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The E3SME model: Dimensions

e Econometric model

* global coverage through 59 world countries and regions (EU, UK, Germany,
France, ..., US, Japan, India, China, Mexico, Brazil, ASEAN, Indonesia, Malesia.... )

* based on the system of national accounts
* includes intermediate and all components of final demand
* detailed treatment of the labor market
* 22 stochastic equation sets, also covering energy and prices

* large sectoral disaggregation: 42 industries, 28 consumption categories

» 12 different fuel types, 24 power technology and 23separate fuel user groups
* 14 atmospheric emissions

* long and short-term specification

* annual solutions to 2050

 For more details see www.e3mgmodel.com
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E3ME & FTT(Future Technology Transformation)DEE1%

Post-Schumpeterian
(evolutionary) FTT

* Fuel consumption
I * Investment in

new power source
* CO2 emission

- Electricity price
* Investment spill over
* GDP, Employment

* Electricity demand
* Fuel demand




Bottom-up Schumpeterian meeting Top-down Post-Keynesian: the E3ME model

Electricity system: FTT:Power

a. Electricity technology decarbonisation policy
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J.-F. Mercure, Energy Policy 48, 799-811 (2012)



=4 Typical patterns of technology diffusion

Adoption rate

Cost

2.5%
Innovators

Early
Adopters
13.5%

Early Majority Late Majority Laggards
34% 34% 16%

aron. Ever? Fogers OWsoson o -n,.uTw..-

Diffusion and learning
interact

v

Time

E.M. Rogers, Diffusion of Innovations, Fifth Edition p281 (2010)
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Substitutions

J.-F. Mercure, Energy Policy 48, 799-811 (2012)
14



XFx8 FTTEFII (4)
EIRDIEF & UTEBIDS T 7 ZIRE

AS, = E (AF, - A,F, At

J.-F. Mercure, Energy Policy 48, 799-811 (2012)

Si @ ¥iTioo= 17

Aij @ FATIOBIENEE E ¥ AjD U — R A L
Fij : $24i7i E £l D S BRI HEIR SN 2SR
t : BFfE

15



E&EX9 FTITEFTI (5)
BRASIRDOMFE(CEIT S
=Cost-Supply Curve

Wind Energy Solar Energy Hydroelectricity

1000 1000 1000

~ 800 —~ 800 —~ 800
L £ £
2 g =

§ 600 < 600 < 600
7} a o
2 2 438 usDmMwh | 8
~ 400 & s2anl """ TESSSSSSSssssssss®®TT =

w w 400 o 400

[e]

3 Q Q
- 200 - 3

__________________ 134 USD/MWh 200 200

- - - - - - - 58USD/MWh]
0
0 0
0 - (E J1,3‘;° 2000 0 4000 8000 12000 0 50 100
ay Energy Flow (EJ/year) Energy Flow (EJ/year)

Mercure & Salas, Energy 46, 322-336 (2012)

SRMEAFIAENKELLIRDICE D TCTOXR NEEMNT D

16



Energy and emission classifications in E3ME Version 6

FU:23 (fuel users)

1. Power Generation

2. Own use

3. Hydrogen production
4. Iron & Steel

5. Non-ferrous Metals
6. Chemicals

7. Mineral Products

8. Ore-extraction

9. Food, Drink & Tob.
10. Tex., Cloth. & Foot.
11. Paper & Printing

12. Engineering etc

13. Other Industry

14. Construction

15. Rail Transport

16. Road Transport

17. Air Transport

18. Other Transport serv.
19. Households

20. Agriculture, forestry, etc.
21. Fishing

22. Other Final Users

23. Non-energy use

J:12 (fuels)

Hard coal

Other coal etc
Crude oil etc
Heavy fuel oil
Middle distillates
Other gas
Natural gas
Electricity

Heat

10. Combustible waste
11. Biofuels

12. Hydrogen

©CoN>O R~ WN =

EM:14 (air emissions)

©CoNOGOR WM~

CO,

SO,

NOy

(6{0)
Methane
Black smoke
VOC
Nuclear - air
Lead - air
CFCs

N,O (GHG)
HF s (GHG)
PFC (GHG)
SF4 (GHG)



Energy and emission classifications in E3ME Version 6

Power technology

1 Nuclear

2 Oil

3 Coal

4 Coal + CCS
51GCC

6 IGCC + CCS

7 CCGT

8 CCGT + CCS

9 Solid Biomass
10 S Biomass CCS
11 BIGCC

12 BIGCC + CCS

13 Biogas

14 Biogas + CCS
15 Tidal

16 Large Hydro
17 Onshore

18 Offshore

19 Solar PV

20 CSP

21 Geothermal
22 Wave

23 Fuel Cells
24 CHP

Road transport
technology

1 Petrol Econ

2 Petrol Mid

3 Petrol Lux

4 Adv Petrol Econ
5 Adv Petrol Mid
6 Adv Petrol Lux
7 Diesel Econ

8 Diesel Mid

9 Diesel Lux

10 Adv Diesel Econ
11 Adv Diesel Mid
12 Adv Diesel Lux

13 LPG Econ

14 LPG Mid

15 LPG Lux

16 Hybrid Econ

17 Hybrid Mid

18 Hybrid Lux

19 Electric Econ

20 Electric Mid

21 Electric Lux

22 motorcycles Econ
23 motorcycles Lux

24 Adv motorcycles Econ
25 Adv motorcycles Lux
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ESME-FTT Transport

car sales

average car
price

E3ME consumption equation

’

distance
driven

\/

FTT-Transport

|

FTT transport policies*

A

car demand
by technology

| road transport

e

fuel demand
v

road transport
co,

- fuel tax
- carbon tax
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affect all demand types

E3ME

industry
demand

I

FTT-Industry

|

- fuel tax
- carbon tax

FTT Industry policies*

industry CO,

average price

feedback to E3ME investment

Preliminary — subject to change

different
production
methods

A

fuel demand

demand

raw material
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E3ME-FTT Industry — Skl D A

Models and results: STEEL

Coking coal Ironore ¢

que

Sinter Pellets ‘ )
T | electricity | 1’ DRI
v Krp | * l | DRI
im 5
Pig i ron )|
L
Addtions | BOF - EAF

Imports booe { Crude steel demand }-

Pigiron production in BF

Emissions Steel production in BOF
=T DRI production
Electricity in EAF and BOF (indirect) _ \wm“:’ :’X;'):nu
CoMmiILLAS

Santamaria and Linares (2011) http://www.iit.upcomillas.es/docs/IIT-11-090A.pdf

© Xi'an Abundance Electric Technology Co.,Ltd
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CGE Model

perfect competition
constant returns to scale
equilibrium solution

full employment

projection based on one year's data

guess-estimated parameters

E3ME

varying competition over sectors and
varying returns to scale

product supply-demand balance
* unemployment

* projection based on 40-years' data used
for econometric estimation
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12 BEADCO2V 7 7 LAY F U (Asia/World Energy Outlook 2015)
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Source(s): Asia/World Energy Outlook 2015 (IEEJ 2016). 1316 1201 1075
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Source(s): Asia/World Energy Outlook 2015 (IEEJ 2016).
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HARIRILEX—BFHEFTD Asia/World Energy Outlook 2015 L 77L > A F1 7 13% (IEEJ)
AR (20304 NDCRAT B1= U BELA—RL AR (REBDH) DEER 20%
Scenariol +RERFURZ HETRTHMIREL TERA 20%
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J?%zti% 517 J?%lo% 1A J?%O% F)A
199 -19.8 -19.9 -19.8| -16.7 -16.8  -16.7 -16.6 143  -143  -145 -14.4
SEx
219 -21.9 -219 -220| -27.9 277  -27.9 -28.1 -31.7 -31.8 -31.8 -32.0
3 EERPY
5.8 5.8 5.8 7.5 7.3 7.4 7.4 9.1 9.0 9.0 9.0
KETERPY
25 -23 2.3 2.5 3.3 2.9 3.1 3.2 4.0 3.7 3.8 3.9
ZD1th
71 74 7.2 7.1 95 9.8 9.7 9.4 112 -11.6  -11.4 -11.1

Source(s): E3ME analysis
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HA: 2030FFE TIZ 22~24%
EU: 2030 ZE TIZ 45%
KA : 202558 F TIZ 40~45%
ANA2: 20205 F TIZ 40%
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O
B 4000000 | S B = = -
E 3000000 | N B B B .
2000000 | ecmocececeo e N B O O . -
1,000,000 l_ N --- _____ - .
. 2011 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Chemical energy storage 47,179 | 106,061 158,525
Pumped hydro storage 29,608 | 38,490 | 50,038 | 65,049 | 81,311 | 93,508 | 107,534 | 123,664 |142,213
m_Ocean energy 1,000 | 1,000 | 1,000 | 1,000
m Geothermal power 3,750 | 11,250 | 11,250 | 11,250
m Wood pellets power 1,100 | 1,980 | 3,221 | 4,955 | 8200 | 12,329 | 27,465 | 32,854
m Straw and stalk power 3,402 | 6,738 [ 11,250 | 15,573 | 24,431 | 38,345 | 50,110 | 58,084 | 61,047
Biogas power 382 | 16,192 | 39,306 | 39,304 | 39,304 | 39,306 | 33,730 | 34,681 | 39,306
m Municipal waste power 2,011 | 5040 | 8,400 | 12,574 | 18,899 | 33,484 | 54,215 | 72,544 | 80,857
Solar power 3,763 | 42,025 |157,025 | 500,235 | 1,048,858|1,657,055 | 2,206,333 | 2,678,200 | 2,696,164
Wind power 48,350 | 114,880 317,088 | 632,176 | 1,103,944|1,663,348 | 2,092,248 | 2,287,630 2,396,591
m Hydropower 230,670| 267,099 |313,973 | 402,363 | 440,752 {460,800 | 471,881 | 512,000| 554,140
= Nuclear power 12,570 | 42,790 | 50,500 | 64,000 | 66,000 | 69,000 | 78000 | 85,000 | 100,000
Oil power 1,224 | 1,766 | 1,139 | 1,098 | 1012 | 862 824 824 824
Natural gas power 32,649 | 94,273 110,355 | 125,909 | 130,119 |156,818 | 173,119 | 191,750| 219,834
m Coal power 749,062 | 822,495 |1,083,388 | 1,079,878 | 1,052,150|1,037,588 | 972,299 | 928,534 | 886,691

Hit: FEERERNEZER

(2015) China 2050 High Renewable Penetration Scenario and Roadmap
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Baseline Power generation for Japan, (GWh/yr)
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