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2020 2030

Targets and challenges in Europe

2040 2050

(2011) (2011)

‘Long-term target (2011)
* 80-95% reduction of CO emissions in
the energy sector
Short term in the energy union (2015)
+ Security of supply (el and gas)
* An integrated marked
* Energy efficiency
* Lower CO2 emissions
* Research and innovation a0%

: SHORT-TE le 2
80% GHG decarbonisation in 2050
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New scenarios: Target of net zero emissions in Europe?

IN-DEPTH ANALYSIS IN SUPPORT OF THE COMMISSION Positives Scenario problems Tool problems
COMMUNICATION COM(2018) 773

s e s A 1aTEE Variety of * Very high ambitionin 5 year time steps
climate neutral economy scenarios all scenarios with * partial equilibrium
* Two net zero regards to energy modelling system
emission scenario efficiency in that simulates an
« More details within buildings energy market
buildings and * No district heating * Investment
industry implemented optimisation (with
e Politically driven limits e.g. wind and
scenarios for gas nuclear)
¢ Claim to make ¢ No clear distinction
"optimal systems” between

private/business
economy and socio-
economy.

www.heatroadmap.eu
@HeatRoadmapEU
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Energy System Challenges and opportunities Questions and strategic decisions

- Electricity demands the smallest of the demands - What are the role of the grids in the future
- Both transport & heating/cooling demands larger - How can energy storage be used across sectors to transform
- Electricity grids are much more expensive than thermal all demands to renewable energy cost-effectively?
grids/gas grids (pr. capacity) - How important are energy savings in the future and what is
- Energy storages have different costs in different sectors and the balance between electricity or heat savings compared to
different scales renewable energy?

Share ofl HIC energy demand on totalfinal energy demand (%)

e

B - 50% \
30-50%
_— Cost of Heat
Savings Cost of Supplying
(€/kwh) Heat

>

Amount of Savings (TWh)
Source: Mapping and j
analyses of the current and
future heating-cooling fuel
deployment, DG Energy,
2016 N BN Ll
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Buildings in the Energy Union in 2050

ELE( Figure 97: Total energy system costs, 2005-2070
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P2X

1.5 LIFE

Highlights
* Gas for heating
ts dominates
i * Stagnating district
heating

* High ambition on EE in
buildings due to tool)
* Higher costs than today

Heat

Total
elect
demand

Total heat
demand

demand
heat pumps

TWh

Baseline 2207,1 863,1 15557,3)

EE COMBO 1789,1 883,7 1271,4
1,5 TECH 1620,7 806,2 1127,7
1,5 LIFE

Source: PRIMES.

1488,2 7123 1101,7% )
www.heatroadmap.eu
@HeatRoadmapEU

(sources: EnergyPLAN cost database)
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Energy System Challenges and opportunities Questions and strategic decisions

- Lower and lower Renewable Energy investment costs
(Electricity especially)

- Batteries are falling in price

- Electricity prices are falling (sign of system design failure) and
cannot merit investments in new capacity

- Power plants for back-up is closing down (lower operation

hours) 0
% 85

80

How should we use and balance (energy storage) more
electricity from renewable energy?

How should we re-design the energy system and how much
renewable energy is needed? ' IFE:

92
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Advanced energy
system analysis
computer model
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Levelised Cost of Electricity Production (€/MWh)
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Plant Gas Turbine

Coal Fired Steam  Combined Cycle

Wood pellet
Steam Turbine

Onshore Wind
Farms

Offshore Wind
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Photo Voltaic
Residential scale

Photo Voltaic
Utility scale
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Danish Elspot Price by Danish
Wind Power Penetration
(2009-2016)
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Danish Elspot Price by Danish
Wind Power Penetration
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Danish Elspot Price by Danish
Wind Power Penetration
(2009-2016)

“

DK Spot Price (EUR/MWh)

North-western Germany Elspot Price
by Danish Wind Power Penetration
(2009-2016)
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DK Wind Energy Penetration

DE-NW Spot Price (EUR/MWh)

DK Wind Energy Penetration
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The European Union is a world leader in the deployment of renewable energy.
2020 Renewable Electricity Targets
Across the EU
63%
33%
60%
52%
6%
30% o Finland
% Sweden
1%
31% 10%
) Denmark Latvia
24% [ ]39%
ireland
b 19% 39% 43%
Netherlands
55% L Germany |63,
50% 10% et 40% | l11%
26% Li1%
France Slovenia g Romania
23% 20% i 23%
Ital
Spain ly Greece
Portugal
D Tatal RES £ 3000 l wine 2020
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Solutions on the table

1. Interconnectors and trading (infrastructure investments)

2. Flexible electricity demands and smart grids (batteries and single
string supply)
3. Integrated efficient Smart Energy Systems

Households US

Households EU

PR3 INVEST
Selected Danish Renewable Energy Potentials

Current primary energy potential

Wind power

Biomass

Photovoltaic Geothermal Solar thermal

- ] |

19-11-2019




Brian Vad Mathiesen, Twitter @brianvad

19-11-2019

P INVEST
Global and Danish Challenges with in

Bioenergy

Biomass pr. o
person w00

nnnnnnnnnnnn ption in Denmark (2018)

Bioenergy potentials per capita projected in different publications and
current bioenergy consumption

UUUUUU

= 5icenergy potential per capita (GJ/cap)
p—
i

—c

Today in Denmark (175 PJ) 30 Gl/capita s
Latest EU research (8500 P)) 17 GJ/capita » 2 B B B I

SrmartEnerny PANES -

EU 2050 scenarios (A Clean Planet for all)
IDA 100% RE in DK in 2050 (200 PJ )

Danish Energy Auth. scenarios fra 2014

15-21 GJ/capita
30 GJ/capita

35-45 GJ/capita

» Biomass consumption beyong the residual potential can
have a climate effect

« Danmark has more than the global potential pr. capita

* The current Danish model is not for export within
biomass

PR INVEST
STATE-OF-THE-ART-KNOWLEDGE ON

Savings in Energy
Denmand

DA " ime

IDA’s Energy Vision 2050

A smext energy sysem srcegy for 100% reneweble Denmerk

Efficiency
improvements in
energy
production

Renewable
energy sources
(RES)

100% RENEWABLE ENERGY IN 2050
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Download rapport:
www.EnergyPLAN.eu/IDA

Execufive Summary

IDA’s Energy Vision 2050

A smart energy sysiem srategy for 100% renewalile Denmark
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Unit Investment Costs for
Energy Storage

1. Thermal Cheaper at All Scales

Electricity »  Thermal

i

€300/kWh ‘
1 €90/kWh
B
i

TESLA
POWERWALL
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Electricity

r&

Unit Investment Costs for
Energy Storage

1. Thermal Cheaper at All Scales

A

POWERWALL

2. Biggeris
Betteri.e.
Cheaper

> Thermal
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Pump Hydro Storage
175 €/kWh
(Source: Electricity Energy Storage
Technology Options: A White Paper
Primer on Applications, Costs, and
Benefits. Electric Power Research
Institute, 2010)

Price (€/MWh)

Energy storage: Price and Efficiency
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o
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Efficiency (%)

Natural Gas Underground Storage

0.05 €/kWh

(Source: Current State Of and Issues
Concerning Underground Natural Gas
Storage. Federal Energy Regulatory
Commission, 2004)

Thermal Storage
1-4 €/kWh
(Source: Danish Technology
Catalogue, 2012)

Oil Tank
0.02 €/kWh
(Source: Dahl KH, Oil tanking
Copenhagen A'S, 2013: Oil Storage
Tank. 2013)
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Three focus areas for buﬂdmgs

Building

pecior = nee SR FUTURE GREEN BUILDINGS
of I:Iu'leings user-behaviour A KEY TO COST-EFFECTIVE SUSTAINABLE ENERGY SYSTEMS

STOP BEFORE
PASSIVE
HOUSE New energy
STANDARDS supply mix

Download rapport:
www.EnergyPLAN.eu/buildings

PR INVEST
Heat Roadmap Europe Methodology
Data profiiing and mapping Energy System analyses

Building Demand [ District Heating @ Energy System

Savings Potential Potential Potential

Costs of Making | District Heating [ Energy System
Savings Resources Resources

Heat Roadmap |8
Europe Alternatives J&

Costs .
’ | FTTYTTTE
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Heat synergies map in PETA4 - Netherlands

NUTS3 Regions | Heat demand [PJ/a] | Excess heat [P/a]

Excess heat ratio [-]

NL111 3.83 0.20

0.05

+ Heat demands: 296 PJly  Hi: Sa 730

NL121

» Excess heat: 560 PJ/y e

NL213
+ District heating share: 6% [
NL226

* Renewable energy in N230

N NL310
heating: 3% N2

NL323
+ Not a Technical barrier to iz
. ] NL332
improve energy efficiency? [w»
EET
NL341
NL342

NL411

NL422

NL423

Grand Total 295.84 559.23

PR INVEST

WP2: Pan-European Thermal Atlas: www.heatroadmap.eu

Case Study: Middlesbrough, =
AGEI -

UK (350,000 People) Sxcess Heat

R)/Year

Heat Demand
Suitable for DH
10 PJ/Year

| #4 |
NgZ,

- "
iton  (Airstrip ™
Site

LLe
Lisr3g

=" Kildale
Maor s

This project has received funding from the European Union's heatroad
Horizon 2020 research and innovation programme under grant www.heatroadmap.eu
agreement No, 695989. @HeatRoadmapEU
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Today’s Heat Demand from Peta 4.2 (www.heatroadmap.eu)

London
<«—<5%DH
Kgbenhavn
>90% DH —

Rom
<<5%DH
Bukarest
~75%DH—
~ -
PR INVEST
Anbefalede fijernvarmeandele inkl kraftige :
energibesparelser i boliger i Europa =
90 = o
X D S==r
=) 80 i
270 :
8
E_GO R
o
Z 50 Vs
2
© 40 Costof
e Heat Costof
ing pplying Heat
530 [z;wr;‘s] —
)
E 20 m Amount of Savings (TWh)
— cone e/ o)
210 . 0 S
: 0 — — - — — £ ﬁ_ Dsrs v irests ases i irons
AT BE (w4 DE ES FI FR HU IT NL PL RO SE UK  HRE £ Pl o o e
5 T wao wme s7aior 17at0n
i lorre a0 17sag
H Baseline 2015 1T Interval of feasible DH share in HRE 2050 A Minimum recommended share of DH in HRE 2&5% [ e R R e
This project has received funding from the European
Union's Horizon 2020 research and innovation www.heatroadmap.eu
programme under grant agreement No. 695989. @HeatRoadmapEU

11



Brian Vad Mathiesen, Twitter @brianvad 19-11-2019

P INVEST

Heat pump & district heating shares of heat market

* Building HPs
° Increase in share from 1% to about half of the heat market
mainly in rural areas

* DH supply

° Increase from 12% to cover the other half of the heat market
mainly in urban areas

* Individuel fuel boilers and electric heating for heating
should be limited as far as possible

* All natural gas boilers are phased out

W o .[[ 3
PR3 INVEST %

Heat Roadmaps for transitions

® Decarbonise in line with Paris

Agreement Everywhere L;:g:? Rural areas
* Technically possible, socio-

economically feasible e e
® Consider local nature of

heating and cooling oy
. i .

g;)srézll:iler the wider energy 50504 deman Syt R%mgdgylf

This project has received funding

from the European Union's Horizon www.heatroadmap.eu
2020 research and innovation @HeatRoadmapEU
programme under grant agreement

Mo 505000
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| Resource |  Conversion Process | Transport Fuel | Transport Demand | ‘

P INVEST

Resource |  Conversion Process | Transpert Fuel | Transport Demand | |

| Resource | Conversion Process | TransportFuel |  Tramsport Demand |
I &1 ﬂ%—*‘ﬂ ©
| Resource | Conmersion Process | Traeport Pael | Trawport Demand |
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é =5
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]

sl

“THESE PATHWAYS WERE ASSESSED TO QUANTIFY HOW
MUCH BIOMASS AND ELECTRICITY ARE REQUIRED TO g
SUPPLY THE SAME TRANSPORT DEMAND USING THESE =

PATHWAYS” | e =
T

»
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Coherent 2050 analyses

* 100% is possible technically and
feasible

 Future need to focus on
transmission between the sectors
instead of only between countries

+ Aflexible system is robust with
regards to costs and biomass
consumption. It uses storages
intelligently

* It provides more jobs and lower
health costs than fossil fuel
systems

8
8

0 .

Primary Energy Supply (TWh/year)

° g

SMART ENERGY EUROP

DEA fossil  DEA wind

2035

H Gas

Wave/tidal

(8

DEAfossil  DEA Wind IDA

ply in 2035 and 2050 in the IDA Energy Vision, in 2015 and in th

DA

IDA’s Energy Vision 2050

A smart energy sysem sclegy for 100% rencwable Denmerk

2050

PR3 INVEST

v'Handle transport growth levels on modes (not road)

o

v'Indirect use of electricity in vehicles

v Electrofuels (gas and liquid) in heavy duty transport

transport

IDA’s Energy Vision 2050

Ed

v Divert to public transport modes and direct electricity use w

b=

Transport, Renewable energy and biomass

v'Math and physics limit use of biodiesel, bioethanol and biogas to niches in

| 2maprra |

ra—— fom
e =}
bt

s Damad |

METHANOL,
DME OR
METHANE?
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The gas system

* Phase out the use of natural gas

* Heat savings, district heating, green gasses

* We need gas grids in the future — but the challenge is more complex than
the industry tells us

Biogas and gasified biomass for industry and flexible combined heat and power (direct with

no hydrogen up-grade)

* Hydrogen, CO2, synthesis gas for electrofuels and storage

* New gas systems are needed and more research

PR3 INVEST

Key uses of biomass in future renewable energy;
systems

* Limited ressource and not climate nueatral in large amount =
efficienct use is needed

» Highest value product should win
* Products, chemistry, medicine
* Energy purposes is last in line — dependent on type of biomass

» Uses:

* Biogas and g%as_ified biomass for industry and flexible combined heat and
power (direct with no hydrogen up-grade)

* No or little pure heat production — no baseload and use combined heat
and power

+ Electrofuels (gas and liquid with hydrogen upgrade) in heavy duty
transport

+ Usage depends on type of biomass

30

15
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Smart energy system grids

PR INVEST
HOW TO USE STORAGES LONG TERM..

» Three crucial grids in Smart Energy Systems
« Smart electricity grids
* Smart thermal grids

« Smart gas grids
» High capacity electrolyses (Power-to-gas)
» More district heating and district cooling

» Large heat pumps with high capacity (Power-to-heat)

-Smart elgctricity grid=——

v

L Smart
thermal grid

v l

L

Smart
gas grid

Smart energy system storages

ﬁ Thermal
Gas storages

storage

+ CHP, solar thermal, etc. A BEW
( > storage
« Electricity storage in transport (batteries and electrofuels) Casstorage Lo el storee
» Production of green gasses and synthetic fuels
4l 4 ,L 3
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——

HEAT ROADMAP EUROPE 2050

4DH

41 Ganaration Disirict Hanting
Tochnologias and Systams

EuROHEAT
LPOWER

WWW.HEATROADMAP.EU

HEAT ROADMAP
EUROPE 2050
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