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ABSTRACT

Hydrogen, with its zero-emission potential, is vital in transitioning to sustainable energy. This research aims to investigate and model the potential of hydrogen production and usage as a cleaner
energy source for the Hydrogen Research Laboratory building in the METU Chemical Engineering Department. The project's approach is to satisfy the building's energy demand during the day
by using clean solar energy with PV panels, then converting it to hydrogen using a PEM electrolyzer and storing it as an energy carrier in the PEM fuel cell when solar energy is unavailable. In
this context, the total power consumption was determined in three different scenarios, considering the energy required for the laboratory building's heating, cooling, and appliances. Three scenarios
are named: average demand, peak demand in summer, and peak demand in winter, and power demands were found as 40.9 kW, 113.7 kW, and 46.8 kW, respectively. The required hydrogen
amount to satisfy these rates was found to be 2.4 kg-H,/h on average demand , 6.5 kg-H,/h for peak demand in summer, and 2.7 kg-H,/h for peak demand in winter. Necessary PV cell units
and areas were found as 14 units-37 m?, 39 units-101 m?, and 16 units-42 m?, respectively. Also, this research evaluates storage type regarding safety, economic, and feasible aspects
by investigating five cases for storage: metal hydride and compressed gas at different pressures.
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RESULTS AND DISCUSSION

Results of three different scenarios are given in Table 1. It was decided that the | A comparison of the five different storage types based on the mass of the storage, 67.4 kg
whole system should be set up according to the summer case otherwise, the amount of | H, are shown Table 2. Data compiled from [2, 3, 4, 5, 6].

hydrogen produced during the daytime does not meet the required power demand at night [1]. Table 2: Five different scenarios types of storages

Table 1: Three different scenarios for average, summer and winter demand Metal hydride | Compressed Compressed Compressed Compressed
Average demand | Winter peak demand | Summer peak demand (10 bar & gas cylinder gas cylinder gas cylinder gas cylinder
25°C) (30 bar & 25°C) | (30 bar & 25°C) | (300 bar & 25°C) | (700 bar & 25°C)
Instantaneous energy 40.9 46.8 113.7 Storage ; 0.81 2.40 2.40 21.15 41.52
demand (kW) density (kg/m°)
Fuel cell hydrogen 24 37 6.5 Tank volume 0.82/0.66 0.05/0.12 1/2.4 0.02/0.42 0.05/2.28
demand (kg/h) (m?)/capacity
(kq)
il:nir:{lly[z:“:qenergy 1095 185 268.1 Number of 103 562 29 160 30
tanks
Eéﬁgr:éyr:;fhw}ater 19.12 18.0 43.8 Cost of one 3,980 100 23,000 137 1,500
: tank ($)
2 2 2
:;::{r"eza;nel uhnit and 14 solar panels 37 m 16 solar panels 42 m 39 solar panels 101 m Total tank 210,000 56.000 567,000 23,000 45000
cost ($)

Figure 2 shows the summer cases' working principle and how much hydrogen is to be
stored on a daily basis, and Figure 3 shows the average power consumption (40.86 kW)
distribution and percentages.

e | east cost: CG at 300 bar & 25 °C and 0.02 m3
e Safest: MH at 10 bar & 25 °C and 0.82 m3
®* Most compact: CG at 30 bar & 25 °C and 1 m3

[ A h The storage type is chosen as CG at 30 bar & 25 °C, and 1 m3 because it is the safest and
"Q: most compact type, and there is no need to use a compressor after the PEM electrolyzer.
| Solar eneroy | The table below shows the equipment cost for the summer peak demand scenario. Additionally,
Summer case: 39 solar panels, 101 2 the graph in Figure 4 indicates the total PEC and other elements of CAPEX, which is 2.7
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Vo = | O 13.82 kW; 27% B i water Table 3: Purchased equipment cost [7, 8, 9, 10]
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Solar panels 6.00 kW; 12% Equipment Cost ($) m Total PEC
— _ Laboratory building PEM fuel cell EDD’DDD & 08 Instrumentation&Controls c.
28eBn.11a-|2E)n.gGe=n2eAtg?/2‘ kw " Gas PEM ElECtrﬂly’SEF 23[},00[] E B Engineering&supervision c.
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PEM Compressed M Cooling ; 3:00 kw; 6% 2= { oL S] ’ :é) 0.40 B Working capital investment
Electrolyzer _ *| gas / Metal 6.61 KW- Water treatment unit 8,500 S o4 032 033
Pmdléc(;bli I'Kd:)gen: hydride tank 1:’,% ! M Other devices; CH gas cylinders 0.95 M Piping cost
— 6 kg/n Ha W 14.65 kW; 28% (30 bar & 25 “G-"mg:i (29 units) 667,000 0.2 I o oos W Installation c.
For one day basis: 12 h rpe ' ‘
L 674ker: | Figure 3. Distribution of average power consumption Total PEC (million $) 1.1 00 B
Figure 2. Flowchart of the summer case Figure 4. Elements of CAPEX

CONCLUSION

This project focuses on supplying all energy demands of the Hydrogen Research Laboratory using green hydrogen energy as a self-powered building. For this purpose, three diferent cases were
evaluated: the average demand scenario, the summer peak demand scenario, and the winter peak demand scenario. It is shown that establishing the system according to the summer
peak demand supplies enough hydrogen for all times of the day. Summer peak case system can produce 5.6 kg-H,/h in the daytime, and 67.4 kg H, should be stored. Furthermore, five different
storage types are investigated. CG at 30 bar and 25 °C and 1 m3 were chosen for the storage because of safety and compatibility issues. CAPEX and OPEX costs of Peak Demand in Summer
Case & CG at 30 bar & 25 °C and 1 m?® found 2.7 million dollars and 38 thousand $/year accordingly.

[1]1Barbir, F. (2013). Pem fuel cells theory and practice. Elsevier/Academic Press

[2] CL-910 metal hydride. Fuel Cell Store. (n.d.). [6] 70Mpa hydrogen §torage tank 700 bar hyd.rogen tank. Alibaba. (n.d.).
https://www.alibaba.com/product-detail/70Mpa-Hydrogen-Storage-Tank-700-Bar_1600875698571.html?spm=a2700.7735675.0.0.8bcd6M0OJ6MOJsR&s=p

[3] Nitrogen/hydrogen/helium/argon /mixed storage tank gas cylinders 50L. Made in China. (n.d.). [7] Fuel cell: Horizon Fuel Cell Technologies. horizon official. (n.d.).

https://yacylinder.en.made-in-china.com/product/nzZXfrSouXaiK/China-OEM-Ya-Brand-Nitrogen-Hydrogen-Helium-Argon-Mixed-Storage-Tank-Gas-Cylinders- http.s://www.h.orlzonfuelcell.com/fuelcell , )
50L html [8]Hyprovide® A-series modular electrolyser. HyProvide® A-series modular electrolyser. (n.d.).

[4] Creo Hydrogen Storage Tank - 1000L: Hyfindr. Hyfindr.com. (2023, December 8). https://www.greenhydrogensystems.com/electrolysers/hyprovide-a-series-modular-plug-and-play-electrolysers

https://hyfindr.com/marketplace/components/hydrogen-tanks/gaseous-hydrogen-tanks/creo-hydrogen-storage-tank-10001l/ {i])s]ozlatr pa;kels. Eu.rlfﬁe solar panels. (n'o.lh)' ht]:.cpst://\ll_ivww.iu roZe—s(olzr?tore.com/solar—panels.html
[5] Hydrogen GENIE® Gas Cylinder. BOC A Linde Company. (n.d.). etag Ekonomik tip reverse 0zmos cihaz fiyatl. Hepsiburada. {n.d.).

https://www.boconline.ie/shop/en/ireland/hydrogen-genie-201-300-bar-54-g20

https://www.fuelcellstore.com/cl-910-metal-hydride





