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1967

The principle of sodium sulfur battery was released.

Development of Beta
Alumina electrolyte NGK started the R&D of NAS bettery with TEPCO.

System Applications
Development of
battery cell 2l Lz
1992 50kW
1995 | 500kW 1995 Load Leveling
1997 W 2MW
Evaluation of system 1998 PV Stabilization
1999 6MW
performance 2000 Wind Power Stabilization
2001 Emergency Power Supply
2002 Substation Applications
(overseas)
2004 BMW
2005 Micro Grid
2006 12MW
2009 3aMw
Commercialization
2012  Smart Grid
2016 50MW
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! Originally "Zeolite Battery Research Africa Project" later "Zero Emissions Batteries Research Activity"
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Warm return water flows Cold refrigerant flows in
through tank, melting ice pipe builds layer of ice
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Secondary coolant flows Secondary coolant flows
in pipe, builds ice in pipe, melts ice
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Thermochemical
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Closed systems Open systems
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Silica gel I I Silica gel
Two-phase systems | |Three-phase systems
solid-gas solid-liquid-gas
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Charging Heit release Discharging
during summer (Tmeatum) during winter

Saturated Cold wet air
warm air (ambient)

Hot air ﬁ ﬂ Dry warm air

High temperature Heat release
heat source (Tmedtum)

Desorption
Adsorption
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Summer : charging Winter : discharging

Ambient air

Ambient air uft

25°C

Exhaust air Exhaust air

Fresh air
38°C

Indoor air
wet
20°C
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Charging
during summer
Desorption Condensation
Water vapor
High temperature ’ — . Heat release
Heat source 4 (Trmedium)
4. /44////

Discharging
during winter
Adsorption Evaporation
Heat release ‘ Viater vapor Low temperature
(T iadicin) Z 2{/ ; 75 heat source
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Thermochemical
Solar heating loop  sorption unit
Flate plate solar 5
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Ground cooling loop
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Spreading arm

) |
Low temp Heat exchanger lDischarge
Condensator/Evaporator
Water Gas pipe
Pump
Spreading arm Charge
High temp % Heat exchanger
Reactor
Liquid solution —¢—»
Salt crystals >
Flltel’ s 1 'bicr'om‘- 3
] Pump
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Thermo-chemical
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Abstract:

Before the industrial revolution of the nineteenth century, there was a stable balance between energy
supply and demand. The industrialization of countries and the advent of new technologies increased the
demand for energy significantly. With the discovery of electricity and its use as a driver for many
equipment and technologies, the problem of energy demand and its growth doubled, especially since
initially the primary sources for mass production of electricity did not include renewable sources and
fossil fuels included oil, gasoline and natural gas were used as primary sources of energy. Electricity, heat
and cold are generated from the above-mentioned sources with high reliability and therefore no additional
or auxiliary sources are needed. In the meantime, these resources are limited and have negative
environmental effects. Among these effects are global warming and the acidification of ocean water, both
of which have devastating effects on the growth and development of plants and animals on Earth.

As the demand for fossil fuels increased, so did the price of these resources, creating a variety of crises
that had devastating economic effects. The first crisis occurred in 1973, when oil prices suddenly doubled
and provoked widespread global reactions. Since then, the world's industrialized nations, including
France, have put other methods of generating electricity on their agenda, including nuclear power
generation, which continues to this day. Although nuclear power generation is associated with a reduction
in issues such as greenhouse gas emissions, the risk of emissions of radioactive material over a wide
geographical area due to unforeseen events affecting nuclear power plants has always been doubt is
accompanied.

Possible nuclear accidents and global warming, along with the significant price of fossil fuels and their
limitations, have led to an increasing share of renewable energy in the supply of energy needed. The sun
and wind as two major sources of energy have far less environmental impact than fossil fuels and are not
exhaustive. Despite these advantages, these resources are unpredictable and controllable, and there is
considerable uncertainty in their use. Supplying electricity and even heat and cold in a certain place and
time with a certain amount is a big challenge that makes it difficult to use renewable sources. Supplying
electricity and even heat and cold in a certain place and time with a certain amount is a big challenge that
makes it difficult to use renewable sources. Therefore, the problem can be solved if the energy from these
sources can be stored at low load or low consumption time and used at peak consumption. This
advantage, along with other advantages (eg frequency control in the power grid), has led to the use of
various storage devices in the form of five storage methods including electrical, mechanical,
electrochemical, chemical and thermal. The output of storage devices is independent of the storage
method, electricity, heat and in some cases cold. In the meantime, electricity or heat output, and
especially electricity, has received much more attention.

In addition to the above, the possibility of using technologies in mobile mode, regardless of the
amount of energy they require, requires that energy be stored in a source and then retrieved and used
while using the technology. It is practically impossible to imagine life in today's world simply by relying
on the constant use of the various technologies available in it (mobile phones, electric cars, etc.) and
therefore energy storage is all the more necessary.

As mentioned, the use of energy storage devices is expanding in the world. In the meantime,
diversification of storage methods and equipment, economization of large-scale storage and maximum
storage in specific volume and mass are the goals that have defined the path of research and development

in this field. Prospects, forecasts and review of the current situation show that storage and related



equipment will play a very important role in future human life, especially energy supply networks. Due to
the widespread use of storage equipment in the world and consequently in Iran, the need to use them in
the near future will be felt. In addition to comprehensive research and research activities, it is obvious that
one of the measures needed to prepare the necessary conditions for the optimal and widespread use of
storage devices is the development of technical guidance for these systems. With regard to this issue, the
preparation and compilation of energy storage guide has been considered in this project and in the first
step, in order to become more familiar with the problem under study and its different angles, the literature
has been reviewed and existing experiences have been reviewed. The leading criterion addresses these
issues in the form of 7 chapters.
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