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lzmantotiem riki

 MARKAL/TIMES ir izstradats e Atvérta datu un modela arhitektara
Starptautiskas Energétikas
agenturas Energotehnologiju
sistemu analizes programmas (IEA-
ETSAP, iea-etsap.org) aizgadiba

* Modelis nosaka visoptimalako
resursu izmantosanu un tehnologiju
ieviesanu laika gaita, nemot vera
dazadus ierobezojumus un

* Modela generators sarakstits alternativas nakotnes iespéjas, un
programmeésanas valoda - GAMS aprékina lidzsvaru energijas tirgos,

« Izmanto lietotaja saskarnes (VEDA,  Remot vera politikas ietekmi
ANSWER) ievades datu * Modelis aptver visu Latvijas
parvaldisanai, modelu generatora energosistemu (energijas bilance)
palaiSanai, rezultatu parbaudei un citus IPCC CRF sektorus SEG

emisiju l[imeni
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Latvia Solid Manufac-  Peatand  Oil shale Qiland Renewables  Non-

Total fossil tured peat and oil petroleum EE and renewable Nt;clear Heat Electricity
T j 2020 -~ fuels gases products sands products gas biofuels waste ea
+ Primary production 113,456.9 0.0 z 0.0 0.0 0.0 0.0 112,661.8 79.1 0.0 0.0 Z
+ Recovered & recycled products 1,052.7 0.0 4 0.0 0.0 1,082.7 Z 0.0 z z z Z
+ Imports 164,924.5 a3 0.0 0.0 0.0 84,496.6 38,148.3 24,876.1 1,408.0 z 0.0 15,024.1
- Exports 77,935.6 109.6 0.0 15.7 0.0 12,3188 0.0 56,319.7 0.0 z 0.0 9,171.8
+ Change in stock -10,232.4 9. . 394 X -4,866.7 -37.1 -5,467. 0. Z
= Gross available energy 191,266.1 961.! . 2. . 68,363.8 38,110. 75,750, 2,203. 0. 0. 58523
-_Intemational mariime bunkers 8,669.1 0 . ,669.1 0 Z
= Gross inland consumption 182,597.1 961.! . 2 . 59,694.7 38,110. 75,750 2,203, 0. 0. 5,852.3
e - International aviafion 24336 Z ,433.6 Z 0. Z
= Total energy supply 180,163.5 961.5 0.0 27 0.0 57,261.2 38,110.8 75,750.9 2,203.1 0.0 0.0 5,852.3
Transformation input 59,948.8 51.9 0.0 23 0.0 64.2 23,646.4 36,152.7 0.0 0.0 0.0 44
+ Electricity & heat generation 57,291.8 57.9 0.0 09 0.0 63.3 23,646.4 33,518.9 0.0 0.0 0.0 44
+ Coke ovens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 z z z z
+ Blast fumnaces 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4 Z Z z
+ Gas works 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Z Z Z z
+ Refineries & petrochemical industry 0.9 z z z z 09 z Z z z z z
+ Patent fuel plants 0.0 0.0 0.0 0.0 0.0 0.0 z 0.0 0.0 z z z
+ BKB & PB plants 24 0.0 0.0 24 0.0 Z Z 0.0 0.0 4 z Z
+ Coal liquefaction plants 0.0 0.0 0.0 0.0 0.0 Z Z Z z z z Z
+ For blended natural gas 0.0 Z 0.0 z z 0.0 Z 0.0 4 z z Z
+ Liquid biofuels blended 2,059.8 Z z Z z z Z 2,059.8 z z z z
[ ] [ ] [ ] - + Charcoal production plants 574.0 z 4 4 4 z z 574.0 4 4 4 z
+ Gas-to-liquids plants 0.0 z z Z 4 z 0.0 z 4 Z Z z
nergopiiance Ir visam pamata Bt s R R S R S | R ™ My S
Transformation output 49,99.5 0.0 0.0 2.7 Z 0.7 0.0 2,308.2 Z Z 27,0504 20,609.4
+ Electricity & heat generation 47,659.9 Z z z z Z Z Z z z 27,050.4 20,609.4
+ Coke ovens 0.0 0.0 0.0 z z Z Z Z 4 z z Z
+ Blast fumaces 0.0 0.0 0.0 z z Z Z Z z z z Z
+ Gas works 0.0 0.0 0.0 z z Z Z Z z z z Z
. - 8 == - . + Refineries & petrochemical industry 0.7 Z z z z 0.7 z 0.0 z z z z
. + Patent fuel plants 0.0 0.0 4 Z Z z z z 4 Z Z z
+ BKB & PB plants 217 0.0 Z 2.7 Z Z z z Z Z Z z
- 0 0 - - + Coal liquefaction plants 0.0 4 z z z 0.0 4 Z z z z 4
+ Blended in natural gas 0.0 Z 4 z z Z 0.0 Z 4 z z Z
1990. lidz 2020. gadam ir kalibrets péec e e e
[ ] L[] + Charcoal production plants 2485 Z z z z Z Z 2485 z z z z
. + Gas-to-liquids plants 0.0 Z Z z z 0.0 Z Z z z z Z
+ Not elsewhere specified 0.0 0.0 0.0 0.0 4 0.0 Z Z 4 Z Z 4
e n e rg O I a n C e S Energy sector 31151 0.0 0.0 0.0 0.0 250.8 4921 0.9 0.0 Z 758.0 1,613.4
+ Own use in electricity & heat generation 24435 0.0 0.0 0.0 0.0 250.8 4921 0.0 0.0 z 681.7 1,018.9
+ Coal mines 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 Z 0.0 0.0
+ Oil & natural gas extraction plants 0.0 4 z z z 0.0 0.0 0.0 z z 0.0 0.0
o5 == - e =m + Patent fuel plants 0.0 0.0 0.0 0.0 0.0 Z Z 0.0 0.0 z 0.0 0.0
* Jaudas elektrostacijam un katlumajam P f o F o8 odod4 d b oo
+ BKB & PB plants 0.0 0.0 0.0 0.0 0.0 Z Z 0.0 0.0 z 0.0 0.0
0 0 - - 0 ° + Gas works 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 z 0.0 0.0
+ Blast fumaces 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 z 0.0 0.0
ir kalibretas pec statistikas | s | | e | s | s | e S
+ Nuclear industry 0.0 z Z Z Z z z z Z Z 0.0 0.0
L) —-— L) + Coal liquefaction plants 0.0 0.0 0.0 0.0 0.0 z 4 4 z z 0.0 0.0
m + Liquefaction & regasifcation plants (LNG) 00 z z z z z 00 z z z 00 00
I n O r a C I J a S + Gasification plants for biogas 0.0 Z 4 z z Z Z 0.0 0.0 z 0.0 0.0
+ Gas-o-liquids (GTL) plants 0.0 Z 4 z z Z 0.0 Z z z 0.0 0.0
+ Charcoal production plants 0.0 Z Z z z Z Z 0.0 0.0 z 0.0 0.0
- a0 - -V A A + Not elsewhere specified (energy) 671 0. . X X X 0. 0. 0. 76.2 594.5
Distribution losses 4,874. 0. . . . . 452 0. 0. 3,063.8 1,358.4
e Transformaciias sektora atseviski ir - . L Lo
Final non-energy consumption 4,045.! 0.1 . . X ,045. 0. 0.1 Z Z
. - . - ’ Final energy consumption 159,022. 903. . 28, . 53,747. 13,520. 41,905. 2,203. 23,2287 23,4855
+ Industry 36,463. 803. . X X ,129. 4,049, 17,628. 2,203, 29324 6,708.9
I Z a I a S a Ve n e r O I e a S + Iron & steel 411 0.0 0.0 0.0 0.0 03 71 02 0.0 14 322
+ Chemical & petrochemical 8929 09 0.0 0.0 0.0 179.9 2399 2012 0.0 56.1 2149
L] + Non-ferrous metals 35.0 01 0.0 0.0 0.0 0.0 135 0.0 0.0 0.0 213
+ Non-metallic minerals 74071 8.7 0.0 0.0 0.0 389.8 1,279.8 1,746.9 2,203.1 164 992.5
+ Transport equipment 189.4 0.0 0.0 0.0 0.0 244 304 09 0.0 0.6 133.0
+ Machinery 629.2 02 0.0 0.0 0.0 23 161.2 87.5 0.0 50.3 310.6

+ Mining & quarying 5127 00 00 00 00 3834 380 23 00
+ Food, beverages & tobacco 33600 16.8 00 00 00 266 13114 551.3 00

z
z
z
z
z
z
z
z
° E AL ~ e M - + Paper, pulp & printing 2049 00 00 00 00 47 791 202 00 z
n e r I a S a e rl n S a I e C I OS Se O ros + Wood & wond procuct 05834 00 00 86 00 467 w63 14801 00 z
, + Constucton 11755 45 00 00 00 469 a7 9.0 00 z !
o = + Textle & leaer 72 00 00 00 00 48 151.9 66 00 z 199 8.0
+ Notelsewhere speied (ndusty) 7542 22 00 00 00 12 8 898 00 z 59 252
I r S a a I S u n n e + Transport 87130 00 00 00 00 41525 24 1886 00 z z 95
z
z
z
z
z
z
z
z
z
z
z

+ Rail 13517 00 00 00 00 1,083.0 z 25 00 z 262
+ Road 42283 z z z z 40330 24 1,846.1 00 z 97.8

+ Domestic aviation 17.4 z z z z 174 z 00 z z z

O Q - Q V - Q QO Q + Domestic navigaion %1 00 0.0 0.0 0.0 9.1 z 00 0.0 z z

. un gaisu piesarnojosas emisijas ir CI T R I L
+ Not elsewhere specified (ranspor) 00 00 00 00 00 00 00 00 00 z 00

. - - . 4 . - ° 0 = + Other 78,7856 100.2 00 195 00 100951 94488 223886 00 202063 164371

+ Commercial & publc services 23,0426 451 00 195 00 14987 46573 20291 00 53680 94249

a I re a S e C I nve n a rl Za C I a I I l + Households 46,698.2 546 00 00 00 22356 4575 189932 00 145235 63037

+ Agriculture & forestry 8,584.3 05 00 00 00 59589 2007 1,363.9 00 4002 660.2

+ Fishing 2549 00 00 00 00 %28 33 18 00 00 470

+ Not elsewhere specfed (oher) 2056 0.0 00 00 00 1992 00 06 00 z 46 13

Statistical differences 8455 0.0 0.0 0.0 0.0 8456 0.0 0.0 0.0 0.0 0.0 0.0

Final energy consumption: Europe 2020-30 161,413.5

Gross electricity production 20,609.4 0.0 0.0 0.2 0.0 0.4 7,470.6 13,138.3 0.0 0.0 Z z
Gross heat production 27,0504 367 0.0 08 0.0 528 12,059.9 14,895.9 0.0 0.0 Z 43
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Gross inland consumption: Europe 2020-30 182,554.6
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Modela komponentes

M A = Wl —=
A. Energosistému topologija un f = e A. Atsauces energijas sistéma -
. - . R
organizacija "' RES (Reference energy
T . ”] ' '
B. Skaitliskie dati g ... | B. Datu laika rindas

daudzdzivokju
majas

C. Matematiska struktura
* Transformacijas vienadojumi
* Robezas, ierobezojumi

C. GAMS modelis

* Lietotaja definétas attiecibas

D. Scenariji un stratégijas D. Gadijumi
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A. Modela RES strukttras precizéSana

e Sikaks pakalpojumu un e Papildinat energobilanci ar
lauksaimniecibas sektoru energijas  informaciju par sarazoto energijas
resursu patérina sadalijums apaks daudzumu mikro generacijas

nozarés un energijas resursu iekartas
patérina sadalijjums péc patérina * Véja ES
veida * Saules PV
» Ripniecibas nozaru energijas * Saules kolektori
resursu patérina sadalijums péc * RES attélo visus bilances energijas
patérina veida nesejus

* Transporta sektora talaka
detalizacija
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B. NepiecieSamie dati

* Lietderigas energijas o
pieprasijums/energijas pakalpojumi (un
elastlbai

* Detalizétas izmaksas

* Resursu, investicijas, fiksétas, mainigas,
piegades, sektoru diskonta likmes

* Tehnologiju raksturojums

* Energija resursi ieeja/izeja, efektivitate,
pieejamiba, tehniska muza ilgums

* Resursu piegades soli, kumulativie resursu
limiti, tehnologiju uzstaditas jaudas, jaunas
investiciju iespejas/iespéjas/alternativas

* letekme uz vidi

* Emisiju faktori energijas resursiem,

tehnologijam
* Sistema un citi parametri

* Diskonta likme, gada/dienas sadalijums,
elektriskas rezerves robeza
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Sasaiste ar CGE modeli
RaZotaju/patérétaju [idzsvars un Elastic Demands

Patreiz izmantojam Elastic Demands Sasaiste ar CGE modeli

A

Price

AN

N

Demand curve

(fixed demand) .~ |

Supply curve

Reference
Demands for
each Energy

Service

Demand-Price
Elasticities for
each Energy

Service (if

Annualized investment
Cost for conversion,
process and end-use

technologies

Annual O&M cost in
each conversion,
process and end-use
technology

Consumer available) Fuel cost for each
8 su rplus . conversion, process and
- . Prices for Energy end-use technology
o Resources, (Quantity of Energy
E ------------------------------------ ‘ il |mp0rts and carriers consumed by
=2 Producer Exports each conversion,
E | ) a process and end-use
= surplus Characterizations technology X
3 = broduction of Energy Marginal Prices of
ou' SETLLY Conversion and Energy carriers)
costs End-use
» technologies Resource supply Levels
and Revenue
Equilibrium demand Quantity
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0.25

B. Modela aproksimacija-
gada sezonu vidéjais |
diennakts laiku grafiks

0.15

[] t— [] - e [] [] —b— W_Dw i ’V\“P
D S :
sistémai un majsaimniecibam 1 -
AP < '
WEN
! - SiN
Mar(31)&Mai(31)&Sep(30)&0kt(31)&Nov(30) 7-10; 12-23  23-7 10-12 ——

- 92 Jun(30)&Jul(31)&Aug(31) 7-10;12-23  23-7 10-12 £l

- 90/91 Jan(31)&Feb(28)&Dec(31) 7-18;20-23  23-7 18-20

- 30  Apr(30) 7-10;12-23  23-7 10-12 0.05

| [ 3es3e6 f [ 1 [s8] 2

[ zv | Hours |
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[ W-N | 728
| 1D | 2142
e 306 000
“ 1224 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
| AD | 420
| AP | 60
| AN | 240 System-h System Residental-h e Residental
| sD | 1288
| sP | 184 5
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B. Gada sadalijums

Electricity system modelling: Combining long-term and short-term models [S]0)
Long-term ETP-TIMES Supply model Linear TIMES dispatch model
4 typical days with 8 timeslices per day Individual regions and years with an hourly resolution
. 80000 Minimum Part-load
= Mw operation time efficiency
S O RE: e D e oo TR AT e e
E 70 000 Other Ramp-up
) constraint, Ramp-down
= Wind St?;:: / I \ constraint
60 000 mSTE | >
Solar PV -— Minimum load
50 000 Minimgm
m Biofuels and waste down time
40 000 m Hydro % mm Mid-merit and
peaking
® Nuclear m— CSP
o « Coal w/ CCUS ,
s Reservoir hydro
w Coal
20-000 — Wind
oil

10 000 .. # Natural gas w/ CCUS w— Solar PV
N
B

,,\\\\\\

e~
; #»}»WW m Natural gas
2019 2030 2040 2050 2060 2070

mm Baseload

1EA 2020. All rights reserved Page 25
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B. Laika rindu precizésana attieciba

uz nodokliem uz tarifiem

* Akcizes nodoklu likmes un nodoklu < E|ektroenergijas parvades un
ienémumi naftas produktu veidiem i _
un dabasgazei sadaliti pec sadales tarifi (struktura un
energobilances sektora aprékinati videjie svertie)

* Elektroenergijas nodok|u likmes un

° oy -\
nodok|u ienemumi sadaliti péc Dabasgazes uzglabasanas,

energobilances sektora parvades un sadales tarifi

* Dabas resursu nodokla likmes un (struktdra un aprekinati videjie
ienémumi par SEG un gaisa svértie)
piesarnojoso vielu emisijam, ka ari o ) -
oglém un koksu, un kidras ieguvi * Lielako CSS parvades tarifi
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C. Mérka funkcija - gada izmaksu diskontéta summa minus
ienemumi

_ + Investment costs
Construction

A

+ Costs for sunk material during construction time
( + Variable costs

_ + Fixed operating and maintenance costs
Operation 3

+ Import costs
\ + Taxes

.. + Surveillance costs
Decommissioning -

+ Decommissioning costs

- Subsidies

{{t - Subsidies
{
{

Construction

Operation
- Export revenue

Decommissioning - Recuperation of sunk material

Construction - Salvage value
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D. Scenariju sagatavosana energétikas sektoram

- lAavats | Vasturiskaisperiods | Projekcijas periods
Energobilance (sadalita ETS un neETS sektoros) — Reference Energy | &2 515

System (RES) definésana (Energijas

resursi&Sektori&Tehnologijas&Lietderigas energijas patérins)

Transformacijas sektora precizéSana (SaraZota energija ménesu Latvenergo, Rigas
griezuma lielakam elektrostacijam — TEC1, TEC2, Imantas TEC, Siltums

Plavinu HES, Kegumu HES, Rigas HES)

Vesturiskie elektroenergijas un siltumenergijas slodzes 8760h profili [ 2S5 (17151101

Emisiju faktori (iznemot transportu) LVGMC

Emisiju faktori transportam un energoresursu sadalijums péc COPERT u.c.
autotransporta veida informacija

Energoresursu cenas — vésturiskas/prognozétas CSP, Eurosta, EC, IEA,
BENTE

Makroekonomisko raditaju prognoze lietderigas energijas patérina | 5\,
projekcijas sagatavoSanai

Energijas un dabas resursu nodokli - vésture/prognoze Normativie akti leejas parametrs modeli
RES-E subsidijas - vésture/prognoze Normativie akti, EM leejas parametrs, lai pilnigak modelétu RES-E

Katsméslu daudzuma, kurus var izmantot biogazes iegtisSana - LLU leejas parametrs modeli - potenciala definésana
vésture/prognoze modelt

Politiku un pasakum definésana EM, VARAM WEM, WAM un mérku scenariju veidoSanai

::l _é _::I I:: INSTITUTE OF PHYSICAL ENERGETICS 12

leejas parametrs Modela rezultats,
modell - modela nemot véra dazadus
kalibrésana ierobeZojumus

leejas parametrs modeli

NetieSs ieejas parametrs modeli




D. Politiku un pasakumu ietekmju novértésana

e Uz emisiju samazinasanu versta politika vai pasakums (piem., akcizes
nodokla paaugstinasana, obligatais biodegvielas piejaukums, energijas
efektivitates pasakums)

* Emisiju samazinajumu novérté salidzinot scenariju bez Siem PAM ar
scenariju kura ir ieklauts PAM

* Tiek salidzinats ne tikai, piem., transporta sektors, bet visa sistéma, jo
viena sektora notiekosais dinamiski ietekmeé visu sistemu
* Obligata biodegvielas piejaukuma gadijuma, ja biodegviela tiek ieguta Latvija,
janem véra audzesanas procesa raditas emisijas
* Elektrotransporta gadijuma elektroenergija ir jasarazo (no fosiliem vai AER avotiem)
vai jaimporte
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Jaunas modeleésanas sistemas izveide

* Ar ekonomikas ministrijas atbalstu uzsakta jaunas modelésanas sistémas izveide,
kuras centra bus TIMES modelis, kas darbosies VEDA2.0 vide

* Patreiz piekartotas nepiecieSamas laika rindas laika periodam 1990.-2060. gads un uzsakta
to parnesana Veda-TIMES datubazes strukturas
* Laika grafiks
* Pirmie testa scenariji — 2022. gada 4. ceturksnis
e Scenariji NEKP2030 atjaunotas versijas uzmetumam — 2023. gada janvaris
* Projekta nobeigums — 2023.gada decembris

* Paredzéeta sasaiste ar CGE (Computable general equilibrium - Aprekinamais
vispareéjais lidzsvars) modeli, kuru ar Ekonomikas ministrijas atbalstu izstrada
Latvijas Universitate

* Paredzéts modeli izlikt interneta vidé lidzigi ka https://vedaonline.cloud/
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Priekslikumi turpmakajai sadarbibai Energétikas darba grupa

* Diskusiju témas
* Tehnologiju attistiba un to izmantosanas perspektiva Latvija

» Sektoru integracija - elektroenergijas nozares ciesaka sasaistes process ar plasaku
energétikas nozari (pieméram, siltums, gaze, mobilitate)

* Gada/diennakts sadalijums
* Planotas investicijas infrastrukttra — Latvenergo avoti, starp savienojumi u.tml.
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Paldies!!!
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Model Building Blocks

Primary energy CONVERSION Final energy DEMAND Useful energy
consumption TECHNOLOGIES | consumption DEVICES consumption
| I

Producers of Electricity

consumption

I |
| |
] L] 2
electricity only I consumption I ‘8
- - Q)
Mining I I
—b [ I 1| S
I ! I
Import | Coupled I 1| s
—I) production I ! e
| plants I I §
Export | Heat | é
I [ consumption I |
| Bl n
[B)
I Heat plants : : =
| | 1| =
| | 1| &
I | 1| 3
| I Fuel 1] g
| | | v
| | |

An energy technology is any device that produces, transforms, transmit, distribute or uses energy
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Useful demands / Energy services — Sectors and Sub-sectors

* Agriculture, forestry, fishery * RES Air Conditioning
* AGR Electricity * RES Clothes Drying
* AGR Energy Carriers (excl. ELC) * RES Cooking

. i * RES Clothes Washin ]

SEUEEE N & * In model energy service demands are
+ COM Air Conditioning BBl : lasti
B : price elastic

« COM Cooking ectric Equipments
« COM Space Heating & Hot Water * RES Space Heating & Hot Water MF * Each energy service is expressed in
- COM Lighting " RESSpace Heating & Hot Water SF units of useful energy and projected
- COM Electric Equipments " RESlighting exogenously using different
* COM Refrigerators and freezers > B el Ay CErEE parameters (outside the model)

* Industry and construction * Transport

e.g., Energy service for Trucks

e ICH Chemical * TRA Domestic Aviation
« I1CO Construction * TRA International Aviation * Cargo traffic (t)
* IES Energy Sector * TRAPipeline Transport * Cargo turnover (t-km)
* IFB Food; Beverage and Tobacco * TRARoad - Buses e GDP
* IS Iron & SteeI&Non-fc?rr(_)us Metals * IiZﬁtRSSSy-\ZI:iCcITZSS)I_'eaW Duty Trucks, « Cargo per truck
* |LP Pulp&Paper ?nd !Drlntlng - TRA Road - Car (Cars, Mopeds, e km oer truck
* INM Non-metallic Minerals Motorcycles)
* IWP Wood and Wood Products « TRA Railway
* 10l Other + TRA Domestic Navigation
e Residential * TRA International Navigation (Bunkers)
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S=5=50

Gada sadalijums

Electricity moves to the heart of modern energy security

Hour-to-hour adjustments required in power systems due to variability in demand, wind and solar PV, in the Stated Policies Scenario

European Union United States China India
TOO0L asvsnsisssssmsonaaishanesaeaivatin  Ssduispiasvarsondaisdsieransonat VUNBEORiRsUINEIveRaREREIIINE (SRS e AR A
759  eececessssecssesaasssssescssnss  encsssessessssesssesssesssasess  sesesssssncessasesssasessasasss  sessssssessassasecTracossasecke ® 2019
GO%  «eevvvvnnencneseassnaneesnsnnns  aseesesssssssnssssssssesaasseas  sssesessssessessssssssssnssncss  snsesessessasessscds Reenger 2040
IBOL: Gaidevensusssanonsd BB viie gl e : csssessasessusvuacfissossond. gl
DB suivaenaussdiioei B csuiess '- ........ B . LR e,
SEO0L: seensaniantsisaneinshisenivatil  SedeNeEARRSINIRRORINEISRNGISS! SReNsIRUIBHINNSRIARIIsEAsatee GusvasaveeueNedEed
STEGL. Gedvinersesiuesnasesdiieoanins)  avauaNsAdstenRaasoNKRAREAAE),  sebNsnAkensuskAR s NG rden]  [asebauveaadnoN s anaaneies eT e
(MO s aannnssssbavhasassanassasesarieaseunhahnasananesenhanaNAsmasal s Ll o N il danARAR BR s b RO AR AR ik a5 ad AR AN AR HS A AN AN RSB R AN

Global needs for flexibility double to 2040, but today's market designs may not bring sufficient investment,
e.g. in power plants, networks, demand-side response and energy storage, including batteries
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