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Motivation

Source: based on (Vargas-Gonzalez 2018) (Steffen, Richardson et al. 2015) (Rockström, Steffen et al. 2009)
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Life cycle assessment

Energy system model

Holocene 

equilibrium Unknown

Which future scenario for the electricity supply provides the 

best environmental alternative?

Is the scenario alternative sustainable?

Yes, if the alternative is within the planetary boundaries 

Planetary boundary

EMS+LCA+PB

External 

reference
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Based on (Laurent, Espinosa et al. 2018) (Moltensen and Bjorn 2018) (Volkart et al., 2018) (García-Gusano et al., 2016) (Algunaibet et al., 2019)

Methodology

1 2 3 4

technology set, 

targetsOptimistic, moderate, pessimistic

2030, 2050

Economic

Technical

Environmental

Scenarios definition1

Generation TWh

New GW

Decommissioned GW

GW in operation

Annual technology set2

Downscale World 

 Germany 

Sector

Sharing 

principle

Goal

PB-LCIA 
Share safe 

operational space 

per technology

Life cycle assessment3 Energy system model4Planetary Boundaries5

LCI

LCIA

Results

Calliope

Python 

based

Scenario 

development method

Future trends

Specific 

environmental 

indicators

ReCiPe  areas of protection

PB-LCIA  planetary boundaries

Scenario assessment6
Performance of the electricity mix

2030, 2050

In
teg

ratio
n

 fram
ew

o
rk



Alicia Benitez| LCM 2021

06 September 2021

Slide 6

Planetary boundaries for the power sector

1 2 3 4

𝑆𝑜𝑆𝑂𝑆𝑝 = 𝑎𝑆𝐷𝐸,𝑝𝑜𝑤𝑒𝑟 ∗ 𝑆𝑂𝑆𝑝

𝑎𝑆𝐷𝐸,𝑝𝑜𝑤𝑒𝑟 =
𝑃𝑂𝑃𝐷𝐸 ∗ 𝐺𝑉𝐴𝐷𝐸,𝑝𝑜𝑤𝑒𝑟

𝑃𝑂𝑃𝑊𝑜𝑟𝑙𝑑 ∗ 𝐺𝑉𝐴𝐷𝐸

Planetary boundaries Unit Amount Uncertain zone

Climate change ppm CO2 350 350-550

Climate change Wm-2 1 1 - 1.5

Stratospheric Ozone depletion DU 275 5 % - 10 % of 290 DU

Ocean acidification Ωarag (mol) 2.75 2.75 - 2.40
Biogeochemical phosphorus Tg P year-1 11 11 - 100
Biogeochemical nitrogen Tg N year-1 62 62 - 82
Land system change % 75 75 - 54 %
Freshwater use km3 year-1 4000 4000 - 6000

Sharing principle, egalitarian-based

(Algunaibet, Pozo et al. 2019), (Ryberg et al., 2018) (Steffen, Richardson et al. 2015)

 aSDE,power: share of the total safe operating space assigned to the power sector

 POPDE: population Germany

 POPworld: population world

 GVADE,power: gross added value, power sector Germany

 GVADE : total gross added value Germay

 SOSp: safe operational space of the boundary

 SoSOSp : share of the safe operational space for the sector<

How to use the SoSOSp efficiently?
PB + LCA  PB-LCIA

World

Sector 1

Sector 2

Se…

Germany
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Evaluation of the environmental performance of power sector with PB

1 2 3 4

Scenario Optimistic 2030

Biochemical flow N

Biochemical flow P

Climate change

Climate change

Land system
change

Ocean acidification

Stratospheric
ozone

Safe zone

Uncertainty zone

Biochemical flow Nitrogen in the uncertain zone

Linked  natural gas (nitrogen oxides) and biomass (fertilizers)

• LCIA ReCiPe Midpoint  mix 0.14 kg CO2eq-kWh (5 % Biomass; 

82 % natural gas)

• Share electricity generation  6 % Biomass, 22 % Natural gas

0%

50%

100%

ppm CO2 W/m2 Tg N Tg P mol % DU year

Share safe operation space per technology 
Optimistic 2030

BIOMASS LIGNITE WIND COAL

NUCLEAR HYDRO SOLAR GAS

0%

50%

100%

Climate change Freshwater eutrophication

Optimistic 2030, ReCiPe

BIOMASS LIGNITE WIND COAL

NUCLEAR HYDRO SOLAR GAS
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Conclusions

1 2 3 4

 Is the scenario Optimistic a good environmental alternative?

From a conventional LCA analysis, the answer is affirmative. 

Scenario 0.14 kg CO2-eq/kWh < Target 2030

 Is the alternative sustainable?

From the concept of planetary boundaries, the answer is negative

The biochemical flow of Nitrogen in the uncertainty zone 

 Results highly dependent on the technology selected 

Biomass  wood pellet and biogas

Natural gas  future trends replace natural gas by hydrogen (not considered)

What level of detail is reasonable?

 Influential parameters, for example, full load hours

Preliminary results FLH according to dataset and literature

1990: 0.668 kg CO2-eq/kWh 

2030: -62%  near 0.2 kg CO2-eq/kWh*

From a total of 9 boundaries 5 were 

included

PB-LCIA  more relevant elementary flows

Technology dataset vs Robustness of the 

LCIA 

ESM-LCA  Preliminary results do not 

take into consideration economic aspects, 

or effects of good and bad year (weather)

https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-3/assessment-1 
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Next steps

1 2 3 4

 Planetary boundary

evaluate the impact others sharing principles

elementary flows and characterization factors in the PB-LCIA

 Life cycle assessment 

Apply scenario development method for Wind, Biomass and Natural gas.

 Energy system model

Built the model, test methodology approach

Evaluate changes in the operational strategies 
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