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Abstract

Electrical energy storage technologies for stationary applications are reviewed. Particular attention is paid to pumped hydroelectric
storage, compressed air energy storage, battery, flow battery, fuel cell, solar fuel, superconducting magnetic energy storage, flywheel,
capacitor/supercapacitor, and thermal energy storage. Comparison is made among these technologies in terms of technical characteris-
tics, applications and deployment status.

© 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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Fig. 2. Benefits of EES along the electricity value chain [14].
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3. Classification

There are two criteria to categorise the various EESs:
function and form. In terms of the function, EES technol-
ogies can be categorised into those that are intended firstly
for high power ratings with a relatively small energy con-
tent making them suitable for power quality or UPS; and
those designed for energy management, as shown in
Fig. 4. PHS, CAES, TES, large-scale batteries, flow batter-
ies, fuel cells, solar fuel and TES fall into the category of
energy management, whereas capacitors/supercapacitors,
SMES, flywheels and batteries are in the category of power
quality and reliability. This simple classification glosses
over the wide range of technical parameters of energy stor-
age devices. For example, several flywheel manufacturers
are developing flywheels with higher energy to power
ratios, and advanced batteries often show good character-
istics for pulse power; see Section 5 for more data and fur-
ther discussion.

(1)

(2)

(3)

(4)

Electrical energy storage: (1) Electrostatic energy stor-
age including capacitors and supercapacitors; (ii)
Magnetic/current energy storage including SMES.
Mechanical energy storage: (1) Kinetic energy storage
(flywheels); (i1) Potential energy storage (PHS and
CAES).

Chemical energy storage: (1) Electrochemical energy
storage (conventional batteries such as lead-acid,
nickel metal hydride, lithium ion and flow-cell batter-
1es such as zinc bromine and vanadium redox); (ii)
chemical energy storage (fuel cells, molten-carbonate
fuel cells — MCFCs and Metal-Air batteries); (1i1)
thermochemical energy storage (solar hydrogen, solar
metal, solar ammonia dissociation—-recombination
and solar methane dissociation-recombination).
Thermal energy storage: (1) Low temperature energy
storage (Aquiferous cold energy storage, cryogenic
energy storage); (11) High temperature energy storage
(sensible heat systems such as steam or hot water
accumulators, graphite, hot rocks and concrete,
latent heat systems such as phase change materials).
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Fig. 8. Hydrogen fuel cell [6,70].

Salt dome

Fig. 6. Schematic diagram of CAES [63].
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Pé xuat hop tac
Trung tam thi nghiém nang lwong Hydro xanh va Pin nhién liéu

Xay dwng Trung tim thi nghiém niing lwo'ng Hydro xanh va Pin nhién liéu déng bo, hién dai, dat
chuan quéc té, phuc vu nghién ctru - tng dung- dao tao - thir nghiém - chuyén giao cong nghé trong linh vuc
nang lugng maoi.

Tirng bwéc 1am chi cong nghé MEA (mang-dién cuc): ché tao, danh gi4, téi wvu dé nang hiéu suat, giam chi
phi xUc tac, vu tién vat lidu bén vitng va hudng toi ty chu.

Phét trién pin nhién liéu tr cell don dén stack, dung 1am nén tang kiém chimg vat liéu/MEA va hoan thién
c4c chi tiéu k¥ thuat, mé duong tmg dung cho giao thong sach va ngudn phat phan tan.

Phét trién thiét bi dién phan nwéc tir cell don dén stack, chi trong hiéu suét, do bén, d6 tinh khiét khi va
van hanh on dinh cho san xuat H: xanh va tich hep ning lwong tai tao.

Mé rong ning lwc KH&CN ciia Trwérng Pai hoc Mé-Pia chit théng qua cong bé, sang ché va hop tac
trong-ngoai nudc; dong thdi thic day thwong mai hod va chuyén giao két qua nghién ctu.

GOp phan thyc hién Nghi quyét 57-NQ/TW vé phét trién tiém luc KH&CN, Nghi quyét 55-NQ/TW vé chién
luge nang lugng, va cam két Net Zero 2050.
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Pé xuat hop tac
Trung tam thi nghiém nang lwong Hydro xanh va Pin nhién liéu

Trung tdm thi nghiém Ning lugng Hydro xanh va Pin nhién liéu bao gdm 4 phong thi nghiém co ban:
=PTN MEA : Trang bi thiét bi ché tao t6 hop mang-dién cuc (MEA), Pha ché xuc tac/ionomer, kiém soét do
nh&t—phan tan dé bao dam tinh dong nhat; Tao 16p dién cuc va ghép/ép nong hinh thanh MEA; Kiém soat do day,
d6 bam dinh, dién tich hoat tinh; Téi vu tai xdc tac, ty 1¢ ionomer/catalyst, xir Iy bé mat mang/GDL theo muc tiéu
hiéu suat—chi phi,..
=PTN Pin nhién liéu: Thu thap—-phan tich dit liéu van hanh dé phan hoi t6i vu MEA; Van hanh va kiém tha
Single-cell/ Cell stack 1-5 kW; Panh gi& hiéu ning pin; Téi vu quan ly nude va nhiét; Phan tich gas crossover va
thir nghiém d6 bén cuia MEA, GDL (Gas Diffusion Layer) va Bipolar plate...
=PTN dién phan: Thu thap—phan tich dir liéu van hanh dé phan hoi t6i vu MEA; Van hanh va kiém tha
Single-cell/ Cell stack 3 kW, nguén DC 500 A, danh gia hiéu suat dién phan va hiéu suét Faraday, EIS/iR, d¢ tinh
khiét Hz, va tiéu hao niang lugng (KWh/kg Ho)....
=PTN vét liéu: Dic trung tinh chat mang trao d6i proton, ciu tridc bé mit dién cuc, thanh phan tap chat, hd trg do
Gas Crossover, ...
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