Use of IAMs to analyse SDGs, Circular
Economy and biodiversity

Detlef van Vuuren
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Sustainable
development

Sustainable development goals (SDGs)
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What would it take to achieve this comprehensive set of development
and environmental goals..... simultaneously?
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Sustainable
development

> Progress on SDGs so-far: Very limited!

> Literature: Urgent need for better, quantitative
understanding of... . :

> the required effort to achieve SDGs
13 & 1"
— Different options; Assess synergies and trade-offs; policy coherence

> the congruence between different sustainability
themes

— Comprehensive view on the connections and causal links
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Scenario analysis

Sustainable Short-term
consequences

18 ot 14-%.‘?‘5'_ IEEL.“ .d“‘.. -
‘ Sustainable development goals Very

successful for

aumy = b
EDLCATION EQUALITY AN SANITATION
REDUCED
INEDUALITES

)

| climate
. Possible pathways \ Transformative action
And policy
Expected
trend
Unsustainable 2018 2030/2050 Time

Source: Van Vuuren et al., 2015. Technological Change & Social Forecasting; 98, pp 303-323.
Van Vuuren et al. 2007. PNAS. vol. 105 no. 40. 15258-15262




Typical IAM model
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Typical IAM model
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rmodel suitability to
quantify individual 5DG targets

24
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b SDG interactions and their representation in 1AMs
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SDG interactions
and |IAM coverage

IAMs could coverage several
interactions, but at the
moment still more limited

Other tools also needed

Van Soest et al.

N

12



Sustainable development pathways
(SDPs)

) SHAPE
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Sustainable Development Pathways are region-specific
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Sustainable development pathways _
(SDPs) ) SHAPE

Sustainable Development Pathways are region-specific T
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2 ; T Target space
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SDPs reach sustainability goals
Explore different routes

IPCC ARB WGIII Ch1, Fig. 1.6




Example:

Roads from Rio+20

Support for the Rio+20 conference E?Oads from

How to achieve SD?

Sustainable — > Eradicating poverty:
. = Full access in 2050
Sustainable
@ development goals = modern energy,
Pathways
» = food
Histo
M '.L. = water
Transformative
I |
® 1 action and policy Improve health
,' = Conserve Earth's ecosystem.
Expected trends ’ = Climate change 2°C
= Reduce air pollution to WHO guideline
- levels
Unsustainable - & i | = Stop degradation of ecosystems
2010 2050

= Reduce nitrogen unbalance
= Reduce water stress

15
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Roads from Rio+20

Pathway

Sustainable - Global Large-scale, technologically
- Technology optimal solutions; intesive
Sustainable . . .
@ development goals agriculture, international
Pathways > coordination
History ' Decentralised Local energy production, multi-
o y Transformative Solutions functional agriculture, local

Unsustainable —

pbl.nl

Expected trends

g action and policy

2010

2050

Consumption
change

policies

Dietary change, less energy-
intensive lifestyle, further
pressure released through
technology



Biodiversity

% Mean Species Abundance (MSA)
70

Scenario 1

2010 2020 2030 2040 2050

Pathways to achieve a set of ambitious global sustainability @
objectives by 2050: Explorations using the IMAGE integrated
assessment model

Detlef P. van Vuuren *** Marcel Kok Paul L. Lucas® Anne Gerdien Prins?, Rob Alkemade®

Maurits van den Berg *9, Lex Bouwman *°, Stefan van der Esch?, Michel Jeuken ©,
Tom Kram ¢, Elke Stehfest?

BERECREC

Scenario 2 Scenario 3

Restore abandoned agricultural lands
Reduce consumption and waste
Increase agricultural productivity
Expand protected areas

Reduce nature fragmentation

Reduce infrastructure expansion
Reduce nitrogen emmissions

Mitigate climate change
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Climate

Global greenhouse gas emissions and options to reduce emissions

Greenhowse gas emissions
2010
GLLO, eq
Bo 100
8o
Go -
Go
40 - e
20
_‘F
20 -2
= @

T T T ? | L R
1570 1550 2010 2030 2050

— History
—  Trend Scenars
& Goal

y  Policygap

BERECUEED

Contribution to cumulative emission reduction,

- 2050

phl ol

Gobal Decentralised Consumption

Techmology — Solutions Change
pathway pathway pathway
Ayoid deforestation
Reduce ather greenhouse gases

Reduce other energy-related emissions
Increase nuclear power

Increase big-energy

Increase solar and wind power
Increase EI:IIJ capture and storage

Improve energy efficiency
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Literature on SDPs

140 SDG scenario papers in literature
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Literature on SDPs

Exemplary studies

« Hardly any study with target achievement for
all SDGs

« Studies use mostly different indicators or
target values

« Also quite different methods

Some form of community development needed

Sustainable —

Sustainable
@ development goals
Pathways
. »
History [l
] )
Py y Transformative
§ action and policy
I
I
Expected trends *

Unsustainable — T T
2010 2050

pblnl

-
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Study

Moallemi et

al.**

Soergel et
al.'®

Moyer
al.®

et

Van Vuuren
etal.®

Van Vuuren
etal.®’

Grubler et
al.’®

Randers
al.

et

Scenario

S5P1*

SDP (based
on $5P1)

CC+DS+G

CC/DSIGT

SsP1*

LED

R

5

R 5

SDGH

SDG2

sSDG 3

SDG 4

R 5

R 5

R 3

SDG 5

SDG 6

SDG7

SDG 8

sSDG9

SDG 10

SDG 11

SDG 12

sSDG13

SDG 14

SDG15

SDG 16

SDGAT




Sustainable Development Goals

Recent aCtIVItles ._ [ How do we meet them?

5 - 5 July 2023, Leiden, the Netherlands

IPCC-ARG6
SHAPE
SDG-MIP




IPCC ARG
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E (a) Tvrl.:l:wvu,,-lnilliun ha) E {b) Ir.uu:-lr.uiu:-a-lztns 1) B [L:Pu|;.|:||,,1_i;.|-| at risk of hunger {million) . ARS'D B: rather ”FﬂitEd E]VE]”E] bilitv Df
=8 d v SDG indicators for most scenarios

* with available indicators:

ﬁ 'ﬁ + | multi-(model,scenario,indicator)
él ..L analysis of mitigation-SDG
o interactions

* lllustrative Mitigation Pathway
i s “Shifting Pathways” (IMP-SP) links
W 15 climate action with SDGs

EE IMP-SP (1.5°C + 5D)

(d) Population relying on solid fuels (milkon) s Scenario type

) * Key insight: Targeted SD policies
| o [? | can boost co-benefits of mitigation
| - | policies, and compensate for

T am mm w0 s T e e s A adverse side effects



SHAPE SD narratives O SHAPE

reflecting different perspectives on how to pursue SD

Economy-driven Innovation (El)

e Technology, innovation and efficiency

e Continued economic growth

® Pricing (e.g. carbon, biodiversity loss, ...) as
important policy instrument

Resilient Communities (RC)

e Solidarity, well-being, equitable sharing of resources
e Post-growth (in high-income countries)
e Lifestyle change, low material consumption patterns

Managing the Global Commons (MC)

e Strong international & national institutions

e Moderate economic growth, orientation towards
human services
e Strong regulatory policies

lllustrations by Elsa Wikander / Azote



index (2020 = 1)

Food security

Food price index

ND 2 IERD
POVERTY HUNGER

U ) SHAPE

Food price index

1.50

=
ol
wn

0.75

2020

* “Climate-only” scenario:
increased food prices (pricing of agr.
emissions & land competition)
-> trade-off climate vs. food security

* SDPs scenarios: Additional SD
interventions reduce/avoid food price

I T ) G increase

. Strongest dietary change and food
waste reduction lead to lower food prices

2030 2050 -> synergy with food security

year
model B IMAGE @ REMIND-MAgPIE

@ SDP EI @ SDP_MC @ SDP RC @ SSP2-1p5C @ S5P2-Ref




NAVIGATE

Climate policy

1 CLIMATE

ACTION

2.6 W/m? target

I||INAVIGATE

SDG measures

ZERO CLEANWATER
HUNGER AND SANITATION

({4

15 wiwwo

Food Heathy (EAT-Lancet) diet, reduce food waste
Water Efficiency improvements, environmental flow
constraints, piped water access, wastewater

treatment

Energy Maximized electrification, phase-out traditional bio,
cooling gap

Life on land Protected natural land (>30%)

Based on: Doelman et al. 2022, MESSAGE-A an Vuuren et al., 2019,
Parkinson et al., 2019, Frank et al., 2021, H etal., 2015, Pastor et al., 2019

Planbureau voor de Leefomgeving

Climate impacts
RCP 2.6, 6.0

=k
10

* Hydrology: Precipitation pattern/runoff,
groundwater intensity

* Crop Yield changes

* Renewable energy

* Cooling/heating demand

* Desalination potential

* Power plant cooling capacity

Based on: ISIMIP 2b (Frieler et al. 2017 ),Byers et al., 2018,

Gernaat et al., 2021 etc.)



Projecting infrastructure demand under clean water

nnals

100

mmmm Scwerage Connection
rzzza Sewerage Connection and Treatment

80 |
Baum et al. (2013)
Country-level

601 database % of
population with

40} sewerage connectio
and treatment

% of Population with Access

20

Low Income Lower Middle Upper Middle

Source: IIASA

% connected / treated is a function of
income-level and historical level

2

High income




Projecting infrastructure demand under clean water
goals

(difference between babseline and SDG6 scenario)

d.
Country Water-stressed region 60 Piped Freshwater & Wastewater Ct.b“-ECtIDn ol
Myanmar Kura — South Caspian m Low £ a0
. ) Stress 3
Yemen Morthem Central Asian Highlands =}
) : = Medium § 20
Thailand Zambezian Lowveld Stress o
Mepal Upper Tigris & Euphrates u Hioh @ 0
Brazil Upper Amu Drarya Stress §1 -30
Egypt Ganges Himalayan Foathills
Sudan Lower Nile -40
DR Congo Indus Himalayan Foothills
Tanzania Leower Tigris & Euphrates
:I . ? Wastewater Treatment
Philippines Nile Delta
Kenya Southwestern Arabian Coast
Uganda Lower Huang He
Wiet Nam Western Ghats
Pakistan Lower Yangtze
Ethiopia Southeastern Ghats
Indonesia Mamuda — Tapi
Bangladesh Southern Deccan Plateau
Migeria Marthern Deccan Plateau
China Lower & Middle Indus -100 o 100
India | Ganges Delta | Degrees Longitude
1e6  1el 1e8 1e9 leb  1e7 1ef 1e9 T T T
Difference in number of people With improved access to 1e2 1e3 led 1eb 1e6

piped freshwater and wastewdter collection by 2030 Difference in number of people with improved access by 2030

Water-stressed regions need to find alternative sources
Source: IIASA of freshwater supply to meet increasing demands!



EJ/year

o

>

SDG-MIP

bservations

Baseline relatively close in all models
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SDG/Mitigation shows much lower energy demand, and SDG below Mitigation.

Use of renewables also (generally) highest in SDG
— One IMAGE scenario adopts high fossil-CCS

Total Primary Energy

1200 1

800 1

4004

=8= Baseline

=e= SDG

Mitigation
(No SDG)

o AM
A FeliX
* IFs

8 IMAGE

B MESSAGEiIx

4 REMIND-MAgGPIE

2025
2050 .
20 25
2700

1.00 1

0.751

, 0.501

0.251

0.00 1

Fraction of Primary Energy from Renewables

* > D

&

Baseline
SDG

Mitigation
(No SDG)

AIM

FeliX

IFs

IMAGE
MESSAGEix

REMIND-MAgPIE
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Carbon Removal ki S5

Observations

- Generally lower CCS in SDG scenarios
- Lower dependence on BECCS and AFOLU CDR

Total Carhon Caphura and Eaoamaga Carbon Removal: Biomaes Carton Ramoal: Land Uss
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Climate solutions will
only work if perceived
fair

> Development perceived
more urgent... so joint
agenda needed.

% Planbureau voor de Leefomgeving

Sharing
equally,
now? Don't
think so

But you are
not the
slimmest
yourselves




2. Circular economy

180
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2020

m Metal ores

Biomass: Grazing&Fibre
m Biomass: Food

Biomass: Energy

TODIVERSITY
COLLAPSE

CLIMATE
- ; {1 N @Ew

Pollution
Resource depletion

nergy use

2030 2040 2050 2060

m Mon-metallic minerals
mBiomass: Timber
m Fossil fuels
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Macro-economic models CIRCOMOD

CLIMATE ACTION AND CIRCULAR ECONOMY

Service provision W

4 Behaviour

Socio-economic o
development élfare g and ﬁna_l
Extraction consumption s
: Rethink
Capital
Material flow models __l
Labour I
Use phase / ) ioste
Inuse stock
Material flows 1 Redug A\ _Repair Reuse \
+ N\ i (4 vV
Extraction Basic and Manufactur- Collection &
ing industries Recycling
LS
Recycle
I > Greenhouse
Energy & Fossil fuel L _ gas
land extraction — Energy system ——>  emissions
Renewable
energy &
land use

Integrated assessment models




Green-
house
gas
emissions
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Green-
house
gas
emissions

30%

25%

20%

15%

10%
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0%

Using less
materials

Living smaller
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appliances

Buildings

A

Transport
differently |
Diet change
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Building stock
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Mt Steel flows by 2050
-8 BEEBEEES

Mt Glass flows by 2050

Mt Aluminum flows by 2050

Mt Wood flows by 2050 Mt Concrete flows by 2050

-8 8 E 8 & 8

Mt Copper flows by 2050
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Material consequences of the
energy transition

a Generation b Storage c Transmission
N MNuclear 1.4- mm Dedicated 8 mm Overhead
10 . Other renewabl mm Electric Vehicles 7{ EEE Underground
mm Wind 1.2 { = Pumped-hydro
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0.0 0
2015 2050 2050 2015 2050 2050 2015 2050 2050
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Material consequences of the

energy transition

Total Steel Stock

Total Aluminium Stock

A0, 000

1600.000 1w grid r- - grid
Lavoono {1 M generation : 3so.000 4 MM generation -
mm storage i mm storage I
1,200,000 - I 7 300000 1 I
. 1 = 1
= 1 000,000 - ™ # 250,000 - 1
& I B 1
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§ 800,000 4 I E 200 1
£ spo,000 - : E 184,000 - I
= |
400,000 - 1 < 100,000 i
1 |
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2015 2050 Baseline 2050 2-degree

Stock Inflow Outfl. 0/1 CP Stock Inflow Outfl. 0/1 CP Stock Inflow Outfl. 0/1 CP

Mt kt/yr kt/yr % % Mt kt/yr kt/yr % % Mt kt/yr kt/yr % %
Steel 521 28,787 5,608 19% 1.8% 1,456 58,546 23,288 40% 3.8% 1,413 75,130 19,133 25% 4.8%
Aluminium 132 7,029 1,676 24% 14.7% 365 14,427 5,270 37% 30% 319 16,095 4,924 31% 34%
Concrete 4,772 184,782 31,173 17% 69% 5,199 207,895 100,068 48% A7 8,396 227,571 85,347 38% .B85%
Glass 3 209 35 17% S% 23 1,257 255 20% 2% 41 2,662 263 10% 4%
Cu 38 2,086 571 27% 11.9% 98 4,256 1,828 43% 24% a1 4,934 1,611 33% 28%
Nd 0.009 1.0 0.04 3% 5.4% 0.055 3 1 32% 16% 0.064 4.4 0.8 18% 24%
Co 0.19 8 2.1 25% 7.9% 0.44 14 7 49% 13% 0.11 3.7 3.9 104% 3.4%
Pb 2.5 109 34 31% 2.1% 12.6 588 118 20% 11% 11.5 718 116 16% 15%




3. Biodiversity
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BIODIVERSITY
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Shifting to biodiversity

Infrastructure |

—_

Economic activity Goods

Nitrogen deposition

Fragmentation

Pollution
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Population Energy system >Overexploitation/hunting —

Food system

_

.

More food

8/14/2023

Disturbance

Climate change

o

|

/

Land use
change

Biodiversity
change

S IODIVERSITY
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Bending the curve

( b | O d | VEers | ty ) Bending the curve of terrestrial biodiversity needs an
integrated strategy
David Leclére &, Michael Obersteiner &, ... Lucy Young ~ + Show authors

Nature 585, 551-556 (2020) | Cite this article

How could strategies to achieve ambitious climate goals look like?

Drivers of > Biodiversity
biodiversity loss change

Eight biodiversity models

Four integrated assessment
models (IMAGE, AIM,
GLOBIOM,MagPIE), describing
future land use
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Bending the curve of terrestrial biodiversity needs an
integrated strategy
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biodiversity trends from habitat conversion are reversed by 2050
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Climate change & loss of biodiversity in IMAGE scenarios
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Climate change & loss of biodiversity in IMAGE scenarios
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Nature for Nature

Preservation of nature's diversity and function

Nature as Culture

Humans as anintegral part of nature
and its function

Nature for Society
Benefits and uses people derive from nature
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Integrated analysis

> More integrated scenarios
looking at multiple issues

> Some trade-offs, lots of
synergy
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