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Societal impact analysis & 'what-if' scenarios

e Societal impact analysis = sustainability impact analysis @ SINTEF

70 ar
1850-2020

e EU H2020 research and EU legislative process impact assessment

Teknologi for et bedre samfunn

e OECD Guidance on Sustainability Impact Assessment (2010) Technology for a better society

* Input-output analysis can cover more than one dimension of sustainability

e Short-term and long-term effects

e '"What-if' scenarios
Everything else constant, what is the impact if we introduce the new technology

* Value creation, employment, emissions, energy use, material use, ...
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1O & XLRM

e |0 = input-output analysis

e XLRM: quantifying possible uncertainties in the results
of a simple |0 simulation exercise

e X =eXogenous uncertainties
* L =policy or technology Levers
* R =modelling of Relations (using 10)

* M = impact Metrics

SINTEF



GDP in 2030 relative to baseline

'What-if' scenarios using XLRM method*

Given a set of Exogenous Uncertainties X

e Population growth

e GDP per capita growth

e Gravity trade model / exogenous
export growth

e Labour productivity growth

OECD Longview GDP per capita development to 2030
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Considering different policy / technology Levers L

e Changes in behaviour
e Dietary changes
* Energy consumption
* |nvestments

e Changes in technology
e Agricultural production
* Energy efficiency & Electricity mix
e Transport (EV, biofuels)
e Industrial processes
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'What-if' scenarios using XLRM method

Modelling Relationships R using
input-output (I0) analysis
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Measuring the impact on different Metrics M

e Employment

e GHG emissions
CO2,

e Value added
Wages, Profit, Taxes
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'What-if' scenarios using XLRM method

Description

Population

GDP per capita growth

Export growth

Change in labour productivity
CO2/fossil fuel intensity as pecent change
Electricity shares

Processed food technology
Dietary shares

Change inyields

Share of electric vehicles
Reduction in fuels due to EV use
Biofuels replacing oil in refinery
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e Uncertainties X: high, medium and low growth rates

e Levers L: high, medium and low (direct) sustainability efforts

High [Xel%4 High
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Example from IDB project
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Examples

1. Decarbonization policies in Latin America and the Caribbean \9 DB [MersAmerican

Development Bank
\MBITION

in collaboration with Johannes Tobben (GWS)

2. Next generation biofuel

3. Circular Economy analysis in Norway

7 SINTEF



NIIDB Bicmerieen
Decarbonization policies in Latin

America and the Caribbean

RQ: How many of today’s jobs, in which countries and sectors, are at
risk of becoming stranded/could be created during the transition to net

Zero emissions?

* Energy transition

* Increased energy efficiency
* Increased deployment of renewable energy technologies

 Agriculture and land-use . r
oNeP

e Dietary changes: Eating less / no meat
e Changing technology in agriculture: extensive/intensive

8 SINTEF
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Next generation biofuel Do

https://ambition-research.eu/

—— e = = = = = = = == =

KEY TECHNOLOGIES AND SCOPE OF

Butanol

3 different types of 485MW plants

(technology Levers)

* Once through
‘—)l CATALYTIC CONVERSION

)

|

|

|

|

:

|

' l

|

|

 Refinery hydrogen (H,) : |

| |
: ST\

|

|

|

|

|

|

N

CONVERSION TO PRODUCTS I

/
|
|
| —
| A\MBITION
|
|
|
|
|

L £ SYNGAS <
e Renewable HZ - : »|  FERMENTATION |«

3 countries: the Netherlands, Norway, Spain : é
(eXogenous uncertainties) e ,

Y Y
TRANSPORT FUELS

BASE CHEMICALS
VALUE ADDED CHEMICALS

Employment effects and CO2 emissions per unit of value added
(Metrics)
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Next generation biofuels

e Added to the IO tables as a new industry
* Only domestically sourced inputs

e Replacing HH demand for petroleum products

Agriculture, forestry and fishing
Chemicals and pharmaceutical products
Computer, electronic and optical products
Other manufacturing; repair and installation of machinery and equipment
Electricity, gas, water supply, sewerage, waste and remediation services
Financial and insurance activities
Compensation of employees
Profits
11 SUM

Once through Refinery H2

30%
1%
1%
5%
5%
1556
13 %
20%

100 %

10 %
15 %
1%
4%
5%

e
g

10 %
50 %
100 %

TION

https://ambition-research.eu/

Renewable

10%
25%

1%

4%
5%
5%
10%
40%
100 %
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485 MW once through
= 485 MW COZ2 use
* Renewable HZ
* Metherlands
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In Norway
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Circular Economy potentials for

decreasing GHG emissions in Norway

Figure 1: a ci

r economy is about more than recycling\generic view by PBL)!

evers ™

Ra. Repair

15

Ry. Repurpose

wordt dit vermeden

Table 3-8 Potential savings in household expenditure from sharing/renting consumer

durables

Category

Clothing

Current
expenditure?

% Potential Reference Ambit
shareable savings®- scenario scenario -
& 100% = 5% 10%
durable® shared shared shared

Footwear

Furniture and furnishings,

1.8% 0.15%
carpets
Household textiles 0.4% 0.05%
Household appliances 0.8% 0.4%
Glassware,  tableware  and 0.5% 0.06%
household utensils
Tools and equipment for house 0.4% 0.3%
and garden
Goods/services  for  routine 1.5% 0%
household maintenance
Audio-visual, photographic and
information processing | 1.3% 0.46%
equipment
Other major durables for 0.4% 0.2%
recreation/culture
Other recreational items and 2.0% 0.2%
equipment, gardens and pets
Recr_eatmnal and cultural 310 0%
services
Newspapers, books and 1.1% 0.14%
stationery
Package holidays 0.6% 0%
Total 18.8% 2.2%

A = Share of household expenditures on the respective item in the annual total of household expenditures
for an average EU household in 2015, sourced from the Eurostat Household Budget Survey

B = The estimated share of expenditure on products in the respective expenditure category that are
durable and can be shared - for detailed calculated see Annex 7

© = Calculated as (% shareable and durable / current expenditure)
https://op.europa.eu/en/publication-detail/-/publication/8e18cbf3-2283-11e8-ac73-01aa75ed71al/language-en

SINTEF
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Circular Economy potentials for
decreasing GHG emissions in Norway

Figure 1: a ci

ar economy is about more than recyclingNgeneric view by PBL)™

otential
IndUStry m
ving

D13T15
D16
D17T18
D19
D20T21
D22
D23
D24
D25
D26
D27
D28
D29
D30
D31T33

Textiles, wearing apparel, leather and related products
Wood and products of wood and cork

Paper products and printing

Coke and refined petroleum products

Chemicals and pharmaceutical products

Rubber and plastic products

Other non-metallic mineral products

Basic metals

Fabricated metal products

Computer, electronic and optical products

Electrical equipment

Machinery and equipment, nec

Motor vehicles, trailers and semi-trailers

Other transport equipment

Other manufacturing; repair and installation of machin

1.8% 18 %
0.1%
119 [NEE%
0.7 %
17 %
0.3%
0.3 % [NNEEH
0.1%
0.3%
13% 34 %
0.8 % 47 %
0.4 IIIEERA
21%
0.2%
1.8% 29%
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Potential reduction in CO2 emissions

Sharing and renting of consumer durables

20

15

10

mtCO2
(]

-10

-15

Consumption-based emissions of households

L 2 4

Norway

MW Original M Shareing & %difference

Other OECD

2

Non-OECD

Total

Source: Own calculations based on OECD ICIO (2018) for 2015

20%

15%

10%

vl

%

-5%

-10%

-15%

e eXogenous uncertainties

e CO2 intensity of production abroad

e Rebound effect of Norwegian
consumption

e Other Levers

* "30% of imported textiles are never
sold" — but where is this in the I0T?

e Optimizing transport for wholesale and
retail services

ENOVA

SINTEF
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Pros and cons of the combined I0-XLRM approach

Pros:

Input-output analysis is state-of-the art
for macro-economic value chain and
impact analysis

Consistent framework for simultaneous
assessment of changes in consumption
behaviour and production technology

Consideration of all indirect supply
chain effects

Empirically based
Uncertainty analysis through XLRM

Methodology can also be applied to
other countries and regions

Limitations:

e Static input-output analysis

* No factor constraints
* No dynamic adjustments to constraints or
changes in prices

Is there actually enough land to produce the biomass? Are
hydroelectricity capacities available to satisfy the demand?

* No changes in economic structure except L
* Linearity in impacts

e Underlying data of economic structure

* Level of aggregation

e Uncertainties in data due to harmonization

SINTEF
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GVC impact assessment tool

Common data Solver

OECD ICIO ] replace_use_percorigind(AZY, impcou, imp
indfd,origexpcous,origexpinds,altexpco
SSB J us,altexpinds,percorigexpind)
# return newAzY

add_domesticinputs_industry(A,Y,V, impc
ou,newind,newtechcoef)

OECD longterm ] #return list(newA,newY,newV)
add_globalinputs_industry(A,Y,V, impcou
FUTURE - | . Y5V,
- IEA WEO ] ,hewind, newtechtradecoef)
] #return list(newA,newY,newV)

changeStressor_perc(s,cous, inds)
#return news

calculatelLeontieflInverse(A)
AMBITION #return L

- calculateOutput(L,Y,ncou)
#return x

calculatelmpactbyCoulnd(s,L,Y,ncou)

#return f

\ ." aggregate_ci2cxaggri(f,12aggri)
#return fcxaggri

Cases

SINTEF



GVC impact assessment tool

Common data

PAST

OECD ICIO

SSB

eXogenous uncertainties

FUTURE

OECD longterm ]

IEA WEO

)

)

-

policy & technology Levers

.

AMBITION

20

replace_use_percorigind(AZY, impcou, imp
indfd,origexpcous,origexpinds,altexpco
us,altexpinds, percorigexpind)
# return newAzY

add_domesticinputs_industry(A,Y,V, impc
ou,newind,newtechcoef)
#return list(newA,newY,newV)

add_globalinputs_industry(A,Y,V, impcou
,hewind, newtechtradecoef)
#return list(newA,newY,newV)

changeStressor_perc(s,cous, inds)
#return news

calculatelLeontieflInverse(A)
#return L

calculateOutput(L,Y,ncou)
#return x

calculatelmpactbyCoulnd(s,L,Y,ncou)
#return T

aggregate_ci2cxaggri (T, 12aggri)
#return fcxaggri

Solver Relations

Modelling Relationships R using

input-output (10) analysis

L Changes in
Technology

M Metrics

- L Changes in

- : beHadiour
T

Metrics/

X Total size of
economy

SINTEF



Global value chain impact assessment
using 10 and

* EXogenous uncertainties

All variants of UN Population forecast
GDP per capita growth rates, e.g. OECD
Longview

Consumption expenditure elasticities
from World Bank

Global trade based on gravity
depending on GDP (and other factors?)
Global energy scenarios, e.g. IEA WEO

e Technology and behavioural

21

evers

Modelling Relationships R using

input-output (10) analysis

L Changes in
Technology

 Modelling Relations
« OECDICIO

M Metrics

L Changes in

beHawviour

* National 10
e Global trade: OECD BTDIxXE, UN Comtrade

e Estimating IVletrics

e Value added
* Employment
e CO2 emissions

* Material extraction, GHG emissions, land use
+ analysis of further impacts, e.g. SDGs

X Total size of
economy

SINTEF



1 —w==n Saturation point
Cumulative -~

distribution _#
function g

Future research

0.5 FEsSswsSSTe

Proportion of adopters

Probability
density
function

Early Early Late Laggards
adopters majority majority

e Global value chain impacts of Time
technology specific research

Innovators

* Upscaling (uptake/diffusion) of technologies

e Changes in business models of industry,
e.g. circular economy

e Additional analysis of impact on individual

Sustainable Development Goals SUSTAINABLE
DEVELOPMENT

M,
22 %, S SINTEF
o


https://www.nordicinnovation.org/events/machinery-and-equipment-workshop
https://www.researchgate.net/publication/241769508_Imitations_economic_activity_and_welfare/figures?lo=1
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