











m Fossil energy currently accounts for 80 percent of world
energy use, and energy use is responsible for 60 percent of
global greenhouse gas emissions. Energy security is a key
national policy goal for both rich and poor countries, and
the reserves of cheap, fossil energy are both vast and widely
distributed. This leads the IEA to predict that fossil fuels
will play an even bigger role in 2050 than today. That is, of
course, if business is allowed to proceed as usual.

Immediate action to make energy supply more sustaina-
ble is needed. This means generating power from rene-
wable instead of fossil energy resources, increasing power
generation efficiency, and shifting to clean energy carriers,
such as electricity, hydrogen and liquid biofuels.

In the Bellona Scenario, power will in 2050 be supplied
as shown in the pie chart.
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GLOBAL POWER SUPPLY IN 2050

GENERATE POWER MORE
EFFICIENTLY

m There is a great potential for improving energy efficiency
in the power sector. On average, existing coal-fired power
plants convert only 37 percent of the energy in its fuels to
useful energy - the rest is lost as heat. For gas-fired power
plants, the current average is 50 percent. By 2050, a global
implementation of state-of-the art power plants could in-
crease these figures to 50 and 63 percent respectively. For
biomass power plants, which play a prominent role in our
2050 scenario, average efficiency is expected to increase
from 26 today to 40 percent in 2050.

REPLACE FOSSIL POWER WITH
CLEAN, RENEWABLE POWER

m Renewable energy resources - such as sunlight, wind,
water, biomass and geothermal energy - are naturally re-
plenished. While the technical potential for renewable
energy is close to limitless, our ability to transform this po-
tential into usable forms of energy has historically been li-
mited. Recent technology development has finally brought
a sustainable, renewable energy system within reach, both
from a technical and economic perspective. The transition
will, however, take time.

In our ambitious scenario, 90 percent of power generation
in 2050 will be based on renewable resources, of which bio,
wind and solar power will be the most important.

CLEAN UP FOSSIL ENERGY:
CARBON CAPTURE AND STORAGE

m While a renewable energy system is the ultimate goal, we
do not expect this is to be fully achievable by 2050. From a
climate perspective, however, there is hope: Fossil energy
can be made close to climate neutral by means of carbon
capture and storage (CCS). Here, fossil CO, is captured
from power plants and transported through pipelines to
safe geological storage sites. CCS can also be implemented
at large industrial plants.

In the Bellona Scenario, carbon capture and storage is im-
plemented at all remaining fossil energy power plants by
2050.

GENERATE CARBON NEGATIVE
POWER

m Carbon capture and storage can also be used to generate
power with a net negative climate impact. In such a carbon
negative process, CO, is first absorbed from the atmosphe-
re through the production of modern biomass, such as
algae. This production will be limited to non-agricultural
land so as to not compete with food and feed production.
The resulting biomass is then used to generate power in
modern power plants fitted with carbon capture and sto-
rage, hence achieving a net negative emission.

Carbon negative power is already being implemented
at some locations, and given an adequate development
and demonstration effort, a large emission reduction from
carbon negative power is feasible by 2050. In the Bellona
Scenario, carbon negative power makes power generation
anet negative emitter.

PHASE OUT NUCLEAR ENERGY

m Nuclear power production does not lead to any direct
greenhouse gas emissions, and substituting fossil fuelled
power plants with nuclear power has been suggested as

a solution to global warming. However, serious problems
with nuclear power exist, such as nuclear waste handling,
the risk of nuclear accidents, and proliferation of nuclear
weapons.

Until these significant problems are solved, using nuclear
power as a solution to combat global warming would be to
fight one problem by creating another. In our scenario, nu-
clear energy is therefore phased out completely by 2050.
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CUTTING EMISSIONS
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START USING CLEAN CARS,
TRUCKS, PLANES, SHIPS AND
TRAINS

m Transportation currently accounts for about 13 per-
cent of greenhouse gas emissions, and most business as
usual scenarios project a doubling of transport emissions
towards 2050. This need not be; a transport system with
near-to-zero emissions is technically possible. Key compo-
nents are improved energy efficiency and switching to cli-
mate neutral energy carriers. Hence, in our 2050 scenario,
« 75 percent of road transport is carried out by electric ve-
hicles, the remainder runs on biofuels and fossil fuels,
« all aircraft run on biofuels, and
« 1/ of all ships run on hydrogen fuel cells, 14 on biofuels
and 1% on fossil fuels.
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INCREASE INDUSTRIAL
EFFICIENCY

m Industry currently accounts for about 12 percent of glo-
bal greenhouse gas emissions and uses about half of the
electricity generated. Most important in terms of green-
house gas emissions are the chemicals, cement, and steel
industries. Increased energy efficiency is an important
measure to reduce industrial greenhouse gas emissions.
For example, state-of-the-art motor systems could reduce
industrial electricity demand by 12 percent. Large emission
reductions can also be achieved by improving manufactu-
ring processes and increasing recycling.

In our scenario, industry emissions are reduced by al-
most 40 percent compared to the 2050 business as usual
projection.

USE ENERGY SMARTER IN
BUILDINGS

m The dominant greenhouse gas emission from residential
and commercial buildings is energy-related CO,. The most
important ways to reduce emissions are to reduce primary
energy demand by improving energy efficiency and to re-
place fossil heating with renewable heating. In the Bellona
Scenario, renewable energy and a range of energy- efficient
technologies cut greenhouse gas emissions from buildings
by about half.

PRODUCE FOOD WITH LESS
CLIMATE IMPACT

m Agriculture currently accounts for 13.5 percent of green-
house gas emissions, of which methane from livestock and
manure and nitrous oxide from agricultural soils make up
the lion’s share. While there are no technical ‘quick fixes’ to
reduce agricultural emissions, improved agricultural prac-
tises, such as restoring cultivated organic soils and impro-
ving cropland management, can enable a 30 percent emis-
sion reduction compared to business as usual in 2050.

PRESERVE FORESTS AS NATURAL
SINKS OF CQ,

= As growing vegetation binds large amounts of CO,, cut-
ting down forests and letting grasslands turn into deserts
(commonly co-termed ‘land-use change’) has a negative
climate effect. While land-use change currently leads to a
higher atmospheric concentration of CO,, intelligent land
management, reforestation, and measures to stop the de-
forestation of rainforests can make land-use change a net
absorber of CO, by 2050.

DISPOSE OF WASTE WITHOUT
WASTING THE CLIMATE

m Waste water and landfills produce about 3 percent of glo-
bal greenhouse gas emissions, in the form of methane and
nitrous dioxide. Through a global adoption of readily avai-
lable technologies, such as land-fill and sewage gas reco-
very, emissions can be reduced by more than 90 percent in
2050 compared to business as usual.

LIVE SMARTER TO REDUCE
CLIMATE IMPACT

m Increased climate awareness and higher prices on emis-
sion-intensive products and services will encourage people
to change their daily lives to reduce ecological impact. For
instance, they will travel more by public transport, eat food
with a lower carbon footprint, and lower indoor tempera-
ture. While such a lifestyle change clearly would reduce
emissions significantly, calculating an accurate figure for
2050 is extremely complex. In our scenario, the emission
reduction from lifestyle change is probably modest.

In addition to direct emission reductions, more ecolo-
gically aware voters and consumers will put pressure on
politicians and business leaders alike to ensure that the
technologies with the lowest possible carbon footprint are
deployed.
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THE WAY
FORWARD

The Bellona Scenario shows that the
solutions necessary to tackle global
warming are available today. Coura-
geous political leadership is key to im-
plementing the scenario.

When world leaders gather at the
United Nations Climate Change Con-
ference in Copenhagen in December
2009, they need to develop a global po-
licy framework that features:

01

A pledge to reduce emissions by 85
percent by 2050, and a plan for how to
achieve it. This essentially means set-
ting a global cap on emissions and a
schedule for tightening it.

02

A radical increase in public funding
for developing and demonstrating
new climate-friendly technologies.
While the needed technologies alrea-
dy exist, substantial efforts are needed
to reduce costs and speed their imple-

mentation at large scale.

03

A change of market conditions to
make it financially attractive to
protect the climate. In essence, this
means giving climate-friendly techno-
logies an advantage by putting a price
on emissions and making the polluter

pay.
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ABOUT THIS PUBLICATION

This publication is the executive summary of a report with
the same name. The report has been prepared by Bellona
for the Climate Conference 08: Technology and Finance in
Climate Cooperation, jointly hosted in June 2008 by The
Bellona Foundation, The Club of Madrid and the utility
company Hafslund ASA.
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The full report is available online at:

www.bellona.org/reports_section.
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