts:

Massive Renewable Energy Expansion: Solar and wind capacities
need to increase dramatically, supported by advances in energy storage
technology.

Decarbonization of Existing Energy Systems: Phasing out coal and
gas plants, scaling up safe nuclear power, and deploying carbon
capture technologies will be crucial.



« Innovation in Energy Efficiency: Technologies that reduce energy
consumption in buildings, industries, and transportation could
substantially lower demand.

- Circular Economy: Reducing resource waste and recycling materials
used in energy production (e.g., batteries and solar panels) will help
alleviate environmental pressures.

Can we produce enough energy without nuclear power?

Itis possible to get enough energy without nuclear power, but it would
present significant challenges:

Renewable energy potential

Renewable energy sources like solar, wind, and geothermal have limited
potential.

« Energy storage

Substantial energy storage capacity would be required.

« Economic constraints

Economic constraints could make it difficult to transition away from
fossil fuels.

« Decarbonization

Some say that without nuclear power, it would be almost impossible to
decarbonize by 2050.

However, a balanced approach that includes a mix of renewable and
low-carbon resources could help achieve long-term climate goals.

Some say that nuclear power is a critical component of the global
decarbonization strategy. The International Energy Agency projects that the
world will need to double its nuclear output by 2050 to reach net zero energy.



Conclusion

The gap between what the world currently needs in electricity and what can
be sustainably produced without causing environmental harm is substantial,
but itis notinsurmountable.

Achieving a balance will require rapid scaling of renewable energy, energy

storage innovations, decarbonization policies, and improvements in energy
efficiency.

Without these changes,
the continued reliance on fossil fuels to meet rising demand
will exacerbate environmental degradation and
drive climate change, with potentially
catastrophic consequences.
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