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Bu calisma, hidrolik enerji destekli hidrojen gaz istasyonunda bulunan ve PEM elektrolizor iceren yiiksek basingl
hidrojen Uretim alt Unitesinin termodinamik modellemesini ve ekserjetik strddrilebilirlik analizini sunar. Bu
calismada ele alinan alt Unite yiiksek basingl bir PEM elektrolizor, iki adet plakali 1si esanjori, bir pompa-motor
sistemi, bir sirkiilasyon pompasi, bir sicak su tanki ve bir ayristiricidan olusur. Calismanin temel amacini
gergeklestirmek igin asadidaki dnemli parametreler dikkat alinmistir. i) Calisma basinci (1-200 bar aralidinda
secildi), ii) Calisma sicakligi (70-80 oC araliginda segildi), iii) Cevre sicakidi (25 oC olarak kabul edildi), iv) PEM
elektrolizoériin enerji verimi (0.5-1 aralidinda segildi), v) Motor-pompa sistemini verimi (0.8 olarak kabul edildi), vi)
Sirkilasyon pompasinin verimi (0.8 kabul edildi), vii) PEM elektrolizérden ¢ikan hidrojenin kiitlesel debisi (saatte 3
kg H2 olarak segildi), viii) Elektrolizére tabi tutulan suyun (saf suyun) kiitlesel debisi (saatte 27 kg olarak segcildi).
Tim bu parametreler dikkate alinarak bu alt birimin ve bu alt birimdeki her bir bilesenin enerji ve ekserji analizleri
termodinamidin 1. ve II. kanunu kapsaminda yapildi. Bununla birlikte, ekserji analizini dikkate alarak bu alt
sistemin strdurdlebilirlik analizi gergeklestirildi. Bu gergevede; enerji ve ekserji verimleri, toplam tersinmezlikler ve
kayiplar, atik ekserji orani, ekserji yikim faktori, cevresel yikim katsayisi, gevresel yikim indeksi, cevresel uyum
indeksi, ekserjetik kararhlik faktorii ve ekserjetik surdrdlebilirlik indeksi gibi 6nemli parametreler ve indikatorler
hesaplandi. Sonug olarak hidrolik enerji destekli hidrojen gaz yakit istasyonunun oldukgca énemli bir alt birimi olan
yuksek basingh hidrojen lretim sisteminin enerji ve ekserji verimleri ile sirdirilebilirlik indeksi sistemin calisma
basincinin ve sicakhidinin artmasiyla bir azalma gosterdidi belirlenmistir.
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This study presents thermodynamic modeling and energy sustainability analysis of the high-pressurised-hydrogen
production subsystem including a proton exchange membrane electrolyser in the hydropower-based-hydrogen
gas fueling station. The subsystem considered for this study includes a high-pressure-PEM electrolyser, 2 heat
exchangers, a motor-pump system, a circulation pump, a hot water tank, and a separator. In order to perform
the main objective of this study, the following important parameters are taken into consideration. i) The
operating pressure (ranging from 1 to 200 bars), ii) The operating temperature (ranging from 70 to 80 oC), iii)
Dead state temperature (assumed to be 25 oC), iv) The energy eficiency of the PEM electrolyser (0,5-1), v) the
efficiency of the motor-pump coupling (assumed to be 0.8), vi) the efficiency of circulation pump (aasumed to be
0.8), vii) Mass folw rate of hydrogen form the PEM electrolyser (3 kg per hour), viii) Mass flow rate of eletrolysis
water (pure water ) (assumed to be 27 kg per hour). Considering all these parameters, energy and exergy
analyses of the each component in the subsystem have been performed in terms of the First and Second Laws of
Thermodynamics while, taking into consideration the exergy analysis, the sustainability analysis of the subsystem
has been accomplished. In this regard, the following important parameters and indicators have been estimated,
which are energy and exergy efficiencies, total irreversibilities and losses, waste exergy ratio, exergy destruction
factor, environmental destruction coefficient, environmental destruction index, environmental benign index,
exergetic stability factor, and exergetic sustainability index of the subsystem. Consequently, it is determined that
the energy efficiency, exergetic efficiency and sustainability index of the high pressurised hydrogen production
system that is a quite important subunit of the hydropower based-hydrogen gas fueling station decrease with the
increase of the operating pressure and temperature.



