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Abstract.This paper discusses a study on the optimization of hydrogen produc-

tion systems based on peak and off-peak electricity prices and evaluates their 

potential and benefits in practical applications. By optimizing the operation and 

energy utilization efficiency of hydrogen production systems, taking full ad-

vantage of electricity price differences can reduce energy costs, improve eco-

nomics, and promote the development of clean energy hydrogen production tech-

nologies. However, practical applications still face technical, economic, and mar-

ket challenges that require further research and practical implementation to ad-

dress. With technological breakthroughs and policy support, the optimization of 

hydrogen production systems based on peak-to-off-peak tariffs is expected to 

play a crucial role in the clean energy transition and sustainable development. 

Overall, the optimization of hydrogen production systems based on peak-to-off-

peak tariffs has the potential to reduce the cost of hydrogen production, improve 

economics and sustainability. This approach can fully leverage inexpensive elec-

tricity during off-peak hours, enhance the operational efficiency of hydrogen pro-

duction systems, and reduce reliance on conventional energy sources. However, 

practical applications must consider technical, economic, and market constraints. 

Through further research and practical implementation, these challenges can be 

overcome to achieve the feasibility and sustainability of optimizing hydrogen 

production systems based on peak-to-off-peak electricity prices. This will pro-

mote the application and sustainability of clean energy, making a significant con-

tribution to the energy transition. 

Keywords:Peak valley electricity price; Hydrogen production by Electrolysed 

water; Hydrogen production system; optimization 

1 Introduction 

With the increasing global energy demand and the urgent need for renewable energy, 

hydrogen production has a wide application prospect as a clean energy storage and 

conversion technology. Traditional methods of hydrogen production include pyrolysis, 

electrolysis, and chemical reactions. However, these methods have shortcomings such 
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as high energy consumption, expensive costs, and carbon emission problems. In recent 

years, with the rapid development of renewable energy, emerging technologies such as 

water electrolysis and hydrogen production driven by solar and wind energy have grad-

ually gained attention. These technologies are emission-free and renewable, offering 

new opportunities for achieving a clean energy economy. 

Optimization studies of hydrogen production systems aim to improve energy use 

efficiency, reduce production costs, and minimize reliance on conventional energy 

sources. The peak-valley tariff policy, as an energy pricing strategy, can optimize the 

balance of energy supply and demand by adjusting the difference in electricity prices 

during peak and off-peak hours. Combining the peak-valley tariff policy with the opti-

mization of the hydrogen production system is expected to further improve the eco-

nomics and sustainability of the hydrogen production process. 

In the field of hydrogen production system optimization research, several studies 

have been carried out on optimization methods to improve the efficiency and economy 

of hydrogen production processes. Some of these studies involve the exploration of 

economic aspects.Pablo [1] developed a Monte Carlo-based model to study the eco-

nomic and technical factors that may influence the success of a green hydrogen strategy 

in Poland, as well as the economics at different stages of technology development and 

market adoption.Touili [2] conducted an economic analysis of Morocco's ability to pro-

duce hydrogen from solar energy and found that Morocco has a high potential for hy-

drogen production. Qingchao Liu [3] compared and analyzed the cost of hydrogen pro-

duction by traditional means and by photovoltaic power generation, and concluded that 

photovoltaic hydrogen production has become economically feasible, and expected that 

the competitiveness of photovoltaic hydrogen production will be further enhanced as 

the cost of photovoltaic power generation decreases. In addition, some other studies 

have analyzed the economics of hydrogen production systems, such as the analysis of 

the cost of hydrogen production by electrolysis from renewable energy sources, and the 

economics of hydrogen production from photovoltaic power, wind power and biomass 

gasification [4-7]. 

In addition to economic studies, there are also some studies dedicated to the optimal 

configuration of hydrogen production systems. These studies use different optimization 

algorithms and methods to find the optimal capacity configuration solution for the hy-

drogen production system. For example, some studies have investigated the optimal 

capacity configuration of wind-light-hydrogen energy systems using methods such as 

adaptive particle swarm algorithms [8], genetic algorithms, and energy management 

algorithms [9]. These studies considered multiple objectives, including revenue maxi-

mization and multi-objective optimization of costs and benefits [10-13]. These optimal 

configuration studies can further improve the performance and economic efficiency of 

hydrogen production systems. 

The results of economic studies and optimal allocation methods can offer guidance 

for the development and application of hydrogen production technologies, fostering the 

growth of the renewable energy hydrogen production industry and enhancing the effi-

ciency and sustainability of energy systems. However, there is a lack of studies inves-

tigating the integration of peak-valley tariff policies into the optimization of hydrogen 
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production systems, which could fully leverage the potential benefits arising from elec-

tricity price disparities. Hence, this study aims to bridge this research gap and explore 

peak-valley tariff-based optimization methods for hydrogen production systems, thus 

promoting the sustainable development of clean energy.  

The aim of this article is to study the optimization method of a hydrogen production 

system based on peak-valley tariffs and evaluate its potential and benefits in practical 

applications. By developing mathematical models and applying optimization algo-

rithms, we aim to explore how to maximize the advantages of peak-to-valley tariffs to 

optimize the operation and energy use efficiency of hydrogen production systems. Ad-

ditionally, we will conduct a case study to verify the feasibility and practicality of the 

proposed method through data analysis and results evaluation. The ultimate goal is to 

provide a reference for cost reduction and efficiency improvement in hydrogen produc-

tion systems. 

2 Peak and Valley Tariffs and Hydrogen Production Systems 

The peak-valley tariff mechanism is a policy measure aimed at achieving a balance 

between energy supply and demand by adjusting the price difference of electricity dur-

ing peak and off-peak hours. During periods of low demand when power supply is rel-

atively abundant, users are encouraged to concentrate their electricity consumption by 

reducing the price of electricity. Conversely, during peak hours when power supply is 

constrained, users are incentivized to reduce their electricity consumption through 

higher electricity prices. The peak-valley tariff mechanism is characterized by price 

differentiation, elastic demand, and the balancing of supply and demand. 

Currently, there are four main types of electrolytic water hydrogen production: al-

kaline water electrolysis (AWE), proton exchange membrane water electrolysis (PEM), 

anion exchange membrane water electrolysis (AEM), and solid oxide water electrolysis 

(SOE). As shown in Fig. 1 , each of these four types of electrolytic water hydrogen 

production systems has its own advantages and disadvantages[14]. 

 

Fig. 1. Four types of water electrolysis technology characteristics. 
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Alkaline water electrolysis is the most mature and cheapest water electrolysis tech-

nology, which uses alkaline solution as electrolyte, nickel-based alloy as electrode ma-

terial, working temperature at 60-90°C, pressure at 1-30 bar, current density less than 

0.8 A/cm2, energy consumption at 4.5-5.5 kWh/Nm3 H2, its technology is stable and 

low cost, and the actual case of the article uses alkaline Therefore, this section focuses 

on alkaline water electrolysis technology. 

The alkaline electrolytic water hydrogen production system is relatively simple and 

mainly consists of water make-up system, lye circulation system, electrolytic tank, gas-

liquid separation device, hydrogen purification device, etc. The electrolyte is all potas-

sium hydroxide solution (KOH) with a concentration of about 30%. The flow chart of 

alkaline electrolytic water hydrogen production process system is shown in Fig. 2 . 

 

Fig. 2. Alkaline electrolytic water to hydrogen process flow chart. 

Combining peak-valley tariff policies with hydrogen production systems has poten-

tial advantages and interrelationships. Firstly, the peak-valley tariff mechanism can in-

centivize customers to concentrate their electricity consumption during low valley 

hours by adjusting electricity prices. This, in turn, presents opportunities for hydrogen 

production systems. As the process of hydrogen production typically demands a sub-

stantial amount of electricity, scheduling the production during low valley hours can 

lead to lower electricity prices and reduced hydrogen production costs. 

Secondly, the flexibility of the hydrogen production system aligns with the peak and 

off-peak electricity pricing mechanism. The hydrogen production system can be ad-

justed and optimized based on the fluctuation of electricity prices. For instance, during 

periods of low electricity prices, the system can increase hydrogen production to max-

imize the utilization of affordable electricity. Conversely, during peak hours when elec-

tricity prices are high, the system can reduce or halt hydrogen production to minimize 

costs and alleviate the strain on the electricity grid. 

Finally, integrating peak and off-peak tariffs with hydrogen production systems can 

also promote the utilization of clean energy. By implementing peak and off-peak tariffs, 

customers are encouraged to concentrate their electricity consumption during off-peak 

hours, which presents an opportunity for widespread adoption of renewable energy 

sources like solar and wind power. These renewable energy sources typically generate 

more electricity at specific times of the day, and when combined with a hydrogen pro-

duction system, they can effectively generate and store significant amounts of renewa-

ble energy during off-peak hours, facilitating efficient energy usage and storage.. 
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3 Hydrogen production system optimization method 

3.1 EOptimization objectives of hydrogen production system based on peak 

and valley tariffs 

The goal of optimizing a peak-valley tariff-based hydrogen production system is to 

maximize the benefits of the system, which include economy, energy utilization effi-

ciency, and system stability, within the framework of the peak-valley tariff policy. This 

is achieved through the reasonable arrangement of operation time, energy dispatch, and 

energy storage utilization in order to reduce the cost of hydrogen production. These 

costs include electricity purchase, investment, and maintenance costs of the energy stor-

age system. Additionally, the optimization involves the strategic arrangement of oper-

ation modes and energy dispatch strategies based on changes in peak and valley tariffs 

to improve energy utilization efficiency. This includes maximizing hydrogen produc-

tion efficiency during low-demand hours and reducing or pausing production during 

peak-demand hours. Furthermore, the impact of the hydrogen production system on the 

power system is considered, and the operation demand of the hydrogen production sys-

tem is balanced with the stability requirements of the power system to ensure coordi-

nated operation of both systems. 

3.2 Mathematical modeling and constraints 

The main constraints of the system are the amount of hydrogen produced and the oper-

ating load of the electrolyzer, while the objective is to optimize the cost of hydrogen 

production. The mathematical model of the system is as follows:
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Where: LCOH is the levelized unit cost of hydrogen production. TOPEX  is the 

running cost. TOF  is the start-stop cost. TV  is the amount of hydrogen produced. 

TTTTT WKOHEOMOPEX aterle +++= (2) 

Where: TOM is the maintenance cost. leTE  is the cost of electricity. TKOH  is 

the material cost. aterTW  is the cost of water. 

3.3 Case study and analysis of results 

3.3.1 Data pre-processing.  

Take a hydrogen production plant in Lanzhou as an example, the project is 100MW 

of photovoltaic power generation on the grid, replacing the grid power for hydrogen 

production, requiring an annual production of not less than 8000 tons of hydrogen. The 
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project uses 75MW alkaline electrolyzer, which is divided into 3 sets of 25MW system 

for configuration. Each set contains five 1000Nm³/h electrolyzers, one gas-liquid sep-

aration system and one purification system. 

As shown in Table 1, the system operation is adequately configured based on the 

key technical parameters of the hydrogen production system, energy efficiency, and 

other factors, to optimize the hydrogen production system during peak and off-peak 

electricity prices. 

Table 1. Main technical parameters and configuration of hydrogen production system. 

No. Key Parameters Parameter Description 

1 Hydrogen production 

rate 

Hydrogen production rate of single electrolyzer: 

1000Nm3/h 

2 System power con-

sumption 

100% load: 57.98 kWh/kgH2 (5.16 

kWh/Nm3H2), 4.6 kWh for the power stack and 

0.56 kWh for the auxiliary equipment AC power 

consumption; 

10% load power consumption: 51.24 kWh/kgH2 

(4.56 kWh/ Nm3 H2) 

3 Load regulation range 10%-100% (2.5-25MW), corresponding to 

50% of the minimum load of a single stack 

4 Cold start time 40 min (access to purification) + 20 min (ac-

cess to storage tank) = 1h 

5 Hot start time 10 min (access to purification) + 20 min (ac-

cess to storage tank) = 0.5h 

10% load operation, pulling load to 100% load: 

90 seconds 

6 Electrolysis system 

acquisition cost 

120 million 

By collecting peak and valley electricity price data for each month of the year in the 

Hedong region of Gansu, the average price of each month was calculated and the aver-

age price curve was drawn, as shown in Fig. 3 . 

 

Fig. 3. Average price curve of Hedong in Gansu by month during the year. 
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3.3.2 Analysis of hydrogen production model results.  

Matlab was used to import the arithmetic data into the model for solving and ana-

lyzing the annual optimal cost, as well as for examining the sensitivity of cost factors. 

The obtained results are as follows. 

(1) Annual optimal cost 

The lifespan of the electrolysis tank is 15 years, with an initial investment cost of 

120 million Yuan. The annual optimal cost for producing 8000 tons of hydrogen is 

approximately 178 million Yuan, resulting in a unit cost of hydrogen production of 

about 22.27 Yuan/kg. From Figure 4, which displays typical daily electricity price data 

and an hourly start-stop situation graph, it can be observed that a total of 6975 hours of 

operation are required to achieve an annual production of no less than 8000 tons of 

hydrogen. Consequently, the electrolysis tank needs to operate for approximately 19.1 

hours per day. 

 

Fig. 4. Typical daily tariff data and hourly start/stop. 

(2) Cost factor sensitivity 

From the change of hydrogen production cost under different electricity prices in 

Fig. 5, it is clear that the current electricity price is the key factor leading to the high 

cost of hydrogen production at this stage. The electricity price sensitivity is high, and 

as the electricity price decreases, the unit hydrogen production cost of electrolyzer de-

creases. When the electricity price decreases from RMB 0.4/kWh to RMB 0.3/kWh for 

6000 hours of operation, the hydrogen production cost of alkaline electrolyzer will de-

crease by 23%; when the electricity price decreases to RMB 0.34/kWh, the unit hydro-

gen production cost decreases to RMB 20.886/kg. 
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Fig. 5. Variation of hydrogen production cost under different electricity price. 

From the effect of different power consumption on the cost of hydrogen production 

in Fig. 6, it can be seen that the electrolyzer power consumption decreases from 

5.2kWh/Nm³ to 4.8kWh/Nm³, the cost of hydrogen production decreases by 7.1% with 

high sensitivity; when the power consumption level reaches 4.05kWh/Nm³, the unit 

cost of hydrogen production can be reduced to 20 RMB/kgH2. 

 

Fig. 6. Impact of different electricity consumption on the cost of hydrogen production. 

4 Conclusion 

This article discusses the study of optimizing hydrogen production systems based on 

peak and valley tariffs and evaluates their potential and benefits in practical applica-

tions. The article introduces the importance and application prospects of hydrogen pro-

duction technology and highlights the advantages of this emerging technology. Addi-

tionally, the article introduces the peak-valley tariff mechanism and the components 

and principles of hydrogen production systems. By establishing a mathematical model 

and applying an optimization algorithm, the method based on peak-valley tariffs can 

maximize the difference between energy supply and demand, improving the economy 
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and energy utilization efficiency of the hydrogen production system. However, practi-

cal application still faces technical, economic, and market challenges. Therefore, fur-

ther research and practice are needed to address these relevant issues and promote the 

feasibility and sustainability of peak-to-valley tariff-based hydrogen production system 

optimization. Research in this area will play a crucial role in facilitating the clean en-

ergy transition and sustainable development. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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