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ENVIRONMENTAL ASSESSMENT 
OF RENEWABLE ENERGIES: 

TOWARDS THE INTEGRATION OF THE STORAGE ISSUES 

ENERGY TRANSITION CHALLENGES
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1. DECARBONIZE
2. REDUCE THE ENVIRONMENTAL

FOOTPRINT

Renewables Energies
ZERO IMPACT ??

What is the ENVIRONMENTAL PERFORMANCE  of 
renewable energies ???

ENVIRONMENTAL IMPACT / ELECTRICITY Production    

NO !
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ENERGY TRANSITION CHALLENGES
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1. DECARBONIZE
2. REDUCE THE ENVIRONMENTAL

FOOTPRINT

Renewables Energies

ENVIRONMENTAL IMPACT / ELEC. Production     =
ENVIRONMENTAL PERFORMANCE  

Raw
materials Production

Transport 
and 

installation

Electricity
Production

End 
of life

LIFE CYCLE ASSSSEMENT (LCA) IS THE  TOOL TO GET THE ENVIRONMENTAL 
MULTI - IMPACTS ALONG THE LIFE CYCLE 

(Climate change, Human toxicity, ressource depletion, ….)

LIFE CYCLE OF A WIND TURBINE
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• Multi-Si – 12.4 % efficiency – 30° South

• Life time = 25 years / no Recycling

CARBON FOOTPRINT OF PV
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ESPACE Project

• Multi-Si – 20 % efficiency – 30° South

• Life time = 25 years / no Recycling

CARBON FOOTPRINT OF PV
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ESPACE Project



15/01/2019

4

CARBON FOOTPRINT OF ENERGY PATHWAYS
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IPCC 2011 Source: Moomaw, W., P. Burgherr, G. Heath, M. Lenzen, J. Nyboer, A. Verbruggen, 2011: Annex II: Methodology. In IPCC Special Report on 
Renewable Energy Sources and Climate Change Mitigation  [O. Edenhofer, R. Pichs‐ Madruga, Y. Sokona, K. Seyboth, P. Matschoss, S. Kadner, T. Zwickel, 
P. Eickemeier, G. Hansen, S. Schlömer, C. von Stechow (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Source = IPCC 2011

Carbon
footprint
of French 
electricity

Coal Power Plant Carbon
footprint : 
[800-1000] g CO2eq/kWh
Gas Power Plant Carbon
footprint
[500-600] g CO2eq/kWh
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Transport 

Direct Emissions  Energy pathways not 
implemented in 2013

Primary Ressources 

Flux de matière et d’énergie

System Limits
Foreground Process
(Guadeloupe Island)

EVALGTHDOM PROJECT

ENVIRONMENTAL
FOOTPRINT OF
ENERGY SCENARIOS
FOR GUADELOUPE
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EVALGTHDOM Project  (Task 3) 2015

Environmental footprint for an electricity mix 
for the island of Guadeloupe 
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Energy pathways LCA

Consumption profiles

Scenario LCA

Multi‐criteria for several
scenarios

LCA results for the Guadeloupe electricity mix
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Source : EVALGTHDOM Project for ADEME, 2015 
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LCA results for the Guadeloupe electricity mix

Ecoinvent data / ILCD impact categories / Simapro 8.03 &
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Source : EVALGTHDOM Project for ADEME
Presented at LCM 2017, Besseau et al.

LCA results for the Guadeloupe electricity mix
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Ecoinvent data / ILCD impact categories / Simapro 8.03 &

Source : EVALGTHDOM Project for ADEME, 2015
Presented at LCM 2017, Besseau et al.
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LCA results for the Guadeloupe electricity mix
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Source : EVALGTHDOM Project for ADEME, 2015
Presented at LCM 2017, Besseau et al. 

ENERGY TRANSITION CHALLENGES

14

3. ABLE TO MATCH THE CONSUMPTION PROFILE ?

1. DECARBONIZE
2. REDUCE THE ENVIRONMENTAL

FOOTPRINT

Renewables Energies

Fossil fuels Nuclear
Energy

Renewable energies
(PV / Wind turbines)

Geothermy, 
marine energy

Stability Yes Yes No (intermittent
energies)

Yes

Flexibility Yes No No No
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CONTRIBUTION OF RENEWABLE ENERGIES FOR FRANCE
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[1] MONTHLY ELECTRICTY
PRODUCTION COVERAGE BY

HYDROELECTRICITY

Source : French panorama by RTE december 2017

CONTRIBUTION OF RENEWABLE ENERGIES FOR FRANCE
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[2] MONTHLY ELECTRICTY
PRODUCTION COVERAGE BY
PHOTOVOLTAIC ELECTRICITY

Source : French panorama by RTE december 2017
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CONTRIBUTION OF RENEWABLE ENERGIES FOR FRANCE
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[3] MONTHLY ELECTRICTY
PRODUCTION COVERAGE BY

WIND ELECTRICITY

Source : French panorama by RTE december 2017

CONTRIBUTION OF RENEWABLE ENERGIES FOR FRANCE
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[4] MONTHLY ELECTRICTY
PRODUCTION COVERAGE BY

BIO ENERGY

Source : French panorama by RTE december 2017
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CONTRIBUTION OF RENEWABLE ENERGIES FOR FRENCH ELECTRICITY
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Source : French panorama by 
RTE december 2017

PUBLISHED JANUARY, 23RD, 2018
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Source :  
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THE CONTRIBUTION OF RENEWABLE ENERGIES IN EU
 Fraction of the electrical consumption covered by renewables in 2017
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Source : Bilan électrique RTE 2017

France = 18,4%
Spain = 32%
Denmark = 65 %

A HIGH CONTRIBUTION OF RENEWABLE ENERGIES ?
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• FLEXIBLES POWER PLANT FOR

« BACK-UP »
• STORAGE SOLUTIONS

• SMART-GRID

• INTERCONNEXION

[1] HOW TO DEAL WITH A HIGH RATE OF WEATHER
DEPENDANT RENEWABLE ENERGY SOURCE AND MAKE
THE MOST OF THEM?
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ELECTRICITY EXCHANGE BETWEEN FRANCE AND OTHER COUNTRIES (2017)
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Source : Bilan électrique RTE 2017

SUISSE
EXPORT 17,7 TWh
IMPORT 7,4 TWh

ITALIE
EXPORT 18,9 TWh
IMPORT 0,7 TWh

CWE (Central 
West Europe)
EXPORT 8,7 TWh
IMPORT 19,6 TWh

Great Britain
EXPORT 11,8 TWh
IMPORT 3,9 TWh

ESPAGNE
EXPORT 17,1 TWh
IMPORT 4,6 TWh

FRANCE
EXPORT 74,2 TWh
IMPORT 36,2 TWh

IMPORT-EXPORT ELECTRICITY (FRANCE, 2017) 
 French Monthly exchange for 2017

24

Source : RTE Bilan électrique RTE 2017

Export = 74,2 TWh
Import = 36,2 TWh
Balance = + 38 TWh
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FUTURE MIX WITH HIGH RENEWABLE ENERGIES RATE
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• FLEXIBLES POWER PLANT FOR

« BACK-UP »
• STORAGE SOLUTIONS

• SMART-GRID

• INTERCONNEXION

[1] HOW TO DEAL WITH WEATHER DEPENDANT
RENEWABLE ENERGY SOURCE AND MAKE THE
MOST OF THEM ?

[2] WHAT IS THE OVERALL ENVIRONMENTAL PERFORMANCE ?  

CHANGE IN THE OVERALL ENVIRONMENTAL ASSESSMENT ?
 Include environmental assessment of additionnal systems 3) for LCA

26

Energy pathways LCA

Consumption profiles

Scenario LCA
Multi‐criteria for several

scenarios

Balance and stability ?

YES

NO
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ONE SOLUTION = STORAGE

 Different types of storage depending on the temporal need (short term, long term)
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Storage

Accumulateur 
électrochimique

Lithium

Li-ion, 
LFP, 
Li-

polymèr
e

Others

PbA, 
NiMh, 
NaS

Flow 
batterie

Vanadium 
RedOx
Flow 

Battery

Mechanical

PSP CAES Flywheel

P2G

Power 
to H2 Power 

to CH4

• Lithium : (Cox and Mutel, 2018),
(Vandepaer et al., 2017),(Sullivan and Gaines, 2012), 
(Hiremath et al., 2015).
• STEP : (Flury and Frischknecht, n.d.), (Torres, 

2011)).
• P2G : ((Sternberg and Bardow, 2016), (Zhang et al., 

2017), (Simons and Bauer, 2011)).
• ….

CASE STUDY FOR A REGION WITH A HIGH RATE OF RENEWABLES

 Power2Gas storage solution associated with Wind energy in Denmark
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Wind 
43%

Oil 
1%Natural gas

7%

Coal
29%

Biomass & Waste
18%

Solar
2%

Hydro
0%

Electricity in Denmark (2016) 

=> WHAT IS THE ENVIRONMENTAL PERFORMANCE OF A
WIND/POWER2GAS SOLUTION COMPARED TO THE CURRENT

MIX FULFILLING THE SAME CONSUMPTION PROFILE?
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POWER TO GAS PRINCIPLE

 From Milien Dhorne 2018
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WIND POWER COUPLED TO P2GAS SOLUTION (DANEMARK)
 From Milien Dhorne / Romain Besseau 2018

30

4 terrestrial wind farms and 4 offshore wind farms : 20 Vestas V117 4.2 MW = 84 MW  
Related environmental footprint extracted from LCA_Wind_DK
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WIND POWER COUPLED TO P2GAS SOLUTION (DANEMARK)
 From Milien Dhorne / Romain Besseau 2018
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WIND POWER COUPLED TO P2GAS SOLUTION (DANEMARK)
 From Milien Dhorne / Romain Besseau 2018

32

Wind 
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WIND POWER COUPLED TO P2GAS SOLUTION (DANEMARK)
 From Milien Dhorne / Romain Besseau 2018
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Cost ?

CONCLUSIONS & RECOMMENDATIONS
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• HOW TO DEAL WITH A HIGH RATE OF INTERMITTENT ENERGY SOURCE
• AND MAKE THE MOST OF RENEWABLE ENERGIES
• WHILE MINIMIZING THE ENVIRONMENTAL FOOTPRINT OF THE ELECTRICITY MIX?

1. Use an LCA approach : a comprehensive & 
multicriteria environnemental approach to avoid any
shift in burden

2. Consider the proper system & functionnal unit : 
Move from kWh produced from each energy
pathway to a balance and stable consumption vision

3. Characterise the consumption profile AND the 
renewable energy production profiles to ajust the 
temporal characteristic of the storage solution 
(Hourly, weekly or seasonnal)

4. Couple LCA and Life Cost Analysis
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Centre Observation, Impacts, Energy
Prof. Isabelle Blanc

THANK YOU


