# International Institute for
w»w Applied Systems Analysis

[ TASA www.iiasa.ac.at

The Role of Energy in Sustainable Development

Jarmo Kikstra
EGU 2023
Imperial College
London B



Imperial College

London

An overview of this talk

. Energy systems
. Climate change
. The energy transition

DWW N =

. Eradicating poverty within
climate goals

5. Sustainable development

Source: ...



Imperial College

Lond
ondon %

| TASA

A note on the energy system

From extraction to use
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What do we need energy for?

— Energy services |}

: Materials . Mobility  Mobility
Energy services (embodied RSN, . i’ o passenger- tonne-
processing comfort
energy) tion km km

l

Satisfaction of human needs

Source: Krey et al. (2014)
Global energy-climate scenarios and models: a review



Imperial College

London #

Where does energy come from?

— Energy sector | { Energy supply |
Extraction and treatment | Gas well Coal mine Sun Uranium Qil well Farms &
mine forests
¥
Primary energy Natural Coal Solar — yanium Ol  Biomass

———— gas radiation

Source: Krey et al. (2014)
Global energy-climate scenarios and models: a review



How do we make energy useful?
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Source: Krey et al. (2014)
Global energy-climate scenarios and models: a review



How do we make energy useful?
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Global energy-climate scenarios and models: a review



How do we make energy useful?
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Global energy-climate scenarios and models: a review



How do we make energy useful?
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A background note on climate change

What happened? What is to be done?
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Emissions have been going up
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GHG emissions (GtCO,-eq yr~')
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a. Global net anthropogenic GHG emissions by region (1990-2019)
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Source: IPCC Working Group III, Sixth Assessment Report (2022)
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Emissions by region and by source

b. Historical cumulative net anthropogenic CO, emissions ¢. Net anthropogenic GHG emissions per capita
per region (1850-2019) and for total population, per region (2019)
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Source: IPCC Working Group III, Sixth Assessment Report (2022)
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Emissions by region and by source

Mostly energy
b. Historical cumulative net anthropogenic CO, emissions ¢. Net anthropogenic GHG emissions per capita
per region (1850-2019) and for total population, per region (2019)
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(Far) too little is being done. But not nothing.

Projected global GHG emissions from NDCs announced prior to COP26 would make it /ikely that
warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.

a. Global GHG emissions b. 2030 ¢. 2050 d. 2100
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Modelled pathways: Policy assessments for 2030: Percentile:
B Trend from implemented policies Policies implemented by the end of 2020 95"
== Limit warming to 2°C (>67%) or return warming to == NDCs prior to COP26, 75"
1.5°C (>50%) after a high overshoot, NDCs until 2030 unconditional elements ;A;f'a"
== Limit warming to 2°C (>67%) = NDCs prior to COP26, 5t
= Limit warming to 1.5°C (>50%) with no or limited overshoot including conditional elements
15 +-—e-1 Past GHG emissions and uncertainty for 2015 and 2019

(dot indicates the median) Source: IPCC Working Group III, Sixth Assessment Report (2022)



(Far) too little is being done. But not nothing.

Projected global GHG emissions from NDCs announced prior to COP26 would make it /ikely that
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warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.

GHG emissions (GtCO,-eq yr~)
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The role of energy in meeting climate goals
Supply and demand
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Mitigation is becoming cheaper

a) Market Cost <
Since ARS, the unit costs of some %
forms of renewable energy and &
of batteries for passenger EVs et
have fallen. S

below this point, costs can O

be less than fossil fuels

Fossil fuel cost (2020)
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The role of energy supply
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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer

term compared to 2030.

Energy

19

Mitigation options

" Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining

| Reduce CH, emission from oil and gas

Potential contribution to net emission reduction, 2030 (GtCO,-eq yr™')

0

-
-
i

2

4

Net lifetime cost of options:

I Costs are lower than the reference

. 0-20(USD tCOs-eq™)

B 20-50 (USD tCO,-eq™)

I 50-100 (USD tCO.-eq™")

I 100-200 (USD tCO-eq™")

I Cost not allocated due to high
variability or lack of data

+—— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

Source: IPCC Working Group III, Sixth Assessment Report (2022)
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The role of energy supply: fossils go down fast

(b) Fossil

1500

Category

E C1: limit warming to 1.5°C (>50%)
with no or limited overshoot

C2: return warming to 1.5°C (>50%)
after a high overshoot

- C3: limit warming to 2°C (>67%)
BS C4: limit warming to 2°C (>50%)
‘ C5: limit warming to 2.5°C (>50%)
E C6: limit warming to 3°C (>50%)
$ C7: limit warming to 4°C (>50%)
‘ C8: exceed warming of 4°C (=50%)

20 Year . .
Source: IPCC Working Group III, Sixth Assessment Report (2022)
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The role of energy supply: coal needs to go

(¢) Coal without CCS

800

2030 2050 2100
21 Year

Category

E C1: limit warming to 1.5°C (>50%)
with no or limited overshoot

C2: return warming to 1.5°C (>50%)
after a high overshoot

- C3: limit warming to 2°C (>67%)
C4: limit warming to 2°C (>50%)
' C5: limit warming to 2.5°C (>50%)
E C6: limit warming to 3°C (>50%)
$ C7: limit warming to 4°C (>50%)
‘ C8: exceed warming of 4°C (=50%)

Source: IPCC Working Group III, Sixth Assessment Report (2022)




The role of energy supply: electrify everything!
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Category

E C1: limit warming to 1.5°C (>50%)
with no or limited overshoot

C2: return warming to 1.5°C (>50%)
after a high overshoot

- C3: limit warming to 2°C (>67%)
C4: limit warming to 2°C (>50%)
' C5: limit warming to 2.5°C (>50%)
E C6: limit warming to 3°C (>50%)
$ C7: limit warming to 4°C (>50%)
‘ C8: exceed warming of 4°C (=50%)

Source: IPCC Working Group III, Sixth Assessment Report (2022)



The fight for land: more forest (for energy), less

for meat
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Category

E3 C1: limit warming

to 1.5°C (>50%)
with no or limited
overshoot

- C2: return

warming to 1.5°C
(>50%) after a
high overshoot

‘ C3: limit warming

to 2°C (>67%)

* C4: limit warming

to 2°C (>50%)

* C5: limit warming

to 2.5°C (>50%)

EI C6: limit warming

to 3°C (>50%)

H C7: limit warming

to 4°C (>50%)

- (C8: exceed

warming of 4°C
(=50%)
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The role of energy demand

. . \ t 31\
b) Potential of demand-side 0 10 P GO-eqy 20

mitigation options by 2050 Food PV, [ 73
the range of GHG emissions 0 10 & GtCO/yr 20
reduction potential is 40-70% Candi it
in these end-use sectors and transpo 67%

Ke Buildings
! Total emissions (2050) S 66 %
.48l %  Percentage of possible reduction Industry — S 29%

Demand-side mitigation potential

Imperial College

Additional electrification (+60%

Potential range ElecedCy S 73 % reduction (before

additional electrification)

Three types of energy demand options:

Avoid Shift Improve

« Travel less « Travel by public transport « Efficiency of cars
instead of private car

24

Source: IPCC Working Group III, Synthesis Report (2023)



A dual challenge
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A dual challenge

Imperial College
London

Target

Social thresholds achieved

Germany  Netherlands
11 3
Austria
Japan France
10 Sweden 4 Denmark
Australia United
CzechRep. Canada  Stales
9 - J- Ireland
Slovenia
United Kingdom i
I Spaln
8 - South Korea Now Zpeiond
Israel Estonia
Hungary  Argentina Portugal
7 1 ) - Poland ’uga
Croatia  yryguay Kazakhstan
Vietnam Thailand Brazil Greece
6 Bulgaria Chile Mexico
Italy Costa Rica
Venezuela
5 - Kuwait
China Romania
Algeria Syria Armenia Panama
4 - . Tunisia 7
Jordan Paraguay Albania
: ; Egypt Russia
Sri Lanka Colombia Kyrgyz Rep.
3 Peru -8 ) ’»Turkey
Ecuador  Mongolia Iran
Indonesia ——
Dominican Rep.
2 - Morocco =@~ Ghana "
- 4 Georgia
Bangladesh Pakistan South Africa
14 ’ Mali r {J= El Salvador
Nepal Cambodia Bolivia
Philippines Angola Lesotho Swa{iland
0- @-Yemen $-Chad )
Malawi Zambia
I I 1 1 I 1 I 1
0 1 2 3 4 5 6 7

Biophysical boundaries transgressed

Source: O'Neill et al. (2018)
A good life for all within planetary boundaries



A dual challenge
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Target Mitigation

Biophysical boundaries transgressed
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1 I 1 ] 1 1 1 1
0 1 2 3 4 5 6 7

Source: O'Neill et al. (2018)
A good life for all within planetary boundaries



A dual challenge

Pathways combining
human development with
environmental constraints

Target

Mitigation
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Source: O'Neill et al. (2018)
A good life for all within planetary boundaries



Imperial College F

London
-
[ TASA

Can we eradicate poverty and meet climate
goals?

The idea of “"Decent Living Standards” and minimum energy
requirements

PAS)



Gaps in services around the world
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7 Source: Kikstra et al. (2021)

Decent Living Gaps and Energy Needs around the World
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Closing the gaps: building new infrastructure

Niobilty.
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and Middle East e es Reaineny| o
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Source: Kikstra et al. (2021)
Decent Living Gaps and Energy Needs around the World



Closing the gaps: while meeting climate targets
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Source: Kikstra et al. (2021)
Decent Living Gaps and Energy Needs around the World







































