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Abstract

This paper presents the optimal planning of renewable hybrid systems including wind turbines and bio-
waste energy units according to hydrogen and thermal storages considering feeding of electrical and
thermal energies. Bio-waste unit is based on the operation of the combined power and heat system,
which produces electrical and thermal energy at the same time. Hydrogen storage is hybrid of an
electrolyze, hydrogen tank, and fuel cell. The proposed scheme minimizes the total annual investment
and maintenance costs. It is subject to the operation model of the mentioned elements. In the operation
model of sources and storage, renewable sources supply loads of energy, then storage uses to cover the
gap between the load and renewable power profiles. This paper uses the hybrid solver of the Gray wolf
optimizer and the sine-cosine algorithm to obtain a reliable optimal solution with a low standard
deviation in the final response. Finally, based on numerical results according to Espoo in Finland data,
the proposed scheme's capability is confirmed in the Economic extraction of a 100% renewable island
hybrid system suitable for simultaneous supply of electrical and thermal energy.
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Table (1): Summary of the works done in the background of the research
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Figure (1): Renewable island system planning framework based on electric and thermal energy supply
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Figure (2): Proposed structure for the island system
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Table (2): Wind turbine specifications [1]
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Table (3): Specifications of biomass unit [7]
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Table (4): Specifications of thermal energy storage
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Table (5): Characteristics of electrolysis and hydrogen tank
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Table (6): Characteristics of hydrogen storage
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Table (7): Specifications of power converter
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Figure (3): Daily curve of load factor, WT wind speed rate and BPG passing gas rate
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Table (8): The state of convergence of the proposed design obtained from different solution algorithms for case 2
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Table (9): Number of energy sources
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Table (10): Annual construction cost (dollars per year)
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Table (11): Annual Maintenance Cost (Dollars Per Year)
(Jlo 2 ,Y0) Allw IS0 g yroni 4y 32 :(1) Jgur
(Sl 2 ,¥9) VLo (545 5 yeass atsjo
R EIESNISRER Slsil slods sldae 5 | <l
5 o ologe i LSRN . » o
&b St 9 g a8
IATINA Yo- VY. . YVIb V07 \YWYIYO YAIY \
ISRYAS VFO YYD A Y- OA/E INTIN Y- \
Table (12): Annual Planning Cost
Yl g3 aolip 4 32 :(1Y) Jguor
AVl (g3 540l 4y 32
t5L“Q':'.’)9S (_ng)‘L.me sl LghbJﬁ LngJ..xf.n Jf <Jl>
N o ologe i | el . o
b Sl &5 39 Sy 08
ARARRIAIAI AYO- YvYy. . YYYV/H INZ N4 UYYV/YO YV Y \
YYFfr/f fYAD AAYY D YYTA \PY - fAYIE XN f.v. Y

S YF oY) g V)i el o LEL () Joom b bl 5iiiasass sl slass 5 5,Khos a4y azgi b asll o

aslie 95T lgy Olelu ol 0 a5 15 008 oo 0,33 HT )0 (5,008 s 9 X505 o0 @olio 5l 550 g disien Jled ) 550

(QARD)



ol ool ol ST —aig aw Lo, [ pdiaot oo 5 i &gy S 32,400

HT 51 59,002 ol 5 col Jad FC S0 Slelu [0 0,08 1,8 5L o o HS wlels opl jo Jle 4 .l AC L 51 i
Sl )3 5Las we o HS )l () o (gl 4000 0 AC L 4 95T ey & jg0ds 90,5 oo

50 bjleo 3 g mbie o Slas 0920 .Cowl 00l a3 (Q) S5 50 ¥ Sl 10 bjlwe ;33 g mobio o ,Sas il coxio
52581 g5 polie a5 glas pl b wtenl V s o gyl o Shae s (W) UKo wlal o ¥ el sl (SO STl iso
el Sglaze by

byl 40 g5050 (pl a5 el T 98T g3 Jie LBPG )l 1> (ylg5 &l s Wig, 45 09 o sdalie (-0) JS& bl 5
S0 Slels jo gl Syl b5l s YAz e =Ae e alels 0 LBPG gl > ()l pizmed sl Sgguin BB 55 (V)
30050 g (Gl Cuio L:oQT Ole) Wyls 13 55l a0 YA oA e Slels ;0 LTES W w0 )ls 0529 g9050 ol wSe
(el hie L] 5lg5) 0isS o )15 5 L & g0 ilelu

50 T T T
——-AC load =—WTs —=-BPGs ELs =+FCs

/‘\40 4
=
=
5 30
z
2
o 20 ;._._/——- |
2z
s}
<10+

0 \//:\—-/"://:

2 4 6 8 10 12 14 16 18 20 22 24
Hour

Jol Sl 50 (39w Gl 3 Ly jlg I v wlogas (0L Slocmygi 90351 Bl 4ilg) (S :(F) S5
Figure (4): Daily active power curve of WTs, BPGs, ELs, and FCs in case 1
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Figure (5): Daily curve in case 2, a) Active power of WTs, BPGs, and FCs, b) Thermal power of BPGs and TESs
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1. Renewable energy sources (RESS) 16. Fuel cell (FC)
2. Bio-waste units 17. Gray wolf optimizer (GWO)
3. Combined heat and power (CHP) 18. Sine-cosine algorithm (SCA)
4. Islanded hybrid system 18. Net present cost
5. Loss of energy probability (LOEP) 20. Cut-in wind speed
6. Wind turbine (WT) 21. Rate wind speed
7. Photovoltaic (PV) 22. Rate power
8. Harmony search algorithm (HAS) 23. Cut-out wind speed
9. Loss of power supply (LPS) 24. Lower heating value
10. Particle swarm optimization (PSO) 25. Mixed integer non-linear programming (MINLP)
11. Bio-waste power generation (BPG) 26.https://www.nordpoolgroup.com/historical-market-data/
12. Hydrogen storage (HS) 27. Rate value
13. Thermal energy storage (TES) 28. Genetic algorithm (GA)
14. Electrolyzer (EL) 29. Baron
15. Hydrogen tank (HT) 30. Bonmin
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