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ABSTRACT: Unified energy system should consider the
impact of the randomness of new energy on the reliability of
the unified energy system, use multi-energy complementary
and seasonal energy storage technology to improve energy
efficiency, and ensure reliable supply of electricity/heat/gas/oil
chemical products on medium and long-term scales. Firstly, the
basic structure of the hydrogen energy system which include
power to hydrogen (P2H)-hydrogen storage (HES)-hydrogen to
X (H2X) and its operating modes supporting the unified energy
system were proposed. Then, the seasonal hydrogen storage
planning framework was proposed, which mainly analyzed the
key characteristics of seasonal hydrogen storage, established its
operation analysis and energy regulation models. A
complementary energy storage mechanism for the different
energy storage functions requirements in unified energy system
was developed, which took the upper limit of the short-term
energy storage adjustment time as the time resolution of
seasonal energy storage energy adjustment. Based on it, the
configuration method of seasonal hydrogen storage system was
proposed to ensure that the system has no long-term energy
insufficient after seasonal hydrogen storage configuration,
furthermore conducting a comprehensive evaluation of the
seasonal hydrogen storage planning scheme. Finally, in the
context of a unified energy system, the effectiveness of the
proposed seasonal hydrogen storage planning method was
verified.
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Table 2 Simulation parameters
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Hydrogen production by electrolysis of clean
electric energy, expanding the application of hydrogen
energy from the traditional industrial field to power
system, thermal system, and transportation system, is an
important means to achieve emission reduction and
temperature control. A unified energy system(UES) that
relies on hydrogen production and storage from
renewable energy, coupled with coal/petroleum refining
and transportation, provides users with clean electricity,
heat, gas, and oil/chemical products are proposed, and
the medium and long-term hydrogen energy demand in
various fields is also predicted, which provides direction
and basis for future clean energy system planning.
However, the electricity of the unified energy system
comes from a power generation system with a high
proportion of renewable energy with volatility and
intermittent, therefore, on medium and long-term scales,
it is necessary to consider the reliability of random
renewable energy supply power/heat/gas. At present,
there are little literature on the planning of UES.

How to consider the impact of the randomness of
renewable energy on the reliability of the unified energy
system, use multi-energy complementary and seasonal
energy storage technology to improve energy efficiency,
and ensure the reliable supply of electricity/heat/gas/oil
chemical products on medium and long-term scales.
Firstly, the basic structure of the unified energy system
supported by a hydrogen energy system which consists
of P2H-HES-H2X (hydrogen to X), and its operating
modes are proposed. The unified energy system
supported by hydrogen consists of clean energy input,
hydrogen production, hydrogen storage, and hydrogen
energy conversion, transmission networks are for the
transmission of electricity, heat,
hydrogen, and load, as shown in Fig. 1, where P2H,
HES, H2P, H2G, H2H, and H2T are power to hydrogen,
hydrogen storage, hydrogen to gas, hydrogen to
hydrogen, and hydrogen to thermal, respectively.
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Fig. 1 Structure of unified energy system supported by hydrogen

Then, the seasonal hydrogen storage planning
framework is proposed, which mainly analyzes the key
characteristics of seasonal hydrogen storage, establishes
its operation analysis and energy regulation models, and
a complementary energy storage mechanism for the
different energy storage functions requirements in
unified energy system is developed, which take the upper
limit of the short-term energy storage adjustment time as
the time resolution of a seasonal energy storage energy
adjustment. Based on it, the configuration method of
seasonal hydrogen storage system is proposed to ensure
that the system has no long-term energy insufficient after
seasonal hydrogen storage configuration, as shown in
Equations  (1)—(3),
comprehensive evaluation of the seasonal hydrogen
storage planning scheme.

furthermore  conducts a

T={t .-t} )
T™ = max(T.) (2)
T™<T, (3)

where: T_is the collection of periods of continuous loss
of system energy (t7); T™ and Ty are the longest period
of continuous energy loss, and the maximum period of
reliable short-term energy storage M, respectively.

Finally, the feasibility and effectiveness of the
proposed seasonal hydrogen storage planning method are
verified by an example of the UES in Xinjiang.



