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OZET

Su-buhar1 metan reformasyonu (Steam Methane Reforming - SMR), su buhar1 ve metant
kullanarak hidrojen gazinin tiretildigi bir siirectir. Bu ¢alismada, SMR ydntemi ve kullanilan
katalizorler teorik olarak incelenmis ve SMR ile hidrojen gazi iireten bir proses Aspen Plus®
vl1l yaziliminda modellenmistir. Sonrasinda elde edilen sonuglarin ekonomik ve cevresel
analizi yapilmistir.

Gegmisten giiniimiize hidrojen sentezinde kullanilan bir¢ok katalizor incelenmis olup, ticari
olarak en yaygin kullanima sahip olan nikel katalizorlerinin detayli incelenmesi yapilmistir.
Bunun sonucunda model proseste genis spektrumlu ¢alisma kosullar1 ve genis iirtin dagilimi
sebebiyle Ni4AlCe katalizorii tercih edilmistir. Proseste dogal gaz ve dietanolamin bilesikleri
kullanilmistir. Reaksiyonun gerceklesmesi amaciyla sabit yatakli c¢ok tiiplii bir reaktor
kullanilmis, bunun sonucunda dogal gaz, dietilamin ve olusan hidrojen gazinin doniisim
oranlar1 hesaplanmistir. Ayrica bu verilere dayanarak hidrojenin olusum yiizdesi bulunmustur.
Prosesin son agsamasinda elde edilen sentez gazi karisimi, destilasyon iinitesinde fraksiyonlarina
ayrilarak yiiksek saflikta hidrojen gazi olarak tiiplere doldurulup satisa sunulmustur.

SMR prosesi, metanin yaklasik %80-85 oraninda hidrojene doniisiimiinii saglamaktadir.
Geri kalan metan ve su, sistemde yeniden kullanilmak {izere depolanmaktadir. Bu durum enerji
verimliligini artirarak ¢evresel siirdiiriilebilirligi saglamaktadir.

Dogal gaz kullanimi ile yillik olarak belirli miktarda hidrojen {iretilmis ve bu tiretimden elde
edilen gelirler hesaplanmistir. i1k y1l 379.307.277 m? dogal gaz kullanilarak 103.045.896 kg
hidrojen iiretilmis ve bu iiretimden 309.137.688 dolar gelir elde edilmistir. Ikinci y1l, %90
kapasite ile calisarak 92.741.306,4 kg hidrojen iiretilmis ve 278.223.919,2 dolar gelir elde
edilmistir. Uciincii yildan itibaren, %100 kapasite ile calisarak 103.045.896 kg hidrojen
tretilmis ve 309.137.688 dolar yillik gelir elde edilmistir. Hidrojenin kilogram basina satis
fiyat1 ortalama 3 dolar olarak varsayilmistir.

Tesisin toplam sabit sermaye yatirimi 163.267.032 dolar olarak belirlenmistir. I1k yil isletme
ve kurulum maliyetleri 101.838.332,5 dolar, ikinci y1l 94.004.498,8 dolar ve iigiincii yil
31.333.833,7 dolar olarak hesaplanmistir. Giines enerjisi sisteminin kurulumu ve bakimu, ilk y1l
27.380.756 dolar, ikinci y1l 21.904.605 dolar ve tigiincii yildan itibaren 5.476.151 dolar olarak
belirlenmistir. Glines enerjisi kullanimi, tesisin enerji maliyetlerini biiyiik dl¢iide azaltmig ve
Kapsam 2 emisyonlarini notralize etmistir.

Yapilan ekonomik analizler, yatirnm maliyetleri, isletme giderleri ve yillik enerji ihtiyaglarini
kapsamaktadir. Kapsam 1 ve Kapsam 2 emisyonlarinin degerlendirilmesi sonucu, giines
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enerjisi kullanimiyla Kapsam 2 emisyonlarinin nétralize edildigi tespit edilmistir. Tesisin
kiimiilatif nakit akisi, dordiincii yil itibariyla basa bas noktasina ulasmis ve sonraki yillarda
siirekli kar elde etmistir. Bu ¢alisma, hidrojen {iretiminde SMR ydnteminin ve giines enerjisi
kullaniminin ekonomik ve ¢evresel faydalarini ortaya koymakta olup, mevcut ve gelecekteki
enerji projeleri i¢in 6nemli bir referans teskil etmektedir. Ayni zamanda, mevcut SMR
rafinerilerinin gri hidrojenden mavi hidrojene gegis yapabilmesi icin gerekli teknolojik ve
ekonomik altyapiy1 sunmaktadir.
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ABSTRACT

Steam Methane Reforming (SMR) is a process that produces hydrogen gas using steam and
methane. In this study, the SMR method and the catalysts used in the process were theoretically
examined, and a hydrogen production process using SMR was modeled using Aspen Plus® v11
software. The economic and environmental analyses of the obtained results were then
conducted.

Various catalysts used in hydrogen synthesis from past to present were examined, with a
detailed analysis of nickel catalysts, which are the most commonly used commercially.
Consequently, due to its broad operational range and wide product distribution, the Ni4AlCe
catalyst was chosen for the model process. Natural gas and diethanolamine compounds were
used in the process. A fixed-bed multitubular reactor was employed to facilitate the reaction,
and the conversion rates of natural gas, diethanolamine, and the resulting hydrogen gas were
calculated. Additionally, the hydrogen formation percentage was determined based on these
data. In the final stage of the process, the synthesis gas mixture was fractionated in a distillation
unit to obtain high-purity hydrogen gas, which was then bottled and made available for sale.

The SMR process achieves approximately 80-85% methane-to-hydrogen conversion. The
remaining methane and water are stored for reuse in the system, enhancing energy efficiency
and environmental sustainability.

The annual hydrogen production and the revenues generated from this production were
calculated based on natural gas consumption. In the first year, 379.307.277 m? of natural gas
was used to produce 103.045.896 kg of hydrogen, resulting in a revenue of $309.137.688. In
the second year, operating at 90% capacity, 92.741.306,4 kg of hydrogen was produced,
generating $278.223.919,2 in revenue. From the third year onward, operating at 100% capacity,
103,045,896 kg of hydrogen was produced annually, resulting in $309.137.688 in revenue each
year. The average selling price of hydrogen was assumed to be $3 per kilogram.

The total fixed capital investment for the facility was determined to be $163.267.032. The
operating and installation costs were $101.838.332,5 in the first year, $94,004,498.8 in the
second year, and $31.333.833,7 in the third year. The installation and maintenance costs of the
solar energy system were $27.380.756 in the first year, $21.904.605 in the second year, and
$5.476.151 from the third year onward. The use of solar energy significantly reduced the
facility's energy costs and neutralized Scope 2 emissions.

Economic analyses included investment costs, operating expenses, and annual energy needs.
The assessment of Scope 1 and Scope 2 emissions revealed that using solar energy neutralized
Scope 2 emissions. The cumulative cash flow of the facility reached the break-even point in the
fourth year and achieved sustained profitability in subsequent years. This study demonstrates
the economic and environmental benefits of the SMR method and solar energy use in hydrogen
production, providing a valuable reference for current and future energy projects. It also offers
the necessary technological and economic infrastructure for existing SMR refineries to
transition from grey hydrogen to blue hydrogen.
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