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Zen
Present Scenario — Indian Context

India's 2022 Renewable Energy Target

Emerging Trends =

Ultility scale solar

Indian economy growing at ~6-8% e

Target 175GW of renewables by 2022

Significant electric vehicle load by 2030 e
Emphasis on Demand Side Management |, : S f sl g
% Coal Accounts For Almost 60% Of India’s Generation Capacity

Diesel
(Thermall (0.26%)
Nuclear (%)

Gas (Thermal)
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Some Implications

e Technical
— Voltage balancing becomes a challenge

— Reverse power flows from high volume of unplanned
energy sources at distribution level

— Changing Load Profiles = EV charging and increased
demand

— RE needs to take up responsibility to support grid
operations and efficiency measures

* Regulatory



Conservation Voltage Reduction (CVR)

e What is CVR?

— Voltage reduction (within +/- 5%) at the distribution level to
reduce power consumption during peak times

— For many devices, Power a Voltage? ....
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e How is it presently done? e
— By tap change of substation transformer . " L o

Y "ap Ehane 00— GG
— Capacitor bank switching

— Line regulators

Power Gas Water Environment 6




e e
X,

Some Issues with This Method of Control

— Finer control.. Can only create a step change

— Response speed...typically takes tens of seconds

— Extent of control....Reduction only possible until the voltage in
the lowest point of circuit is within limits
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Proposed Concept — Dynamic Voltage
Reduction Through Solar Inverter

REAGTIVEOF P: Real power
Q: Reactive power
S: Total power
i i v
i s N
Qi VIQ Conirol L% Control ' ok : ?45‘7@5
] T "1 Cument |1 ] I | rerp) o R
- -:-——}4 Limg |1 i Gemaiul: m v TPy wF;% :
o —p , i I 1| Model Solution e Ik
Poan | Plantlevel |,p 1 P e Roge Pl 1o gy
Fu —b| PCowdl == Cono — T
Fo pb ! o ! \ /
| T e I I_ __________ = ST | R e, 1 \\_. o
] 5

Inverter-level control options

Reactive Inverter-
kWrating = KVArating ~Temp-dependent capability at Real power-  levelvoltage = PFset  varsel  varramp
Manufacturer Model (@at50°C)  (at50°C) ~ KkW/kVAratings ~PFrange at kW rating Full PF range night Constant PF Constantvar ~dependentPF  control point point  rate control
AESE AE T000NX 1,000 1,100 N 091/agto0.91lead | 0,80 kaq 1o 0.80 lead N i ¥ i N if ¥ if
Bonfigfioli RPSTL-UL 1000 1,200 138 N 090kqto0.90lead | 0.85 gt 0.85 lead N Y ¥ Y \{ W i Y
Ealon Power Ypert Solar 1670KW | 1,670 1,630 N 091kagto0.91 lead | 0,00 kag to.0.00 lead N if Y N N if Y if
Schneider X0 680-NA 680 680 N NA 0.00agt0 0.80 lead i i i ¥ N if Y N
SMA SMA SC 800CP-US 800 800 if NA 0801agt00.80lead |  coming soon i Y i Y if Y if
Solectria SGI 750X 750 750 N NA 0.80 lag io 0.80 lead N Y Y \f Y W Y \f
| | n
Dynamic and Finer control of Voltage; Quick response
Ref: M.Morjaria, D.Anichkov, V.Chadliev, and S.Soni, —A Grid-Friendly Plant,
2014 |IEEE Power and Energy Society Journal
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Another advantage

Without Solar Support
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With Solar Support
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Solar Supplying Reactive Power

ce Valts

Increased energy savings with reduced voltage
profile
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Implementation Architecture

S - I‘k\_

£ Cloud -
H‘"""-u-"" - . . .
ARAH3 N , During peak times, grid
SCADA sends Q setpoints
Trarstormer ) @ Q setpoint to solar and EV charging
/ stations to reduce voltage
132/85/11kV
RY N p—— Aft.er the event, the Q
®r_| Pt . and Control Cantre points are reset.
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Finer, Quicker, Scalable Way of Voltage Control.

Increased savings when augmented with traditional
methods
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Simulation Analysis

Before CVR After CVR
Bus 1 Bus 1
| ] ¥ 1
m{ﬁsw 138/66kV Transformer
_ Ll T * 196 MW
-9.0 Mvar N SN
Bus2 - 0.99 pu | 'm L
Bus2 —¢— ~o pu
Solar “Yelar £ 2049 W
100.08MW Solar @ War
Solar F: 0070
— 10050

3MW of reduction in power by 0.01 pu reduction in

voltage.
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Multi-Bus System

e Bus4hasEV
charging stations,

and aggregated
rooftop of 80MWp

e Bus7hasan
aggregated solar
and wind farm of
180MW
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Simulation Results

Table 2. Parameters — No CVE

Bus Load (MW, Voltage
MVAR)
7 169, 19 1.02
5 138, 46 0.99
4 1.01

Table 2a. Parameters — With CVR

Bus Load (MW, Voltage Q absorbed by
MVAR) Solar
7 162, 18 0.96 -25 MVAR
5 134, 45 0.95
4 01, 9 006 -25 MVAR
Pagver saving obtained =16 MW > Optimization for
~ maximum possible
Table 3b. Parameters — With CVR )
Bus Load (MW, Voltage Q absorbed by Savings
MVAR) Solar
7 159, 18 0.95 -28.3 MVAR
5 134, 45 0.95
4 89.9 695 —25 MVUAR
Péswer saving obtained =20 MW D
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Mapping of Some MW Solar Installations
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Conclusion

v' Solar Inverters have the capability to dynamically
absorb/generate reactive power

v’ This concept can be used as a means of implementing
Conservation Voltage Reduction (CVR)

v Advantages of this approach include: Granularity of control,
flexibility, response speed, and increased reliability

v’ This way of control can be augmented with traditional method
to increase the effectiveness
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Thank You
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