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ESMEEF /)l (Energy-Environment-Economy Macro Econometrics Model :
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EAMEETILDRE

1978 Spin-off from the Uni

versity of Cambridge Depar

tment of Applied Economic

S

+ Origins in the ‘Growth Pr
oject’ led by Nobel Laure
ate Prof Sir Richard Stone

* pioneered the developme
nt of detailed sectoral m
odelling in an input-outp
ut framework MDM

1980

199

1975 [ @

® |

1985

Early 1990s Expansion

of scope of CE's work

to

* European Regional

» UK Energy, Environ
ment and Economy
service

* More tailored projec
t work

Company grows from

10 to 25 staff.

2000

1995

-

The E3ME model and its predecessors
have been around since 1970s and it is
one of the most well-known econometric
models in Europe and recently globally.

2003 CE 25th anniversary.
Terry Barker sets up charita
ble trust fund to ensure CE'
s independence and princip
les.

New Thinking in Economic
s:

'to advance education in th
e field of economics for the
benefit of the #03Blic’

2005

Early stage of the company ‘ ‘ Produ

ct and model deve/oprrJan‘i’ he move to more consultancy projects

1980s CE's work focuses m
ainly on annual subscriptio
n services

* UK Industrial service

» UK Regional service

and selected projects, nota

1993 Start of part-EC
funded research proje
ct to build E3ME

bly the EC-funded HERMES
project (in effect, a predec
essor for E3SME)

It is used for official analysis for the
European Commission (including the
recent Clean Energy Package and
Climate and Energy Framework 2030).

N

Today 40 staff base
d in Cambridge. Inte
rnational reputation
in the application of
whole-economy, sec
toral modelling, part
icularly the global E3
ME model




Comparison with CGE models

E3ME is often compared to CGE models. In many ways the modelling a
pproaches are similar, (e.g. similar inputs and outputs), however, E3SME
offers some advantages due to its theoretical differences:

Product supply-demand

Varying competition over Varying returns to scale
M s o balance
sectors
Model allows for voluntary Economic parameters based
and involuntary on nearly 50 years of data

unemployment



Keynes v.s. Walras

https.//en.wikipedia.org/wiki/John_Maynard_Ke https://en.wikipedia.org/wiki/L%C3%A90on_W
ynes alras
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Pt

s () cxergia
* The scenarios show different ways of meeting the T ik
EU’s 2050 decarbonization targets

Employment E|ffects of selected
scenarios from the Energy roadmap
2050

« Two models were run — the macro-econometric
E3ME model and the CGE GEM-E3 model
 S1 — High energy efficiency iz COWI

« S2 —Diversified energy supply
« S3 — High renewables

« S4 — Delayed CCS
« S5 — Low nuclear

Comparison of the two models' results for the impacts on GDP in the scenarios

51 52 53 54 55

Yo difference m GDP from CPI baselme in 2050
E5SME 29 2.3 2.0 2.2

F

GEM-E3 06 08 0.8 09 07

-

Gources: EIME and GEM-EI models.

Source: Employment Effects of the Energy Roadmap, Cambridge Econometrics et al (2013)




ESMET /L : Dimensions

« Econometric model

cover world 59 regions, including explicit representation of all G20 countrie
s and all EU Member States. The model has recently been expanded to cover
many East Asia and South East Asia regions explicitly including Japan, Chin
a, Korea, Taiwan and Indonesia. Other ASEAN countries are grouped togeth
er.

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 categ
ories

12 different fuel types, and 22 separate fuel user groups
14 atmospheric emissions

long and short-term specification

annual solutions to 2050

« For more details see www.e3memodel.com




FU:22 (fuel users)

Power Generation
Own use

Hydrogen production
Iron & Steel
Non-ferrous Metals
Chemicals

Mineral Products
Ore-extraction

Food, Drink & Tobacco
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

©CoOoNG~wNE

20. Agriculture, forestry, etc.

21. Fishing
22. Other Final Users
23. Non-energy use

J

©CoOoNG~wWwNE

: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

Energy and emission classifications

EM:14 (air emissions)

©CoNGR~WNE

CO,

SO,

NOy

CO
Methane
Black smoke
vVOC
Nuclear - air
Lead - air
CFCs

N,O (GHG)
HF, (GHG)
PFC (GHG)
SF¢ (GHG)



ESMEEFIVICH TS GDPREREE

outside region inside region

income loop

other
countries’
exports

trade loop employment

Investment

Economic &
activity production
inputs

income loop e
investmentioop e
trade loop s
price/wage effect $
innovationeffect \

Household
expenditure

Government
spending
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Products

Industries
:f = E = % E g
i -3 =2 £ €8 p = ” g
L [=J =" 3 |—) e = h A
Input-Output 4 1; S | ZE|+| 2|+ HE|4] 2| = Zli_| gs|=| 2
Table S Z £z = ERE ks - = 7z
Z 5 o S 2 v = s B £
s U = P = =
- O i ' 5

_|_

Value Added:
wages
profits deprecation

_|_

Taxes and
Subsides

Gross Output [




FTT: Power Link between ESME and FTT

FTT is a micro-model of technology choice and substitution, given economic/policy context
Post-Schumpeteriar
(evolutionary) FTT

Electricity demand
Fuel demand

FTT:Power=24DMNDER
FTT:Industry =262 0 g & 1l

FTT: Transport=2620) EHEHE
- Fuel consumption FTT:Heat=13DMNDZeiHH fi

- Investment in
new power source
- Electricity price

ESME -

Post-Keynesian,

/

- CO2 emission

» Investment spill over
+ GDP, Employment




FKEIRPT & BERFIDFTT Technologies

Power technology

1 Nuclear

2 Oil

3 Coal

4 Coal + CCS

5 IGCC

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



FTT Methodology(1) — Modelllng Innovation

012) 322—-336

ents list ailable at SciVerse ScienceDirect

Energy

journal homepage: www.elsevier.com/locate/energy

@ FTT M et h Od O I Ogy d es | g N ed by PrOf M @rCUre@ Anassessement of global energy resource economic potentials

Jean-Francois Mercure*, Pablo Salas

e Centre for Climate Change Mitigation Research (4CMR), Department of Land Economy, University of Cambridge, 19 Silver Street, Cambridge CB3 1EP, United Kingdom

OFTT is a bottom-up, post-Schumpeterian technological dlffu5|on model

OFTT considers deep parameters instead of extrapolation of historical
trends
=Trends do not take into account radical innovation, but

OFTT calculates the Levelised Cost of Technoliges (LCOT) to estimate
investor preferences between technologies, while taking technological
and sectoral constraints into consideration



List of FTT model references

Data exploration on the 4CMR website; ,
http://www.4cmr.group.cam.ac.uk/research/FTT/fttviewer

Definition of FTT:Power: J-F Mercure, Energy Policy, 48 799-811 (2012)

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

Consumption of non-renewable resources: Energy Policy, 63, 469-483 (2013)
See also 4CMR working papers: http://ideas.repec.org/p/ccc/wpaper/002.html

- Technology diffusion theory: http://arxiv.org/abs/1304.3602
- Electricity sector scenarios and policy analysis: Energy Policy 73 686-700 (2014)
- Economic impacts of decarbonisation: http://arxiv.org/abs/1310.4403



FTT Methodology(2)

« FTT uses a decision-making core for investors wanting to buil
d new electrical capacity, consumer buying new cars or boiler
s, facing several options.

» The decision-making core takes place by pairwise levelised co
st (LCOE) comparisons, conceptually equivalent to a binary lo
git model, parameterised by measured technology cost distrib

utions.
» Costs include reductions originating from learning curves

* There s also increasinclg marginal costs of renewable natural
resources (for renewable technologies) using cost-supply
curves.

* Due to Ie.arningk—bg-doin and increasing returns to adoption,
it results in path-dependent technology scenarios that arise
from electricity sector policies.



The FTT family of E3ME

Energy Resources
Natural resource use and

depletion

Energy prices

FTT:Power FTT:Transport FTT:Buildings FTT:Industry
Power sector technology Transport technology Technological change in Technological change in
substitution model substitution model household end-use industrial processes

+ >

ESME

oA R B2
" UNIVERSIDADE DE MACAU
“ UNIVERSITY OF MACAU




E3SMEEFILICH T D EIRFITDEEIR & HEER
FTT:Power

FIANMDEN 1 I RX—23> - #iR - L6

o
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{ —>t+At

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



FTT: Power

Technology shares determined by
Aggregating every choices

ASi = Z SiSj (A,J Fij o Aji |:ji %t
J

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

Si : Share of technology i

Aij : Life time of technology i and lead time of technology |

Fij : Probability that technology i would be chosen between i and j
t: time

36



FTT Methodology(3) — LCOS

» Price of commodity based on Levelised Cost Of Power Technolog|es calculation
NPV CCIC@® +oM(t) + FC(t) + CO2T(t) + -
expenses ~ z (1 n r)t

0

P(t)*Production(t)

T
NPVincome = X0 At =P YT —— (1+r)t
IC(t) + OM(t) + FC(t) + CO2T(t) + -
NPV, 0 .
Break — even: SXPENTes (1+ 7‘) _q
NPVincome P % Z
0(1+71)t + r)t
ZTIC(t)+OM(t)+FC(t)+C02T(t)+...
Levelised Cost of LCOS(t) = P = = T(le)t
Power Technology — S
2
\/(SdIC/CF) + sdOM? + sdFC? +
. . 2’6 .
Stand Deviation of —  <dLCOS = (1+7)
Power Technology 1

O(1+nr)t



Mathematical framework - Investor preferences

P _ f LC]—LCL _ f X]
i=j = er SdFl-j = er

Fini=1-F_;

— xi)
O-ij

sdF ij = \/SdLCiz‘l' SdLCJZ = /O'iz'l‘ O'jz = Ojj

(Nearly) perfect knowle
dge / clear perception
of costs

T
nsumer choices

Imperfect knowledge / imperfect
decision-making / different perce
ptions of costs
...IL.e. different investing agents

1L
Generalised cost x

Cumulative Freq

People adopting i

FiJ(AX) =1- Fji(AX)

People adopting j

= /52 2

J

alised cost difference A x

Generalised cost difference Ax



FTT-Power (LCOE — IEA 2016)

DlFrc-m: IEA Projected costs of generating electricity

p.103 p. 62-63 p.43
Discount rate 10% Rate increase price of carbon 1%_ dp/D 15% Es/D:
Carbon Costs  std Overnight std Fuel std 0&M std Lifetime Lead Time Load Factoi Type
5/Mwh S/Mwh 5/kw 5/Mwh s/mwh  S/Mwh  §/Mwh  5/MWh years years 0,1,2,3

luclear 0 0 4336.00 1525.05 9.60 2.33 11.00 6.13 60 7 85%

il 0 0 1227.84 1033.63 223.66 2358.52 22.13 3.69 40 4 85%

.0al 0 0 2292.95 775.01 23.62 11.23 7.41 6.02 40 4 85%

.0al + CCS 0 0 4224.69 1172.35 22.43 10.23 15.02 4,55 40 4 85%

Gcc 0 0] 3829.06 1705.94 20.05 1.57 10.09 151 40 4 85%

GCC+CCS 0 0 4521.14 1523.05 19.96 7.30 12.87 0.32 40 4 85%

£aT 0 0 1067.00 338.75 66.46 16.52 .82 2.80 30 2 85%

CGT+CCS 0 0 2446.53 520.63 71.20 1.47 6.42 0.40 30 2 85%

olid Biomass 0 0 4007.00 2587.47 93.24 72.94 18.35 26.33 40 4 85%

‘Biomass CCS 0 0 3938.74 2985.00 93.24 72.94 18.55 26.53 40 4 85%

HGCC 0 0 3829.06 1705.94 93.24 72.94 10.09 151 40 4 85%

HGCC+CCS 0 0 4521.14 1523.05 93.24 72.94 12.87 0.32 40 4 85%

liogas 0 0 3733.00 3319.63 0.00 36.62 60.52 3.84 30 2 85%

liogas + CCS 0 0 5112.53 3703.30 0.00 36.62 60.52 3.84 30 2 85%

mall Hydro 0 0 2782.50 3338.98 0.00 0.00 38.40 6.43 80 7 85%

arge Hydro 0 0 2432.30 2499.96 0.00 0.00 8.86 10.43 80 7 85%

Inshore 0 0] 1841.00 443.49 0.00 0.00 21.38 3.67 25 1 30%

Yfshore 0 0 3000.00 379.58 0.00 0.00 40.71 19.82 23 1 42%

olar PV 0 0 1833.50 352.90 0.00 0.00 22.80 15.537 25 1 14%

sp 0 0 4501.00 1855.10 0.00 0.00 17.38 22.10 25 1 55%

ieothermal 0 0 5822.50 2036.63 0.00 0.00 17.28 34.10 40 4 85%

Vave 0 0 3142.07 2414.85 0.00 0.00 53.91 36.58 20 1 46%

uel Cells 0 0 3884.82 3439.00 38.71 34.56 33.70 43.81 20 2 85%

HP 0 0 2000.00 4338.28 63.74 15.21 15.93 31.85 40 2 85%

requency Matrix Aij = 10/lifetime*10/BuildTime

1% Upeak/Utot

LCOE
$/Mwh

109.95
265.34

69.34
104.72

91.11
104.83

88.23
114.19
175.59
206.35
164.30
178.10
116.32
136.34

89.04

35.21

98.30
150.32
187.39
125.37
109.99
207.34
205.17

76.82

Nuclear il Coal Coal +CCS 1GCC IGCC+CCS CCGT CCGT+CCS  Solid Biom S Biomass { BIGCC BIGCC + CCS Biogas

$/Mwh

34.41
256.04
25.08
29.87
29.34
31.77
21.79
9.31
118.82
125.15
100.12
97.19
89.69
92.44
70.86
55.52
27.25
37.17
65.20
64.38
66.33
107.70
159.83
124.79

Bioeas + CCS

30% Us/Utot
Fuel CO2 Efficiency

kgC02/G)

0.0
73.3
994
994
99.4
95.4
36.1
56.1

0.0

-112.0
0.0
-112.0
0.0
-534.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
15.3
15.3

tC02/GWhb
100% 0.0
4%  586.4
423% 8322
7% 967
0% 8520
7%’ 967
57% 3543
a7%’ 430
43% 0.0
37% 9308
42% 0.0
37% 9308
57% 0.0
471% -376.4
100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0
100% 0.0
80% 639
80% 639

" Negatveale

Emissions Learning rat

-0.086 f
-0.014 1
-0.044
-0.074
-0.044 ¢
-0.074
-0.039 ¢
-0.074
-0.074
-0.105
-0.074
-0.105
-0.074 £
-0.105
-0.020 ¢
-0.020
-0.103
-0.136 1
-0.269
-0.152°1
-0.074
-0.2181
-0.234
-0.044

1GWh=3600G)

Small Hvdro Laree Hvdro  Onshore

Offshore ¢



FTT Power Frequency Matrix Aij = 10/lifetime*10/Build Time

: 0 5142.072 2414.849 0 0 559106 36 5809 :
- D 5884.815 5459 58.70801 54.56 53.6953 49'81
0 2000 4358.279 65.74 15.20814 1593 31.84846

» i Coal + CCEIGCC IGCC + CCSCCGT CCGT + CC Solid Bnons Blomass BIGCE
143 035?143 0357143 0357143 0357143 047619 04761
0 08625 0625 0625 0625 0833333 0833333
3 )= 0825 0 0625 0625 0625 0833333 0833337
Coal +CCS | 41666? 0625 08625 0 0625 0625 0833333 0833333
5 1GcC 0416867 0625 0625 0625 0 0625 0833333 0.833333
IGCC + CCS 0417757 0625 0625 0625 0625 0 0833333 0833333
CCGT 6537333 125 125 125 125 125 0 1666667
[COGT + CC 0:833333 125 125 105 125 125 1666667 0
5 Solid Bion 0416667 0625 0625 0625 0625 0625 0833333 0833333
0625 0625 0625 0625 0625 0833333 O
0625 0625 0625 0625 0625 0833333 083
0825 - 8575 0825 08625 0625 0833333 0f
125 125 @ 1% 125 1666667
— 24 & 135 125 1666667
3 0357143 0357143 0357143 0357143 04?619 '
43 0357143 0357143 0357143 0357143 04
7 Onshore ' 25 25 25
12 Offshore 25 5

|Coal + CCSIGCC  |IGCC + ccsccG'r ooaT + u Bia



Technological learning and cost impact

Laggards
16%

34%

Late Majority

Early Majority
34%

Early
Adopters
13.5%

2.5%
Innovators

a1er uondopy

Diffusion and learning

interact

Time

1S0D



Empirical learning-by-doing

US(1990)$/kW

20,000 —{981
1983 (@] Photovoltaics PV cells
(learning rate ~ 20%) O Us
10,000 O o) O Japan
\D\O%)
5,000
Windmills (US)
19%\(Iearmng rate ~ 20%)
: \Q
1,000 \Q
Q319087
‘Q
N
500 1992
1963

R&D and technical Gas turbines (US) 1980

demonstration phase O (learning rate ~ 20%, ~10%)

Commercialization

phase )

100 l I '
10 100 1,000 10,000 100,000

Cumulative MW installed

Grubler, Nakicenovic, Victor, Energy Policy 1999



Effect of policies on the levelized cost

— 20l —4-Gas — 6-Wood (boiller) —— 7-Coal — 8-Electric —— 10-Heatpump (Ground) — — 11-Heatpump (Air-Water) 13-Solar Thermal

0.25 - - - - - - - - - - - - - - - - - - 0.25
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2
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2
2
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Cost-supply curves for renewables

Wind Energy Solar Energy Geothermal Energy
1000 1000 - 1000
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FTT: Power Modeling technology substitution

Simulates: Substitutions Substitutions

* The future replacement and diffusion -!ﬁ- -!ﬁ.- -!ﬁ-

* Of power technologies

* By power generation sectors worldwide CCGT -~ CcceT T CCGT

159 world regions)  Hydro  Hydro - — Hydro -
* Based on dynamical shares equations ( g’ . g .
the FTT method — no optimisation) " Wind RN lj " Wind | B l Wind

* Useful energy demand by country as a —— e g PV ; § PV
n exogenous driver (depending on futur e e I
|

e levels of construction/gereration)

(=1 t=2 t=3

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



Domain of FTT:Power

Policies in FTT:Power
= [arbon Pricing

= fped-in-tariffs

CCGT :

= Subsidies on capital investment

ceaT+cos(iEie

= Requlations
= Plant litetimes

= Planned capacity additions

il BT = tlectricity demand-side policies

Coal + CCS R )

IGCC Fuel cells
Emissions
IGCC + CCS



https://www.e3me.com/
https://www.e3me.com/

FTT-Steel technologies and costs

11 1£ 13
GLOBAL IC diC  0O&M dOEF Lifeti Build Learn Disco Gamn CF dCF  EF dEF
$(200 3200 $(200 $£{200 years vears > r - - - tCO2vCOZ2 e
1| Carw. BF - OHF dE1[ 138 o = 0f 4.0 -0.05] 0.05 07 007F 137 02
Z2|Corw. BF -BOF 31 123 2507 7.5 2ol 3.0 -0.05] 0.05 e[ 0os] 17 0y
3| Caorw. BF - BOF [Biobased) g7 142 50 7.5 2= 3.0 -0.05] 0.05 0.8 005 0 0
4| Corw. BF - BOF [CCS) oaa| 1FE[ 501 7.5 2= 300 -01 005 0.a[ 003 034 003
2| Corw. BF -BOF [CCS, Biobasedy B30| 204 2501 7.5 e 3.0/ -01 005 0.&[ 003 178 018
6|BF TGR - BAOF [CCS) 423 138 £50] 7.5 20 30 -01 0.05 0.8 003 035 0.04
T|BF TGR - BOF [CCS, BioBazed) =33 1FEl 2501 TS 200 30/ -01 005 0a[ 0nsl 14| 014
&|0ORl-ga= - EAF 433 130 370 11 20{ 20| -005 0.05 0.6 006 145 014
3| DRI-ga= - EAF [Biobaszed) 477 193] 370 11 20f 20| -005 005 0.6[ 0.0E ] 1]
10{DRI-ga= - EAF [CCS) =fal vl 370l 1A 200 200 -01 005 0.6 006 023 003
11| ORl-gas= - EAF [CCS, Biobased) BEG[ 2000 370 71 20 20 -01 005 0.6 006 15 015
12| DRl-zoal - EAF 433 130 370 11 20f 20| -005 0.05 & 003 218 0A
13| ORl-zoal - EAF [Biobaszed) g77 143 370 11 20f 20 -005 005 0.8 0.0 ] 1]
14{DRl-zoal - EAF [CCS) B05 B 3700 1A 200 200 -01 005 0.&[ 003 042 004
15| DRI-zoal - EAF [CCS, Biobaszed) Tl 213 370 11 20 200 -01 005 Qa[ 00s| -221 022
16{SRI-EBOF Joal 0V 250 TS 2= 300 -02 005 07 007 141 014
17| SRI- BOF [Biobased) 333 e[ 2501 75 2o 30 -02 005 0.7 0.av 0 0
18 SRI-BOF [CCS) daE| M4E|[ 2500 7.5 25 =00 -01 005 0.7 007 028 003
13| SRI - BOF [CCS, Biobazed) oEd| 163 2507 7.5 2o 30/ -01 005 0.7 007 147 015
20| 5K+ -BOF 2fal 824 2501 75 2= 3.0 -02] 0.05 0.7 007 105 01
21| SRl + - BOF [Biobased) 302 A0V 250 15 2= 3.0 -02 005 0.7 007 0 Il
22| 5R+-BOF [CCS) are Tz2f 2501 7.5 2= 3.0/ -01 005 0.7 007 021 002
23| 3Rl + - BOF [CCS, Biobased) 431 123 25401 7.5 2= 3.0 -01 005 0.7 007 103 o
24({HFS -EAF BFE[ 203 3700 111 1= 20 -015] 0.05 0.7 007 005 0o
25 (MOE q000( 1200] S0.0 15 15[ 3.0 -015] 005 0.6[ 008 037 004
26| Scrap -EAF a3l 243 370 11 1= 1.0 -0.05] 0.05 0.6 005 003 0Mm
0




FTT-Transport

fa! =] L= [ | = r i n 1 4 M L w [k ] w r g o &3 1

1 2 3 4 5 = 7 3 9 10 11 12 13 14 15 16 17 13 19 20

1 Belgium Prices of cars Std of price [ fuel cost US| std fuel cost O&M costs (| std 0&M (US Discount rat lifetime [y energy use (| Distance tra occcupancy r: Capacity facl Gam [USD/pb CO2Emissior SeatsfVeh  Learning exp Turnove rate Cum cap (ks

Econ 13683.00 4396.00 0. 095 0. 013 0.038 0.020 15% 12 1.583 13361 0.375 6.385 0.12| 109.73297 4 -0.0144996 4 3.73EHDS

Fetrol Mid 32185.00 2164.00 0. 123 0. 014 0.051 0.030 15% 12 2.064 18361 0.375 6.B25 -0.36  143.04476 4| 40.014459%6 4 3.7BEHDG
Luz 99533.00 49455 00 0. 202 0. 057 0.064 0.030 15% 12 3.379 18361 0.375 6.885 -1.353598 23418231 4 -0.014499& 4 3. 73EHDS

Econ 13683.00 1396.00 0. 076 0. 013 0.038 0.020 15% 12 1.380 13361 0.375 6.385 0.12 93.759660 4 -0.0740006 4 3.7BE+05

Sdv Petral  Mid 32185.00 2164.00 0. 110 0. 014 0.051 0.030 15% 12 1.680 18361 0.375 6.385 036 128.74028 4 -0.0740006 4 3.73E+HD5
Luzx 99533.00 4945500 0. 161 0. 057 0.054 0.030 15% 12 3.041 13361 0.375 6.8385 -1.353593 210.74603 4 -0.0740006 4 3.73EHDS

Econ 22608.00 3297.00 0. DES 0. 010 0.038 0.020 15% 12 ':'.55':" 13351.| 0.375 6.885 -0.203256 100.10451 4| 40.014459%6 4 3.7BEHDG

Jiezel Mid 33755.00 7065.00 0. 077 0. 015 0.051 0.030 15% 12 1.106 18361 0.375 6.8385 -0.534882 117.12274 4 -0.014499& 4 3. 73EHDS
Luz 54793.00 14601.00 0. 118 0. 025 0.054 0.040 15% 12 1.470 13361 0.375 6.385 -40.95349| 155.92676 4 -0.0144996 4 3.7BE+05

Econ 22608.00 3297.00 0. 084 0. 010 0.038 0.000 15% 12 0.855 18361 0.375 6.385 -0.203256 90.094415 4 -0.0740006 4 3.73E+HD5

idv Diesel Mid 33755.00 7065.00 0. 095 0. 015 0.051 0.000 15% 12 0.995 13361 0.375 6.385 -0.534882 10541047 4 -0.0740006 4 3.73EHDS
L 54793.00 14601.00 0. 085 0. 025 0.064 0.00:0 15% 12 1.323 18361 0.375 6.B25 -0.8534% 140.33409 4| -0.0740006 4 3.7BEHDG

Econ 21485.45 100000 0. 048 0. 055 0.039 0.020 15% 12 1.508 18361 0.375 6.885 -0.039534 24 5328 4 -0.014499& 4 3. 73EHDS

ZNG Mid 37012.75 3000, 00 0071 0. 065 0.056 0.030 15% 12 2.210 13361 0.375 6.385 -0.42 123.931 4 -0.0144996 4 3.7BE+05
Luz 114468.70 SO00.00 0. 082 0. 076 0.066 0.040 153 12 2.548 13361 0.375 6.385 -0.934654 1429428 4 -0.0144599%& 4 3.73E+HD5

Econ 29202.00 2826.00 0. 084 0. 003 0.039 0.030 15% 12 1.414 13361 0.375 6.385 -1.2 97975362 4 -0.1520031 4 2136.425

dybrid Mid 34540.00 6594.00 0.073 0. 005 0.056 0.040 15% 12 1.216 18361 0.375 6.B25 -1.5| 34.255241 4| 40.1520031 4 81B6.425
Luz 78343.00 9263.00 0. 124 0. 017 0.066 0.040 15% 12 2.078 18361 0.375 6.385 -1.23256| 144.02452 4 0.1520031 4 21836.425

Econ 1099000 157.00 0. 000 0. 000 0.046 0.040 15% 12 0.210 13361 0.375 6.385 1] [} 4 -0.1520031 4 435.695

lectric Mid 44745.00 1256.00 0. 00D 0. 000 0.065 0.050 153 12 0.540 13361 0.375 6.385 -1.56 [} 4 -0.1520031 4 435.695
Luzx 39961.00 2355.00 0. 00D 0. 000 0.080 0.060 15% 12 0.580 13361 0.375 6.385 -2.4 [} 4 -0.1520031 4 435.695

Econ 380800 1326.00 0. 040 0. 003 0.030 0.030 15% 7 0.676 5180.5 0.55 5.049 0.613032 46.832462 2| 40.01449%6 3 1.51E+D6

dikes Luz 14932.00 5760.00 0. 127 0. 035 0.030 0.030 15% 7 2.124 9180.5 0.55 5.049 40.48 147.15974 2 -0.014499& 3 1.51E+06E
Zlectric Adv Econ 3308.00 1326.00 0. 040 0. 085 0.030 0.030 15% 7 0.090 9130.5 0.55 5.049 0.613032 [} 2 -0.0144996 3 1.51E+H06
dikes Adv Luzx 14932.00 5760.00 0. 095 0. 095 0.030 0.030 153 7 0.556 9180.5 0.55 5.049 0.48 [} 2 -0.014499& 3 1.51E+0&

LT o T Pl e e e Tad o f e T ol e (I cad Eei ) e MO RS o —a L T o T e e S SPRISY |  (5s UmosyRSSE  F SSP LS Ir o 1] N JUNE S NI S Y . L T U PN S —

price of cars assumptions - different for each region



FTT-Heat

Table 2 Model assumptions for residential heating technologies. Costs refer to mean values.
(Data sources: Fleiter et al. (2016), IEAJETSAP (2012), Danish Energy Agency (2013), EHPA [2016)).

Upfront cost O&M cost Efficiency
(€ kW) £/ kW, pa) (kWhi/KWh)

Oil 471 19 0.75
Oil condensing 512 20 0.86
Gas 391 8 (.75
Gas condensing 434 9 0.9
Biomass stove 440 0.1 0.1-0.7
Biomass boiler 523 2 0.85
Coal 247 5 (.75
District heating 265 16 0,98
Direct electric 538 0.5 1.00
HP- ground source 1400 14 3.50
HP- airfwater 750 15 2.50-2.70
HP- air/air 510 2.50-2.70

Solar thermal 773 8



How do FTT and ESME complement each other?
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The nuclear power plant map of East Asia
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