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* Croatia
* North Macedonia

* South East Europe region model (Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Kosovo, Montenegro, North
Macedonia, Romania, Serbia)

* Possible creation of individual SEE region country models



FSB
100 Electricity generation in Criatia

100 godina Fakulteta

strojarstva i brodogradnje
Sveucilidta u Zagrebu
100 Years of Faculty of

o Nova, Acetecture
University of Zagreb 5 - Co El
Diesel
Vo : 0l
EE Gas
. T PG
Biomass
. MNuclear
Hydro
17 imports
Wind

Solar

I

Generation [TWh]
Pt Lt




FSB
100

100 godina Fakulteta
stroja stva i brodogradnje
Sveuéiliita u Zagrebu

100 ‘fea s of Facu lty of
Mechanical Engineering

and Na alAch tecl re
University of Zagreb

Investments in VRES

5000

&
S

=
=

2000

1000

Additional capacity [MW]

HR_SolarHigh

I I I |

HR SolarPP

HR_WindPP

HR WindPP1

HR_WindPP2
HR WindPP3

Linit

O
050
o
Oge

ntercnersy,



FSB 050

: Yn
100 ©
o0 Heat generation ool

strojarstva i brodogradnje
Sveucilidta u Zagrebu

100 Years of Faculty of 2 5
Mechanical Engineerin -1
and Naval Ard?itertureg ) Tec hnﬂlﬂgf
University of Zagreb . .
BN hic boilers
30 4 BN gas boilers
= BN il boilers
E B ATW HP
= 151 BN clectric_boiler
9O B gecthermal HP
] _
o
o 10 A
C
)
O
05 -
0.0 -

2020
2025
2030
2040
2045
2050

M 2035



~sB Generation by year and fuel/technology 888
100 (2020 - 2035 M?M

100 godina Fakulteta 2020
strojarstva i brodogradnje
Sveucilidta u Zagrebu
echonca Engneerng 5 2000
and Naval Architecture =
University of Zagreb -
0
0 2000 4000 6000 8000
Period
2025
4000 A  e— C?al
= mmm Diesel
g 2000 - oil
0 ; : 2 . Gas
0 2000 4000 6000 8000 N (PG
penag Biomass
2030 B Nuclear
_ mmm Hydro
g 5000 - EEE imports
= e Wind
0 p
0 2000 4000 6000 8000 w= Solar
Period
2035
£ 5000
=
0 -

0 2000 4000 6000 8000
Period



rgB Generation by year and fuel/technology 8@
22 (2040 - 2050) Sty

100 godina Fakulteta
strojarstva i brodogradnje
Sveucilidta u Zagrebu

e
|

100 ‘(ears of Faculty of

Mechanical Engineering 2040
and Nava[ Architecture
University of Zagreb
£ 5000
=3
0 - ‘ — N Coal
0 2000 4000 ‘ 6000 8000 N Diesel
Period 3
2045 ol
EEE Gas
10000 (PG
§ 5000 W Biomass
e ) | = Nuclear
0 2000 4000 6000 8000 = Hydro
Period EEE imports
2050 e Wind
B Solar
S 10000 -
=
0 -

0 2000 4000 6000 8000
Period



FSB
100

100 godina Fakulteta
strojarstva i brodogradn
Sveucilidta u Zagrebu

100 Years of Faculty of
Mechanical Engineering
and Naval Architecture
University of Zagreb

Flexibility options (2020 - 2035

Power to X in 2020

= 500 4
=
- 0 . , .ML b
0 2000 4000 EO0D 8000
Period
Power to X in 2025
1000 -
o
E 500 '
0 _WW*W_
0 2000 4000 6000 BOOD BN ResToHeat
Period T ResToEW
Power to X in 2030 N ResToStaSTO
4000 1 BN ResToHZ
=
= 2000 |
ﬂ j
0 2000 4000 EO0D 8000
Period
Power to X in 2035
__ 5000 A
=
£ 2500 1 .
ﬂ -
0 2000 4000 EO0D 8000

Period




FSB
100 Flexibility options (2040 — 2050)

100 godina Fakulteta =
strojarstva i brodogradnje Power to X in 2040

Sveucilidta u Zagrebu

100 Years of Faculty of
Mechanical Engineering
and Naval Architecture
University of Zagreb

0 2000 4000 6000 8000
Period

Power to X in 2045

0 2000 4000 6000 8000
Period

Power to X in 2050

0 2000 4000 6000 8000

ResToHeat
ResToEV
ResToStaSTO
ResToH2



FSB
100 Energy supply in industry (2020 — 2035

100 godina Fakulteta
strojarstva i brodogradnje

Sveuéilista u Zagrebu Industry fuel use in 2020

100 Years of Faculty of
Mechanical Engineering
and Naval Architecture
University of Zagreb

o 2000 4000 B000 8000
Period
Industry fuel use in 2025
= 2000 1
=
=
0- BN Biomass
0 2000 4000 000 8000 e Coal
Period B Gas
Industry fuel use in 2030 e il
— 2000 B HZ2 ind
= = o ind
= _
ﬂ -
o 2000 4000 B000 8000
Period
Industry fuel use in 2035
= 2000 -
=
=
ﬂ -

0 2000 4000 EO00 8000
Period



FSB

100 Energy supply in industry (2035 — 2050)

100 godina Fakulteta
strojarstva i brodogradnje
Sveudilista u Zagrebu

100 Years of Faculty of <
Mechanical Engineering |ndUStry fuel use in 2040

and Naval Architecture
University of Zagreb

0 2000 4000 6000 8000
Period

Industry fuel use in 2045 BN Biomass
s Coal
g 2000 Em Gas
= . Ol
0 - == H2_|nd
0 2000 4000Pe . 6000 8000 = o ind
riod =

Industry fuel use in 2050

0 2000 4000 6000 8000
Period



FSB 050

o0  Electricity consumption -

strojarstva i brodogradnje 60
Sveucilidta u Zagrebu

100 Years of Faculty of

Mechanical Engineering

and Naval Architecture
University of Zagreb

o

50
=
S 40
S m CEEP
'g u PtoH2
3 30 = StaSTO_Out
8 ResToStaSTO
g = ResToEV
§ 20 " ResToHeat
w ®Eldem

1

o

Year 2020 Year 2025 Year 2030 Year 2035 Year 2040 Year 2045 Year 2050
Case



FSB 050

' YR
100 Primary energy supply ©
100 godina Fakulteta E I i gg“ Icie ﬁﬁ:?

strojarstva i brodogradnje
Sveucilidta u Zagrebu

100 Years of Faculty of
Mechanical Engineering
and Naval Architecture

University of Zagreb 70_00
"-"-:i'"\-:-,, 60.00 -
; ; ® Wind
’\\\,j_l\ _ 50.00 m Solar
.c .
E o m Ol
3 ® Nuclear
[®))
E o Hydro
2 ]
20.00 co
m Coal
o m Biomass

0.00
Year 2020 Year 2050



Q

FSB
100  Final energy supply Q@Q I

Ugd a Fakulteta
tj i brodogradnje
Sve l u Zagrebu 70

100 Years of Fac ltyf
Mechan lEg g

dN LAhtt
U sity of Zagreb

60

o)
o

m Ambient heat
m Qil

® Natural gas

Energy [TWh]
I
o

Coal
30 .
= Biomass
20 m Hydrogen
m Electricity
10
0

Year 2020 Year 2050



FSB mga

100 South East Europe region - investments ijﬁd I

100 gofina Foleta Total Capacity Investment in RES
strojarstva i brodogradnje
Sveucilidta u Zagrebu
100 Years of Faculty of lﬂﬂ'ﬂlﬂ ] '-Ea r
Mechanical Englineer"lng
S 17500 4 = 2020
_ 2025
E 2035
o 12500 -4 2040
A . 2045
u 10000 - 2050
=
=
2 7500 -
=
=
& 5000 4
2500 -
0 -
52 EEEEEEEREEESEEEEE S E
Ilﬁl ;I I-ﬁl gI 'EI gI I'ﬁl ;I UQII g| 'EI gI I-ﬁl gI 'EI gI 'EI gI I'EI ;I
33333333533355333333
W o ol W o oW oW @ u Yo W L oL o o o
EI EI I:I I:I EI EI EI EI ':I =| =I =I I:I I:I =I =I =I =I EI EI
I I o cE LUl 5w L LA A ¥
R AR EIEFEEEES2RLTTRE
Uit



FSB 0@

00 South East Europe region (2020 — 2035)&;@

strojarstva i brodogradnje

Sveucilidta u Zagrebu
Methanica Engineerng S 20000 1
and Naval Architecture =
University of Zagreb Aot
0- ; et e A S ey
0 2000 4000 6000 8000
Period
2025
EmE Coal
= B Diesel
s oil
53 q 0 ; v ' 5. = 1k o5 Gas
0 2000 4000 6000 8000 B | PG
Period 2
" wew Biomass
2030 B Nuclear
_ 40000 - B Hydro
£ -
= 20000 - s imports
= e Wind
0 mmm Solar
Period
2035
50000 -
=
S 25000 -
0

0 2000 4000 6000 8000
Period



FSB
100 South East Europe region (2040 — 2050)

100 godina Fakulteta
strojarstva i brodogradnje
Sveudilista u Zagrebu

100 Years of Faculty of 2040

Mechanical Engineering
and Naval Architecture
University of Zagreb E. 50000 - ‘
= - m ‘ ‘ |
z 11 w : ‘ I ;
Rt LA LR |- Higt a) Mot !
0 J RGNS N v Ay — e et .
0 2000 4000 6000 8000 - Coal
Period B Diesel
2045 - Nl
100000 - i Gas
g 50000 L
-3 il il 0 Biomass
LT AU AT ALY LR LS LS RS R LYY
0 , eclesiin . B Nuclear
0 2000 4000 6000 8000 = Hydro
Period :
BN mports
2050 e Wind
==
= 100000 Solax
=
=
0 -

0 2000 4000 6000 8000
Period



050

100 Comparisson of the cappabilities mﬂ?f
et e Lofodler @j

e Capable of modelling nearly entire energy system
* Load dispatch and investment planning

 Comparable with other commercial energy modelling systems -
PLEXOS
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____Name | PLEXOS | H2RES

CHP

Modelling of
each district
heating system
separately
Capacity
expansion

Not available

Available

Implemented

Available

Available

Implemented
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Total demand Modelled as a Available — Logit
heating node approach
Application of Available only Available
P2G if “gas”
module is
included
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““Name | PLEXOS | H2RES
e of gt Electric Available — Available — predefined
Transport vehicles predefined demand
demand
Ko Hydrogen fuel Not available Available — predefined
cell vehicles demand
Internal Not available Implemented (in testing
combustion phase)
vehicles
V2G Implemented Implemented
Capacity Not Implemented (in testing

expansion implemented phase)
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Tendency to invest in VRES at the start of the planning horizon.
These investments are not mandated by CO2 limits, but by the low operating cost of VRES
The problem not present in H2RES although the maximum investment is higher
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oo Applications of H2RES 0~

st e No limit in size of the region

* Fully mode

* Fully mode

ec

ec

power system and heating systems

industry

e Electric portion of the transport modelled in this stage (complete
version is in the works)

* Latest version — fully modelled electricity, heat and industry system
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 Comparable capabilities with commercial software
e Qutperforming in some aspects

e Capability to fully define desired planning and simulation horizon
— no necessity for time slices

 Computational time kept low as an effect of used linear
architecture

* Open —source architecture
* Community driven
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s o The H2RES model and user manual are availiable for download at the

wecliiet website: https://h2res.org/download/

University of Zagreb

* Modellers that submit the model of their national energy system that is:
e 100 % RES in total energy supply
e No morethan 5 % CEEP
e Cheaper than the scenario based on fossil fuels
e No more than 30 % of final energy supplied by biomass
e Respects the limitations on installation of VRES capacities

e Possesses no more than 48 hours worth of electricity storage in a form of
battery stationary storage

Become eligible for the prize: Fee waiver for the next SDEWES conference
10 prizes are available

Friday, July 8, 2022 29
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