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INTERNATIONAL SCENARIOS FROM ENTSO-E/G

Wind and solar — share of consumption (EU)

Content of the 3 European TYNDP 2018-scenarios 70% -
GCA-scenario (Global Climate Action) 60% -
" TR . 50% Solar
* "On track" with EU current climate targets . 18%
: : . 40% - B Offshore wind
» Strong international, green cooperation 30%
o _ _ B Onshore wind
* Moderate oil price —high CO,-price (IEA 450 PPM) 20%
10%
: _ : 0%
DG-scenario (Distributed Generation)
2020* ST30 ST35 DG35 GCA35 GCA40
fo * "On track" with EU current climate targets
* Wide spread local distributed solutions Wind and solar share of cons. NorthSea (DE, UK, NL, DK)
(solar/batteries) 70% -
* High oil price (IEA New Policy) — high CO,-price 60% - 57 19%
50% Solar
ST-scenario (Sustainable Transition) 40% B Offshore wind
30% ® Onshore wind
. . 20%
) f * Low oil and natural gas prices 10%
* Moderate CO,-price(IEA Low Oil price scenario) 0%

2020* ST30 ST35 DG35 GCA35 GCA40



ENERGINET

MUCH MORE WIND AND SOLAR —> MORE PRICE FLUCTUATION

DKK/MWh DK1 power price duration curve

Nordsee-region ST 2030 and GCA 2040

Vind og sol. Andel af elforbrug (DE, UK, NL, DK) 1,500

70%
& ° @ GCA 2040 (basecase uden tiltag)
0% ) 19%
DK 12020 15% 1,000 High
50% - o 11%  17% Sol (PV) wind/solar
40% - 10% _ but low
[ | HaVVlnd prices
30% - e, 21,2030
° M Landvind /
20% - —~ >
10% 20% I 21% I 20% I 21% 1001 2001 3001 4001 5001 6001 7001 8001
0%
2020% ST30 ST35 DG35 GCA35 GCA40 ——GCAReference  -eee- ST2030

* More hours with zero-price

* Market value of wind/solar below LCOE cost
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COST REDUCTION FORECAST IN LI-ION BATTERIES

1000 ~A ——-______‘__1“___ BNEF observed values:
900 annual lithium-ion battery price
index
800 2010-16
700
600 / B
500 / Ioomber g
400 foreCaSt
300 at
) tEry ~Price
______ 100 S/kWh
100 —_—————— e A S e mEsL T~
0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Could batteries solve the
“North-sea windpower balancing challenge” ?



ENLERGINET
SECTOR COUPLING TO GET ACCESS TO LOW COST STORAGE CAPACITY

'r;\:‘e::é?crlz:(' Investment cost energy storage part
(DKK/KWh) (excl input/output units)
700
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Storage N Q O & & 0 5 3 N N _ -
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Storage coupling N o€

Battery storage is essential for hourly balancing hol a!l the growth in battery installations -that
— but too expensive for large scale storage BNEF is forecasting, the total volume of grid-
connected batteries by 2030 will be sufficient to

* Sector coupling to gas and heat can deliver more cost effective large scale ) .
storage meet the world’s power needs for just 7,5

minutes” Michael Liebreich, Bloomberg New Energy
Finance, March, 2018

* Essential to analyse cost effective sector couplings!
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SYSTEM ANALYSIS FOR DENMARK
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SECTOR-COUPLING AT LARGE, MEDIUM AND SMALL "PROSUMERS” “NERCINET

Central Industry/Service Household

” ” Flexible consumption
Energy Plant Prosumer Prosumer

simulated in grid areas

r\ incl. used as grid reserves

Netstruktur ultimo 2026. S

® 400/150-132 kV-transformerstation
® 220 kV station
*  150/60 eller 132/50 kV-transformerstation
® AC/DC konvertering
& Kraftvaerk med tilhorende station
150 kv- eller 132 kV-kabel

4

—— 150 kv- eller 132 kV-luftiedning

1
1
1
1
ll ,"*"" 220 KV-kabel
Konti-Skan "
o | XS 182, i
1 740 MW = 400 kV-luftiedning
1 o
o ~—— HVDC luftiedning
H N
1 .._J “*** HVDC kabel
""" T + Havmliepark MR Omride for kystnare moller

-
-
-
-
a
-
-
e

____________________________

.....

[ ———

~
~ =

COBRAcable
700 MW

Holland

Decentralised Biogas/EnergyPlant Decentralised CHP Full grid capacity (physical)
R&I Roadmap & Focus areas towards a RE-based Errergy-system Capacity with N-1 grid reserves Ldrsttaing 10
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Electricity
(GWh)

100.000

Electricity consumptionin analysed scenarios

~ * Consumption
doubled towards
2050 — Electrication:

=
H B B B

50.000 B | e |
. . * Heating
0 * Transport
2020AF  2035STexcl.  2035ST 2035DG 2035 GCA 2050 ST 2050DG , 2050 GCA  PtG/PtX
PtG/PtX \____v Dat :
* Data centers
B Classical consumption, incl. data centres PtG/PtX
B Heat (DH, process, individual) B Transport (road, rail, sea, air) '
* Wind/solar covers
Bio, s . . . .
|  Flectricity Electricity productionin analysed scenarios (annually) more than
(GWh) 80% of production
100.000 -==== after 2035

and 95% in 2050

50.000
* Avery high need for

HE B . . l
. 0 —- use of flexibility to
2035 2035

2020 AF 2035 ST 2035 ST 2050 ST 2050 DG 12050 GCA balance system,

excl. e~ ancillery services and

m Wind power PLG/PtX Solar Electricity prod, RE-gas/biofuel enhanced use of grid
Electricity prod, biomass M Electricity prod, waste M Electricity prod, gas
M Electricity prod, oil M Electricity prod, coal Import

— o ——
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INVESTMENT ANALYSIS — HOUSEROLD PROSUMER 2030

PV production and grid use at houshold

El (kW)

10
15
20
25
30
36
41
46
51
56
61
67
72
77
82

PV ——Grid use at household

HI H2 H3 H4 H5 H6 H7 H8 H9 H10
Consumption * |Investment (least cost optimization)

. * Uptol2 kW PV
House consumption [MWh 47 3,1 3,1 41 44 48 50 53 5,6 5,6
[lectric Vehicle _ _ _|Mwh | _ 52 _00_70_52_ 52_ 52_ 3.0_30_52__52 * 9-26 kWh battery

PV kW 12,0 5,1 12,0 12,0 12,0 12,0 11,7 11,1 12,0 12,0
PV Battery kwWh 23,3 9,2 259 24,1 239 24,9 12,9 11,2 12,9 13,8

* Import from grid Winter — Export at summer
» Offgrid not economical reasonable
* But what about the grid capacity ?
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SIMULATED HOUSES WITH EV, SOLAR, BATTERY (INCL. SMARTGRID)

0,4 kV
L] e £ L] :1'
Bottleneck on feeder — too —y -

0.0500 many EV’s wants to charge A i i
= ' cheap electricity ™
S 0.0400 e
g ——————————————— Pé"n '.fl‘} *g‘: "_{,‘;
S 0039 bt 120t |30t 1500
s 0.0200
3 ,
9 0.0100 K
8 0.0000 — d
2 0.0100 \ + Bottleneck on feeder —too much
- - / . .
LT \J«I solar production wants to deliver
§ -0.0200 power to grid

-0.0300

Duration curve Sorted prices for one year (8760 hours)

A need for a SmartNet to control congestion at high net-use (EV charging) and (PV solar production)
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R&

LINES — ELEC

Electricity markets underpin | = Market based system operation \I
efficient operation of the * Market and physics close integrated |
electricity system * Maximum use of physical capacity "

/"‘{N """""""""

System adequacy full
marketed (incl. Grid)

__— —=c------ ~.

/Ready for system operation M
without spinning plants in
the region

——

Full scale of new offshore
grid connection concepts —
possibly in interaction with
gas

P

-

—
\
/

Demonstration of new
offshore grid connection
concepts — possibly in

Extensive use of operations
support tools for optimum
utilisation of electricity

\
\
1

-
1
1
1

Supply of ancillary services
required to maintain power

 Standardisation

i i [ * Bidsize .
interaction with gas. infrastructure « Spatial system stability and system
P stability from converter-

» Time resolution

based generatlion/demand

Demonstration of Optimisation of Energy-only

Power-to-gas strategy

Development of cost-
effective AC/DC principles for]
grid connection of RE

(incl. HYDC multiterminal)

operations support tools for
optimum utilisation of

electricity infrlastructu re

Al data strategy.

Digital substation strategy

as market model for

generation adequacy
I

Demonstration of market
models for distributed
energy ressources (DER) in
collaboration with (DSQO’s)

Strategy for market-based
solutions for procurement of]
ancillary services required to
maintain power system
stability

Infrastructure concept devel opmem:
/

*DER ‘D|str|buted Energy Resources

| — e e e e e e o e —

Operations development

Market development

- o e e e e e e e e e e e e e e e

Security of supply
System stability

-

— o o e e e o e e e e e M e M e e e e

/



R&I TARGET LINES - GAS

203C

202%

202C

2018

Full-scale implementation of
combined electricity/gas grid
connection concept for both
offshore and onshore RE
electricity generation.

Gas system operation and
market fully integrated for
biogas and other RE gases.

Demonstration of interaction
between electricity and gas in
the grid connection of both
offshore and onshore RE
electricity generation.

Effective operation of
system with high share of
biogas and other RE gases
(incl. CCU*).

European model for trade in
biogas and other RE gases.
Decentralised RE gas

production handled via market.

Market solution safeguards
security of supply in situations
with a large share of distribut-
ed production of RE gases
(biogas etc).

Analysis and strategy for
the gas system's adaptation
to the RE transition.

|

Analysis tools based on
operational data for optimisa-
tion of maintenance.

Full implementation of market
and certificates for RE gases,
incl. PtG.

PtG and CCU* strategies.

R&I of new RE gas grid
connection solutions.

Analysis of incorporation of RE
gases (incl. H2). Balancing of
upgrade or system adaptation.

Analysis and demonstration
of new market and business
models.

Strategy for security of supply
following Tyra closure.

-

*In this context, PtG and CCU are Power-to-Gas and Carbon Capture & Utilisation (CO2), respectively.

R&I Roadmap & Focus areas towards a RE-based Energy-system
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STORAGE SIMULATION AND CAPACITY ENERGINET

Electric Electric exchange DK with foreign countries Individual HP

ower GCA2035 Accumulated District heating

2 (GWh) Electric vehicles
(MW)

10,000 2,500 Battery prosumer

Electricic ICs

5,000 uawa A ‘ - 1,500 RE-gas

0 500 0 2 4 6 8 10 12 14 16
5,000 | R s ' X Al [ o] 2 500 Electric capacity uptake (GW)
-10,000 o -1,500 Capacity (Energy) case 2035
-15,000 -2,500 Gas storages (electric input

——Total exchange (MW)  ——Accum. Exchange (GWh) for Power-to-gas)

Electric exchange DK with foreign countries GCA 2050

Electric power Accumulated
(MW) (GWh) .
15,000 2,500 Potential longer term heat storages
10,000 1,500 Potential Small
5,000 H2 cavern
500
0 Prosumer
-5,000 -00 batteries Interconnectors typical
B} DH utilisation case 2035
-10.000 1,500
) system [ | | ________ 2,7 TWh yearly
-15,000 -2,500 £V I A potential accumulated
a 1
——Total exchange (MW)  =——Accum. Exchange (GWh) Indiv N4 :Iarge cavern
H V- -{ 1 with H2
1 }




SECTOR COUP

Signatur

El-transmission )
Gas-transmission (eksisterende) [* e
CTE R S Pkonomisk zone (EEZ)

O Fjernvarme-grundlag (5 PJ/ar)

f~
el ag

ENLERGINET

LING IN AN INTERNATIONAL PERSPECTIVE

Danske Styrkepositioner for sektorkobling

Electricity
Competitive prices
High security of supply
High RE-share (RE for PtG/PtX products)

District heat
Value of surplus
heat from PtX

Gas
Gas-grid and caverne storage
facilities for RE-gas
(H2, Syngas, Methan)

Bio/Carbon
Position of strengths in
Biomass/biogas (carbon-source)

DK positions of strengths for integratoin of North-see RE-potentials in power-gas-heat-fuel systems

Investigation of Dogger Banke offshore

PtG (H2) with onshore refinery to PtX
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SIMULATION OF SYSTEM AND LEAST COST ANALYSIS

________________

/" Large energy
5 plant (3 )
Syngas

___________________________

,/’becentralised
i energy plant(2)

" Decentralised district

! heatini ilant (1)

________________________________________________________________

D,S, N, PL Gas net with NG/SNG (evt. NatHy)

R&I Roadmap & Focus areas towards a RE-based Energy-system 2018-09-19 20
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DISTRICT HEAT-PRODUKTION

o 0o
Heat production in analysed scenarios e
45 .00 '. e . SYSTEMPERSPEKTIV 2035
<0 ) Heat
40.00 —__ ROTRD -V a
g 3500 Wy ‘ : demands
@ 3000 - '\ e [ _? p
=2500 \ e .»f. . e
52000 \ \ R R VAR s -
£1500 . 5
81000 \ \\ o A
— (@] @) " =
8 500 \ 3K .._. T {e)
€ 0.00 x x K
8 2016 2035STexcl. 2035GCA 2050 GC L /o I ¥
PtG/PtX ‘ y ° @
KV ~ FV mVPmv M PtG/PtX mv
[ ]

Heat demand can be used for further “refinery” of Northsea
power (PtG/PtX).



DRIFT AF EKSEMPEL PA STOR PROSUMER

Wood chips

1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

________________

I Large Energyplant (3 )

N
S

Gas grid (NG/SNG)
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Principleillustration Energy plant

Operation at low/medium power price (eg 6000-7000 hours/y)

Centrale processer | == [T 1ot =000
(RE) El « Electrolysis (max)

* Thermal gasification District heat

Biomass * Gas-/Steamturbine Bio/Electrofuel
* High temp. proceshea Eg. methanol

t @ Possible infrastructure-
Cco,

Hightemp. heat  H2 couplings to clusters

Operationat high power price (eg 1000-2000 hours/y)

Centrale processer » El (maks. prod.)
. . . fx spidslast
Biomass » = Electrolysis (min.)

* Thermal gasification » District heat
* Gas-/Steamturbine
(RE) Gas * Hightemp. procesheat Bio/Electrofuel
Fx methanol
Power Simulated operation of plant Price
(MW) (EU R/MW%)
1000 T ‘ ‘ ‘ 800
800 Elpris _,Jnl 6400
600 v -V_\\Jr 4800
400 ] T 3200
200 L/ Effekt 1600
0 — B [ Va N
J I L uovwd
-200 -1600
27/4 28/4 29/4 30/4 1/5 2/5 3/5 4/5
150 MW solar park (PV) 850 MW offshore wind farm

——140/140 MW energy plant (type 3) ——DK1 electricity price (EUR/MWHh)
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GCA 2050 — SIMULATED ANNUAL ENERGY FLOW

Gas-production from biomasse and Power-to-gas (PtG)

50
<
E 40
S 30
=
3 20 Gas
5 | =N B B . ------- - -end
% 10 use
O

O [ [ [ [ [
ST uk 2035 DG 2035 GCA 2035 ST 2050 DG 2050 GCA 2050
Forgasning, biogas Elektrolyse, met. M Forgasning M Elektrolyse, biof.




