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CONTEXT OF LIFE CYCLE ASSESSMENT TASK

Starting point: UNEP IRP report “Green Energy Choices”

Life cycle assessment (LCA) of electricity production technologies

Coal, natural gas, with and without CCS
Hydropower

Wind power

Concentrating solar power

Photovoltaic power

Geothermal power

Impact assessment over 2010-2050 period
Two IEA scenarios (Baseline, Blue Map) and 9 world regions
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Why regionalizing?

Data representativeness =
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“impact assessment
categories should
be selected
depending on their
contribution to the

CHOOSING INDICATORS B

Supporting information to the
characterisation factors of
recommended EF Life Cycle Impact
Assessment methods

Results normalized & weighted, Europe EU region
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CHOOSING INDICATORS

List of retained indicators, following EC recommendations

Category Unit Reference Description
] Radiative forcing as Global
Climate change kg CO, eq. IPCC (2013) Warming Potential (GWP100).
Freshwater " . . . .
L kg P eq. Struijs et al. (2009) Expression of the degree to which the emitted nutrients reach the freshwater end compartment.
eutrophication
. o Frischknecht et al Human exposure efficiency
235
lonising radiation (HH) kBqg %*°U eq (2000) relative to U235.
The LANCA model provides five indicators for assessing the impacts due to the use of soil: 1.
Land use points LANCA model (Bos et al. 2016) erosion resistance, 2. mechanical filtration, 3. physicochemical filtration, 4. groundwater
regeneration and 5. biotic production
Model for water consumption as in
. . . . Water use related to local
Water resource depletion m3 Swiss Ecoscarcity (Frischknecht et .
scarcity of water
al, 2008)
Mineral, fossil and
renewable resource kg Sb eq. Van Oers et al. (2002) Scarcity of resource in relation to that of antimony. Scarcity is calculated as « reserve base ».

depletion
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TEGHNOLOGY SCOPES

Included Excluded

Energy carrier supply chain, from extraction to combustion, including methane leakage

without ccs  Infrastructure construction, operation, and dismantling (energy inputs and waste production)

Connection to grid
Coal power
P Same as above, plus

with CCS Capture equipment and chemicals, transportation of captured CO2 and storage infrastructure
(well)
Energy carrier supply chain, from extraction to combustion, including methane leakage

without cCcs  Infrastructure construction, operation, and dismantling (energy inputs and waste production)

Natural gas Connection to grid

power Same as above, plus
Capture equipment and chemicals, transportation of captured CO2 and storage infrastructure

(well)

Construction, site preparation, transportation
Hydropower Connection to grid

Fuel element supply chain (from extraction to fuel fabrication)

Core processes (construction and decommissioning of power plant, as well as operation)
Nuclear power Back-end processes: spent fuel management, storage, and final repository

Connection to grid

Infrastructure, site preparation and occupation, operation and maintenance (including 6-hour
storage)

Decommissioning (energy inputs and waste production)

Connection to grid

Infrastructure, site preparation and occupation, operation and maintenance
Decommissioning (energy inputs and waste production)

Connection to grid

Infrastructure, site preparation and occupation, operation and maintenance
Wind power Decommissioning (energy inputs and waste production)
Connection to grid

with CCS

Concentrated solar power

Photovoltaics

Potential recycling from infrastructure deconstruction
materials

Same as above, plus
Potential emissions (leakage) from captured CO2
transportation or from the storage site

Potential recycling from infrastructure deconstruction
materials

Same as above, plus
Potential emissions (leakage) from captured CO2
transportation or from the storage site

Potential recycling of deconstruction materials
Site-specific biogenic emissions of CO, and CH,

Potential recycling of deconstruction materials
Reprocessing of spent fuel (conservative assumption
that all fuel is primary)

Potential recycling of deconstruction materials

Potential recycling of dismantled equipment

Potential recycling of dismantled equipment
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Variations are due to region-specific electricity

mixes, fossil fuel chain, and climate conditions
CLIMATE CHANGE
Life cycle emissions for each region, g CO, eq./kWh

Lifecycle GHG emissions, in g CO2 eq. per kWh, regional variation, 2020
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Variations are due to region-specific electricity
mixes, fossil fuel chain, and climate conditions

FRESHWATER EUTROPHICATION
Life cycle emissions for each region, g phosphorus/MWh

Lifecycle eutrophying emissions, in g P eq. per MWh, regional variation, 2020
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IONISING RADIATION

Life cycle emissions for each region, kg 2%°U eq./MWh
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Variations are due to region-specific electricity
mixes, fossil fuel chain, and climate conditions
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*The LANCA model provides five

indicators for assessing the impacts
LAND USE due to the use of soil:
1. erosion resistance,
2. mechanical filtration,
. . . . 3. physicochemical filtration,
LlfecyC le land occu P ation, In POl nts* 4. groundwater regeneration and
5. biotic production
— all aggregated as points.

Lifecycle land use, in points per kWh, regional variation, 2020
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DISSIPATED WATER

Lifecycle water requirements, in m3/MWh (I/kWh)
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Lifecycle dissipated water, in m3 per MWh, regional variation, 2020
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RESOURCES, MATERIAL

Lifecycle resource requirements, scarcity-weighted, in g Sb eq./kWh
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Variations are due to region-specific electricity
mixes, fossil fuel chain, and climate conditions

Lifecycle mineral and metal requirement, in g Sb eq. per MWh, regional variation, 2020
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RESOURCES, MATERIAL

Lifecycle material requirements, extracted from ground, in g/MWh

Material requirements, in g per MWh
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RESOURCES, PRIMARY ENERGY
Primary energy demand over lifecycle, in MJ of energy carrier from ground

Lifecycle cumulative energy demand, in MJ/kWh (primary, non-renewable and renewable)
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RESOURCES, PRIMARY ENERGY

Primary energy demand over lifecycle,
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AGGREGATED SCORES

Endpoint indicators: human health

Lifecycle impacts on human health, excluding climate change, per kWh, in millipoints
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AGGREGATED SCORES

Endpoint indicators: human health

Lifecycle impacts on ecosystems, excluding climate change, per kWh, in micropoints

1.8
1.6 1.5
1.4 L
1.2 1.2 e
1.0 0.9
0.8 0.7 - m urban land occupation
. ] i ici
0.6 05 05 04 terrestrial ecotoxicity
0.4 0.3 0.2 m terrestrial acidification
0-2 . . % 2 01 00 0.0 0.0 ® natural land transformation
0.0 | — — ——
5 n n ) n © o o [} B marine ecotoxicit
s 55 3 & 8 & & 8 % § 6 &8 :g g £ g 8 58 § 5 @ Y
IS} e 2 9o o ©o o o 5 5 © O 5 5 5 5 5 S| B s G 5}  freshwater eutrophication
= £ 3 £ 3% £ 3 & § £ 3 g g & ¢ g g B T g 2
s 2 3 é s é 2 g _g £ & E z <« & 3 u freshwater ecotoxicity
g > ¢ % g % g f ¥ 3 FT P TR o5oq _ _
15) 19} J 9] 8 %) IS = o - ° = [ Q B agricultural land occupation
= O a 2 z g o g2 > 3 > ? S @
o < ° % e S > S )
=z = o O O @ [} o <)
3 o g % ¢ g
o _8 %
2
o
CSP Hard coal Hydro Natural gas PV Wind Nuclear

I LI &



PROGRESS MEETING JULY 14TH, 2021

Results per technology

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

LIST




COAL POWER

Lifecycle impacts per kWh (PC 550 MW, 30-year lifetime)

Minerals and metals

Dissipated water

Land use

lonising radiation

Freshwater eutrophication

Climate change total

Hard coal, pulverized, without CCS

0.525 mg Sb-Eq

123 | water

2.43 points

8.74 g U235-Eq

489 mg P-Eq

1023 g CO2-Eq

LISTS)

0% 20% 40% 60% 80% 100%

B CElectricity’ (kilowatt hour, EUR, None) Other LUXEMBOURG
W 'Coal extraction’ (kilogram, EUR, None) 'EXPC power plant 550 Mwe' (unit, EUR, None) INSTITUTE OF SCIENCE

AND TECHNOLOGY




COAL POWER WITH GCS

Lifecycle impacts per kWh (PC 550 MW, 30-year lifetime)

Hard coal, pulverized, with CCS

Minerals and metals I 0.783 mg Sb-Eq

Pt _ | e e
Land use - I 3.45 points
lonising radiation - - 13.2 g U235-Eq

Freshwater eutrophication 4 . 690 mg P-Eq

Climate change total 369 g COZ2-Eq

0% 20% 40% 60% 80% 100%

mmm ‘Electricity’ (kilowatt hour, EUR, None) ‘Carbon capture' (kilogram, EUR, None) LUXEMBOURG 7 N
'Coal extraction' (kilogram, EUR, None) 'EXPC power plant 550 Mwe' (unit, EUR, None) INSTITUTE OF SCIENCE
EEN Other /2 'Carbon capture' (kilogram, EUR, None) AND TECHNOLOGY




NATURAL GAS

Lifecycle impacts per kWh (NGCC 555 MW, 30-year lifetime)

Natural gas, NGCC, without CCS

Minerals and metals 0.243 mg Sb-Eq

50.2 | water

Dissipated water

0.195 points

Land use

lonising radiation 9.24 g U235-Eq

Freshwater eutrophication 19.7 mg P-Eq
Climate change total 434 g CO2-Eq
0% 20% 40% 60% 80% 100%
B CElectricity from NGCC plant' (kilowatt hour, EUR, None) Other LUXEMBOURG

mmm ‘Natural gas production' (m*, EUR, None) 'NGCC plant 474 Mwe' (unit, EUR, None) INSTITUTE OF SCIENCE
AND TECHNOLOGY
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NATURAL GAS WITH CCS

Lifecycle impacts per kWh (NGCC 555 MW, 30-year lifetime)

Natural gas, NGCC, with CCS

Minerals and metals . 0.314 mg Sb-Eq
P et _ I P

0.24 points

Land use

lonising radiation 11.1 g U235-Eq

Freshwater eutrophication 4 24 mg P-Eq
Climate change total 128 g CO2-Eq
O‘I’/a ZC;% 40‘% Gd% 80‘% 100%
mmm C‘Electricity from NGCC plant’ (kilowatt hour, EUR, None) ‘Carbon dioxide capture' (kilogram, EUR, None) LUXEMBOURG
‘Natural gas production' (m?, EUR, None) 'NGCC plant 474 Mwe' (unit, EUR, None) INSTITUTE OF SCIENCE L I S T
W Other X/ . 'Carbon dioxide capture' (kilogram, EUR, None) AND TECHNOLOGY




HYDROPOWER

Lifecycle impacts per kWh (360 MW, 80-year lifetime)

Hydro, 360MW

Minerals and metals 0.0606 mg Sb-Eq

Dissipated water 1.66 | water

0.211 points

Land use

lonising radiation 0.84 g U235-Eq

Freshwater eutrophication 1.33 mg P-Eq
Climate change total 10.7 g CO2-Eq
k r T T T 1
0% 20% 40% 60% 80% 100%

W ‘Transportation' (unit, EUR, None) [ 'Buildings equipments' (unit, EUR, None)

mmm Other ‘Roadwarks' (unit, EUR, None) LUXEMBOURG
W 'Dam’ (unit, EUR, None) 7 'Dam’ (unit, EUR, None) INSTITUTE OF SCIENCE
mm 'Complementary works' {unit, EUR, None) AND TECHNOLOGY




PHOTOVOLTAICS

Lifecycle impacts per kWh (poly-Si, ground, 25-year lifetime)

‘electricity production, photovoltaic, polycrystalline silicon, ground-mounted, THEMIS' (kilowatt hour, USA, None)

Minerals and metals 3.67e-06 kg Sb-Eq

1.83e-02 m3 water-.
1.49e+00 points

Land use

Freshwater eutrophication 2.60e-05 kg P-Eq

Climate change 3.33e-02 kg CO2-Eq

0.0 0.2 0.4 0.6 0.8 1.0
B 'Poly Ground System' (unit, EUR, None) mm 'Polycrystal silicon module230w' (unit, EUR, None)
B '1.63 m2 medule’ (unit, EUR, None) W Inverters' (unit, EUR, None)
mm 'MG-silicon,at plant' (kilogram, EUR, None) B 'Construction' {(unit, EUR, None) RG
Wm 'RER:silicon, solar grade-pc, at plant' (kilogram, EUR, None) W 'Operation and Maintenance' (unit, EUR, None) CE LI S T
mmm silicon,solar grade, modified Siemens process, at plant' (kilogram, EUR, None) ~ mmm 'External cabling, grid connection’ (kilometer, EUR, None) gy
B 'muti-silicon wafer 125/125.0.2" (unit, EUR, None) B 'Decommissioning’ (unit, EUR, None)
s 'silicon cell,multi-crystal, pieces, producted in Factory' (unit, EUR, None)




WIND POWER

Lifecycle impacts per kWh (onshore, 2.5 MW, 20-year)

‘electricity production, wind, onshore, THEMIS' (kilowatt hour, USA, None)

Minerals and metals 4.59e-07 kg Sb-Eq

5.07e-03 m3 water-.

Water

Land use 7.22-02 points

lonising radiation 6.65¢-04 kg U235-Eq

Freshwater eutrophication 4.50¢-06 kg P-Eq

Climate change 8.51e-03 kg CO2-Eq

0.0 0.2 0.4 0.6 0.8 1.0
mmm ‘Wind turbine, misc. assembly activities’ (unit, EUR, None) ~ mm ‘Foundation, gravity-based concrete, onshore’ (kilogram, EUR, None)
W 'Rotor blades' (kilogram, EUR, None) mmm 'Transformer station (high-voltage), onshore' (kilogram, EUR, None)
EEE 'Rotor hub, incl. nose cone’ (kilogram, EUR, None) N CInternal cabling, underground onshore' (kilogram, EUR, Nane)
mm ‘Bed frame/plate' (kilogram, EUR, None) Bl ‘External cabling, underground onshore' (kilometer, EUR, None)
B 'Generator (conventional)' (kilogram, EUR, None) B ‘External cabling, overhead line' (kilometer, EUR, None)
B 'Gearbox' (kilogram, EUR, None) B ‘Installation, onshore WF' (unit, EUR, None) OURG
e Transformer, low-voltage' (kilogram, EUR, None) mm Replacement of parts, category small parts (SP), onshore’ (n, EUR, None) ENCE LI S T
W ‘Main shaft' (kilogram, EUR, None) W Maintenance (excl. spare parts), onshore WF' (unit, EUR, None) LOGY
[ 'Cover' (kilogram, EUR, None) © 'Decommissioning, onshore’ (unit, EUR, None)
mmm Tower, tubular steel, onshore' (kilogram, EUR, None)




WIND POWER

Lifecycle impacts per kWh (onshore, 2.5 MW, 20-year)

Wind, onshore

0.675 mg Sb-Eq

Minerals and metals

7.52 | water

Dissipated water

Land use

0.108 points

lonising radiation 1.03 g U235-Eq

Freshwater eutrophication 6.67 mg P-Eq
Climate change total 12.4 g CO2-Eq
D‘I}{r 20% 40% 60% 80% 1051%
'Rotor blades' (kilogram, EUR, None) I 'Generator (conventional)' (kilogram, EUR, None)
'Gearbox' (kilogram, EUR, None) " "Transformer, low-voltage' (kilogram, EUR, None)
"Tower, tubular steel, onshore' (kilogram, EUR, None) 'Main shaft' (kilogram, EUR, None)

Other INSTITUTE OF SCIENCE

'Foundation, gravity-based concrete, onshore' (kilogram, EUR, None) " 'Wind turbine, misc. assembly activities' (unit, EUR, None) LUXEMBOURG
AND TECHNOLOGY LI ST



NUCLEAR POWER

Lifecycle impacts
Minerals and metals
Water
Land use
lonising radiation
Freshwater eutrophication

Climate change

+

T. Hedman et al. / C. R. Physique 3 (2002) 903-913

. 1.050 mm

4810 mm

30 mm copper

Estimated weight (kg):
Copper canister 4800
Insen 15900
Fuol assembles (BWR) 3.600
Total 24 300

Figure 3. Planned design of the Swedish spent fuel canister.
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Wind

Solar photovoltaics

+CCS Hydropower = Nuclear power Concentrated

+CCS Natural gas

Coal

solar power



MAIN CONCLUSIONS

Fossil fuels

...emit 750-1100 g CO2 eq./kWh (hard coal),
370-510 g CO2 eq./kWh (natural gas)

...after abatement, can reach 150-470 g CO2 eq./kWh
(coal), 50-220 g CO2 eq./kWh

...tend to show higher emissions than previously
published (IPCC) because of leakage and slower
efficiency improvements than expected, especially
coal

...may cause high level of eutrophication (depending
on mining), require significant amounts of water, and
cause toxic and particulate matter emissions (coal)

...have low bulk material requirements, and virtually no
specialty metals

Table A.III.2 | Emissions of selected electricity supply technologies (gC0,eq/kWh)'

optons Diectemisions | 1 ot | | sbedatie | Methneemsons |
Min/Median/Max Typical values Min/Median/Max
Currently Commercially Available Technologies
Coal—PC 670/760/870 926 0 47 740/820/910
Gas—Combined Cycle 350/370/490 1.6 0 9 410/490/650
Biomass—cofiring na.f - - - 620/740/890"
Biomass—dedicated n.a.* 210 27 0 130/230/420"
Geothermal 0 45 0 o 6.0/38/79
Hydropower 0 19 0 88 1.0/24/2200
Nuclear 0 18 0 [ 3.71121110
Concentrated Solar Power 0 29 0 0 8.8/27/63
Solar PV—rooftop 0 42 0 0 26/41/60
Solar PV—utility 0 66 0 0 18/48/180
Wind onshore 0 15 0 0 7.011/56
‘Wind offshore 0 17 0 0 8.0/12/35
Pre-commercial Technologies
CCS—Coal—Oxyfuel 14/76/110 17 0 67 100/160/200
CCS—Coal—PC 95/120/140 28 0 68 190/220/250
CCS—Coal—IGCC 100/120/150 9.9 0 62 170/200/230
CCS—Gas—Combined Cycle 30/57/98 89 0 110 94/170/340
QOcean 0 17 0 [ 5.6/17/28
LUXEMBOURG

INSTITUTE OF SCIENCE
AND TECHNOLOGY
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MAIN CONCLUSIONS

Wind power

...emits 7.8-23 g CO2 eq./kWh
(slightly lower than IPCC)

...has high variability (load factors depend on
climate), learning curves and increased size
suggests lower future emissions

...lower impact overall (eutrophication, land use...)

...requires significant amounts of bulk
materials, AND some specialty metals (even for

gearbox designs)

0.100 4
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g‘ \
o
0.010
£
£
H
=
=
o
0.001 T T
100 1000 10000

Caduff et al. 2012

100000

Table A.III.2 | Emissions of selected electricity supply technologies (gC0,eq/kWh)'

Direct emissions

Infrastructure & supply

Biogenic CO, emissions

Methane emissions

Lifecycle emissions

Options chain emissions and albedo effect (incl. albedo effect)
Min/Median/Max Typical values Min/Median/Max

Currently Commercially Available Technologies
Coal—PC 670/760/870 96 0 47 740/820/910
Gas—Combined Cycle 350/370/490 1.6 0 9 410/490/650
Biomass—cofiring na.’ - - - 620/740/8907
Biomass—dedicated n.a.* 210 27 0 130/230/420"
Geothermal 0 45 0 o 6.0/38/79
Hydropower 0 19 0 88 1.0/24/2200
Nuclear 0 18 0 [ 3.7121110
Concentrated Solar Power 0 29 0 o 8.8/27/63
Solar PV—rooftop 0 42 0 [ 26/41/60
Solar PV—utility 0 66 0 [ 18/48/180
Wind onshore 0 5 0 0 7.011/56
‘Wind offshore 0 17 0 [ 8.0/12/35
Pre-commercial Technologies
CCS—Coal—Oxyfuel 14/76/110 17 0 67 100/160/200
CCs—Coal—PC 95/120/140 28 0 68 190/220/250
CCS—Coal—IGCC 100/120/150 9.9 0 62 170/200/230
CCS—Gas—Combined Cycle 30/57/98 89 0 110 94/170/340
QOcean 0 7 o [ 5.6/17/28

DFIG

Gearbox

PMSG

Direct drive

IEA 2021

PMSG

EESG

Overall mineral intensity (kg/MW)

0 3000 6000 9000
= Copper Zinc = Manganese
Nickel = Molybdenum » Rare earths

12 000 15 000

Chromium
Others

Use of rare earth elements (kg/MW)

0 100

= Neodymium
Dysprosium

200 300

= Praseodymium
= Terbium

IEA. All rights reserved




Table A.III.2 | Emissions of selected electricity supply technologies (gC0,eq/kWh)'

N L Infrastructure & supply Biogenic CO, emissions e Lifecycle emissions
M AI N cﬂ N c LU S I U N S Options DS Es chain emissions and albedlu effect RiethaneS b (incl. albedo effect)
Min/Median/Max Typical values Min/Median/Max
Currently Commercially Available Technologies
Coal—PC 670/760/870 96 0 47 740/820/910
S I P V Gas—Combined Cycle 350/370/490 1.6 0 9 410/490/650
O ar Biomass—cofiring na.’ - - - 620/740/8907
Biomass—dedicated na.® 210 27 0 130/230/420"
Geothermal 0 45 0 o 6.0/38/79
. . Hydropower 0 19 0 88 1.0/24/2200
...emits 25-85 g CO2 eq./kWh (poly-Si), oo ; s ’ . ppree
8_30 g C 02 e q /kWh (th I n fl I m) Concentrated Solar Power 0 29 0 0 8.8/27/63 -
: Solar PV—rooftop 0 42 0 [ 26/41/60
Solar PV—utility 0 66 0 0 18/48/180
Wind onshore 0 5 0 0 7.011/56
...has high variability (load factors depend on = _wnofsiwe 0 17 0 0 sonrss
. . . Pre-commercial Technologies
climate), less subject to improvements unless "o o 7 0 & 10011607200
H H 1 1 CCS—Coal—PC 95/120/140 28 0 68 190/220/250
teChnOIOgy Changes (unllke Wlnd 1 deVIce Slze CCS—Coal—IGCC 100/120/150 9.9 0 62 170/200/230
matters muc hl ess fo r PV) CCS—Gas—Combined Cycle 30/57/98 89 0 110 94/170/340
QOcean 0 7 o [ 5.6/17/28
Solar PV: Crystalline silicon is expected to remain the dominant PV technology, but further
has h Ig h mate rlal req u | rements _ CI’ItICa| progress on alternative technologies could see them taking significant market share by 2040
. . Share of annual capacity additions by PV technology under different technology evolution scenarios
depending on the choice of future technology - —
(GaAs, perovskite, CdTe...) e r
g 2020 . g 2020 ‘ l
& @
2040 .l 2040 | .I
85 T TR m s
85 o g e
B e I
% 20%  40%  B0%  80%  100% 0% 20%  40%  60%  BO%  100%
IEA 2021 ¢-Si mCIGS mCdTe =a-Si mGaAs mPerovskite
IEA_ Al rights reserved

Notes: c-Si = crystaliine silicon; CIGS = copper indium gallium diselenide; CdTe = cadmium telluride; a-Si = amorphous silicon; GaAs = gallium arsenide.



Table A.I11.2 | Emissions of selected electricity supply technologies (gC0O,eq/kWh)

MAIN CONCLUSIONS oot | " 8 g | Dl s | e cmions | e e
Min/Median/Max Typical values Min/Median/Max
Currently Commercially Available Technologies
Coal—PC 670/760/870 96 0 47 740/820/910
N u C I ear OW er Gas—Combined Cycle 350/370/490 1.6 0 9 410/490/650
p Biomass—cofiring na.’ - - - 620/740/8907
Biomass—dedicated na.® 210 27 0 130/230/420"
Geothermal 0 45 0 [ 6.0/38/79
...emits around 5.2 g CO2 eq./kWh Aropoves ‘ b ’ 2 Rkl
Nuclear 0 18 0 0 | samzmo |
Concentrated Solar Power 0 29 0 0 8.8/27/63
. Solar PV—roofto 0 42 0 [ 26/41/60
...less than previously (= past 20 years) reported  — o . p ) , s
b ecause Wind onshore 0 15 0 0 7.0/11/56
‘Wind offshore 0 17 0 [ 8.0/12/35
Changing mining mix (in-situ leaching increasingly used) Pre-commercial Technologies
CC5—Coal—Oxyfuel 14/76/110 17 0 67 100/160/200
Enrichment is now centrifuge-only CCs—Coal—pC 95/120/140 5 0 68 190/220/250
CCS—Coal—IGCC 100/120/150 9.9 0 62 170/200/230
Cleaner global eIectriCity mix (CS—Gas—Combined Cyde 30/57/98 8.9 0 110 94/170/340
Ocean 0 7 ] 0 5.6/17/28
Higher power plant lifetime assumed (60 years)
...has potential to decrease further, with a cleaner
electricity mix and closed-loop fuel cycle
H 21. The Committee conducted this study by investigating sources of exposure from electricity-
(reprOCESSIng Of Spent fuel) generating technologies based on (a) nucle};r ps;wer. (b)gthe gcombustion of ci:;l. natural gas, oil at:d
H H biofuels, and (c¢) geothermal, wind and solar power. Two electricity-generating technologies (nuclear
e lOW ove ra” environ mental Im paCt (Ia nd use’ power and cm:lliugstion of coal) were i ig 5 d in detail, b !};fnore roblglst databasge exi(s(ed for
tOX|C|ty, a”‘ em|SS|0nS . ) - mo d erate co p p er these technologies. The Cc ittee evaluated the main sources of radioactive discharges from the life

cycle of these electricity-generating technologies. For nuclear power, these sources included uranium

requirements for spent fuel encapsulation N &l 1N
...only tech with ionizing radiation because only UNSCEAR 2016 Centrifuges for U enrichment
industry to measure radioactivity (robust data also P
LISTE
=7

|

available for coal but not included) INSTITUTE OF SCIENCE
AND TECHNOLOGY




LIMITS OF LCA

Scope dictates interpretation

Boxes integrated to the report
to cover areas not addressed
by the LCA

"Boxesy|
Box-1.-Coal-in-the-IPCC-ARS .. ST S S~ 4 ||

Box-2.-Rare-earth-and- spsclslty metals and thslr use-in-renewable- tschnnlnglss B Sy |
Box-3.-Waste-management-from-renewable- mfrastructure.................................—.e................................ 309
BOX-4.-ElectriCity -STOrage ... ..ottt esee e e e s e sar e e s s eesan an sannnans e aeensaenesranens DO
Box-5.-Ore-grade... S - SRS RTRNTRURRRORPTSP: ¢ & ||
Box-6.-Separative- work unlts T . . 461]
Box-7.-lonising-radiation- mudslllng, nn-thrsshold Ilnsar model,-and- |mpsst assessment ... 539

TI -
LISTE
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MAIN CONCLUSIONS

Outlook and further thoughts

More data required to address “blind spots”
Robust methane leakage data

End-of-life treatment of renewable infrastructure

Nuclear power: model reprocessing, refine deep waste repository
Some technologies are maturing: include learning rates

lonising radiation only accounted for nuclear

Linearity of LCA = no economies of scale

Some impacts not quantified: acceptance, costs, aesthetic, biodiversity threats (e.g. hydropower and
riparian habitats), risks...
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