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BESS Opportunities
Case Studies by DeVilliers Botha
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A Battery Energy Storage System (BESS) is a system that stores energy to be used at a later time. It provides

Cost Reduction Strategies

the opportunity for the following applications:

Risk Avoidance Strategies

Capacity
shortage

Fully off-grid
system

Energy is stored and
supplied from
batteries for
prolonged periods of
time, when no grid
supply is available.
Batteries are
typically charged
using solar power
during the day, or
generators, and
discharged at night.

Backup system
/ UPS

Energy is stored and
supplied from
batteries when
conventional power
provision is
interrupted, for
periods of between 1
— 4 hours typically.
Solar power or
generators may be
used to top up the
batteries to extend the
running time of the
batteries.

In this instance a site
can not be developed
due to insufficient
available grid
capacity.

Energy
arbitrage

Energy is stored
(batteries charged)
when energy cost is
lowest (either from
solar, or at night time),
and energy is
discharged when
energy cost is highest
(typically morning and
evening times). The
difference in cost
contributes to a cost
saving.

Peak shaving /

demand
reduction

This method limits
energy drawn from
energy supplier. Up to
a certain level energy
will be provided from
the grid/council,
above the pre-set limit
energy will be
provided from energy
stored. Main
application would be
to limit / decrease
demand charges.
Another application
would be for limited
size connections, to
increase behind the
meter capacity without
upgrading municipal
infrastructure.

Globally the energy storage market is growing at a substantial rate as battery technology is highly versatile, scalable, expandable,

and can successfully be coupled with renewable energy generation solutions such as Solar PV systems.
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Off-peak period: charging battery using available capacity from grid
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Standard period: running load from grid, supported by some grid-tied PV
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Morning peak period: running load from battery, supported by grid-tied PV
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Standard period: running load from grid, supported by grid-tied PV, charging battery using

excess PV
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Evening peak period: running load from battery down to minimum 50% state of charge (to
extend life of battery)

500 100
95
400 '
90
300 85
80
200 75
100 7a
65
0 ' 60
55
-100
50
200 45
O O O 9O O O O 9O O O O O O O O O 9 O O O o 9 o o
© © © © 8 © © © ©& © © © © © © © © © o © © © ©o ©
o i oN ™M <t Vg (Vo] r~ o0 (o)} o i ~ m hs g (Vg 0 r~ o0 (o] o L ™~ m
o o o o o o o o o o i — — — — — — — — — o~ o~ ~N ~
i | Incomer Power [kVA] Solar Power [kVA] [ Battery Power [kVA]

e TOtal Load [kVA] —— State of charge [%]



L

Case Study - Industrial Site - Arbitrage Solareff

Rest of evening peak and standard periods: running load from grid
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Off-peak period: charging battery using available capacity from grid
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A day in the life of an Energy Security and Arbitrage system
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Battery during construction
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Lite G040
LiFePO4 BATTERY

www.freedomwon.co.za
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Generators <
2 X 350kVA

e —]

Battery Storage
500kVA
800kWh

Solareff Energy
Management

Client Load
1700kVA

Grid-tied PV
440k VA

N
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Energy Management System Solareff’

Municipal Supply “ Generators JF)} Controllers
365 9kVA  309.5kW ’ 0.0kVA  0.0kw @é}

L1 2243V 5803A 1291kVA L1 2246V 00A 0OKVA e 83::, B‘::‘,;fx
L2 22489V 5735A 129.4kVA L2 2250V O00A OOkVA )

Target kW Skw 150KV
4V 4797A 1 VA
L3 228 9 09.2 L3 2283v 00A OOkVA Supply 100.0% 20 0%

Charge 00%
Requested power to supply  100kW
Requested power {0 charge okwy

Grid-Tied PV B Battery Inverter Load
T
28TKVA  228.0KW Q 118.2kVA  117.9kwW 661.8kVA 628 2kW

—
L1 2245V 3372A T7SSkVA L1 2245V 201.2A 45.0kVA L1 2248V 1201 24 238.5kVA
L2 2250V 3376A T7SBKVA L2 2250V 2036A 45SkVA L2 2253V 12038A 2288kVA
L3 2281V 3374A TB.7kVA L3 2284V 1357A 30SkVA L3 2287V 8S87A 1S6.4kVA

Custom Energy Management System with flexible control and Online Monitoring System

2022-02-11 15:49
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Municipal

Generators

s

Meter

Inverter

Battery Power Summary

Energy Management System

Grid-Tied PV

36 .5kW
30.3kwW
27 OkwW
93.7kW

Apparent

Power

L1
L2
L3
Total

37 2kVA
31.3kVA
28 TkVA
94 2kV A,

Reactive
Power

L1 7AKVAR
L2 - BAkVAR
L3 10.0kVAR
Total 90kVAR

Meter

N

Solareff’

Controllers

Inverter

L

Solareff
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Scheduled Charging of Battery from Grid

Energy Management System

———

Battery charging allowed from grid

Hours

.

00-0

01 -

m

02-03

-

B B

/-
4-

2021-10-07 17:46
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DC-Coupled PV

L/

Energy Management System Solareff

Municipal Generators Grid-Tied PV Controllers

PV Voltage PV Charger Generation Status

Input 1 Voltage Daily 105 Run state

Input 2 Current Time 620 Mode
Faul

Input 3 Qutput Total ault

Input 4 PV power

Input 5

Meter Inverter

Time

PV Current PV Power Temperature

Input 1 Input 1 Ambient
Input 2 Input 2 PV-module
Input 3 Input 3 Output
Input 4 Input 4 PV-induct
Input 5 Input 5 Out-induct

Meter Inverter




L

Case Study - Regional Retail Centre Solareff

Operation State Runing

PV1 Power b dady

BUS Voltage TA PV2 Power 0. ¢
PV3 Power

PV4 Power

PV5 Power

Total PV Power

Output Power

Charge demand

|Output demand 275.0
| BMS State Standby

normal mode

Operation Data History Info System Detup Home
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Operation State OnGind
nCrmes o 2
System battery power L.
Bt Eowe e D

Load Power

PHD Power

BMS State

ART A

1 ORI

LAy

System etup On/Off
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Off-peak period: charging battery using available capacity from grid
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kVA
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Load shedding: Grid drops off, EMS switches off Checkers (run on their own generator),
Centre's generator starts up
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Grid is back, EMS turns on Checkers again; shops start to open and load is higher than
the limit of municipal connection. The battery delivers the balance to prevent grid trip.

800 100
700
) 80
600
500 & 60
400 WAL
< 300 -
> X
i
200 20
100 fm‘\
0 — 0
-100
-20
-200
-300 -40
o O O O O O O 0O O O O O O O 0O O O O O o o o o ©
© &6 & &6 6 & 6 6 6 &6 &6 6 6 & 6 6 &6 6 6 6 &6 6 6 o
S = &N M & 10 BV ~N 08 O O = &N M % 10 O ~ 60 &6 &8 - N ™
o o (o] o o o o o o (] — — — —i — — — — — — o~ ~ ™~ o

g Incomer Power [kVA] [ Generator Power [kVA] mmmm Battery Power [kVA]

PV Power [kVA] — | 0ad Power [kVA] = State of charge (%]



L

Case Study - Regional Retail Centre Solareff

Grid-tied PV starts contributing
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Enough grid-time PV to keep load low enough that grid does not trip, as well as to charge
the battery slightly
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Clouds cause battery to supply power again, but then can charge again a bit later as the
clouds move away
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Load shedding (Checkers off again); Grid-tied PV with Generator integration. EMS
prevents repulsion in generator but covers as much of the load as possible to prevent
second generator from starting.
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Grid returns (Checkers turned on again); highveld thunderstorm causes PV to fall and the
battery to contribute again
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Battery's SOC hits 30% and EMS starts generators synchronized with the grid; battery
charge up to 65% SOC
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Battery's SOC is 65% and the EMS stops the generators. The load is still high, the sun has

kVA
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Battery's SOC hits 30% again and EMS launches generators synchronized with the grid;
battery charging.
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Load falls below predetermined value (420kVA for at least two minutes in this case) and
the EMS stops the generators; battery charging when the load is low enough.
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kVA
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kWA
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595 DIRECT

PERMANENT JOBS!!
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