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Decarbonisindinal energydemandstill needssubstantialefforts

EU 2050 londerm strategy:80% and 83% GHG reductions excl. LULUCF

Reflex level of ambition
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Methodology AsTra -:FORECAST

FORecasting Energy Consumption Analysis

Mo d e | and Simulation Tool

Scenario Definition
Assumptions GDFP population, energy carrier wholesale-prices, policies

FORECAST Macro FORECAST Pricing

Gross value added, physical production, employment, .. Sector specific retall prices

] ]

FORECAST + ASTRA annual demand--“-__

Industry Tertiary Residential Transport
—  Processes — Energy services —  Appliances Passenger cars
— Space heating — Buildings — Lighting Light duty vehicles
—  Electric motors — Space heating — Buildings
— Lighting —  Space cooling —  5pace heating
-~ Steam generation ——  Space cooling
— Furnaces __I—l__

Results

Consumption, Potentials, Indicators, GHG Emissions

Source: https:Mww.forecastmodel.eu
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High level of ambition leads to significant decrease

In CQ emissions [EU28]

Currentpolicy

2,500

Emissions [Mt-CO2eq,]

o

2014
2015

2020
2030
2040
2050
2015

Base Mod-RES
year

2,000
W Tertiary
-80%
1,500
B Residential
-90%
1,000
@ Industry
-713%
50 B Tranport
-66%
0

Ambitious

mitigation
vs. 2015

vs. 1990

-83%

-91%

-83%

-61%

2020
2030
2040

o
o
o
N

High-RES decentralized

[ -19% ( 22180 1804Mt) ] [

-73% ( 22180 597 Mt) ]

Remaining emissions stem mainly from the udeedfoilin the transport sector and the

use ofnatural gagmainly industry)
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High level of ambition leads to significant decrease
In CQ emissions [EU28]

/A Higher building Ambitious

standards mitigation vs. 2015 || vs.1990

A Higherrenovation
rates

2,000

W Tertiary

High compliance

1,500

Financial incentives

for RES & HP
Ban of oil boilers

1,000

Emissions [Mt-CO2eq,]

Additional fuel tax

To o o o D>

Further

500 ]
reinforcement of the

-80% -83%
eco-design directive

B Residential
-90% -91%
@ Industry
-713% -83%
W Tranport
-66% -61%
0 A New efficiency

o
k classes / & & R
Base High-RES decentralized

year
[ -19% (22180 1804 Mt) ] [ -73% (22180 597 Mt) ]

2014

20
030
040
2050

Lo
—
o
N

Remaining emissions stem mainly from the udeedfoilin the transport sector and the
use ofnatural gagindustry & transport)
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High level of ambition leads to significant decrease
In CQ emissions [EU28]

/ Ambitious
2,500
mitigation
A !_owcar_bon g vs. 2015 vs.1990
. innovations
| A Ambitiousmaterial m Tertiary
F efficiency& circular 80% v
g 1,500 economy ——
= B Residential
= A H, as energyarrier
2 -90% -91%
2 1,000 for process heating
g feedstock B Industry
A Direct use of -73% -83%
500 ..
electricity m Tranport
‘ -66% -61%
0
Base Mod-RES High-RES decentralized
year
[ -19% ( 22180 1804Mt) ] [ -73% ( 22180 597 Mt) ]

Remaining emissions stem mainly from the udeedfoilin the transport sector and the
use ofnatural gagindustry & transport)
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Electricity becomes dominant energy carrier in 2050 [EU28]

14,000 Currentpolicy Ambitious & Hydrogen

(feedstock)

12,000
10,000
8,000
6,000
4,000
2,000
0

'-_— mltlgatlon & Natural gas
Base Mod-RES High-RES decentralized B Natural gas

(feedstock)
vear m Fuel oil
[ -8% (128920 11880TWHh) ] [ -27% (128920 9376 TWH) ] e

= Z Naphtha (feedstock)

—_————

e O Hydrogen

O Other RES

O Solar energy

B Ambient heat

Energy Demand [TWh]

B Electricity
B District heating
® Biomass

O Waste non-RES

B Other fossil

2014

m Coal

2020

2015
2030
2040
2050
2015
2030
2040
2050

Increasing share of biomassinly forbiofuels - also increases in demand for SHW & SH
Largesharesof fuel oil (1124TWhfrom transpor) & naturalgas(622TWh-> 308TWhIND)
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Coke technically

Strong reliance on
E required in blast

natural gas,
mostly high
temperature

Decarbonisation
challenges

Strong reliance on
refinery gas

Strong reliance on
natural gas (also
Process emissions as feedstock)
chemically linked

to production High temperature
limits use of

renewables

Deepdecarbonisatiomot possible via BAT energy efficiency and traditional fuel switch
Innovative lowcarbon technologies are needed
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Scenario characterization by mitigation option

Clusters of mitigation options Mod-RES HighRES decentralized

Incremental efficiency Energy efficiency progress according Faster diffusion oincremental process

T — current policy framework and historic: ’ improvements |
trends. 0o.!¢ 3 Lbbhxt X¢cw|[ pot

Fundamental processes

improvement Radical processnprovements

energy efficiency, process - 6Lbbh+ x¢w[ pbo

emissions

Stronger fuel switchingp biomass,
power-to-heat and power-to-gas
Fuel switching to RES cuel switching driven b _ technologies.

towards decarbonized uet switching driven by energy price Radicalchangesn industrial process

o and assumed CE&price increase S :

electricity and/or hydrogen technologieddrive fuel switch

(e.g. switch tchydrogen).

Lower demand for district heating.

Carbon capture and storage
(CCS)

: Slow increase in recycling rates based Stronger switch tesecondary
Recycling and reise

on historical trends. production.
Material efficiency and L Decregse N gllnke_r f_actor.
batituti Basedon historictrends Increase imaterial efficiency &
substitution substitution.
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Breakthrough innovationswith different levels of maturity are under
development

Carbonconcrete(C3)
Solidiaconcrete Carbonmanofibresreinforced
recarbonatingcementfor concretereplacingsteel
precastconcrete concrete

Source: Towards the EU ETS Innovation fund workshops (online available), Dechema 2017
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Breakthrough innovationswith different levels of maturity are under
development

Hybrit (SSAB)
H, directreductionof iron ore
Siderwinn(ArcelorMittal) with EAF
Fullyelectricsteelmakingvia L=
electrolysis g
& '
S— 1
4 e SuStee[VoestAlping
- .| H,basedreductionof iron ore usingplasma
https://www.greencarcongre technology
4/ssab.html / m— ‘

Additi -
Ly Charging

‘ Prereduced ore

Source: Towards the EU ETS Innovation fund workshops (online available), Dechema 2017
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Breakthrough innovationswith different levels of maturity are under
development

Hybrit (S§*=°
H. di ybrit ( Grasspaper (Creapapey
, directreductior Grasbasedfib laci dfib
Siderwinn(ArcelorMittal) with EA rassdasediibresrepiacingwooatibres
Fullyelectricsteelmakingvia o
electrolysis TR
&
3 z
- S5/

https://www.greencarcongl Source: http://www.graspapier.de/

4/ssab.html ————————————————————
. —@ Bas cleaning i
Iron ore Pib reduchon
Additives '

Charging
bin

Prereduced ore

Source: Towards the EU ETS Innovation fund workshops (online available), Dechema 2017
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Breakthrough innovationswith different levels of maturity are under
development

o
H direclt_lritélrlljtc(tiso: ClEEE PRI CIE s
b : : :
Siderwinn(ArcelorMittal) with EA Grasdhasedfibresreplacingwoodfibres
Fullyelectricsteelmakingvia Lo
electrolvsis . S
H, Methanol -
RES Hrom water electrolysiglus &

hydrogenationof CQ ascarbonsource

h A S5/ >
waier I ﬁ l r;j ngl Source: http://www.graspapier.de/
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é Y
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Elmrcfw e?llm 0, capture _('w cleaning presson 4—‘ ——
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- art 13 gag laarin ¥ flue gas synthesis 7 -
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PUE e Distilation Water H,| Methanol
methanal % Electrolysis T S‘fﬂihESiS — MTOMTP —— Olefins
CO:

Source: Towards the EU ETS Innovation fund workshops (online available), Dechema 2017
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Very highlevel of ambition enables a high reduction in industrial
CQ emissiondor the EU28
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A Energyefficient andow-
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Energy demand [TWh]

Energy demand [TWh]

EU 28 industrial electricity demand increases due to use pbéked
production processes & direct use of electricity for process heat

5,000 [ +1% VS. 2015 ] [ '26% VS. 2015 ] o Hydrogen (feedstock)

4,500 w Biomass (feedstock)

A New uses oglectricity for
o [ TR B B mis e DrOCcESS heah all sectors

@ Naphtha (feedstock) .
o o waste non-reS (e.g. glass electric furnace,
steel electrolysis)
- A\ BiOmassiseremainson current
1,000 m District heating Ievel

o

e g g g & £ g £ g g = A RESHydrogesused in the
Mod-RES High-RES decentralized Steel industry,\/ith I_IZ—DR
+11% +101% | =secrcy o r@placing oxygen steel
2,000 (1036t0 1152TWHh (1036t0 2078 TWHhH g feedstock
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Summary:

Innovationsfacilitate decarbonisationof EUindustry

o Introduction A

Available technologies not sufficient for decarbonisation of EU industry

Many lowcarbon process innovations are under development
They differ strongly in maturity and distance to market

>80% decarbonisation is possiQleven without CCS, but requires:
¢ Process innovations,
¢ CQ-free secondary energy carriers,
¢ Innovations in material efficiency and circular economy

>\

v v >y D>y D> D

Supportfor REQndenergyefficiency

Extendinghe ETSvith aminimumprice pathto providelongterm certainty
Public RBundingfor low-carboninnovations
Targetedoublicprocurementto supportlow-carbonproducts

CQ taxto provideincentivedor companieutsidethe ETS

Policiedo boostmaterialefficiency& circulareconomyaswell asenergy
efficiency

Bl -:flex

European Energy System
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Methodology e . OAD AsTra -:::FORECAST

energy LOad curve ADjustment tool m Od e | zggesffn%tggfn”%%‘{ Consumption Analysis
FORECAST Macro FORECAST Pricing
Gross value added, physical production, employment, Sector specific retail prices
etc.
- FORECAST + ASTRA -

Annual demand

Results
Consumption, Potentials, Indicators, GHG Emissions
| I

Consideration of structural - DSM adjustment

change
E eLOAD
Load curves, load profiles Hourly demand DSM parameters
Temperature Pricing RTP. TOU, CPP
" Results

Hourly demand curve and profiles

Source: https:Mww.forecastmodel.eu
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Regulatoryframework conditions

Demand side management is

addressed in the Energy

Efficiency Directive by:

A Encouraging demand side @  commercay acte
resources to participate in ol dpanig
wholesale and retail markets @ Preliminary development

A The requirement to treat ®  cos
demand response providers, 0 i
including aggregators, in a
non-discriminatory manner

A Member States promoting
access to and participation o
demand response in
balancing, reserve and other
system services markets

A Requiring national energy
reguatory authorities to
define technical modalities

Map of explicitdemandresponsedevelopmentin Europe Source: SEDC 2017

23
- REerX Herbst & Reiter, Fraunhofer ISI & TEP Energy

Analysis of the 03/04/2019

European Energy System



How can flexibility be provided? Classification of flexibility

Changing Mode of Operation Spatial and Temporal Shift

T DownwardFlexibility
% Demand Side Management
=] Load Shedding Load Shifting e LT
% A Air separation A Heat Pump ShiftingFlexibility
% A Aluminum A Night Storage
2 Electrolysis Heater
g‘ A Electric arc and A Air Conditioning Energy Storage
a induction furnaces | A Air Ventilation A Chemical Battery
A Electrolysis A Clean Products A RedoxFlow
A Fridge, Freezer Battery
kS Powerto-X A Chemical &
S A Powerto-Heat (e.g. mechanical pulp
T Heat Pumps) production
5 A Powerto-Gas (e.g. | A Cement and Raw
o Water Electrolysis) Mill
% A Battery Vehicles
= A Plugin Hybrid
: Vehicles
Z UpwardFlexibility
Source: own illustration
- fleX Herbst & Reiter, Fraunhofer ISI & TEP Energy 24
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Structural changes in system load

Avg. load change in the EU 2050 vs. 2014
A Electrification of transport 1007 n
leads toincreasing peak load:
in the eveninghours
(if not managed)

Ventilation & Air-conditioning

v)

Change inload 2050vs. 2014 in GWh/h

80 Net effect Rail

60

Heat pumps

40

A Increasing electricity demand
for heating and cooling
systems increases
temperature sensitivityin
particular in countries with
cold and hot climate

20 1%

-20 4

-40 + Industry processes

Lighting
A Resultfrom the ModRES -
Scenari02014 VS. 2050 1 3 5 7 9 111315171921231{1 3 5 7 9 11 13 15 17 19 21 23
summer winter
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Heating & cooling processes most relevant demaside flexibility
In short- to medium-future

A Due tohigh temporal availabilityand high installation rates heating & cooling
processes show the most important demasidie flexibility potential in the near
future (even considering relative low willingness to participate)

A Results from théVlodRESScenario

Sector Process 2020 2030 2040 2050

e Ventilation & Airconditioning <1% <1% <1% <1%

Heat pumps 16% 36% 16% 21%

Ventilation & Airconditioning!’) <1% <1% <1% <1%

TE Heat pumps 5% 4% 3% 2%

Circulation pumps and heating auxiliari <1% <1% <1% <1%

Refrigeration 99% 27/% 34% 34%

Cement grinding <1l% <1% <1% <1%

IND Electric arc furnace 14% 24% 17% 4%

Mechanical pulp 560 4% 2% 2%

TRANS e-Mobility 1% 4% 28% 38%

. H 100% 100% 100% 100%
- f!eX Herbst & Reiter, Fraunhofer ISI & TEP Energy 03/04/20?;

y System



Temperature sensitivity of system load increase

Denmark Italy
1,5 1,5
$
o © 2050 e 2050
1,4 1,4
02014
T 13 13
o
. kS

S 1,2 S 12
g °
©
CIE) 1,1 (% 1,1
C_G o
E 10 8 1,0
c L s
S £

0,9 209

0,8 0,8

0'7 0,7

0,6 0,6

-5 5 15 25 -5 5 15 25
Temperature {C) Temperature {C)

A Results from thédighRES8entralized scenario (2014 vs. 2050)
A Temperature sensitivity increases for most countries due to electrification of heating
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Due to technological learning and high electricity prices, solar
storage systems are an option for households in most EU countries

| optimal system size—‘
Seltconsumption . .
maximizing Max_lmal _ year ofprofitability Sareadopters _ Calculation qf
) economic benefit Scurve installed capacity
- | battery operation i
1 potential adopters installed capacity
electricity price battery costs
| \ 4 |
ELTRAMOD [ Experience curves ]
Share of adopters electricity supply
in PV rooftop owners Installed average battery size (kWh)

» 00 —DE country|201520162017201820192020203G2044 2050
S gow o CH 0 0 O O O O 25 5 5
B 70% DE 0 O 0 2525 5 5 5 5
g o ES 0 O 0 25 5 5 75 75 175
g o FR 0 0O O O 25 5 75 7.5 75
> 30% T O 0O O O 0 25 5 5 5
£ 20% / NL 0O 0O O O O 0 5 5 5
o PL 0 O O O O 0 25 25 25
233252 UK 0 0 0O O O 0/5 5 5

28

Herbst & Reiter, Fraunhofer ISI & TEP Energy 03/04/2019




Due to technological learning and high electricity prices, solar
storage systems are an option for households in most EU countries

system size —‘

Maximal

economic benefit

Seltconsumption
maximizing
battery operation

A

electricity price

optimal

year ofprofitability

_{

Sareadopters
Scurve

=

Calculation of
installed capacity

potential adopters

installed capacity

a

battery costs

nergy System

S[ ELTR:AMOD J [ Experience curves ]

Number of batteries  eectievswely |, mylated installed battery capacity
country 2050 country Unit 2020 | 2030 | 2040 | 2050
DE 12.8Mio. DE MWh 2,404| 39,003 54,865 63,861
ES 9.1 Mio. ES MWh 162| 14,186 45,873 68,563
FR 13.5 Mio. FR MWh 1,264 36,108 73,182 100,286
IT 12.5 Mio. 1T MWh 250| 13,067| 28,725 62,404
NL 1.1 Mio. NL MWh 0| 2,0000 6,392 5,329
PL 4.1 Mio. PL MWh 0 829 7,671] 10,236
UK 9.2Mio. UK MWh 0| 6,053 36,033 45,942
CH 2.2 Mio. CH MWh 0 73| 3,808/ 10,810

. EW8+CH [ 81.9 Mio. EWS8+CH| MWh 4,145| 126,765 319,267 467,567
- fleX Herbst & Reiter, Fraunhofer I1SI & TEP Energy >
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Air conditioning strategies offer additional shifting potentials in the
buildings sector

Selected example for a building in southern Italy on a hot summer day
Shifting potential depends on
A Load shifting strategy

A Building structure

A Defined comfort levels

A The use of free cooling

20 -

Conventional strategy

Precooling strategy,

ot
=]
1

—
[
1

oo
1

Cooling Load [W/m?]

£

Time

10 -

o

=
o

-20 4

Shifted Cooling Energy [Wh/ m?]
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Combined impact on the residual load from different demand side
management potentials in households

Possible flexibility provision: hydrogen

A Batteries and their
integration into load
management offer large
potential to shift excess
renewable generation
from peak hours into off
peak hours

A Depending on
acceptance rates for the
integration of electric
vehicles into load
management,
considerable load can be
distributed during within
the day

Electric

_ vehicles
batteries

Shifted load in GWh/h
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