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ABSTRACT: Large-scale development and utilization of
renewable energy such as wind power has become the
consensus of many countries for the clean and low-carbon
energy transition. However, shortcomings of short-term
fluctuations and intermittent have limited its application in high
wind power penetration or isolated grid systems. Coupled wind
power and hydrogen systems can take advantages of long-term
large-scale hydrogen energy storage and diversified product
output, and play a pivotal role in the future development and
utilization of wind power. This article summarized the
development status of coupled wind power and hydrogen
systems in the past two decades, evaluated the application
effect and economic efficiency of grid-connected and off-grid
systems, and then proposed development directions in system
optimization design, operation strategy formulation, and
life-cycle technology economic evaluation. Finally, we
proposed suitable routes for our country based on resource

endowment and regional characteristics.
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Fig. 1 Wind energy storage configuration based on

hydrogen technologies
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Fig.2 Simplified block diagram of hydrogen production routes for offshore renewable energy conversion considered
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Table 1 Summary of wind/hydrogen demonstration plant systems in the world
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2 2000 ENEA RVE/RTE R4 LA A 52 ALK 225 A&
3 2001 &K HRI 7R L] R, Stk 10, 1 ALK 5 A&
4 2003 I8k HSAPS B MHL, SBR 58, 4 PEM 1.5+1.8 BN
5 2004 W Utsira 5730 FH A 600 ALK 50 A&
6 2004 [ HaRI Wi H B XU, OBk, K 50, 6, 3.7 ALK 34 A&
7 2005 PURE T H L] AR 2x15kW ALK 15 A&
8 2007 FH Wind2H2 7R3t L] KHL, BR 110, 10  ALK/PEM 33, 7 A&
9 2007 2 [# Hydrogen Power Park G R, R 7.5, 490 PEM 1 A&
10 2007 Fi[#R £ Comodoro 7RG LA JIGEN 6300 ALK 640 A&
11 2007 7 i RES2H2 IEM AR 500 ALK 25 A
12 2007 PEYEF RES2H2 B/t ANGEN 225 ALK 55 A&
13 2008 PG Sotavento 7 i FH NN 17560 ALK 320 A&
14 2008 1+ HH HYDEPARK ] R, 6k 5,12 PEM 7 A&
15 2008 s itk Xanthi KOG HAM S RS L] R, Stk 3,5 PEM 42 A&
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17 2009 PE3E A Hidrolica I Fl FH NN 800 PEM 41 A&
18 2009 JNEEK Edward &R HLHIEH &R 5 LA A 60 ALK 300 A&
19 2011 JnEE K Ramea /R0 ItM AR 690 ALK 162 A&
20 2011 #[E Enertrag NG K HL T H2 F NN 6000 ALK 500 A&
21 2011 +HH Bozcaada 7RiE FH R, R 30, 20 ALK 55 A&
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23 2012 YRR 2 A IR A R G IM AR 225 ALK 30 A&
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26 2015 Tt YR XU | S 5T H IM JIGEN 400000 ALK 4000 A&
27 2016 Y<[E Hydrogen Office building FEM NN 750 ALK 30.5 A&
28 fERE KK 2 (BIG HIT) FEM MHL, #IWAEE 47000 11000  PEM 1000+500 —
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of
renewable energy has become the consensus of many

Large-scale development and utilization
countries for the clean and low-carbon energy transition.
However, shortcomings of short-term fluctuations and
intermittent have limited its application in high wind
power penetration or isolated grid systems. Coupled
wind power and hydrogen systems can take advantages
of long-term large-scale hydrogen energy storage and
diversified product output, and play a pivotal role in the
future development and utilization of wind power.
Coupled wind power and hydrogen systems can be
divided
according to the grid connection

into grid-connected and off-grid systems
status. In the
grid-connected system, hydrogen production provides
auxiliary services for the wind power. It is one of the
solutions for the development of wind power in countries
or regions with high wind power penetration. At the
same time, the use of wind power to produce hydrogen
can reduce the cost of hydrogen production. In the
off-grid system, hydrogen production can be used to
improve the stability of the microgrid, and it can also be
used for direct hydrogen production from wind power.

In recent decades, more than 20 demonstration
projects have been built abroad. In general, the latest
research directions of European projects are as follows:
first, to leverage the energy storage advantages of
hydrogen in the microgrid system, improve the
utilization efficiency of renewable energy systems, and
optimize the power generation quality of intermittent
renewable energy power to ensure the safety and stability
of the grid. The second is the “Power to Gas” project
carried out by countries led by Germany to increase the
scale and proportion of renewable energy by producing
hydrogen from excess electric energy. The third is to
vigorously develop offshore wind power hydrogen
production projects. However, the wind power coupled
still
bottlenecks to be broken through, mainly reflected in the

hydrogen production technology has some

low efficiency of the entire system, the long process, and
the operational reliability to be improved. This requires

S24

continuous improvement in the optimization design of
the entire system, the formulation and optimization of
operating strategies, and the evaluation of technology
and economy throughout the life cycle.
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Fig.1 Utsira wind/hydrogen demonstration plant system

China is very rich in wind energy resources, and
there are obvious regional differences in load demand
and resource endowments. The development of wind
power and other renewable energy should be combined
with wind power coupled hydrogen production
technology according to local conditions. In the Three
North areas where power consumption or delivery
capacity is limited, the development and application of
"PtG" or CO hydrogenation to methanol technology
should be strengthened to convert local electricity or
hydrogen energy into natural gas or methanol for
transportation. In the developed areas in the central and
eastern regions with a large power load gap in the future,
the use of wind-solar hydrogen distributed energy
micro-grid systems to reduce dependence on external
power and local thermal power, improve regional power
supply reliability and accelerate the process of clean and
low-carbon transformation. In some remote mountainous
areas or islands, off-grid wind power coupled hydrogen
production technology can effectively solve the problems
of high grid construction costs and low power supply
reliability. In addition, hydrogen production from
offshore wind power is of great significance to the
realization of clean and low-carbon substitution in areas

that are difficult to electrify in the eastern coastal areas.



