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ABSTRACT

The use of energy storage on distribution netwookéinues

to attract interest as a means to increase the patien of
distributed generation from renewable resources and
provide wider network performance improvementsnid
2009 a 600 kw, 200 kWh Lithium-lon battery with a
STATCOM power electronic interface will be fielstésl on

an 11kV radial distribution network in the UK. Lofldw
modelling is being used to assess the operatingguhores
that should be trialled to achieve selected network
performance improvements. At present two targete ha
been evaluated; reduce the steady-state voltagtuition

at the point of common connection, and reduce ¢herse
power flow when distributed generation is exportingre
power than the local demand. Several modes of dipara
have been used to achieve these goals, and themgshs
and weaknesses have been evaluated.

INTRODUCTION

During 2009 an energy storage system (ESS) witidialled
on an 11kV radial distribution network operated HYF
Energy Networks in the East of England. The battepgacity
will be sufficient to provide 200 kW of power camtiously
for one hour and a 600 kW peak output will be daesfor
short durations. In addition to the real power ¢télfig a
reactive power source/sink rated at 600 kVAr wilays
available.

This article reports on work that is being doneopto
commissioning, to model the effect of the ESS emtitwork
and thereby inform the operating procedures todmel.uA
short description of the Status of Energy Stordgegs this
work in context. Detail of the energy storage plaprovided
in the description of the SVC Light Energy Stor&gmcept.
The Test Network section describes the charadteristthe
11kV network to which the ESS will be attached. hels
used to investigate the addition of storage toctse study
network are described, followed by the Results haf t
modelling. Finally, Conclusions are given.

STATUSOF ENERGY STORAGE

The integration of energy storage systems intcstragsion
and distribution networks has the potential to ev
significant benefits at all points in the supplgichIncreasing
penetration of distributed generation (DG), pattidy that
based on renewable energy resources, is drivingeébe for
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distributed energy storage to provide serviceswliballow
existing network assets to continue to deliveratd®, high
quality electricity [1, 2].

Energy storage systems are deployed across thd usirlg
hydro pumped storage, lead acid batteries and essgn air
energy storage [3]. Existing systems tend to pevwitility
level assistance to solve specific problems. Wik
uptake of storage solutions remains low becauskighf
capital costs, a lack of proven methods for proyjdievenue
streams and the relatively recent maturation dfibisted
energy storage systems.

There are several technologies able to providggstarage,
their different characteristics make them moress kuitable
to operate at particular power and energy levaituti®ns
such as flow batteries are able to disassociapetfrmance
characteristics by having an active area that ohtess the
power and an independent storage volume dictatieg
energy reserve. Battery systems are not able tratptheir
power and energy capabilities to the same degueb that a
particular mass of battery can store a specifimtityaof
energy and transfer of that energy can only ocdthiwa
fixed range of power levels. For discussion of ke
storage technologies see [4, 5].

The Li-lon battery technology chosen for this pebjeenefits
from several features: high power density, maniesyaefore
end-of-life, mature technology, high round-tripaéncy, and
high charge retention. The battery is interfacettieémetwork
by a STATCOM as described below.

—

SVCLIGHT ENERGY STORAGE CONCEPT

The SVC Light Energy Storage is based on the STAVICO
SVC Light® combined with Li-lon battery storage.

SVC Light
ABB’s STATCOM concept is called SVC Lightlt utilizes a
voltage source converter (VSC) connected in shuhetgrid
at both distribution and sub-transmission leveloider to
match the very high power ratings required by tHaCV
modules, series-connection of Insulated Gate Bipola
Transistors (IGBTs) is employed. A number of plafots
considerably high power and voltage, based on tB€ V
technology have been built for both industrial [[6and
power system [8-9] applications. Today, the uppangr
limit is approximately +120 MVA. Some of the aptons
of SVC Light are:

» Reactive power compensation;

»  Power factor correction;

» AC voltage control;
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» Dynamic voltage balancing when the loads are
unsymmetrical and rapidly fluctuating;
» Active filtering of low order current harmonics;
*  Flicker mitigation of Electric Arc Furnace (EAF)
by using a fast reactive power control;
»  Power oscillation damping.
In the left side of Figure 1, a single-line diagraf8VC Light
is presented. Each phase-leg of the VSC is corthéata
phase reactor. Moreover, a passive shunt-filteoismected
between the reactor and the Point of Common Coiamect
(PCC) to remove harmonics. Depending on the PC@aga)|
a step-up transformer can be inserted after ttee fdwards
the PCC.

Battery strings
#1 #2  #N

X

Figure 1: Single-line diagram of SVC Li§hwith parallel
battery strings, consisting of series-connected
batteries.
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Li-lon battery energy storage

Since SVC Light is designed for high power appitcet, and
series-connected IGBTs are used to adapt the edéxgl,
the pole-to-pole voltageyuis high. Therefore, a number of
batteries must be connected in series to builti@pequired
voltage level in a battery string. To obtain highewer and
energy, a number of parallel battery strings aceddThe
schematic layout in Figure 1 shows the completeachjo
energy storage device consisting of an SVC Liggetioer
with a number of series-connected battery strimghe DC-
side. Thus, the device can both inject reactivegrpas an
ordinary SVC Light, and active power due to thedrags.
The grid voltage and the VSC current set the appa@ver
Svsc of the VSC, whereas the energy storage requireament
decide the battery size. As a consequence, the quele
power of the battery may be much smaller than tipaeent
power of the VSC: for instance, 10 MW battery pofeelan
SVC Light of 50 MVA.

To manage the required active power, 8 Intensiugn Felcks
from Saft have been connected in series. Eachdint@rFlex
rack weighs 400 kg, is 2.3 m high and consists3dfdttery
modules together with a control unit. The maximattage is
720V. Each battery module uses 14 VL41M medium powe
battery cells with a capacity of 41 Ah. Only ondtéxy string

is used due to the high performance battery cEfis.total
voltage of the 8 series connected batteries i&8.8
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Energy storage proj ect

The layout of the energy storage system in Figuas 2will

be installed shows the AC yard located to the défthe
building. It includes the phase reactors, filtevsjtage
measurements and a transformer. To the right, risakbr,
disconnectors and measurement units are located. Th
building is built up from two containers containiagontrol
room, VSC room, battery room and combined storagk a
pump room, necessary because the VSC valves aeg wat
cooled.

Figure 2: Layout of SVC Light Energy Storage

TEST NETWORK

Figure 3 shows where the ESS will be placed, atrenally
open point near the remote ends of two 11kV feefiens
different substations. Only one feeder will be artad to the
ESS at any single moment, but it will be easy tatcw
between feeders. Physical network information saghine
and transformer data has been provided by the Dd\ed
as half-hourly operational data comprising feederent and
DG output.

A mixture of residential areas, rural areas ancaezlly
occupied accommodation are supplied by the feeddhss
region. The typical load on the feeders is 1.15 M
1.30 MW with peaks of 2.3 MW and 4.3 MW respectival
windfarm with 2.25 MW installed capacity is attadhe
midway along the first of these feeders. This itetian has
fixed speed induction generators, so there is fiignt
reactive power demand while generating.

Daily load profiles show that the two feeders hauite
different characteristics. On the first, the magni§icant
demand occurs during the night, due to a high nurobe
homes heated by night storage heaters. Summengpadi
lower than that during winter. The second feedarrach
less storage heating, and in this case summengpiadiigher
than during winter. These dissimilar characteréstiean that
events requiring ESS support are likely to occudifégrent
times, maximising the utilisation of the ESS.
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Figure3: SLD of test network showing location of ESS.

METHODS

Although ABB’s SVC Light is capable of a dynamic
response, only steady-state conditions are ofastdor the
control actions that have been implemented here.

The control actions are simulated in a load flomgi$PSA+,
under the control of a script written in PythonisTimethod
allows one year of data (17520 load flows) to kedysmed in a
few minutes. Logic for operating the ESS is corgdiwithin
the Python script and follows the procedure shovihe flow

chart of Figure 4.

The input data for the IPSA+ network model comgrisad
demand, DG output and ESS conditions. An out-oftlim
event is considered to have occurred if the desicedrol
target is not met. Several ESS response algoritiawvs been
trialled, based on different priorities and ratafsreal and

reactive power.

The power flow is limited by the converter ratirend
because the battery's charge is a finite resothiegbility to
supply or absorb power is dependent on past evEnése
limitations must be checked before implementingcuested

control action.

After the out-of-limit event is resolved or the E&&s no
capability to respond, critical network parameteslogged
before moving on to the next time point and repegathe

process.

The control algorithms can use real power, reagibveer, or
a combination of both. Those applied were selefcted the

following six possibilities:
1.

P-priority — increase the real power contribution t

maximum, then also use reactive power,

2.

Q-priority — increase the reactive power contritrutd

maximum, then also use real power,

3.
4,
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Q:P — use reactive and real power in equal measure,
2Q:P — use twice as much reactive as real power,
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5. 3Q:P — use three times as much reactive as rearpow
6. P-only — do not use any reactive power.

Select first
time point

’—>

Move to next 4
time point Input data into
IPSA+and run |«
? Load Flow
Log
results
A
Out-of-limit
event? YES
A
Change ESS
output according

to selected

algorithm

ESS has

NO capability? YES

Figure 4. Flow chart of script used to analyse ESS
response to out-of-limit events.

RESULTS

Two scenarios are presented here. In both casds3ids
attached to the feeder from Substation A in Figurghe first
control target is to prevent the voltage seenaB&8S PCC
falling below 0.985pu or rising above 1.0pu. Theosel is a
reduction in reverse power flow off the feeder wiecal
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generation exceeds demand. The ESS starts opevatng
threshold of -0.5 MW is crossed.

Voltage control at PCC

For this simulation, the state of charge (SOChettattery is
not accounted for. The demand is bi-directionabhimhakes
the problem of deciding on the waiting state of llagtery
rather complicated. It is assumed for the momeatttie flow
into and out of the battery balances. This shoriagwill be

addressed in later work.

Referring to Table 1, the last three strategiesalirable to
eliminate out-of-limit events. Using only real paws the
least successful strategy. The losses associatbdeach
strategy are also closely linked to the contributad real
power. The Q-priority strategy is the only one stealso
reduce losses.

Reduction of rever se power flow

To implement this control action, real power flavallways
into the battery, which makes SOC management botie m
important and easier to implement. The reductioeniergy
export from the feeder is used to judge success.

Since this action is responding to real power flawis not
surprising that those strategies in Table 2 withigher

proportion of real power involved are generally enor

successful. A substantial number of out-of-liméetg are not
solved by ESS intervention, this results from thitef ability
of the battery to absorb energy.

All the strategies result in a reduction in losses the
network. Increasing the reactive power contributends to
cause the greatest reduction in losses.

CONCLUSIONS

These studies show that placing an ESS in this IrakNal
distribution network provides the capability to trah the
voltage at the PCC and reduce the quantity of gresqprted
from the feeder. The selected control strategigs karying
success depending on the ratio of real and regotwer and
the priority with which they are applied. In thdest cases,
the network losses are found to be more favouratien
using a higher proportion of reactive power.

It is noted that achieving one control objectiva nagatively
impact on other network parameters. Controlling/fultage
at the PCC is seen to increase the voltage vausatisewhere
in the network under most control strategies.

The movement of real power into and out of the ESiBne
limited by the battery’'s capacity. Deciding hovaliocate this
finite resource is a sophisticated problem whiaunes an
ability to anticipate the upcoming short-term dedsan
Ongoing work will explore alternative control tatgeand
seek solutions to the management of real powercitgtpa
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