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Indian Market Context

175 GW of renewables by 2022

Capacity (In GW) =

100

w

o

40

20

India's 2022 Renewable Energy Target

20 GW  Utility scale solar

projects

60 GW
40 GW Rooftop solar
projects

: rr X e . Ultra mega park
India Added 18.7 GW Renewable Energy Capacity In 4 Years solar projects

olar

Diesel
(Thermal) (0.26%)

Nuclear (2%)

» All cars to be electric by 2030
* Focus on green energy corridors and grid
strengthening
 RE focus on large scale developments to reduce &
cost :
* RE moving to distribution networks
« A combination of energy surplus and energy T
deficits — state dependent
« Coal dominates and hydro flexibility not
harnessed
 Renewable curtailment becoming a potential
concern
www.smartergridsolutions.com
www.enzen.com © 2017 Copyright Smarter Grid Solutions Ltd.

Gas (Thermal)

Total capacity:
315,426.32 MW,
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Some Implications

Commercial Regulatory

« System stability

« \oltage and reactive
power balance

* Reverse power flows

e Changing load
profiles

e Transmission
congestion

www.smartergridsolutions.com S m G r e r
www.enzen.com © 2017 Copyright Smarter Grid Solutions Ltd. grl solutions




International Focus Areas

CALIFORNIA

Duck curve driven by PV
Integrating DER to operations
Technical architectures for the future

GERMANY

Massive interconnection
Feed-in management
3% rule

www.smartergridsolutions.com

www.enzen.com

© 2017 Copyright Smarter Grid Solutions Ltd.

NEW YORK

Reforning the Energy Vision
Valuing DER and establishing markets
Non-wires alternatives

UNITED KINGDOM

Managed DG Connections
System stability — inertia and reactive power
EFR tender of 250 MW of energy storage

smarier
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California

Integrated Grid Project

Background/Challenge

Southern California Edison has one of the highest penetrations of
distributed energy resources in the United States. The Integrated Grid
Project is a test best for SCE’s strategic initiatives and investment to
further facilitate grid modernization.

Solution

Real-time DER control against multiple operational use cases with a
target architecture leveraging the latest loT and publish — subscribe
architectures. Functions include DER forecasting, Optimization &
Scheduling, Microgrid Functionality and Constraint Management

Benefits

Demonstration of enabling technologies and processes to roll-out DER
control across the territory. Insight into the operational benefits of the
architecture to scale up DER integration.

www.smartergridsolutions.com
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SOUTHERN CALIFORNIA

EDISON

ANM STRATN

sgs core (dual redundant)

Behind the Meter DER|

Aggregator 1 Aggregator n
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€ G
New York conEdison gienergy

Utility payments for + - / ost sfe boc o
REV Demo: Front of Meter Storage s otk T&D:em, AR o st

Wholesale market settlements

Wholesale [capacity, frequency Wholesale

Ove Wi ew regulation, etc}
. | Rate arbitrage Peak Peak Pe:k shiﬂir%géder?cr;d
* Front-of-the-meter energy storage demonstration project that would crarges, oTraes
set in place a new business model to support larger projects. Eront-of-the-Meter Behind-the-Meter
* A number of barriers to energy storage deployment including lack of
. B oy = oray oy g @ Grid interconnection Wholesale market
revenue streams, site identification, and revenue stream participation
coordination. . -
@ Fortiolio monitoring Peak shifting
L . . i i Non-Wires Alternatives
* Four 1 MWh/1 MW lithium-ion batteries and one 400 kWh/200 kW % Vr:;rﬁasgcsgzgf'nt e (NWAs) implementation
zinc-manganese dioxide battery on the properties of Con Edison |
customers. .
Benefits

» Con Edison customers are paid a quarterly fee for hosting batteries N _ _
through leases and Con Edison pays a quarterly fee to secure priority * $1billion spend on a new substation avoided
dispatch rights during times of peak demand. » Create markets that allow developers to invest in storage

« Increased reliability with a non-wires alternative + Cost of storage minimised for utility

smarier
griGsolutions

www.smartergridsolutions.com
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Germany

The 3% Rule

350

Overview

The growth of DER lead to delays in connections and spiralling
electricity bills to pay for grid augmentation. The traditional, worst-case,
planning approach means unused capacity.
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The load flow dependent curtailment of a low percentage of yearly
feed-in carried out in maximum load situations leads to a drastic
increase in hosting capacity.

» Hosting capacity increased by over 200%
 Market animated to reduce curtailment costs
* Coordianted services between the DSO and ISO
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nationalgrid

United Kingdom

Power Potential: Reactive Power Services

200
180
160
140
120 -

W Shunt

W SsvC
1 STATCOM

W Total
Overview Business as Usual

Capex (£m)

: , . CAPEX 100
The south east of the UK is the ideal local for new interconnectors and 80
RE, however the ageing and saturated transmission infrastructure limits 60
what can be accommodated without significant grid augmentation. 40
20
2020 20 2000 2050
200
A whole system approach is proposed in this project with technicaland ;g5 =™ "™ g
commercial solutions to maximise distribution asset and RE benefitto 160 ':E:"Cl |
o o | ota HEH
transmission. 140 — i
E 120 i.i BaU Total P
3 onpEx o Frelect
enefits 5 1gg CAPEX
» The transition from DNO to DSO, and providing a DSO route to " 6o -
market [ | -
» Significant CAPEX savings from utilising distribution assets ¥ —
« Improved system reliability and stability 2020 2030 2040 2050
www.smartergridsolutions.com Smor er
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Relevance to India

CALIFORNIA NEW YORK

Thinking at scale to get foundations right ' Lower penetration of RE

Well developed market structures ' Market reform driven to all kinds of DER

Rise of the aggregator e Demonstrates that DER can provide economic
Drive to reduce demand charges S | solution

First to demonstrate revenue stacking for DER

GERMANY

Lots of renewables but are interconnected / surplus
Use renewable curtailment as a key tool

Forecasting and dispatch over-curtails st 22 IS Renewable curtailment mix of compensated

System inertia / stability issues closer to India
New flexibility services

Demonstrates a SLDC / DISCOM model _
Doubling of hosting capacity : . | R

(stability) and uncompensated (distribution)

www.smartergridsolutions.com S m G r e r

enzen :
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Relevance to India

 Significant MVAr import from upstream in
rural and urban networks Reduce Q

. : : : : ) 33/11 kV
* Little reactive compensation available in import l

grid

» Solar inverters can provide real and reactive
power

- Reactive power can be produced without Q ()
impacting real power export injection 0 @

 Overlaying control of DER (PV) would injection
generate expected benefit of:

« OPEX: Rs 0.8M per substation per year Q @
\
« CAPEX: Rs 10M per substation injection Large Q
* Requires a market mechanism (carrot) or import
grid code (stick)

www.smartergridsolutions.com PR R, S m 0 r er
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Re|evance to l nd ia SLDC - System Stability / RE Curtailment

e SLDC dispatching thermal assets

nased on REMC forecast :
 Limited reserve capacity and n H

performance o Load served plus reserve capacity (indicative)
» Forecast error and intra-period

VarlatIOn é é Load Sewedglljl:faiFleniZiBIe (Real-time _ g é
e Curtallment of renewables to

technical minimum with margin for Load Seved s Reserve (Dispathes _-

error
. . 0% 20% 40% 60% 80% 100%
¢ LaSt reso rt I S I O ad re I I ef m| oad Served mRenewable curtailment = Thermal displaced

www.smartergridsolutions.com S m G r e r
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What is required?

e DISCOMSs

e Understanding the value of DER / RE in the distribution network
 Tariff mechanisms to create incentive to support network operations

e SLDCs

 Renewable curtailment is actually a cost effective to create ‘flexibility’ —
view It as system reserve!

o Use it wisely, transparently and consistently

e Determination required on what use cases are compensated or not
(stability versus capacity)

e Awareness, demonstration and direction

//.:-'_'_
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