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Overview

* Energy-Water-Material Nexus
« ESME

- Material modelling in ESME

< cambridge
\ econometrics



NEXUS Definition

INFOGRAPHIC

PRODUCE FOOD, USE WATER, GENERATE ENERGY

nexus

/'neksas/ 4)

WATERISNEEDED  FOOD PRODUCTION
FOR FOOD AFFECTS WATER

oL PRODUCTION AVAILABILITY

1. a connection or series of connections linking two or more things.
"the nexus between industry and political power”

2. a central or focal point.
"the nexus of any government in this country is No. 10"

*interdependencies *trade-offs

ENERGY 1S

ENERGY CAN USED FOR STORING,
BE PRODUCED CLEANING AND
FROM FOOD CROPS TRANSPORTING WATER

Source(s): Water Footprint
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The important issues

Global
governance ‘
failures

B Economic
disparity

Issues:

4 .
- * climate change
- 'y
 increasing population
Food Water . overty alleviation
‘ security m“m” security p y -
-Food rise STk oriages e economic growth
- Water crisis . .
- Socal unrest N * urbanisation
onip
/ @
>
Water intensity of , Geopolitical
irf\:gs; .glrou::;‘»on energy production { conflict
Energy _*"  Energy intensity
. security S of water production
- Chronic shortages
- drag on growth
- Energy crisis
- economic damage
- social unrest
Population Environmental
and economic pressures Source:
growth World Economic Forum

Source: World Economic Forum

**need to look at all these issues in parallel as there are trade-offs <Combridge.
between food, water, and energy econometrics



In reality this iIs even more complex!

And Again!

Water

7 \\
Finance ‘ Food

\

\limate
Yriceis -_- Land ( Land
/

\
Climate Ener
Change § gy

/s

\
Energy

Source: CGIAR a global research partnership for a food-secure future
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ESME and NEXUS

 How do we capture the NEXUS in a model?

« E3ME has two-ways integrations between energy-
environment and economy

« Recently expanded to have global raw material
modelling

 Linkages to land-use model is under development

* Ongoing NEXUS research project for Brazil
https://www.camecon.com/news/brazil-food-water-
energy-nexus/
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https://www.camecon.com/news/brazil-food-water-energy-nexus/

Benefits of using ESME

« Fully integrated global tool with feedbacks between
each modules and regions

— relationships that would otherwise not captured if using
bottom-up, sector or region-specific, or other simpler tools

— contains detailed FTT technologies sub-modules for power
generation, transport, and heating (land-use and industries
are under development)

— results automatically includes any rebounds effects

« E3ME and its submodules (FTTs) are simulation
models with real world policies options
— it doesn’t rely on optimisation assumptions

e See model manual at www.e3me.com

< cambridge
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http://www.e3me.com/

Development of the material module in ESME

* Originally developed for the European Matisse
research project http://www.matisse-project.net/

* Applied in the petrE project (Ekins et al, 2012)
http://www.petre.org.uk/pdf/ExtendingESME_to Mat
erial_Flows.pdf

* Very few macroeconomic models currently include
physical measures of material consumption

* Recent work for European Commission includes
resource efficiency, material tax, ETR, and circular
economy

* Now includes non-EU regions

< cambridge
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http://www.matisse-project.net/
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New in ESME: Global material modelling

*  Environmental policies

e.g. industrial
emissions of SF&

Energy use

Environmental taxes

: Pollution
*  Economic Emissions trading abatement
policies scheme equipment
*  Demographic
change

- Energy prices
Funding R&D & costs Energy

—_— Technology D —
Unit: Euros b

Economy

Unit: Tonnes of ail

> equivalent
")

investment Energy use
Global oil price
Energy policies
Economic activity
& general prices
. Energy use,
Material use, prices & taxes

10, material tax v
Economic activity &

Energy demand
general prices

Materials

Unit: tonnes

[ *  Resource efficiency policies

cambridge
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Summary of material module in ESME

« Consist of econometrically estimated material
demand equations for domestic material input (DMI)

- Material intensity allowed to change in response to
price and other economic factors; rather than
following a fixed input-output structure

* Provides two ways feedback to main economic
framework

« Simpler treatment of other material flows variables
available

< cambridge
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E3ME Material demand equations

Co-intggraing long-farm equarion:
LEMULLQRLD

= BMITL(..E)
BMIUL(.2) * LN{QEL))
BMIUTL(. 100 * LN{PMATL] N
BMUIL,11) * LA(ER{ VQR{J)
BMULL.12) * L (YEDCC QR
BMIUTL(.,13) * (MUMI{MUD L))
ECM

[

Dynamic equarion:

Note: MTUT] refers to material 1 (Food). The equations below are applicable ro maerigls 1-7.

[material incensity]

[oartput by material wsars]

[price of material]

[imrwestment ratio by material nsers]

[FfD matio by material nsers)

[trade ratio: import/domestic consumption]

[errer]

DINMULLNQRLY) [aterial mtensity]
= BMITL(..1)
+ BMITL(..2) * DLN{QELD [output by material usars]
+ BMITL(..3) * DLN(PMATL(.)) [price of material]
+ BMITL(.4) * DLMEFRL QRN [imwestment mtio by matsrial msers]
+ BMITL(..5) * DLN{YED{WVQEL) [E&D matio by material nsers]
+ BMIUL(..5) * DMUML{MUDLLD) [rade ratio: impert‘domestic consumption]
+ BMIUL({.,7) * ECMI-1) [lagz=d emor correction]
Resmrictions:
EMUL(.2 . >=0 [“right sign’]
BMUL(.3 .4.5.9.10_11) =0 [‘right sign"]
0= BMUL,T) =-1 [‘right sien]
Digfmitions:
BMUL is a matrix of parameters (for material 1)
M1 is a matris of material use (for matergal 1) by marerial user for 16 material nsers and for 53 regions,
000s of tommes
QE is a marix of output of products converted here to 16 material users and 33 regions, m euros at 2005
Prices
PMATI is the price of material 1, 2005=1.0
KR iz a matrix of investment by 16 material users and for 53 regions, m suros at 2003 prices
YRD is a marix of BL&D by 16 material wsers and for 53 regions, m eures at 2003 prices

M1 is a mavirix of imports of material 1 by 16 material users and for 53 regions, (00s of ionnes
MUD1 is a matris of domestic extraction of material 1 by 16 material users and for 53 regions, (00s of tonnes

cambridge
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Material flows variables

UDE
Unused domestic extraction TMC
> .
DMC TMR
e omi RMC Total
Domestic
Domestic extraction used Material
Raw Material "
Divect Material Consumption RMI c |' Materiat
I Input Total Consumption
IMP EXP Material
Imports 4 Exports Raw medal R i
IMP s
Imports EXPrys
£ m o Expons in raw
matenal :
2 § equivalents s
€ o R e equnalents EXPrue +
3 IMPaweoe EXPrug.uoe
'§ s Um‘se'd hidden fiows
= § extraction .
, associated to
8 asscciated to pe
. ported
imported products
products )
[ Jcowred bylegol base (Regulation No 89172011 on European Environmental Economic Accounts )
[ Jestimated by Eurostat (aggregated EU2T)
:]not awoilable in Eurcpean Statistical System
Source: Eurostat (2013)
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Material classifications

MT Materials
1Food

2 Fead

3 Forestry

4 Construction Minerals
5 Industrial Minerals
6 Ferrous Ores

7 Mon-ferrous ores

8 Water

O Waste

10 Unallocated

MU Material Users

1 Agriculture

2 Minmng

3 Enerzy

4 Food, Drink & Tobacco
5 Wood and Paper

6 Chemicals

7 Non-metallic Minerals
8 Bazic Metals

@ Enginzering stc |

10 Other Industry

11 Construction

12 Transpoart

13 Services

14 Households

15 Unallocated

<
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Materials — polices options in ESME

- Materials taxes

« Regulations

« Resource efficiency

« Exogenous change in global commodity price
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E3ME linkages

Figure 18: Main economic impacts from MBIs and regulation

cost due to
regulations or MBI
lead to higher price
of material

material demand

b

h

intermediate industry
prices

international trade

r

industry output

other industry prices
that buy as input

r

consumer prices employment

real incomes > consumption —

< cambridge
http://ec.europa.eu/environment/enveco/resource efficiency/pdf/RMC.pdf \ econometrics



http://ec.europa.eu/environment/enveco/resource_efficiency/pdf/RMC.pdf

E3ME linkages

Figure 19: Main economic impacts from revenue recycling and investment, including the rebound

effects
investment and R&D | ~ :
revenues from MBI |- --------- .. . —>| material demand
in resource efficiency
+
— : investment sectors
reduction in .
. L e.g. construction and
employers’ social reduction in income engineerin +
security contribution tax g ; g
| industry unit labour real disposable GE)P
costs income
‘ employment demand I—-| consumption
A{ industry price |——~| industry output I

cambridge

http://ec.europa.eu/environment/enveco/resource efficiency/pdf/RMC.pdf
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Examples of material-energy nexus

« Wind and solar technologies need raw material during
construction phase

* Bioenergy impacts on food price

 Water and land use will be discussed In the next
session
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Thank you!

« Contact(s)

— Unnada Chewpreecha, Principal Economic Modeller
uc@camecon.com

— Hector Pollitt, Director hp@camecon.com
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