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The Determining Factors of Selecting Energy Storage
Systems for the Renewable Energy Sources in the Energy-
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Abstract— Electrical energy storage (ESS) is a most important element in micro-grid to balancing
the supply and demand of energy, optimising our use of intermittent energy source such as wind or
solar energy. In ESSs we can support the incorporation of micro-grids because of their capacity to
improve the system reliability and to facilitate the integration of high penetration levels of Renew-
able Energy Sources (RESs). ESSs can also provide additional benefits for distribution sources,
such as an efficient expansion alternative through peak load shaving and methods of mitigating
power quality issues. This paper will present the benefits of ESS in RES and most important fac-
tors of selecting ESS for the RES in the Energy Efficient Building (EEB).

Index Terms— Energy storage system (ESS), renewable energy sources (RES), energy

efficient building (EEB).

I. INTRODUCTION

Residential buildings consume (41%) of energy
more than other broad sectors. (70%) of ener-
gy, usage in residential building is in the form
of electricity, which causes environmental con-
cerns. Most of losses in residential buildings
(47%) of energy, lost in transmission-line and
distribution (T&D) from the power generation
to end-user [1].

The global request on energy is increasing con-
tinuously, and there is need for energy to be
cleaner than energy, which produced from tra-
ditional  generation technologies [2].The
cleaned energy, which depend on natural
sources like sun and wind. Both of them have
high generation capacity, which have massive
potential to reduce dependence on traditional
sources like fossil fuel and greenhouse gas
emissions in the generation of electrical energy.
In recent years, there are many researches have
achieved improvements on EEB, and focused
on improvement of building materials and
structures to save energy consumption [3].

In addition, there was investigation in increas-
ing efficiency of High Voltage Alternative Cur-
rent (HVAC) systems by natural ventilation
with the information of outdoor environment
[2], [3]. The potential energy savings by utiliz-
ing RES and distributed storage devices [4],
[5]. Micro-grid technology provides a desirable
infrastructure for improving the efficiency of
energy consumption in buildings [7-10].

The key to improve operation efficiency of
building energy consumption is to coordinate

and optimize the operation of various energy
sources and loads. However, many challenges
and difficulties mentioned in [11].

II. THE BENEFITS OF ESS IN EEB
Efficient and effective implementation of ESSs
can provide numerous environmental, econom-
ic and technical benefits to energy supply sys-
tems [12]. These include:

A. Stoing of Renewable Power

Renewable power generation technologies pro-
vide a source of clean power but with highly
erratic and very intermittent [13]. ESS technol-
ogies enable smoothing of the intermittent
power input associated with renewable energy
sources, allowing surplus energy from renewa-
ble sources to be stored to use later at during
periods of peak system demand [14].

B. Reducing the Risk of Power Blackouts
ESS employed for power fluctuation smoothing
caused by sudden interruptions to supply or a
sudden load change. In addition, ESS technol-
ogies used to provide power for long term back
up in the event of a large power outage or fail-
ure, such as the loss of a large conventional
power-generating unit or transmission line al-
lows system security to be improved [15].

C. Supply & Demand Matching

When the power supply is greater than the sys-
tem demand, ESS technologies used to store
surplus electricity, which released when power
consumption exceeds the available supply [16].
This enables conventional base-load generating
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plants which may not be designed to run at
part-load or vary their output in response to
system demand vacillation, to be set to run
more-or-less continually at a level which pro-
vides the greatest efficiency and cost benefit
[17].

ITII. COMPOSITION AND CLASSIFICA-

TION OF ESSS
ESSs allow power to be taken from a source
(such as the power grid), stored and then re-
leased back into the system when it is required.
The method used for ESS will differ depending
on the technology being used; however, most
ESSs will include the following four main
components [18];

e  Storage Medium.

e  Charging System.

e Discharging System.

e  Control: To govern the operation of the

storage system.
According to [16], the ESSs, which classified
into three groups based upon their response
characteristics and applications as follows;

1-  Short-term ESS (seconds to minutes)
—used for power quality applications;

2- Long-term ESS (minutes to hours) —
used for grid congestion management
and frequency response;

3- Real long-term ESS (hours to days) —
used for supply and demand matching
over long periods.

In addition to classification based on re-
sponse characteristics, ESSs classified based
upon the form in which the energy is stored,
such as mechanical storage, electrochemical
storage, electrical storage and thermal storage
[19].

IV.OVERVIEW OF ELECTRICAL ESS
TECHNOLOGIES

There are many of ESS technologies. Such as:
e  Flow battery ESS

e  Superconducting magnetic ESS

e Capacitors (Super-capacitors, electro-
lytic double layer capacitor, Ultra-
capacitor etc.)

e Batteries (Lead-Acid, Nickel Cadmi-
um, Sodium Sulphur, Lithium Ion
etc.) [20].

V. APPLICATIONS OF ESS WITHIN

POWER SYSTEMS
ESS technologies such as those described
above can provide great benefit to micro- grid,
enabling increased renewable source integra-
tion and increased supply security and stability
to be achieved [20].

A. Integration of Renewable
Sources (RES)

One of the main uses for ESSs is to increase
the integration with natural sources such as
wind and solar [20]. The intermittent nature of
inputs from renewable power sources can cause
voltage and frequency vacillation occurring
within the grid, so affects negatively on system
stability [20]. As such, voltage and frequency
vacillation can occur very quickly and fre-
quently, it is necessary to employ ESS technol-
ogies with high cycling lifetimes and short re-
sponse times. Supercapacitors, batteries (ex-
cluding conventional lead acid) and SMES are
therefore particularly suited for this purpose
[20]. A widely accepted way for mitigation of
the power vacillation associated with wind tur-
bines is incorporating an ESS within the DC
link of the back-to-back converters of the ma-
chine. This storage system will have a control-
ler, which interacts with the control system of
the wind turbine to optimize the overall net
power flow to the grid [21].

Energy

B. Load Shifting

Load shifting provide delivery of renewable
energy to be delayed from periods of non-peak
demand to those of peak demand. ESSs can
store the excess energy during low demand
periods and then release it into the grid at times
of peak demand. This helps to smooth excess
grid demand and increase the value of renewa-
ble energy sources. The ESS technologies that
suitable for this purpose must be able to re-
sponse and react in the region of several
minutes and hours, therefore technologies such
as CAES, Pumped Hydro and Flow batteries
considered most suitable [22].

C. (T&D) Upgrade Deferral

T&D referral allows the annual carrying
charges for capital investment to be avoided,
thus reducing the overall cost to ratepayers,
improving asset utilisation and releasing capital
for other infrastructure projects [23].

D. Grid Black Start
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In the event of a total grid power loss, it may
be mandatory to restore power using a process
known as black start [24]. ESS can be used for
this purpose. For example, in power generating
facilities, batteries used to provide a source of
power to start a diesel generator or similar de-
vice, which used to generate electrical power to
supply auxiliary systems for a major generating
unit, which can then supply power back to the
grid [22].

E. Energy Arbitrage

Energy Arbitrage refers to the process of
charging ESS when demand on energy and
therefore cost is low, before then discharging
the ESS back into the grid during periods of
high demand and cost, thus making a profit.
Typically, Pumped Hydro Storage (PHS) is
used for this purpose because it built for large-
scale ES (+100MW) and used for discharge
over a relatively long period (up to several
days). Compressed Air ES (CAES) is another
technology, which implemented for this pur-
pose, again due to the large capacities and rela-
tively long discharge times [20].

F. Voltage/VAR Support

Voltage/VAR support is an ancillary func-
tion provided by system operators in order to
provide in the maintaining of grid system ro-
bustness. Voltage/VAR contribute requires the
supply or consumption of reactive power
(VAR’s) in order to maintain grid voltage with-
in a specified range [23]. (BESS) is a technolo-
gy, which used for this purpose. An example of
BESS usage for Voltage support is the experi-
mental storage system produced by A123 Cor-
poration in California, having a capacity of
8MW/32MWh using Lithium-Ion Technology
[25].

VI.THE DETERMINING FACTORS OF
SELECTING SELECTION OF ESS IN
THE EEB.

To select EES for EEB there are many factors,

in this section will be determining these factors

of selecting ESS in EEB [13], [26]:

e  Energy Density (Wh/kg)

e  Power Density (W/kg)

e Cycle Efficiency (%)

e  Self-Charge/Discharge Characteristics

e Life cycles (number of cycles)

e  Chronological lifecycle

e Large-capacity

Low-cost and long service life of the storage
energy technology is certainly the most opti-
mal, but so far, there is not a type of ES tech-
nology can satisfy these conditions simultane-
ously. Therefore, it is necessary for all storage
technology choice suitable application field,
namely the right selection of ES. Under normal
condition, when the selection of ESS, the econ-
omy, security and stability, and the capacity of
the ESS should be considered.

The conducting independent research on the
island micro-grid ESS selection found that
pumped storage and compressed air ESS not
available for large-scale 10 MW and below
sized island independent micro-grid, and the
cost of Lead-acid as the only batteries for
large-capacity we can approve is widely used
in the island independent micro-grid ESS [27].
The advantages and disadvantages of magnetic
flywheel ESS UPS, super capacitor ESS UPS
and battery UPS, and the two general methods
presented in the selection of storage devices in
[28]: the discharge current method and estima-
tion method. The discharge current method
selects the corresponding battery according to
the maximum discharge current (I) of the bat-
tery. The estimation way is based on the capac-
ity of the storage battery to choose the storage
battery [28].

According to [29] pointed out that, in the sys-
tem regulation, often using compressed air en-
ergy storage, compressed air ESS has the ad-
vantages of low cost, long service life and high
safety factor. However, due to the restriction of
terrain and air stored needs to compress under
suitable underground lava cave or mine.
Pumped storage is similar with the compressed
air, but limited to the terrain and the longer
construction cycle. In frequency regulation,
high power load, smooth transmission and dis-
tribution grid voltage support and power com-
pensation, can use the flywheel, super- capaci-
tor and superconducting magnetic energy stor-
age.

These three ESS technologies with high effi-
ciency and long life cycle, fast response, clean
and relatively simple maintain features, but the
energy ratio is low, belongs to the low-power
type of expensive storage.

These three ESS technologies can be used to
short-time and high-power fast discharge. Bat-
tery storage can provide active and reactive

6™ International Engineering Conference on Energy-Efficient Buildings | Islamic University of Gaza 98



IEC6-2016/ Hasan A. Abumeteir and Ahmet M. Vural

support to the system. So it is very important
for the control of complex power system [27].
The life of Lead-acid battery is shortened at
high temperatures, it has a lower energy and
power efficiency , and there are certain envi-
ronmental pollution, but the low cost, reliabil-
ity, and mature technology features make lead-
acid batteries widely used in UPS, power quali-
ty and frequency control [29].

Nickel cadmium battery is similar to lead- acid
battery, but it has the serious heavy metal con-
tamination. The efficiency of Li-ion is higher
and has the high-energy ratio and power ratio,
which is friendly to the environments, but the
cost, is high, so it is difficult to apply in power
system in the near future. Emerging chemical
ESS battery such as fluid flow and sodium sul-
fur battery is currently the most suitable for
large- scale increase of electric power chemical
ESS technology.

Vanadium Redox Flow Battery have long cycle
life (more than 12,000), high energy conver-
sion efficiency, siting and design flexibility,
safety and environmental protection features,
but has the low energy ratio and power ratio.
Therefore, it is suitable for the selection of re-
newable energy storage, peak shaving and
emergency power supply. Sodium sulfur batter-
ies have high-energy storage efficiency (about
89%) and high-density energy characteristics,
about three to four times the size of lead-acid
battery, used for power quality and load regula-
tion of peak load shifting; it is the typical type
of the energy and ESS type [29].

In outback with a high penetration of renewa-
ble energy, power grid weaker, it is better
to choose a mature storage technology;
for make full use of renewable energy
and delay the investment of the con-

struction of the strong power grid, we
should choose the most advanced ESS technol-
ogy [29].

According to [31] combined the characteristics
of the operating conditions with the wind and
PV power generation, analyses the wind and
PV storage system that how to scientifically
select the type of lead-acid batteries. Battery
life of lead-acid batteries and early failure
problem is the main obstacle hinder the promo-
tion of the PV and wind power system. After
observation found that gel battery has better
deep discharge recovery features, low current
discharge performance and the charge rate is

higher than from 20% to 30%. Gel battery at
high ambient temperatures have a longer ser-
vice life; virtually can annul internal electrolyte
stratification. From the economic analysis of
the full life cycle, the advantage of gel batteries
in PV and wind turbines system is more obvi-
ous.

VII. CONCLUSION

The key element of this work is reviewing the
available ESS techniques applicable to electri-
cal power systems. There is obviously a cost
associated with storing energy, but we have
seen that, in many cases, storage is already cost
effective. Also this paper presented the recent
technologies in EES and a comparison between
them, the rational allocation of the load control
system, and complemented by high-
performance power electronic devices, flexible
transmission, distributed power supply, de-
mand response, efficient control of the new
clean energy development model systems and
other advanced technologies. However, the
dependent on the accuracy of the renewable
energy prediction and the improvement of the
control level, cannot achieve the comprehen-
sive and efficient use of the energy. With the
combination of distributed generation and ESS
technology, the system can greatly improve the
energy utilization; improve the stability, ro-
bustness, and efficiency of the system. There-
fore, it is necessary to speed up the develop-
ment of ESS technology. In summary, the de-
termining factors of selecting EES for the RES
in EEB depends on seven factors as we above-
mentioned. Correct selection of intermittent
ESS is critical and complex to large or small -
scale use of renewable energy. In practical ap-
plication, we must be based on the actual appli-
cation requirements, the correct choice of ESS
type, in conjunction with the use of different
ESS technologies, give full play to the ad-
vantages of various ESS technologies to com-
plement each other. Thereby it will be develop-
ing the ESS flexible, technical, and economic.
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