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Achieving this transition relies upon addressing key energy
issues such as access to modern energy services, security of
supply and the sustainability of the energy mix. Environmental
degradation,

increasing energy demand and unsustainable
resource use are critical development challenges that require
a coherent response. Renewable energy presents an
opportunity as it will play an essential role in advancifg
sustainable development by providing millions with access to
energy, whilst helping ensure energy security, mitigating the
existential risk of climate change by reducing emissions, and
generating growth and employment.

The beneﬁts associated with renewables are influencing how
ir energy needs; the global increase in
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Renewable energy continued to grow in 2014 in parallel
with global energy consumption and falling oil prices.
Despite rising energy use, for the first time in 40 years,
global CO: emissions associated with energy
consumption remained stable over the course of the year
while the global economy grew. The landmark
“decoupling” of economic and CO: growth is due in large
measure to China’s increased use of renewable
resources, and efforts by countries in the OECD to
promote renewable energy and energy efficiency. This is
particularly encouraging in view of COP21 later this year
in Paris, where countries will announce and/or confirm
actions to mitigate climate change, setting the stage for
future investment in renewables and energy efficiency.

This decoupling clearly signals that renewables have
become a mainstream energy resource. The penetration
and use of both variable and non-variable renewables
are increasing, thereby contributing to diversification of
the energy mix. As of early 2015, 164 countries have
renewable energy targets in place. Many of these
countries have also engaged in an energy transition
path towards renewable energy and energy efficiency.

However, even with these successes, growth in
renewables capacity as well as improvements in energy
efficiency are below the rates necessary to achieve the
Sustainable Energy for All (SE4All) goals of: doubling the
level of renewable energy; doubling the global rate of
improvement in energy efficiency; and providing universal
energy access by 2030.

We are still not on the pathway to 100% renewable energy
globally; a lot remains to be done particularly to increase
the use of renewables in the heating and transport
sectors. This latest edition of the Energy [R]evolution
provides insight of what needs to be done and where
renewable energy markets need to go. REN21 welcomes
the new Energy [R]evolution scenario as an important
contribution to the global energy policy debate. It provides
guidance on where investments need to reduce CO:
emissions below the carbon budget climate scientist have
identified to avoid runaway climate change.

The past decade has set the wheels in motion for a
global energy transition with renewables; it s
accelerating in many parts of the world. With the
implementation of ambitious targets and innovative
policies, renewables can continue to surpass
expectations and create a clean, equitable energy future.

Christine Lins

EXECUTIVE SECRETARY, REN21
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INTRODUCTION

IMAGE GEMASOLAR, A 15 MW SOLAR POWER TOWER PLANT, SPAIN

The good news first: the Energy [R]evolution is already
happening! Since the first edition was published in 2005,
costs for wind power and solar photovoltaics (PV) have
dropped dramatically and markets have grown substantially.
Between 2005 and the end of 2014 over 496,000 MW of new
solar and wind power plants have been installed — equal to
the total capacity of all coal and gas power plants in Europe!
In addition 286,000 MW of hydro-, biomass- , concentrated
solar- and geothermal power plants have been installed,
totaling 783,000 MW of new renewable power generation
connected to the grid in the past decade — enough to supply
the current electricity demand of India and Africa combined.

Renewable power generation has become mainstream in
recent years. Onshore wind is already the most economic
power source for new capacity in a large and growing number
of markets, while solar PV is likely to follow within the next 3
to 5 years. Utilities in Europe, North America and around the
globe are feeling the pressure from renewables, and the old
business models are starting to erode. . In Germany, where
the capacity of solar PV and wind power is equal to peak
demand, utilities like RWE and E.on struggle. More and more
customers generate their own power. The future business
model for utilities will have to change from selling kilowatt-
hours to selling energy services if they are to survive.

However, with all the good news from the renewable power
sector, the overall transition away from fossil and nuclear
fuels to renewables is far too slow to combat dangerous
climate change. During the past decade almost as much
capacity of new coal power plants has been installed as
renewables: 750,000 MW. Over 80% of the new capacity has

been added in China, where not only wind and solar power
lead their respective global markets, but also new coal.

But there are the first positive signs that the increase in coal
use is coming to an end in China. The amount of coal being
burned by China has fallen for the first time this century in
2014, according to an analysis of official statistics. China’s
booming coal in the last decade has been the major
contributor to the fast-rising carbon emissions that drive
climate change, making the first drop a significant moment.

100% RENEWABLES - A REVOLUTIONARY IDEA GETS MORE
AND MORE SUPPORT

Phasing out nuclear and fossil fuels entirely is still a
revolutionary idea and many energy experts are skeptical.
However, more and more scientists, engineers and activists
actively promote a 100% renewable energy vision. According
to the IPCC’s latest assessment report, we have already used
almost 2/3 of our carbon budget, if we are to have a
reasonable chance of limiting global mean temperature rise to
2 degrees C. At the current and projected rate of
consumption, this entire budget will be used by 2040. So it is
essential that we move rapidly towards a new form of energy
supply — one that delivers 100% renewable energy by 2050.

Greenpeace and its renewable industry association partners
have been researching and presenting Energy [R]evolution
scenarios since 2005, and more recently has started
collaborating with the scientific community.  While our
predictions on the potential and market growth of renewable
energy may have seemed fanciful or unrealistic, they have



proved to be accurate.” The 2015 edition of the global Energy
[R]evolution features: 1) a 100% renewable energy scenario
for the first time; 2) a basic Energy [R]evolution case with a
final energy share of 83% renewables which follows the
pathway for the E[R] published in 2012; and 3) and the IEA’s
World Energy Outlook 2014 Current Policies scenario
extrapolated out to 2050- which serves as a reference case.

THE TRANSPORT [R]JEVOLUTION HAS NOT REALLY STARTED YET

While the transition towards 100% renewables in the
“traditional” power and heating sector seems well within our
grasp, the phase-out of fossil fuels in the transport- and parts
of the industry sector are still present major challenges,
especially air travel and transport. Oil dominates the global
transport system and a switch from combustion engines to
electric drives is not possible for example for airplans.. The
“transport revolution” is not simply a technology change; it
requires new mobility concepts and the auto industry need to
change just like utilities, from selling a product — such as cars
— to selling mobility services. Increased shares of e-mobility will
increase the overall power demand significantly, adding more
pressure on utilities to provide more electricity while phasing
out coal and nuclear power plants. Electric mobility must go
hand in hand with renewable energy expansion, as an electric
car supplied by coal power plant would emit nearly as much if
not more CO: than an efficient one with a combustion engine.

NEW FOSSIL FUELS - A HIGH-RISK INVESTMENT

The Energy [R]evolution scenario provides a pathway to phase-
out the use of oil roughly at the pace of the depletion rates of
existing oil fields. However, while we grapple with meeting the
climate challenge, companies and governments are spending
billions to develop new oil production which we cannot use. The
financial community is waking up to the risks associated with not
only investments in new production which may become
‘stranded assets’, but the risks to the value of the existing
reserves carried by fossil fuel companies (and governments, for
that matter). The Bank of England® and others have started to
assess the risk to the global economy from potentially wiping
trillions of dollars’ worth of ‘unburnable carbon’ assets off the
balance sheets of fossil fuel companies. Viewed in this context,
environmentally and economically risky projects to develop new
oil and gas fields in the Arctic, or in deep waters off Brazil and in
the Gulf of Mexico, are high stakes gambles risking not only our
future but the stability of the global economy as well.

While road and rail transport for people will move step by step
toward electric drives, heavy duty fright will replace oil with
synfuels, hydrogen or bio mass. Aviation and shipping will have
to rely on fuels for the foreseeable future — and these fuels
need to come from renewable energies as well. Due to strict
sustainability criteria for biomass, the Energy [R]evolution
scenario only uses a very limited amount which needs to be
used wisely. Thus bio mass will be used mainly for aviation,

REFERENCES
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shipping (in combination with fuel saving concepts like second
generation wind drives) and to provide industrial process heat.

EDUCATION - THE FUEL OF THE FUTURE

A 100% renewable energy supply requires changes in all sectors
and it is not just a technology switch, but goes hand in hand with
development of new business concepts and policies which
support them. New, lighter and sustainable materials, and
software development for better integrated “system thinking”
requires continuous research and education. New electricity and
energy market designs at both the wholesale and retail level will
be required to send the right price signals. New jobs will be
created while others will disappear. Investment in Universities and
Schools pays of better than investments in fossil fuel projects.

JUST TRANSITION - DON'T LEAVE THE WORKERS BEHIND

Currently there are almost 10 million workers in the global coal
industry, and our calculations show that the solar photovoltaic
industry could employ the same number of workers in only 15
years from now. The wind industry could grow by a factor of 10
from the current 700,000 employees to over 7 million by 2030
— twice as many as in the global oil- and gas industry today.
However, this transition will have to be organized and training
programs are needed to educate new workers and maintain
social stability for energy workers as a whole. Even the 100%
Energy [R]evolution scenario still requires 2 million coal
workers in 2030 -there is a still a generation to organize the
shift so no-one is left behind. But the transition must start now.

BARRIERS TOWARDS 100% RENEWABLES? THE LACK OF
CONSISTENT CLIMATE AND ENERGY POLICIES!

A shift towards 100% renewables is possible within one
generation. A baby born in 2015 can witness a fossil fuel free
world by the age of 35 — but climate and energy policies
globally need to pave the way away from climate chaos
towards a sustainable energy supply for all.

The upcoming UNFCCC climate conference in Paris needs to
deliver mandatory policies for all countries. This could
establish the basis of a truly sustainable energy future.
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EXECUTIVE SUMMARY

IMAGE ADELE ISLAND, OFF OF AUSTRALIA'S NORTH COAST. MADE UP OF A SERIES OF BEACH RIDGES BUILT BY SANDS WASHED UP FROM THE SURROUNDING SANDBANKS DURING STORMS. THE HIGHEST POINT
IS LITTLE MORE THAN 4 METERS (13 FEET) ABOVE SEA LEVEL ON THIS GRASSY BUT TREELESS ISLAND. A SOLAR-POWERED LIGHTHOUSE APPEARS AS A TINY WHITE DOT AT THE NORTH TIP OF THE ISLAND. ADELE
ISLAND HAS BEEN CLASSIFIED AS AN IMPORTANT BIRD AREA BECAUSE IT IS A BREEDING SITE OF WORLD IMPORTANCE FOR LESSER FRIGATEBIRDS AND THREE OTHER SPECIES

Energy [R]evolution scenarios have become a well-known
and respected energy analysis since first published in 2005.
In the third version of the Energy [R]evolution published in
June 2010 in Berlin, we reached out to the scientific
community to a much larger extent. The IPCC’s Special
Report Renewables (SRREN) chose the Energy Revolution as
one of the four benchmark scenarios for climate mitigation
energy pathways, because it was the most ambitious
scenario: combining an uptake of renewable energy and
energy efficiency, it put forwards the highest renewable
energy share by 2050. Following the publication of the
SRREN in May 2011 in Abu Dhabi, the ER became a widely
quoted energy scenario and is now part of many scientific
debates and referenced in numerous scientific peer-reviewed
publications.

In March 2015, the Energy [R]evolution received worldwide
recognition when a widely circulated report from the US-
based Meister Consultants Group concluded that the rapid
market growth of renewable power generation has been
largely underestimated and reported that “just about no one
saw it coming. The world’s biggest energy agencies, financial
institutions, and fossil fuel companies, for the most part,
seriously underestimated just how fast the clean power
sector could and would grow”. Meister identifies one group
that got the market scenario closest to right, however, and it

10

wasn’t the International Energy Agency or Goldman Sachs or
the US Department of Energy (DOE) — it was Greenpeace with
the Energy [R]evolution project.

The basic principles and strategic approach of the
development of the Energy [R]evolution concepts have not
significantly changed since the beginning. They still serve as
a basis for scenario modeling. However, the methodology
and underlying scientific research about transport
technologies and concepts, energy resource assessments,
infrastructural requirements, technology developments, and
the cost of renewables have been continuously updated and
improved. The renewable energy targets have been increased
from 50% to 80% and finally to 100% by 2050.

Since the first Energy [R]evolution was published a decade
ago, the energy sector has changed significantly. Renewable
energy technologies have become mainstream in most
countries as a consequence of dramatically reduced costs. A
future renewable energy supply is no longer science fiction,
but work in progress.

However, the growth rates of renewables — especially in the
heating sector and in transport — are far too slow to achieve the
energy-related CO: reductions required to avoid dangerous
climate change. A fundamental shift in the way we consume
and generate energy must begin immediately and be well



underway before 2020 in order to avert the worst impacts of
climate change.” We need to limit global warming to less than
2° Celsius, above which the impacts become devastating.

CLIMATE CHANGE
IT IS REALITY

IS NOT A PREDICTION ANYMORE -

The world’s energy supply has bestowed great benefits on
society, but it has also come with high price tag. The world’s
most rigorous scientific bodies are in agreement on climate
change, which is occurring due to a build-up of greenhouse
gases, especially carbon dioxide, in the atmosphere caused
by human activity.

Globally, most fossil fuel is used to generate energy, either
electricity, heat, or motor fuel. We have evidence that, if
unchanged, the growth of fossil energy will lead to
unmanageable impacts on the global population.

Climate change threatens all continents, living systems,
coastal cities, food systems and natural systems. It will mean
more natural disasters like fire and floods, disruption to food
growing patterns and damage to property as sea levels rise.

If we remain dependent on fossil fuel in the pursuit of energy
security, the result will be a potentially catastrophic spiral
towards increasing greenhouse gas emissions and more
extreme climate impacts. The need for more fuels is driving
the industry towards unconventional sources, like shale oil
and gas, and gigantic coal mines, which destroy ecosystems
and put water supply in danger. Relying on a fuel that has a
fluctuating cost on the global market is also harmful to
economies. The use of nuclear energy is sometimes touted
as a climate change solution, but it is simply not viable. Apart
from being too dangerous and too slow to develop, it is also
incredibly expensive if all economic costs over plant lifetime
are taken into account.

Furthermore, by switching to unconventional sources, we
extract more carbon from the ground. Yet, since the
International Energy Agency coined the term “un-burnable
carbon,” the consensus is that we must leave most (around
two thirds) of our current carbon resources in the ground if
the world is to stay within its carbon budget. The more
unconventional fuels we add to our resources, the less likely
staying within an increase of two degrees Celsius becomes.
According to the IPCC identified the remaining carbon
budget: humankind cannot emit more than 1,000 gigatonnes
of CO: from now. Therefore it is essential to move rapidly
towards a decarbonized energy system - in ideal case one
that delivers 100% renewable energy by 2050.

REFERENCES

1 IPCC — SPECIAL REPORT RENEWABLES, CHAPTER 1, MAY 2011

2 (IEA — TCEP 2015) TRACKING CLEAN -ENERGY PROGRESS 2015; ENERGY TECHNOLOGY PERSPECTIVES 2015 EXCERPT; IEA
INPUT TO THE CLEAN ENERGY MINISTERIAL; INTERNATIONAL ENERGY AGENCY; 9 RUE DE LA FEDERATION; 75739 PARIS
CEDEX 15, FRANCE; WWW.IEA.ORG.

3 (REN21-2015); RENEWABLES 2015 GLOBAL STATUS REPORT, PARIS: REN21 SECRETARIAT; WWW.REN21.NET; ISBN 978-3-
9815934-6-4.

energy .
[r]levolution

THE ON-GOING ENERGY REVOLUTION IS STILL FAR TOO SLOW

The International Energy Agency published an evaluation of the
current development of the energy sector in May 2015 (IEA —
TCEP 2015),> which concluded that the implementation of
renewables and energy efficiency is successful but too slow to
meet the 2°C target. Here are some of the IEA’'s conclusions:

Costs: Increasingly, renewables are competitive with new
fossil fuel plants, and the cost gap between renewable
electricity and fossil power from new plants is closing
worldwide. Nonetheless, markets still do not reflect the true
environmental cost of power generation from fossil fuels.

Policy: Power markets must be redesigned to accommodate
variable, distributed renewables. Obstacles still exist for the
financing of renewable energy projects and grid connections,
thereby slowing down the transition. But the worst policy
mistakes are uncertainty and retroactive changes.

Technology: Cogeneration and renewable heat have both
grown in absolute terms but are not increasing quickly
enough as a share of energy supply. The share of
cogeneration in power supply has even stagnated. Likewise,
battery storage has mainly been developed for mobility up to
now but is increasingly used for frequency regulation to
integrate a greater share of variable renewables.

Mobility: Electric vehicles are catching on, with an increasing
number of manufacturers now offering hybrid and electric
options. Fuel efficiency standards have also made light
vehicles more efficient. The standard should now be applied
to larger trucks and buses.

Buildings: The technologies are available, and targets are in
place in many regions. However, the rate and depth of
energy-efficient renovations needs to increase for true
progress to be made in this sector because the building stock
has a service life counted in decades.

The Renewable Policy Network for the 21st Century (REN21)
has undertaken a global renewable market analysis each year
in June since 2004. The publication — “Renewables — Global
Status Report” — is among the most comprehensive global and
national surveys of the renewable industry sector. According to
the latest edition, the global renewable energy market in 2014
was dominated by three power generation technologies: solar
photovoltaics (PV), wind, and hydro. Combined, these
technologies added 127 GW of new power generation capacity
worldwide. By year’s end, renewables made up an estimated
60% of net additions to the global power capacity. In several
countries renewables represented a higher share of added
capacity (REN21-2015).° The increase in market volume and
strong global competition led to significant cost reductions,
especially for solar PV and wind power. As a result, other
renewable energy technologies were under pressure to lower
costs, particularly in the heating sector due to the increased
competitiveness of electricity-based heating systems. Cost-
competitive solar PV in combination with electrical heat pumps
have become economically viable, negatively impacting the
solar thermal collector market.
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While developments in the renewable energy, heating and
cooling sector were slower than in the power sector, the
markets for solar thermal collectors and geothermal heat
pumps grew by 9%. Bio-heat production remained stable in
2014, increasing only 1% from 2013 levels. The lack of
infrastructure for heating systems and an uncertain policy
environment impeded the development of the renewable
energy renewable energy heating market (REN21-2015).

The number of electric vehicles worldwide doubled year over
year to 665,000. E-mobility and recent developments in
battery storage (including significant cost reductions) are
likely to change the future role of renewable energy in the
transport sector. Biofuels, however, are still the main
renewable fuel source in the transport sector; they grew by
8.4% in 2014 compared the previous year (REN21-2015).

In conclusion, developments in the heating/cooling sector
and the transport sector in particular are far too slow. Despite
all the success in the renewable power sector, the extreme
growth of coal power generation, especially in China,
undercuts many successes with renewables. However, the
first sign of a stagnation of coal demand in China — even a
small decline for the first time in 2014 — provides reason to
hope. The political framework of energy markets must adapt
to the newly emerging, mostly distributed energy
technologies in order to support the transition to 100%
renewable energy supply.

Thus, Energy [R]evolution has begun, especially in the power
sector, but heating and transport significantly lag behind.
Overall, the transition from fossil and nuclear fuels to
renewables is too slow, and energy demand is still growing
too quickly.

LESS IS MORE

Using energy efficiently is cheaper than producing new
energy from scratch and often has many other benefits. An
efficient clothes washing machine or dishwasher, for
example, uses less power and saves water, too. Efficiency in
buildings doesn’t mean going without — it should provide a
higher level of comfort. For example, a well-insulated house
will feel warmer in the winter, cooler in the summer and be
healthier to live in. An efficient refrigerator is quieter, has no
frost inside or condensation outside, and will probably last
longer. Efficient lighting offers more light where you need it.
Efficiency is thus really better described as ‘more with less’.

THE TRANSPORT REVOLUTION MUST START IN MEGACITIES

Sustainable transport is needed just as much as a shift to
renewable electricity and heat production in order to reduce
the level of greenhouse gases in the atmosphere. Today, just
over one fourth (27%) (IEA WEO SR 2015) of current energy
use comes from the transport sector, including road and rail,
aviation and sea transport. By the end of 2013, 92.7% of all
transport energy need came from oil products, 2.5% from
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biofuels and only 1% from electricity (IEA WEO SR 2015). A
transition from fossil fuels to renewable electricity — either
directly or via synthetic fuels — for the entire global transport
sector is required in order to phase-out carbon emissions.
This is one of the most difficult parts of the Energy
[R]evolution and requires a true technical revolution. It is
ambitious but nevertheless possible with currently available
technologies for land-based and other transport.

14% of all fossil transport fuels are used for “bunker fuel,”
meaning transport energy for international shipping and
international air transport. In order to replace bunker fuels
entirely with renewables, a combination of energy efficiency
and renewable fuels is required. Both the marine and aviation
sector can start this transition, but we need more research
and development along the way towards a truly 100%
renewable system. Biofuels and synfuels — produced with
renewable electricity — are the only realistic renewable energy
option for planes currently and for the next decade. For
ships, new wind-based drives, such as new generation sails
and Flettner rotors, are needed to replace some engine fuels.

The transport [R]evolution, however, must start in
(mega)cities, where a modular shift from individual to efficient
and convenient public transport systems powered by
renewable electricity is possible in a short time frame and
with currently available technologies. Political action is the
main barrier in changing land-based transport systems.

THE GLOBAL ENERGY [R]EVOLUTION - KEY RESULTS

Renewable energy sources accounted for 12% the world’s
primary energy demand in 2012. The main sources of today
are biomass and hydro, which are mostly used for heating
and transport but increasingly in the power sector as well.

For electricity generation, renewables contribute about 21%,
just as for heat supply (21%). While solar photovoltaic and
wind revolutionize the power sector with increasing shares,
hydropower remains the largest renewable source. Biomass
is the number one source for renewable heating. However,
geothermal heat pumps and solar thermal collectors
increasingly contribute as well. About 81.2% of the primary
energy supply today still comes from fossil fuels energy.

The two Energy [R]evolution scenarios describe development
pathways to a sustainable energy supply, achieving the
urgently needed CO: reduction target and a nuclear phase-
out, without unconventional oil resources. The key results of
the global Energy [R]evolution scenarios are the following:

e Use energy wisely: Combining the projections on population
development, GDP growth and energy intensity results in
future development pathways for the world’s final energy
demand. Under the Reference scenario, total final energy
demand increases by 65% from the current 326,900 PJ/a
to 539,000 PJ/a in 2050. In the basic Energy [R]evolution
scenario, final energy demand decreases by 12%
compared to current consumption and is expected to reach



289,000 PJ/a by 2050. The Advanced scenario will shift the
energy demand trends; the peak will be reached in 2020
with a total consumption of 355,000 PJ/a — 7% below the
Reference case - and remain at that level for about a
decade. Due to a faster electrification of the transport
sector including higher shares of public transport the
overall final energy demand drops below current levels
before 2040 and reaches 279,000 PJ/a by 2050 - 15%
below the current global demand.

Electricity replaces fuels: Under both Energy [R]evolution
scenarios, due to economic growth, increasing living
standards and electrification of the transport sector, overall
electricity demand is expected to increase despite
efficiency gains in all sectors. Total electricity demand will
rise from about 18,860 TWh/a in 2012 to 37,000 TWh/a by
2050 in the basic Energy [R]evolution scenario. Compared
to the Reference scenario, efficiency measures in the
industry, residential and service sectors avoid the
generation of about 16,700 TWh/a. This reduction can be
achieved in particular by introducing highly efficient
electronic devices using the best available technology in all
demand sectors.

The transformation to a carbon free 100% renewable
energy system in the Advanced Energy [R]evolution
scenario will further increase the electricity demand in 2050
up to more than 40,000 TWh/a. Electricity will become the
major renewable ‘primary’ energy, not only for direct use for
various purposes but also for the generation of synthetic
fuels for fossil fuels substitution. Around 8,100 TWh are
used in 2050 for electric vehicles and rail transport, around
5,100 TWh for hydrogen and 3,600 TWh for synthetic liquid
fuel generation for the transport sector (excluding bunkers).

Reducing global heat demand: Efficiency gains in the
heating sector are even larger than in the electricity sector.
Under both Energy [R]evolution scenarios, consumption
equivalent to about 76,000 PJ/a is avoided through
efficiency gains by 2050 compared to the Reference
scenario. As a result of energy-related renovation of the
existing stock of residential buildings, the introduction of
low energy standards and ‘passive climatisation’ for new
buildings, as well as highly efficient air conditioning
systems, enjoyment of even greater comfort and better
energy services will be accompanied with much lower
future energy demand.

Electricity Generation: The development of the electricity
supply sector is characterised by a dynamically growing
renewable energy market and an increasing share of
renewable electricity. This trend will more than compensate
for the phasing out of nuclear power production in the
Energy [R]evolution scenarios, continuously reducing the
number of fossil fuel-fired power plants as well. By 2050,
92% of the electricity produced worldwide will come from
renewable energy sources in the basic Energy [R]evolution
scenario. ‘New’ renewables — mainly wind, PV, CSP and
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geothermal energy — will contribute 68% to the total
electricity generation. Already by 2020, the share of
renewable electricity production will be 31% and 58% by
2030. The installed capacity of renewables will reach about
7,800 GW in 2030 and 17,000 GW by 2050.

A 100% electricity supply from renewable energy resources
in the Advanced scenario leads to around 23,600 GW
installed generation capacity in 2050. By 2020, wind and PV
will become the main contributors to the growing market
share. After 2020, the continuing growth of wind and PV will
be complemented by electricity from solar thermal,
geothermal and ocean energy. The Energy [R]evolution
scenarios will lead to a high share of flexible power
generation sources (PV, wind and ocean) of already 31% to
36% by 2030 and 53% to 55% by 2050. Therefore, smart
grids, demand side management (DSM), energy storage
capacities and other options need to be expanded in order
to increase the flexibility of the power system for grid
integration, load balancing and a secure supply of electricity.

Future Costs of Electricity Generation: The introduction of
renewable technologies under both Energy [R]evolution
scenarios slightly increases the future costs of electricity
generation compared to the Reference scenario by 2030.
However, this difference in full cost of generation will be
minor with around 0.2 US$ cent/kWh in both the basic E[R]
and the 100% renewables Advanced scenario, however,
without taking into account potential integration costs for
storage or other load-balancing measures. Due to
increasing prices for conventional fuels, electricity
generation costs will become economically favourable
across all world regions starting in 2030 under the Energy
[R]evolution scenarios. In some countries such as China
and India, the Energy [R]evolution pathway — under the
assumption of global fuel price paths — is economical from
the very beginning and cheaper than conventional power
supply after 2020 already. By 2050, the average global
generation costs in the basic Energy [R]evolution will be 2.5
US$ cent/kWh below the Reference case, while the
Advanced scenario achieves lower cost savings due to
higher capacity needs (1.7 US$ cents/kWh below the
Reference case).

The future electricity bill: Under the Reference scenario, on
the other hand, growth in demand and increasing fossil fuel
prices result in total electricity supply costs rising from
today’s US$ 2.06 trillion per year to more than US$ 5.35
trillion in 2050, compared to 19% lower costs (US$ 4.3
trillion) in the basic E[R] scenario due to increasing energy
efficiency and shifting energy supply to renewables.

The Advanced scenario with 100% renewable power
replaces more fossil fuels with electricity and therefore
leads to higher overall generation costs of US$ 6.2 trillion
by 2050 but savings in fuel supply costs especially for the
transport and industry sector due to a fossil fuel phase-out.
Both Energy [R]evolution scenarios not only comply with
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world’s CO: reduction targets, but also help stabilise energy
costs and relieve the economic pressure on society.

e World: future investments in the power sector: Around US$
48 trillion is required in investment for the Energy
[R]evolution scenario to become reality (including
investments for replacement after the economic lifetime of
the plants) - approximately US$ 1.23 trillion per year, about
50% more than in the Reference case (US$ 24.5 trillion or
0.63 trillion per year). Investments for the Advanced
scenario add up to US$ 64.6 trillion by 2050, on average
US$ 1.66 trillion per year, including high investments in
additional power plants for the production of synthetic
fuels. Under the Reference scenario, the level of investment
in conventional power plants adds up to almost 50%, while
the other half would be invested in renewable energy and
cogeneration by 2050.

Under both Energy [R]evolution scenarios, however, around
95% of the entire investment in the power sector would
shift towards renewables and cogeneration. By 2030, the
fossil fuel share of power sector investment would be
focused mainly on gas power plants.

Because renewable energy has no fuel costs, the fuel cost
savings in the basic Energy [R]evolution scenario reach a
total of US$ 39 trillion by 2050, approximately US$ 1 trillion
per year. The total fuel cost savings would therefore cover
170% of the total additional investments compared to the
Reference scenario. Fuel cost savings in the Advanced
scenario are even higher and add up to US$ 42 trillion, or
US$ 1.1 trillion per year. Thus additional investment under
the Advanced scenario would be covered entirely (107%)
by fuel cost savings. Renewable energy sources would then
go on to produce electricity without any further fuel costs
beyond 2050, while costs for coal and gas would continue
to be a burden on national economies.

World: energy supply for heating: Today, renewables meet
around 21% of the global energy demand for heating, the
main contribution coming from the use of biomass.
Dedicated support instruments are required to ensure a
dynamic development in particular for renewable
technologies for buildings and renewable process heat
production. In Energy [R]evolution scenarios, renewables
provide 42% (basic) and 43% (advanced) of global heat
demand in 2030 and 86% / 94% in 2050 respectively.

o Energy efficiency measures help to reduce the currently
growing energy demand for heating by 33 % in 2050
(relative to the Reference scenario), in spite of improving
living standards and economic growth.

o In the industry sector solar collectors, geothermal
energy (incl. heat pumps) as well as electricity and
hydrogen from renewable sources are increasingly
substituting for fossil fuel-fired systems.
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o A shift from coal and oil to natural gas in the remaining
conventional applications leads to a further reduction of
CO: emissions.

Up to 2030, biomass remains the main contributor of the
growing market share. After 2030, the continuing growth of
solar collectors and a growing share of geothermal and
environmental heat as well as heat from renewable
hydrogen will further reduce the dependence on fossil fuels.
The Advanced scenario results in a complete substitution of
the remaining gas consumption by hydrogen generated
from renewable electricity.

World: future investments in the heating sector: In the
heating sector, the Energy [R]evolution scenarios also
require a major revision of current investment strategies in
heating technologies. In particular, far more solar thermal,
geothermal and heat pump technologies need to be
installed if these potentials are to be tapped for the heating
sector. The use of biomass for heating purposes - often
traditional biomass today - will be substantially reduced in
the Energy [R]evolution scenarios and replaced by more
efficient and sustainable renewable heating technologies.

Renewable heating technologies are extremely variable,
from low tech biomass stoves and unglazed solar collectors
to very sophisticated enhanced geothermal and solar
arrays. Thus, it can only be roughly estimated that the
Energy [R]evolution scenario in total requires around US$
16.3 trillion to be invested in renewable heating
technologies up to 2050 (including investments for
replacement after the economic lifetime of the plants) -
approximately US$ 420 billion per year. The Advanced
scenario assumes an even more ambitious expansion of
renewable technologies resulting in an average investment
of around US$ 429 billion per year, while the main strategy
in the scenario is the substitution of the remaining natural
gas amounts with hydrogen or other synthetic fuels.

World: future employment in the energy sector — Reference
versus Advanced scenario: The Advanced Energy
[R]evolution scenario results in more energy sector jobs
globally at every stage of the projection.

o There are 35.5 million energy sector jobs in the
Advanced Energy [R]evolution in 2020, and 29.6 million
in the Reference scenario.

o In 2025, there are 45.2 million jobs in the Advanced
Energy [R]evolution scenario, and 29.1 million in the
Reference scenario.

o In 2030, there are 46.1 million jobs in the Advanced
Energy [R]evolution scenario and 27.3 million in the
Reference scenario.

Jobs in the coal sector decline in both the Reference scenario
and the Advanced scenario, as a result of productivity
improvements in the industry, coupled with a move away from
coal in the Advanced Energy [R]evolution scenario.



In the Reference scenario jobs increase slightly to 2020,
after which energy sector jobs decline. This is mainly driven
by losses in the coal sector. At 2030, jobs are 4% (2.3
million) below 2015 levels. In the Energy [R]evolution
scenario, strong growth in the renewable sector leads to an
increase of 25% in total energy sector jobs by 2020, and
job numbers are nearly 60% above 2015 levels in 2025.
Job numbers continue to rise after 2025, to reach
46.1 million jobs by 2030.

Renewable energy accounts for 86% of energy jobs by
2030. Solar photovoltaics will provide 9.7 million jobs,
equal to the amount of coal jobs today. Employment in the
wind sector will increase by a factor of 10 from 0.7 million
today to over 7.8 million in 2030, twice as many jobs as the
current oil and gas industry.

World: transport: A key target is to introduce incentives for
people to drive smaller cars and use new, more efficient
vehicle concepts. In addition, it is vital to shift transport use
to efficient modes like rail, light rail and buses, especially in
the expanding large metropolitan areas. Along with rising
prices for fossil fuels, these changes reduce the further
growth in car sales projected under the Reference scenario.
Due to population increase, GDP growth and higher living
standards, energy demand from the transport sector is
expected to increase in the Reference scenario by around
65% from 90,000 PJ/a in 2012 to 148,000 PJ/a in 2050. In
the basic Energy [R]evolution scenario, efficiency measures
and modal shifts will save 53% (78,700 PJ/a) in 2050
compared to the Reference scenario.

Additional modal shifts and technology switches lead to
even higher energy savings in the Advanced scenario of
62% (92,000 PJ/a) in 2050 compared to the Reference
scenario. Highly efficient propulsion technology with hybrid,
plug-in hybrid and battery-electric power trains will bring
about large efficiency gains. By 2030, electricity will provide
9% of the transport sector’s total energy demand in the
Energy [R]evolution, while in 2050 the share will be 39% in
the basic and 52% in the Advanced scenario. Hydrogen
and other synthetic fuels generated using renewable
electricity are complementary options to further increase
the renewable share in the transport sector. In 2050, up to
14,000 PJ/a of hydrogen is used in the transport sector for
the Advanced Energy [R]evolution scenario.

World: development of CO: emissions: While the world’s
emissions of CO: will increase by 56% between 2012 and
2050 under the Reference scenario, under the basic Energy
[Rlevolution scenario they will decrease from 30,470 million
tonnes in 2012 to 4,360 million tonnes in 2050. Annual per
capita emissions will drop from 4.3 tonne to 0.5 tonne. In
spite of the abstinence of nuclear power production and
increasing power demand, CO: emissions will decrease in
the electricity sector. In the long run, efficiency gains and
the increased use of renewable electricity in vehicles
strongly reduce emissions in the transport sector as well.
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With a 31% share of CO:, the industry sector will be the
largest source of emissions in 2050 in the basic E[R]
scenario. By 2050, global CO= emissions are around 80%
below 1990 levels in the basic Energy [R]evolution
scenario.

CO: emission peak by 2020: The 100% renewable energy
Advanced Energy [R]evolution scenario will decarbonize the
entire energy system by 2050. Under that pathway the
combination of energy efficiency and renewable energy
technologies will lead to a stabilization of global CO:
emissions by 2020 and a constant reduction towards near
zero emissions in 2050.

By 2030, global CO: emissions would be back to 1990
levels. Only a decade later, a further 60% reduction is
achieved. The total carbon emission between 2012 and
2050 would add up to 667 Gt CO: in the Advanced Energy
[R]evolution scenario and 744 Gt CO: in the basic E[R]. In
comparison, the Reference would lead to 1,400 Gt CO:
between 2012 and 2050 — more than twice as much as
under the Advanced scenario bringing the world to a +4°C
pathway with disastrous consequences for the global flora
and fauna and life-threatening impacts for the humanity.
Switching to 100% renewable is therefore a matter of
survival.

e \World: primary energy consumption: Under the basic E[R]
scenario, primary energy demand will decrease by 19%
from today’s 534,870 PJ/a to around 433,000 PJ/a.
Compared to the Reference scenario, overall primary
energy demand will be reduced by 50% in 2050 under the
E[R] scenario (REF: around 860,000 PJ in 2050). The
Advanced scenario results in a slightly primary energy
consumption of around 450,000 PJ in 2050 due to
additional conversion losses for the production of
synthetic-fuels.

The Energy [R]evolution scenario aims to phase out coal
and oil as fast as technically and economically possible by
expanding renewable energy and quickly rolling out very
efficient vehicle concepts in the transport sector to replace
oil-powered combustion engines. This leads to an overall
renewable final energy share of 42% in 2030 and 72% in
2040 in the Advanced E[R]. By 2050, 100% of all global
energy demand is covered with renewables. The only
remaining fossil fuels are assumed for non-energy uses,
such as petrochemical and steel products.

FURTHER RESEARCH IS NEEDED

Further research and development of innovative technologies
is a precondition of the Energy [R]evolution and the required
fundamental transformation of the energy systems. Thus, the
scenarios assume further improvements of performance and
costs of plants for electricity and heat generation from
renewables, new vehicle concepts and in an implicit way also
for other infrastructures such as electricity and heating grids,
charging infrastructure, synthetic fuel generation plants or
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storages and other load balancing options. The spatial
resolution of the scenarios and their development pathways
is very coarse distinguishing ten different world regions.
Energy sys