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IPCC: A NEAR-COMPLETE SHIFT TO LOW-CARBON ENERGY
SOURCES IS REQUIRED FOR ANY STABILIZATION TARGET
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HOW ARE TECHNOLOGIES GENERALLY ASSESSED?
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Each technology is assessed as a separate entity

Limited integration into the larger context/system

One element at the time
Limited assessment of risks

Simplified systems
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WHAT ARE THE ENVIRONMENTAL, HEALTH AND
RESOURCE USE IMPLICATIONS OF A MASSIVE

EXPANSION OF LOW-CARBON ELECTRICITY?

A aMW oftshore wind

turbine requires
1200 tons of steel

Jal 000 such wind

turbines with would be
required to provide 12%
electricity in 20al




MATERIALS CAUSE >50% OF INDUSTRIAL GHG EMISSIONS
- MATERIAL CYCLES IMPORTANT FOR MITIGATION
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» [oal and gas with and without CO,
capture and storage (CCS)

= Photovoltaic power

= Concentrated solar power
= Hydropower

= ;eothermal

= Wind power

= + Nuclear
= + Riopower
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ASSESSMENT APPROACH, AND METHOD

Impact categories

= Damage on ecosystems
= pcotoxicity,
= eutrophication,
= acidification...

= Damage on human health
= particulate matter,
® human toxicity...

* Resource use

= energy, water and land

)

® iron, copper, aluminium, cement,

Life cycle perspective

= Extraction of raw materials,
= Fuel supply chain,

* Production of power plants,
= Transportation

= [peration,

= Maintenance,

= Jecommissioning

Green Energy Choices
The Benefits, Risks and Trade-offs of Low-Carbon Technologies for Electricity Production
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* Life cycle inventories
only from reviewed data

» Data collection by a
panel of 20 independent
experts

 Harmonized and
coordinated

( Baseline

* Business-as-usual

+ Continuous
investments in fossil
technologies

* No CCS
« BLUE Map
* Renewable deployment

* Phasing out of fossil
fuel plants without CCS

ASSESSMENT APPROACH AND METHOD

@ Vintage capital

modelling 2010-2050

* The total impact on a
given year is the sum of
the impacts from the
plants

* built,

* in operation,

* repowered,

 decommissioned
» ...that exact year

Scientific
data
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Scenarios
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Climate change

*Very low GHG emissions (++)

Human Health

* Reduced exposure to particulate matter
(++)
* Reduced human toxicity (-)

* Collision fatalities of birds and bats (+=)
* Reduced ecotoxicity and eutrophication (=-)

Resources

* Increased consumption of bulk metals (+=)
* Low water use (==
* Low direct land use (==

Green Energy Choices
The Benefits, Risks and Trade-offs of Low-Carbon Technologies for Electricity Production

TECHNOLOGY SUMMARY
WIND POWER

Key (##) ©Jeff Adkins
First symbol
(+) high agreement among studies (=) moderate
agreement (-) low agreement
Second symbol
(+) robust evidence (many studies) (=) medium evidence (-

) limited evidence
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Climate change

® | gw carbon (==

Human health

= Low particulate matter emissions (+=)
= | ow human toxicity (if proper recycling, =-)

Ecosystem health

= Low eutrophication and ecotoxicity (+-)

Resources

= High metal use (balance of system, module, +=)
= High direct land use for ground-based systems (++)

Green Energy Choices e
The Benefits, Risks and Trade-offs of Low-Carbon Technologies for Electricity Production Fanel

TECHNOLOGY SUMMARY
SOLAR PHOTOVOLTAICS

©ElenaElisseeva/S
KEy (##) hutterstock

First symbol

(+) high agreement among studies (=) moderate agreement (-) low agreement
Second symbal

(+) robust evidence (many studies) (=) medium evidence (-) limited evidence



Climate Change

e Low GHG emissions (

Human Health

e Low particular matter exposure (+=)
* Low human toxicity (=-)

* Potential toxicity of heat transfer fluids (+=
* Low ecotoxicity and eutrophication (+-)

)

Resources

* High water consumption, unless air cooled
(++)

* High land use (++)

* High cement use (power tower, +-)

Green Energy Choices
The Benefits, Risks and Trade-offs of Low-Carbon Technologies for Electricity Production Fanel

TECHNOLOGY SUMMARY
CONCENTRATING SOLAR POWER

©Ethan M||Ier/G tt
©ElenaEli Isgae)

hutterstock

Key (##)
First symbol
(+) high agreement among studies (=) moderate
agreement (-) low agreement
Second symbol
(+) robust evidence (many studies) (=) medium evidence (-
) limited evidence
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Climate change

* Low fossil carbon (++)

* High biogenic carbon from tropical dams

Human health

* Low air pollution impacts (=-)
* Population displacement (+-)

Ecosystem health

* Riparian habitat change (++)

Resources

* Water use (evaporation, +-)
* High land use for reservoirs (+=)
* High cement use (tower only, +-)

Green Energy Choices iraion
The Benefits, Risks and Trade-offs of Low-Carbon Technologies for Electricity Production Fanel

TECHNOLOGY SUMMARY
HYDROPOWER
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Key (##)
First symbol
(+) high agreement among studies (=) moderate
agreement (-) low agreement
Second symbol
(+) robust evidence (many studies) (=) medium evidence (-
) limited evidence



TECHNOLOGY SUMMARY
GEOTHERMAL POWER

Climate change

* Low carbon (==

Human health

* Low particulate matter (+=)
* Low human toxicity (=-)

Ecosystem health

* Concern about heat transfer fluid (+=)
* Low eutrophication and ecotoxicity (+-)

Resources

* High water use (maintenance, ++)
* High land use (++)
*High cement use ( +-)

Key (##)
First symbol
(+) high agreement among studies (=) moderate
agreement (-) low agreement
Second symbol
(+) robust evidence (many studies) (=) medium evidence (-
) limited evidence

Green Energy Choices i
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AND NATURAL GAS POWER, WITH CO, CAPTURE
AND STORAGE

* Low GHG (++)
+ Substantial fugitive methane emissions (==)
+ Concern about CO2 leakage (-=)

Human health

+ Solvent related emissions (==)
* High particulate matter (==)
« High human toxicity (=-)

Ecosystem health

* High eutrophication (mining, ++)
+ Ecotoxicity (+=)

Resources

* Increased fossil fuel consumption (++)
* Increased water consumption (++)
+ CO2 storage (++)

Key (##)

First symbol

(+) high agreement among studies (=) moderate agreement (-) low
agreement

Second symbol

(+) robust evidence (many studies) (=) medium evidence (-) limited evidence
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TECHNOLOGY COMPARISON
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Figure 7: Overview over the life cycle impacts and material requirements of different technology groups compared to the global
electricity generation mix in the year 2010

w w P ’
PHOTONOLTAICS CONCENTRATED WINDPOWER HYDROPOWER COAL, COAL, NATURAL GAS, NATURAL GAS, GLOBAL ENERGY MIX
SOLAR POWER WITH CCS* WITHOUT CCS* WITH GCS* WITHOUT CCS* 2010

@ ® ® . @ & ‘ @

GHG emissions

(per kWh) 5% 5% 2% 9% 28% 116% 32% 1% 100%
@ ® ® ® & ‘ . O

Human health
(per kWh) 10% 5% 5% 10% 78% 57% 63% 51% 100%
Q ® ® . ° .

Ecosystem health
(per kWh) 24% 23% 4% 10% 133% 119% 100%
S e @ C g =

Land use -

(per kWh) 27% 59% 2% 98% 82% 1% 1% 100%
The environmental impacts of producing the materials required by different energy technologies are included in the below life cycle results. Material i are i ified here as an i ion of resource use. The higher material i ol a share of global
To meet the world's electricity needs in 2050~ as per the International Energy Agency's ‘Blue Map Scenario’ — wouldrequire one year of current global iron production and two years of copper production.

Material
requirements
(per kWh) 228% 589% 474% 318% 168% 92% 73% 38% 100%

* Carbon capture storage (CCS) technology entails the capture of CO2 from large anthropogenic sources, transport of the CO2 to an underground storage reservoir and long-term isolation from the atmosphere
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Photovoltaics

J001 81pD

punoib a1p)d

oncentrated solar power
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SCENARIO IMPLICATIONS
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IMPACTS FROM ELECTRICITY GENERATION UNDER IEA
BLUE MAP VS BUSINESS AS USUAL SCENARIOS

Greenhouse gases Eutrophication

Mt PO.* eq./yr
ey [e)] [oa]

Gt CO5 eq./yr

5 5 oe——

2020 2030 2040 2050 2010 2020 2030 2040 2050
Particulate matter Materials (Al + Cu + Fe + cement)
60
20 S~
40
s N
= 30
=
20
10
0
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—BLUE Map  —Baseline
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From the life cycle perspective, the GHG emissions of electricity produced
from renewable sources are less than 6% of those generated by coal or
10% by natural gas.

Using solar, wind, hydro and geothermal power instead of fossil fuels
reduces greenhouse gas emissions and other pollution impacts on human
health and ecosystems. Impacts are reduced by a factor of 3-10.

Human health impacts from renewable energy electricity production are
only 10-30% of those from the state-of-the-art fossil fuel power.

Natural-gas combined cycle plants, wind power, and roof-mounted solar
power systems have low land use requirements, while coal fired power
plants and ground-mounted solar power require larger areas of land.

Site-specific environmental impacts, such as the ecological impacts of
coalmines, hydropower dams and wind turbine installations, vary greatly,
depending on the significance of the species and habitats affected and may
be mitigated or offset by proper site selection and planning.

CO, capture and storage can reduce greenhouse gas emissions by 50-
75%, at the expense of increasing other types of pollution by 5-80%.
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Materials, water, land, energy are interrelated systems that
cannot be properly be addressed independently of each other

Important not only for assessment of technologies and systems
but also for drafting of policies and targets

Trade-offs are inevitable- the question is whether those are the
product of an informed choice based on the best information
available
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SUMMARY FOR POLICY MAKERS

The Benefits, Risks and Trade-Offs
of Low-Carbon Technologies
for Electricity Production

For more information please visit:
www.unep.org/resourcepanel
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