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Bu sunumdaki tum gorusler kisisel
gorusler olup hicbir kurum/sirket/
dernek ya da Bilkent EPRC'ye
atfedilemezler. Goruslerde yanlis
var ise bunlar sahsi hatalardir.
Bu sunumdaki gorusler yatirm
amaci ile kullanilamaz.




Ana soru

Hidrojen ve enerji depolama gelecek
enerji denkleminde ne sekilde ve ne
kadar yer alacak?




Bazi birimler

 Hidrojen
» 33 kWh/kg ->11 m3
- 1 m3 dogalgaz -> 10.64 kWh
» Elektrolizor verimliligi %60 : 55kWh elektrik -> 1 kg H2
e Depolama
» Pil enerji depolar -> kWh
- Depolama sistemleri hem anlik hem de sureli kapasite verir
« 1saat 5 kWh veren sistem : 5kW/5kWh
» Yogunluk: Wh/kg, Wh/|

https://www.allaboutbatteries.com/battery-energy.html

Battery
Type

Lead-acid

Alkaline long-life

Carbon-zinc

NiMH

NiCad

Lithium-ion

Cost
S per Wh

$0.17
$0.19
$0.31
$0.99
$1.50

$0.47

Wh/kg

41
110
36
95
39

128

Joules/kg

146,000
400,000
130,000
340,000
140,000

460,000

Wh/liter

100

320

92

300

140

230



Neden

 Hidrojen
« Dekarbonizasyonu zor olan sektorlerde bir alternatif olabilir mi?
« Gaz sistemlerinde batik maliyet
. Elektrik-gaz entegrasyonu icin ideal
e Depolama
« Tum enerji sistemlerinde kritik
 Enerji guvenligi taniminin parcasi (dogalgaz depo, stratejik petrol stoklari)

 Elektrik uretim tarafinda su rezervi ile depolama



O W O

9

Elektrik sisteminin ozell

o Tuketici yonetir

» Tum elektrik sistemi tuketim etrafina orulu
 Tuketici istedigi zaman tuketir, Uretim buna uyar
 Elektrik anlik dengelenir.
o Elektrik bir hizmetler butinu
. Uretme/tiketme
» Yedekte durma, sistem dengeleme

» Kesinti durumunda devreye girip sistemi ayaga kaldirma



Depolama turleri
AR e - | - oan

Reserve & Response Transmission & Distribution Bulk Power
Services Support Grid Management

Pumped
Hydropower

Storage

Hours

Compressed Air Energy Storage
Flow Batteries P BY B

Sodium-Sulphur Battery

Advanced Lead-Acid Battery

Li-ion Battery

Minutes

Lead-Acid Battery

Nickel Cadmium Battery

Discharge Time at Rated Power

Nickel Metal Hydride Battery

Seconds

[ 1 ]

1 kW 10 kW 100 kW 1 MW 10 MW 100 MW 1GW
System Power Ratings, Module Size

https://www.researchgate.net/figure/Comparison-of-key-type-energy-storage-technologies-in-sense-of-storage-capacity-and_fig1 312870399
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Ingiltere kapasite piyasasi ve piller

The 2024/25 T-4 CM auction cleared at £18.0/kW, procuring 40.8GW AURSRA
of capacity including 3.4GW new build

2024/25 T-4 breakdown of awarded capacities by technology
GW de-rated

Existing capacities exiting the auction New-build and DSR capacity contracts awarded

2024/25T-4CM Target
Capacity: 40.1 GW

Existing Nuclear CCGT Other Remaining OCGT Gas recips Battery DSR  Interconnector Other Total
/refurbizhing awarded awarded
capacities capacities capacities

Dungeness B, unit 7 of Heyzham 2 and unit 1 of Torness dropped °Drax managed to secure contracts for 3 out of the 4 new build OCGT:z they entered

out of the auction

|
|
|
: e Out of a totalof 226 MW awarded battery storage capacities, 54 MW (219 MW,
9 Like in the previous auction Medway and Keadbyl dropped out, :
:
|
|

|

|

|

|

nameplate) are 1-hour duration, while 171 MW (354 MW, nameplate] are 2-hour :

| while Rockzavage has also failed to secure acontract :
|

l

ewkmg Link only, excludes winning interconnectors from previous auctions
o Othersincludes 274 MW of Dinorwig 1 pumped storage

6 Includes, 28 MW of onshore wind, 5 MW of solar, 79 MW of EfW and 84 MW of CHP

T ——— - ——— T — A —————— - ———

_.CCCT B C=F [ OCGT | Gaz recipz: ] Nuclear ] DSR Battary -Pnped hydro ] interconnector ] Other

Sourcesz Ao Eneargy Rezeach, Natord Gad CONFIDENTIAL 1

https://twitter.com/UKenergywonk/status/1369948374577905665



Depolama - Mega fabrikalar

. . Declining cost of lithium-ion batteries used in electric vehicles ($/kWh), 2014-2020
Build-out of battery megafactories (>1 GWh), 2015-2020

The build out of EV battery megafactories /gigafactories since 2015 (> 1GCWh) 547 BENCHMARK
200 INTELLIGENCE
Lithium ion cell price, Large contract, Automotive, $/kWh
180
160 350
140 200
120
250
100
80 200
60
150
- l
. -
20
0 (S——— - 50
R W __B_ﬁNﬁHN[!ARK 2015 2016 2017 2018 2019 2020
:Jl LIGENCE
0
Source: Benchmark Mineral Intelligence. A i e ki g oy g

Source: Benchmark Mineral Intelligence

Source: Benchmark Mineral Intelligence.

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2021/02/THE-GLOBAL-BATTERY-ARMS-RACE-LITHIUM-ION-BATTERY-GIGAFACTORIES-AND-THEIR-SUPPLY-CHAIN.pdf
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Depolama - Cin'in payi

Share of China’s lithium-ion battery manufacturing produced domestically in 2019

BENCHMARK

MINERA

INTELLIGENCE

Current and potential future supply chains

Current sample Supply Chains for Europe and
North Amenca focus on global mining and Asian

refining of cathode matenals

Growth of battery supply chains allows future sourcing to
optimized, reducing shipping and working capital
requirements, while reducing political nsk

China’s share of production % in full year 2019* Current Future
°< Primary Suppty @9

Secondary Supply

Secondary Supply

Source: Benchmark Mineral Intelligence.

Mid Stream
Cathode & Anodes

*Lithium, Cobalt, Nickel, Graphite, Manganese, Cathode, Anode, Cells accounted for in calculations

Mid Stream
Chemical Refining

Downstream
Lithium ion Battery Cells
Source: Benchmark Mineral Intelligence

Upstream | Mining
Lithium-ion battery cell capacity in 2020 and planned for 2030
2020 2030

Source: Benchmark Mineral Intelligence. Data account for production of lithium, cobalt, nickel, graphite, manganese, cathode, anode.

' . é :

B ;

Europe: 16.79% Other: 0.5%

J

Europe: 54%

o . o

N America: 92% China: 72.5% Asia: 12.99% N America: 11.9%

Total: 500.5 GWh Total: 3,009.7 GWh

China: 66.9% Asia: 4.0%

Source: Benchmark Mineral Intelligence.

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2021/02/THE-GLOBAL-BATTERY-ARMS-RACE-LITHIUM-ION-BATTERY-GIGAFACTORIES-AND-THEIR-SUPPLY-CHAIN.pdf
10



Cin'in NTE tedarik zincirindeki payi

.:; Stage Two: Chemical Processing/Refining
L 0
- N PRt : P S » ’ - .
—=== ' spodumene : " Crus;lh;:?a%r::‘dmg l’ M Filtration ; o
Nickel 0% 32% b e | e I | b .“ Nickel 0% 33%
. e — -
Cobalt 0% 0% 1% Lithium Lithium | g R Cobalt 17% 0% 80%
: Hydroxide Carbonate | P | ‘
Graphite 0% 0% 56% T Graphite 0% 0% 100%
+ Cobalt
Lithium 0% 1% 13% + Nickel Lithium 0% 7% S51%
+ manganese
+ Aluminium Etc
Stage Three: Cathode or Anode Production i Cathod: Slurry | i : | Compressing Stage Four: Lithium ion battery
- . Preparation - Coating — + Cutting -— g cell manufacturing
| 2 I
Anode ‘ o —
Cathode 0% 82X ;. brresosemrereteestessrems ' 2
, | - . o | | 2018 7% 9%
Anode 0% 100% : Cell Assembly ;-0 E Winding l-ﬂ : Cathode '0 %
[T Mobile | i Separator | -
...................... |__echnology |
- Module !
8 | production |
© [ ' PSSPV —— ,
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= [ | Electric !
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https://twitter.com/_kplee /status/1369763984035909633/photo/1 1
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Mevcut Lityum lon Pil Tasarimi

4 I Anode current collector

Conventional Lithium-lon Battery Design
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Wound cylindrical cell
(e.g. 21700)

Cathode Materials

https://ir.guantumscape.com/events-and-presentations/presentations/presentation-details/2021/Test-Presentation/default.aspx
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Kati hal piller

Conventional Liquid Battery QuantumScape Solid-State Battery

Anode Current

Collector
Carbon / DlSCharKEd Anode Current Changd
Silicon Anode (as manufactured)

Collector

=~ Porous Separator Lithium metal

Solid-State Separator

Cathode Active

Liquid Electrolyte
Cathode Ad five

Catholyte
Cathode Current
Collector

Cathode Current
Collector

https://ir.guantumscape.com/events-and-presentations/presentations/presentation-details/2021/Test-Presentation/default.aspx
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Kati hal piller

CERAMIC SOLID-STATE SEPARATOR

SINGLE LAYER POUCH CELL

450

400 =4 A\

Cell Mass-specific Energy (Wh/kg)

350
-“:z‘ ~
300 <15 min 80% Charge
NCA or Ni-rich
/ NMC + Silicon / .
Carbon Anode ® Lommereaimmer
250 |
70 |
= I
S, I
QE)’ 60 : ~40 min 80% Charge
© C/Si anode, Li-lon
200 5 50 |
(e} 1
2 I
S 40 I
N |
I
150 30 |
I
20 :
[ Commercial area (70x85mm) prototype
100 10 : Zero Excess Li, 3.2mAh/cm?, Single Layer
. I 30 °C, ~3.4 atm
300 400 500 600 700 800 900 0 '
~. : : 0 10 20 30 40 50 60
intumScape Cell Volumetric E;;ergy Density (Wh/L) Time [min]
— Source: Argonne National Laboratory; Management estimates ol ithi .
! Lithium, iron, and phosphate ? Nickel, manganese, and cobalt ® Nickel, cobalt, and aluminum L|th.|um o anntumScape
C/Si anode Single Layer Cell —

https://ir.guantumscape.com/events-and-presentations/presentations/presentation-details/2021/Test-Presentation/default.aspx
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Tesla Pil

JELLYROLL

CATHODE

SEPARATOR

DISCHARGE CHARGING

) . —‘——— CATHODE

SEPARATOR)

https://www.tesla.com/2020shareholdermeeting?redirect=no
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Tesla Pil

RANGE INCREASE $ / KWH REDUCTION INVESTMENT PER GWH REDUCTION

https://www.tesla.com/2020shareholdermeeting?redirect=no




Tesla Pil

SX

ENERGY

+50%

ENERGY

SIMPLER MANUFACTURING

FEWER PARTS

+16%

RANGE

SX REDUCTION IN ELECTRICAL PATH
EVOLUTION

6X

SUPERCHARGE TIME INCREASE

Bigger Cylindrical Cells Cost Less

46 MM

20%

a1 21 26 31 36 41 46 51 56 61

CELL OUTER DIAMETER MM CELL OUTER DIAMETER MM

https://www.tesla.com/2020shareholdermeeting?redirect=no



Tesla Pil - Uretim
8

Electrode - Wet Process

-
>

— " ""
[ e

¢

ELECTRODE WINDING ASSEMBLY FORMATION 2&3
COAT & DRY

Powder Into Film

4
COMPRESS

Dry Electrode

10X

FOOTPRINT REDUCTION

10)'¢

ENERGY REDUCTION

https://www.tesla.com/2020shareholdermeeting?redirect=no Z - cont




Tesla Pil - Katot

CATHODES ARE LIKE BOOKSHELVES METAL COST MATTERS

$/kWh METALS

COBALT

NICKEL
NICKEL COBALT
MANGANESE /
ALUMINUM

€ € @® <—— LTHIUM
. Mo
, S aa aam Y X

CATHODE COST BREAKDOWN

25% 5%

IRON BASED NICKEL + MANGANESE HIGH NICKEL
NICKEL LITHIUM COBALT PROCESSING

https://www.tesla.com/2020shareholdermeeting?redirect=no
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Hidrojen destek alanlari

passenger cars [

Vehicle refuelling stations

Buses

I

Electrolysers |
|
.

Trucks

Buildings heat and power
Power generation

Industry

Other fleet vehicles J-

o
N
S
(&)}

8 10 12 14 16
Number of countries

IEA. All Rights Reserved

© Incentives without targets = ® Targets without incentives Combined incentives with targets

https://www.iea.org/reports/the-future-of-hydrogen
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Hydrogen production costs using natural gas in selected regions, 2018

USD/kgH
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Hidrojen Yakit Huicresi

How the Mirai works: the drive train

High-pressure hydrogen tanks Fuel cell stack

Power
control

Drive battery Boost converter Motor

Hydrogen filler (Tank can be
refilled in under five minutes)

G The stack of 370 fuel cells is supplied with hydro- 9 The electric motor drives the car’s wheels. When
gen gas from two internal tanks ... the car is coasting or braking the motor acts as a

@ ... and oxygen from the inlets at the front of the car generator

Q The extra electricity generated by the motor is
stored in a drive battery, which can be added to the
fuel cells’ output during acceleration

Q The reaction in the cell stack generates an electri-
cal current

O The current’s voltage is increased by a boost con-
verter. This means fewer fuel cells and a smaller
motor are needed, allowing a reduction in weight

0 The power control unit oversees fuel cell power
output and drive battery discharge and recharge
depending on driving conditions

Graphic: lan Bott

©FT

https://www.ft.com/content/a1325d48-6¢c76-4b6f-81e8-2be504¢c21791
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Alkaline PEM AEM Solid Oxide

Operating temperature 70-90 °C 50-80 °C 40-60 °C 700-850 °C
Operating pressure 1-30 bar <70 bar < 35 bar 1 bar
Electrolyte Potassium PFSA membranes DVB polymer Yttria-stabilized

hydroxide (KOH) support with Zirconia (YSZ)

_ -1
1ol KOH or NaHCO3
TmolL’

Separator Zr0O, stabilized with  Solid electrolyte Solid electrolyte Solid electrolyte

PPS mesh (above) (@bove) (@above)
Electrode / catalyst Nickel coated Iridium oxide High surface area Perovskite-type
(oxygen side) perforated stainless Nickel or NiFeCo (e.g. LSCF, LSM)

steel alloys
Electrode / catalyst Nickel coated Platinum High surface area Ni/YSZ

(hydrogen side)

perforated stainless

steel

nanoparticles on
carbon black

nickel

Porous transport layer

Nickel mesh (not

Platinum coated

Nickel foam

Coarse Nickel-mesh

anode always present) sintered porous or foam
titanium
Porous transport layer Nickel mesh Sintered porous Nickel foam or None
cathode titanium or carbon carbon Cloth
cloth
Bipolar plate anode Nickel-coated Platinum-coated Nickel-coated None

stainless steel

titanium

stainless steel

Bipolar plate cathode

Nickel-coated
stainless steel

Gold-coated
titanium

Nickel-coated
Stainless steel

Cobalt-coated
stainless steel

Frames and sealing

PSU, PTFE, EPDM

PTFE, PSU, ETFE

PTFE, Silicon

Ceramic glass

Note: Coloured cells represent conditions or components with significant variation among different companies.

PFSA = Perfluoroacidsulfonic; PTFE = Polytetrafluoroethylene; ETFE = Ethylene Tetrafluorethylene; PSF = poly
(bisphenol-A sulfone); PSU = Polysulfone; YSZ = yttriastabilized zirconia; DVB = divinylbenzene; PPS = Polyphenylene
sulphide; LSCF = La .. Sr,,Co  Fe ,O,-8;LSM = (La]_xer)]_yMnOB; § = Crofer22 APU with co-containing protective coating.

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction
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Cell pressure [bara]

Efficiency (system)

[kWh/KgH,]

Lifetime [thousand

hours]

Capital costs
estimate for large

stacks (stack-only, >

1MW) [USD/KW._ ]

Capital cost range
estimate for the
entire system, >10
MW [USD/kW,_]

Based on IRENA analysis.

Elektrolizor turleri

2020

Alkaline PEM AEM

2050

SOEC Alkaline PEM AEM SOEC

<30 <70 <35 <10 >70 >70 >70 > 20

50-78 50-83 57-69 45-55 <45 <45 <45 <40

60 50-80 >5 <20 100 100-120 100 80

270 400 - >2000 <100 <100 <100 <200

500- 700- - - <200 <200 <200 <300

1000 1400

Note: PEM = Polymer Electrolyte Membrane (commercial technology); AEM = Anion Exchange Membrane (lab-scale today);
SOEC = Solid Oxide Electrolysers (lab-scale today).



Elektrolizorlerde maliyet dususu

6.0

Electrolyser cost in 2020:
USD 1 000/kW

5.0

Electricity price
USD 65/MWh

Electricity price
USD 20/MWh

4.0 |Electrolyser cost in 2020:
USD 650/kW

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

30 Efectrotyser cost/in2020: ~ Electrolyser cost in 2050:

USD 130/kW @ 5 TW installed capacity

Fossil fuel range

2.0

Hydrogen cost (USD/kg H.)

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

Electrolyser cost in 2020:

USD 650/kW
10 o —— e Electrolyser cost in 2050:
USD 130/kW @ 5 TW installed capacity
0]
2020 2025 2030 2035 2040 2045 2050

Note: Efficiency at nominal capacity is 65%, with a LHV of 51.2 kilowatt hour/kilogramme of hydrogen (kWh/kg H2) in 2020
and 76% (at an LHV of 43.8 kWh/kg H2) in 2050, a discount rate of 8% and a stack lifetime of 80 000 hours. The electrolyser
investment cost for 2020 is USD 650-1000/kW. Electrolyser costs reach USD 130-307/kW as a result of 1-5 TW of capacity
deployed by 2050.

Based on IRENA analysis.

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction
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Note: ‘Today’ captures best and average conditions. ‘Average’ signifies an investment of USD 770/kilowatt (kW), efficiency
of 65% (lower heating value - LHV), an electricity price of USD 53/MWHh, full load hours of 3200 (onshore wind), and a
weighted average cost of capital (WACC) of 10% (relatively high risk). ‘Best’ signifies investment of USD 130/kW, efficiency
of 76% (LHV), electricity price of USD 20/MWh, full load hours of 4200 (onshore wind), and a WACC of 6% (similar to
renewable electricity today).

Based on IRENA analysis



Elektrolizorlerde maliyet dususu

Hyrogen production cost (USD/kg)

I 974 1947 2921 3894 4867 5840 6814 7787
Operating hours

Electrolyser system cost (USD 770/kW) + fixed costs
Electrolyser system cost (USD 500/kW) + fixed costs
Electrolyser system cost (USD 200/kW) + fixed costs
Electricity price (20 USD/MWh)

Blue hydrogen cost range

8760

Hyrogen production cost (USD/kg)

974

1947 2921 3894 4867 5840 6814 7787
Operatina hours

Electrolyser system cost (200 USD/kW) + fixed costs
Electricity price: USD 10/MWh
Electricity price: USD 20/MWh
Electricity price: USD 40/MWh

Blue hydrogen cost range

Note: Efficiency at nominal capacity is 65% (with an LHV of 51.2 kWh/kg H,), the discount rate 8% and the stack lifetime

80 000 hours.

Based on IRENA analysis.

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction
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8760

CELL LEVEL

1

1

1
v

Titanium
coated with
Pt

Catalysts
Iridium

Platinum

BP PTL

Anode

Electrode Membrane

Cathode Electrode

* Challenges: Industrialisation

* Technology Breakthrough:
Diaphragms replaced by
membranes

« Significance:
Industrialisations of
Electrolysers

* Challenges: Cost

* Technology Breakthrough:
Redesign of over-complex
systems

» Significance: Industrialisation
of PEM Electrolysers

* Challenges: Efficiency,
durability and cost

Novel materials
* Significance: Gigawatt
Electrolysis

* Technology Breakthrough:

T

#

1800

ased on IRENA analysis.

1950 l 1980

2010 l 2020

* Challenges: Power density

* Technology Breakthrough:
Polymeric Solid Electrolyte

» Significance: Life-support
applications (Space
Programs)

* Challenges: Size and cost

* Technology Breakthrough:
1 MW larger stacks

» Significance: Demonstration
of large-scale applications
(power to gas)

2050




Elektrolizorlerde PEM ve Alkaline maliyet bilesenleri

Alkaline Electrolyser

cost breakdown

PEM Electrolyser

4% Balance of Plant

cost breakdown

4%
3

1%
Balance of Plant
A Dlaphragm/ 10
13% Electrode 57%
package
Catalyst
25%  Coated
Membrane
w ® Manufacturing @® Porous Transport Layer (PTLs) ® Balance of Plant ® Power Supply
© Diaphragm ® Structural layers ® Stack components @ Deionised Water Circulation
. . ® Hydrogen Processing
® Manufacturing @® Porous Transport Layer (PTLs) @ Balance of Plant ® Power Supply Nickel based anodes @ Small parts (sealing, frames) .
. : ooling
@ PFSA Membrane ® Small parts (sealing, frames) ® Stack components incl. CCM ® Deionised Water Circulation Nickel based cathodes ® Bipolar Plates (BPs)
.. : . Stack assembly and end plates
Iridium ® Bipolar Plates (BPs) @ Hydrogen Processing
: : Diaphragm/ Electrode Package
Platinum @ Stack assembly and end plates Cooling
Catalyst Coated Membrane
Protective coating BPs
Note: The specific breakdown varies by manufacturer, application and location, but values in the figure represent an

Note: The specific breakdown varies by manufacturer, application and location, but values in the figure represent an average.
average.

Based on IRENA analysis.
Based on IRENA analysis.

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction -



1000 000

100 000

10 000

Lifecycle global warming potential
and cumulative energy demand

—

Source: Nuss and Matthew, 2014.

Elektrolizorlerde kritik madenler

1000
100
10 'I I I '
Pt Co Ni Ir Ta Gd Zr La

Critical materials used for electrolysers

@ kgCO, . /kg of metal
) MJ,, /kg of metal

Ce Y

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction
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Fraction of global mining supply (%)

100 %

90 %

80 %

70 %

60 %

50 %

40 %

30 %

20 %

10 %

0%

Pt Co Ni Ir Ta Gd Zr La Ce Y

Source: European Commission, 2020.

South Africa
Russia
Zimbabwe
Congo
China
Canada
Japan
Rwanda
Brazil
Australia
Germany




Elektrolizorlerde maliyet dususu

6.0

Electrolyser cost in 2020:
USD 1 000/kW

5.0

Electricity price
USD 65/MWh

Electricity price
USD 20/MWh

4.0 |Electrolyser cost in 2020:
USD 650/kW

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

30 Efectrotyser cost/in2020: ~ Electrolyser cost in 2050:

USD 130/kW @ 5 TW installed capacity

Fossil fuel range

2.0

Hydrogen cost (USD/kg H.)

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

Electrolyser cost in 2020:

USD 650/kW
10 o —— e Electrolyser cost in 2050:
USD 130/kW @ 5 TW installed capacity
0]
2020 2025 2030 2035 2040 2045 2050

Note: Efficiency at nominal capacity is 65%, with a LHV of 51.2 kilowatt hour/kilogramme of hydrogen (kWh/kg H2) in 2020
and 76% (at an LHV of 43.8 kWh/kg H2) in 2050, a discount rate of 8% and a stack lifetime of 80 000 hours. The electrolyser
investment cost for 2020 is USD 650-1000/kW. Electrolyser costs reach USD 130-307/kW as a result of 1-5 TW of capacity
deployed by 2050.

Based on IRENA analysis.

https://www.irena.org/publications/2020/Dec/Green-hydrogen-cost-reduction
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Note: ‘Today’ captures best and average conditions. ‘Average’ signifies an investment of USD 770/kilowatt (kW), efficiency
of 65% (lower heating value - LHV), an electricity price of USD 53/MWHh, full load hours of 3200 (onshore wind), and a
weighted average cost of capital (WACC) of 10% (relatively high risk). ‘Best’ signifies investment of USD 130/kW, efficiency
of 76% (LHV), electricity price of USD 20/MWh, full load hours of 4200 (onshore wind), and a WACC of 6% (similar to
renewable electricity today).

Based on IRENA analysis



Hidrojen dogru tercih mi?

Air-source heat pumps will be more energy efficient
and cost effective than using hydrogen boilers to
heat single-family homes in the EU in 2050

il
transmission

efficiency

Electrolyzer

Total pathway Total pathway (80%-90%
efficiency efficiency efficiency)
240% -380%* 68%-77%
A
[ 100% 95%
H2 transmission
efficiency
Air-source o]
heat pump H, Boiler

*efficiencies exceed 100% because heat
pumps transfer, not generate, heat

(90% efficiency)

https://theicct.org/publications/hydrogen-heating-eu-feb2021

In 2050, it will be 55% cheaper for a single family
home in the EU to use renewable electricity in heat pumps
vs. renewable electrolysis hydrogen in a boiler.

December, 2050

Single-family household
XXXXXX XXX
XXXXX EU Member State

Annual Energy Cost: Heat Pump

Heat Pump Installation (Annuitized)........... €225
Maintenance.......... e €12
Cost of Renewable Electricity........c............. €342
(Wind and Solar Energy)

TJORBl .. €579
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December, 2050

Single-family household
XXX X XXX XXX
XXXXX EU Member State

Annual Energy Cost: Hydrogen Boiler

Boiler Installation (Annuitized)........................ €49
MEINLONANCE i i i e e e e €98
Cost of Renewable Electrolysis................... €1124
Hydrogen (from Wind and Solar Energy)

Total . €1271
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