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Abstract— In this study we present a new framework for the design and economic evaluation of hydrogen infrastructure using 
renewable energy resources. First, we model a renewable hydrogen supply system (RHSS) including various renewable energy 
resources along with hydrogen technologies such as production, storage and transport. We then develop a multi-period 
deterministic optimization model for the RHSS using a mixed integer linear programming (MILP) technique. With the 
proposed model we identify the optimal RHSS configuration and its operation strategy. We finally apply the model to design 
problem of the hydrogen infrastructure for the future Korea. 
 
Index Terms— Hydrogen, MILP, Optimization, Renewable Energy. 
 
I. INTRODUCTION 
 
The growing concern about the depletion of fossil 
fuels and climate change by its combustions have 
motivated research efforts to develop a sustainable and 
eco-friendly energy system. Especially, energy issues 
in the transportation sector need to be resolved 
immediately, since it accounts for roughly an 18% and 
25% of the carbon dioxide emission and primary 
energy use, respectively [1-3]. 
Hydrogen is one of attractive alternative energy 
carriers because it can be used to power fuel cell 
vehicles which have near-zero carbon dioxide 
emissions [4,5]. In addition, hydrogen can be 
produced from various primary energy resources such 
as non-renewable (e.g. natural gas, coal and 
petroleum) and renewable resources (e.g. biomass, 
solar, wind energy) [6-8]. This diversity of available 
energy resources, contributes to highly secure fuel 
supplies without energy imports from foreign 
countries[5,6,9,10]. 
The hydrogen infrastructure issues suchas producing, 
storing and delivering hydrogen should be addressed 
before introducing such a wide use of hydrogen in real 
world[1,5,6,10]. Thus, how to design and manage the 
hydrogen infrastructure can play a critical factor to 
achieve success of hydrogen as an energy carrier and 
fuel [9,10]. 
Many attempts have been made for design and 
analysis of hydrogen infrastructure; the design and 
operation of hydrogen supply chain including 
production, storage and transportation of hydrogen 
[9,11-13]; the studies about demand uncertainty for 
hydrogen supply chain [5,10,14]; the multi-period 
model to address the optimal design and planning for 
hydrogen supply system [15-18];other topics about 
hydrogen infrastructure such as environment impact 
and safety and life cycle assessment (LCA) [19-24]. 
Although hydrogen is an eco-friendly energy resource, 
it should be produced from renewable energy source 
(RES) via green technology in order to minimize 

overall carbon dioxide emissions [25-28]. For instance 
the amount of emitted CO2 in the stage of the hydrogen 
production from fossil fuels is almost same to that 
amount by fossil fuels combustion [29-32]. 
Many studies have dealt with the problems of 
assessment and analysis of hydrogen production 
system from RES; the estimation of potential for 
renewable energy source (RES) based hydrogen 
production [25-28]; the economic evaluation of 
hydrogen production from wind [29-31], PV [32-34] 
and biomass [35-37]; the design of RES based 
hydrogen supply chain [38-40]. 
In spite of the large number of assessment of 
renewable hydrogen production system, there is lack 
of study for (1) the integration of various types of 
different renewable sources and technologies, and (2) 
the assessment of seasonal and regional data of RES. 
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Fig. 1 Superstructure of renewable hydrogen supply system.
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Fig. 2 Hydrogen demand, biomass potential, wind speed and solar irradiance of Korea.
  

Accordingly, the goal of this paper is to develop a 
methodical framework for the design, operation and 
techno-economic evaluation of RES based hydrogen 
supply system. In developing this framework, this 
study (1) generates the Renewable Hydrogen Supply 
System (RHSS). The RHSS includes various primary 
renewable sources, and storage, production and 

transportation technologies of hydrogen (2) develops a 
multi-period deterministic optimization model for the 
optimal design and operational strategies of the RHSS 
with the time-varying regional hydrogen demand and 
the potential of RES, and (3) applies the proposed 
model to the renewable hydrogen system of future 
Korea. 
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This paper is composed as follows. Section 2 
introduces the features of the RHSS. The 
mathematical formulation of the optimization model 
(MILP) is described in section 3. In section 4, a real 
case study of Korea is used to demonstrate the 
feasibility of the proposed model and section 5 
discusses the obtained results of the case study.  
 
II. RENEWABLE HYDROGEN SUPPLY 
SYSTEM (RHSS) 
 
The main objectivesof this study are (1) to create the 
multi-period deterministic optimization model for 
designing the RHSS bydetermining the optimal 
configuration and operational strategy withthe 
minimized total network cost and (2)to evaluate the 
techno-economic feasibility of the RHSS by 
comparing the results to economics of other energy 
systems. The superstructure of the RHSS is shown in 
Fig. 1.  
 
III. OPTIMIZATION MODEL 
 
To achieve the goal of this study, we develops a new 
multi-period deterministic optimization model which 
is extended based upon the previous works [9-11]. 
Particularly, the proposed model is formulated as an 
MILP to include the variables for the integration 
technologies and temporal changes of demand and 
RES. The model for the optimal planning and design 
of hydrogen infrastructures is summarized as follows: 
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where the goal is to find values of the operational 
(x)and strategic (y) decision variables, subject tothe 
set of equality (h(x, y)) and inequality (g(x, 
y))constraints, such that the objective  function (U) is 
optimized. 
 
IV. CASE STUDY: THE HYDROGEN SUPPLY 
CHAIN IN REPUBLIC OF KOREA 
 
To illustrate the capability of the proposed model, we 
apply the model to design problem of hydrogen 
infrastructure of Korea in the future. First we divide 
Korea into fifteen administration regions and consider 
twelve month as a time period to plan monthly 

operation strategy. Thus, there are regional and 
monthly differences in the demand profile as well as in 
the potential of RESs. For instance, when the potential 
of biomass in a certain region during a specific time 
period is high, that of wind or solar energy might be 
low. 
To conduct the Korea design problem, a lot of 
economic and technical parameters of the selected 
technologies such as minimum and maximum 
capacities, capital cost, unit operating cost and 
conversion efficiency are needed. In this study, we 
adoptedthe parameters from the previous works 
[9-11]. The regional hydrogen demand and the RES 
potentials (biomass, wind speed and solar irradiance) 
of Korea aredepictedin Fig. 2. 
 
V. RESULT AND DISCUSSIONS 
 
The results of optimization including the optimal 
configuration and operational strategy of the RHSS of 
Korea is shown in Figs. 3 and 4, respectively.  
As shown in Fig. 3 129 bio direct gasification (large 
size) and 56 electrolysis (medium size) facilities are 
established to satisfy the required hydrogen demand. 
Especially, Region 4 has the highest number of bio 
direct gasification facilities (36), due to the low cost of 
site for facility and the highest potential of biomass. 
Although Regions 2, 6, 11, 13 and 14 require the 
relatively high hydrogen demand, a hydrogen 
production facility is not installed in these regions 
because these regions are the high population density 
and the relatively expensive cost of site for facility. 
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Fig. 3 Optimal network configuration in future Korea. 

 
In addition, Fig. 3showsthat 47 bio power facilities are 
established for supplyingthe generated electricityto 
electrolysis facilities which are installed for hydrogen 
production.On the other hand, PV and wind turbine are 
not established in all regions at all; this is due to the 
low irradiance level and wind speed in Korea.  Fig. 4 
presents the monthly flow rate of hydrogen, biomass 
and oxygen of four seasons; we selects the only results 
of January, April 
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Fig.4 Optimal network distributions of hydrogen, biomass and oxygen in four seasons. 

 
July and October because these month represent well 
the variation in hydrogen demand. Regions 2, 3, 6, 11, 
13, and 14 are completely fulfilled by the imported 
hydrogen from neighboring regions across all time 
period. The reason for this is that the import of 
hydrogen from other regions is cheaper than 
establishing production facilities for self-satisfaction. 
In addition, it can be found that oxygen is also 
transported. This is because the amount of oxygen 
generated in region 8 is not enough to operate direct 
gasification facilities installed in region 8. It is 
explained by the fact that the establishment of both 

direct gasification and electrolysis facilities is 
profitable than energy production only by the indirect 
gasification or electrolysis. 
The costs of the examined network configuration are 
summarized in Table 1. As seen in this table, the costs 
of facilities and biomass feedstock are the cost driver 
of total network cost. The main reason for this is that 
the investment cost of renewable facilities is 
expensive and the amount of hydrogen produced from 
direct gasification facilities accounts for 84.4% of the 
total production of hydrogen. 
To analyze the competitiveness of the proposed RHSS 
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of Korea, we compare the result to other renewable 
hydrogen systems: wind-based hydrogen (WT-EL), 
PV-based hydrogen (PV-EL), bio-power-based 
hydrogen (BP-EL) systems, and the hydrogen system 
from such three resources (ALL-EL).Fig. 5 shows the 
levelized cost ($/kg of H2) of four hydrogen systems 
along with the result of our study. The worst system is 
the production of electricity from PV facilities 
followed by hydrogen production of electrolysis at 
$14.54 per kg of hydrogen, satisfying the huge 
demand of future Korea. Note that the production of 
hydrogen only by direct gasification is shown in Fig. 5, 
since it cannot be operated without the excessed 
oxygen from the electrolysis facility. 
 

 
 
 

0
2
4
6
8

10
12
14
16

WT-EL PV-EL BP-EL ALL-EL IG BG

Le
ve

liz
ed

 c
os

t (
$/

H
2k

g)

All integrated technologies: $2.8/H2kg

infeasible

Fig. 5Levelized cost of alternative strategies for hydrogen. 
 
CONCLUSIONS 
 
In this study, we presented an optimization-based 
approach for systematic design and analysis of 
renewable hydrogen supply system. Based on the 
superstructure that includes various types of RESs and 
technologies such as production, storage and 
transportation, we developed a multi-period 
deterministic optimization model to determine the 
optimal configuration and operational strategy of 
theRHSS. Then, we apply the proposed model to the 

design problem of the future Korea hydrogen 
economy. 

As a result, major findings are as follows; 
 The RHSSof Korea is kind of the centralized 

system, major production facilities are located to 
the northeast regions (regions 4 and 8). 
 Direct gasification of biomass and water 

electrolysis using renewable electricity are the 
most profitable hydrogen production ways in 
Korean situation.  
 The resulted total network cost of the RHSS of 

future Korea is estimated to be 3.08$/kg of H2, 
which show the system is a relatively competitive 
system to other systems. 

While this study focused on design and operation of a 
future hydrogen using a snap-shot method. Future 
research needs to be extended to study a long-term 
investment strategy for economic transitionto a 
sustainable hydrogen supply system. 
 
REFERENCES 
 

[1] Sabio N, Gadalla M, Guillén-Gosálbez G, Jiménez L. 
Strategic planning with risk control of hydrogen supply 
chains for vehicle use under uncertainty in operating costs: 
a case study of Spain. Int J Hydrogen Energy 
2010;35:6836-52. 

[2] World Resources Institute. Earthtrends data tables: climate 
and atmosphere. Website: http://earthtrends wri 
org/pdf_library/data_tables/cli2_2005 pdf;2005. 

[3] World Resources Institute. Earthtrends data tables: energy 
consumption by sector. Website: http://earthtrends wri 
org/pdf_library/data_tables/ene3_2005 pdf;2005. 

[4] Wakeford J. Peak Oil and South Africa: Impacts and 
Mitigation. Association for the Study of Peak Oil & Gas – 
South Africa 2007. 

[5] Almansoori A, Shah N. Design and operation of a 
stochastic hydrogen supply chain network under demand 
uncertainty. Int J Hydrogen Energy 2012;37:3965-77. 

[6] Dagdougui H, Ouammi A, Sacile R. Modelling and control 
of hydrogen and energy flows in a network of green 
hydrogen refuelling stations powered by mixed renewable 
energy systems. Int J Hydrogen Energy 2012;37:5360-71. 

[7] Dursun E, Acarkan B, Kilic O. Modeling of hydrogen 
production with a stand-alone renewable hybrid power 
system. Int J Hydrogen Energy 2012;37:3098-107. 

[8] Ozkan L, Erguder TH, Demirer GN. Effects of pretreatment 
methods on solubilization of beet-pulp and bio-hydrogen 
production yield. Int J Hydrogen Energy 2011;36:382-9. 

[9] Han J, Ryu J, Lee I. Modeling the operation of hydrogen 
supply networks considering facility location. Int J 
Hydrogen Energy 2012;37:5328-46. 

[10] Kim J, Lee Y, Moon I. Optimization of a hydrogen supply 
chain under demand uncertainty. Int J Hydrogen Energy 
2008;33:4715-29. 

[11] Almansoori A, Shah N. Design and operation of a future 
hydrogen supply chain: snapshot model. Chem Eng Res 
Design 2006;84:423-38. 

[12] Dagdougui H. Models, methods and approaches for the 
planning and design of the future hydrogen supply chain. 
Int J Hydrogen Energy 2012;37:5318-27. 

[13] Gim B, Boo KJ, Cho SM. A transportation model approach 
for constructing the cost effective central hydrogen supply 
system in Korea. Int J Hydrogen Energy 2012;37:1162-72. 

[14] Dayhim M, Jafari MA, Mazurek M. Planning sustainable 
hydrogen supply chain infrastructure with uncertain 
demand. Int J Hydrogen Energy 2014;39:6789-801. 

[15] Murthy Konda NVSN, Shah N, Brandon NP. Optimal 
transition towards a large-scale hydrogen infrastructure for 



Techno-Economic Evaluation of Hydrogen Infrastructure From Renewable Energy Resources: Application to Korean Hydrogen Economy 

Proceedings of 61st The IIER International Conference, Osaka, Japan, 16th February 2016, ISBN: 978-93-85973-38-3 

86 

 
the transport sector: The case for the Netherlands. Int J 
Hydrogen Energy 2011;36:4619-35. 

[16] Almansoori A, Shah N. Design and operation of a future 
hydrogen supply chain: Multi-period model. Int J Hydrogen 
Energy 2009;34:7883-97. 

[17] Qadrdan M, Saboohi Y, Shayegan J. A model for 
investigation of optimal hydrogen pathway, and evaluation 
of environmental impacts of hydrogen supply system. Int J 
Hydrogen Energy 2008;33:7314-25. 

[18] Stephens-Romero SD, Brown TM, Kang JE, Recker WW, 
Samuelsen GS. Systematic planning to optimize 
investments in hydrogen infrastructure deployment. Int J 
Hydrogen Energy 2010;35:4652-67. 

[19] De-León Almaraz S, Azzaro-Pantel C, Montastruc L, 
Pibouleau L, Senties OB. Assessment of mono and 
multi-objective optimization to design a hydrogen supply 
chain. Int J Hydrogen Energy 2013;38:14121-45. 

[20] Han J, Ryu J, Lee I. Multi-objective optimization design of 
hydrogen infrastructures simultaneously considering 
economic cost, safety and CO 2 emission. Chem Eng Res 
Design 2013;91:1427-39. 

[21] Kim J, Moon I. Strategic design of hydrogen infrastructure 
considering cost and safety using multiobjective 
optimization. Int J Hydrogen Energy 2008;33:5887-96. 

[22] Wulf C, Kaltschmitt M. Life cycle assessment of hydrogen 
supply chain with special attention on hydrogen refuelling 
stations. Int J Hydrogen Energy 2012;37:16711-21. 

[23] Li Z, Gao D, Chang L, Liu P, Pistikopoulos EN. Hydrogen 
infrastructure design and optimization: A case study of 
China. Int J Hydrogen Energy 2008;33:5275-86. 

[24] Hugo A, Rutter P, Pistikopoulos S, Amorelli A, Zoia G. 
Hydrogen infrastructure strategic planning using 
multi-objective optimization. Int J Hydrogen Energy 
2005;30:1523-34. 

[25] Levene JI, Mann MK, Margolis RM, Milbrandt A. An 
analysis of hydrogen production from renewable electricity 
sources. Solar Energy 2007;81:773-80. 

[26] Ni M, Leung MK, Sumathy K, Leung DY. Potential of 
renewable hydrogen production for energy supply in Hong 
Kong. Int J Hydrogen Energy 2006;31:1401-12. 

[27] Posso F, Zambrano J. Estimation of electrolytic hydrogen 
production potential in Venezuela from renewable energies. 
Int J Hydrogen Energy 2014;39:11846-53. 

[28] Sigal A, Leiva E, Rodríguez C. Assessment of the potential 
for hydrogen production from renewable resources in 
Argentina. Int J Hydrogen Energy 2014;39:8204-14. 

[29] Genç MS, Çelik M, Karasu İ. A review on wind energy and 
wind–hydrogen production in Turkey: A case study of 
hydrogen production via electrolysis system supplied by 

wind energy conversion system in Central Anatolian 
Turkey. Renewable and Sustainable Energy Reviews 
2012;16:6631-46. 

[30] Loisel R, Baranger L, Chemouri N, Spinu S, Pardo S. 
Economic evaluation of hybrid off-shore wind power and 
hydrogen storage system. Int J Hydrogen Energy 
2015;40:6727-39. 

[31] Beccali M, Brunone S, Finocchiaro P, Galletto J. Method 
for size optimisation of large wind–hydrogen systems with 
high penetration on power grids. Appl Energy 
2013;102:534-44. 

[32] García P, Torreglosa JP, Fernández LM, Jurado F. Optimal 
energy management system for stand-alone wind 
turbine/photovoltaic/hydrogen/battery hybrid system with 
supervisory control based on fuzzy logic. Int J Hydrogen 
Energy 2013;38:14146-58. 

[33] Guinot B, Champel B, Montignac F, Lemaire E, Vannucci 
D, Sailler S et al. Techno-economic study of a 
PV-hydrogen-battery hybrid system for off-grid power 
supply: Impact of performances' ageing on optimal system 
sizing and competitiveness. Int J Hydrogen Energy 
2015;40:623-32. 

[34] Akyuz E, Oktay Z, Dincer I. Performance investigation of 
hydrogen production from a hybrid wind-PV system. Int J 
Hydrogen Energy 2012;37:16623-30. 

[35] Zhang Y, Brown TR, Hu G, Brown RC. Comparative 
techno-economic analysis of biohydrogen production via 
bio-oil gasification and bio-oil reforming. Biomass 
Bioenergy 2013;51:99-108. 

[36] Muresan M, Cormos C, Agachi P. Techno-economical 
assessment of coal and biomass gasification-based 
hydrogen production supply chain system. Chem Eng Res 
Design 2013;91:1527-41. 

[37] Koroneos C, Dompros A, Roumbas G. Hydrogen 
production via biomass gasification—a life cycle 
assessment approach. Chemical Engineering and 
Processing: Process Intensification 2008;47:1261-8. 

[38] Gondal IA, Sahir MH. Model for biomass‐based renewable 
hydrogen supply chain. Int J Energy Res 2013;37:1151-9. 

[39] Almaraz SD, Azzaro-Pantel C, Montastruc L, Domenech S. 
Hydrogen supply chain optimization for deployment 
scenarios in the Midi-Pyrénées region, France. Int J 
Hydrogen Energy 2014;39:11831-45. 

[40] Almaraz SD, Azzaro-Pantel C, Montastruc L, Boix M. 
Deployment of a hydrogen supply chain by 
multi-objective/multi-period optimisation at regional and 
national scales. Chem Eng Res Design 2015;104:11-31. 

 
 
 
 
 
 
 
 
 

 
 

 
  

 
 
 
 
 
 


