cNel ¢

Demand-side flexibility in practice

World Bank Italy Study Tour
27 May 2026

Dr Paul Troughton

Senior Director of Regulatory Affairs
Enel X

\/
'\



Agenda cnel X

1. What is demand-side flexibility?
2. Why is demand-side flexibility useful?
3. What does an aggregator do?

4. What makes a market work well for the demand side?
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What is demand-side flexibility?
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Terminology clalc]

|
[ Distributed energy resources

J

Asset’s primary use is
providing energy or
storage

Makes secondary use
of existing assets

[Demand—side flexibility

Demand
management

A virtual power plant
usually means an

aggregation of multiple T 1
controllable technologies

Customer makes a Customer voluntarily
paid commitment to responds to price signals

provide a service to reduce their bill
- "explicit” - “implicit”
Motivation Asset owner depending on Customer quite happy not participating,
revenue from participation so must be persuaded



What happens during a dispatch? clalc]

N\

The baseline is an estimate of

Notify: oo your normal consumption

When a dispatch is called,

we immediately notify your
site contacts via phone, +000
text and/or email.

800

Respond: Load reduction

Your site responds by 2 600 (performance)

curtailing load manually or
automatically following
your energy reduction plan.

NOTIFY RESPOND RESTORE
Restore: 200

When the dispatch is over,
your operations can return 0
to normal levels. 12pm 1pm 2pm 3pm 4pm 5pm 6pm

400

= Current Demand Baseline Reduction Target Area
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Why is demand-side flexibility useful?
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Demand-side cost structures are quite different to Nl 3¢
those of generators and dedicated batteries

N\

None: Already covered by primary
use

High: Cost of generator and

construction High: Cost of battery

None: Uses existing network

High: Network connection High: Network connection :
connection
Low: Additional metering and
control equipment
High: Fixed O&M costs Low: Few moving parts E:ene: Al EoUEtEe) oy (Al
Low: Customer and aggregator’s
operational costs
Medium: Variable O&M costs Medium: Cell degradation SSneIZI I EEL U RS el
Variable : .
costs Depends: Fuel costs (except Depends: Energy purchases for Only if backup generators being
renewables) charging used

per MWh

Highly variable: Opportunity costs




Dispatch costs vary hugely between customers and clalcl D
by time and duration of dispatch

Generators’ costs are easy to model

A

cost

v

duration

You can only discover these
costs through negotiation

Some customers’ costs are mostly fixed

cost

A

1

v

duration

Cold storage can only respond for so long
- food will start to spoil

cost

s

—

/

v

duration

But a manufacturing plant might face overtime, and
potentially a lost contract

a

cost

v

duration

An aluminium smelter would incur huge costs
if the metal cooled enough to solidify

A

cost

| —

duration




Demand response can provide all kinds of services clalc]

Product tvpe Insurance products Contingency products Continuous products
yP (O-6 events per year) (0-30 events per year) (ongoing)

Capacity DR (30 min-4 hrs)
(power or network resources)

Energy market participation

Tertiary / non-spin reserves (10-30 min) (voluntary)

Products

(lead time)
(sample markets) Secondary / spin reserves (1-10 min)
(European secondary reserves products)

.. but it is uniquely cost-effective at providing rarely-dispatched services.
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What does an aggregator do?
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Aggregators are crucial to the success of G"]Gl 3¢
demand response programmes

DR PARTICIPANTS Lo
« Aggregators are specialists

LOAD AGGREGATOR UTILITY/GRID OPERATOR .
focused on doing DR well
1 Variable MW Firm MW .
- * They find customers and
pers.u:.:\de them to
e — 0% 50% 100% 150% 0%  50% 100% 150% part|C|pate
e : .
« They invest in technology
and process
—
I C&l customers are given a ﬂGlele, low o They allow more customers
e cost, low-risk opportunity to participate to do DR (more MW)
¢ — Grid operators are given a firm, reliable * Their portfolio management

0% Risk

-}
(Va)
o
R
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We have our 24x7 operations center in Dublin clalcl D
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... managing programmes worldwide clalc]

- -:b»?;“
Canada - ‘ = Great Britain
S B

South Korea ’

United States —

Australia ’

. New Zealand ’

}L

15 counts ¥
countries 4
Brazil

Taiwan ’

s 10 GW 6 000+ % 15 000+ $200m @ 3000+

employees

€9 100+

active programs T flexibility customers industrial sites invested in
managed technology



We have some very large programmes

— This is a dispatch of 945 MW in South Korea

Options

¥ View Type

O search
(O EventList
(&) EventVisualizer
() CurrentPerformance
(O Average Performance

(s) Confirmation

¥ Dispatches
Program Time Period
KPX Demand Resy 4:00pm - 5:00pm KST
KPX Demand Resg 4:00pm - 5:00pm KST
KPX Demand Resg 4:00pm - 5:00pm KST
KPX Demand Rest 4:00pm - 5:00pm KST
KPX Demand Rest 4:00pm - 5:00pm KST
KPX Demand Rest 4:00pm - 5:00pm KST
KPX Demand Resg 4:00pm - 5:00pm KST
KPX Demand Resg 4:00pm - 5:00pm KST

FnelChile-0P1__ A0om - &:0nm (1T

¥ Divisions
Q
Divisions Cur Perf MW
&% AllParticipating Site -13%
58 ENO-18A-CO3 -13%

Avg Perf MW Exp MV # Sites.

CurPerf MW
8% 12.7| 108%
41% 701 101%
-13% -164 89%
5% 1.1 94%
5% -7.8 106%
1% 00 102%
2% 02| 101%
55% 1532 123%

Avg Perf MW

-16.4 89%  113.1
-16.4 89% 113

1783 1644

1744) 1719
131 1267
209 222
153.1) 1438
41| 41
13 113
347.2| 2812
123

ExpMW | #Sites

1267
1267

12
12

Confirmed
98% | &

Confirmed
99%

99%

Dispatch Event: KPX Demand Response

Assignee:

Response Type: Performance Status:
Al [=][an

Project Manager:

A All Parti

v ENO-1

Korea B 0227454484 Korea E—

0%
\4

g - O
Osan 0227471009 Paju 10201421

eongtaek Incheon

Py
0227443521 1116143644

Paju 1020007803

vm—— E
0135415977 1116144965

1020014902

0144708136

eung
227466989
HQ 0227452903

0227465695

- Seoul

0.00 kw
v

A
100 %

A
19,000.00 kw

Site Details: Kommadiy, 0227454484

uto () Confirmation () Performance W + skerers
e Performance

Demand (kW)
e B B 2
2 %2 2

°

¥ Energy Reduction Plan

linksvy A

— Baseline 2 == Demand Reduction Target Area | 4

To reduce your energy consumption for a KPX Reliability Demand Response dispatch: B

1. EnerNOC will notify you that a dispatch has been called.
2. Confirm phone and e-mail notifications.

¥ Contact Information

Contact Phone

*Hommmeto.. | +82-31-2mm)

D= +82-31-ammu)
+82-31-amn
+82-31-

¥ Settings &Notes

Assignee:
kyoumyung

Performance Status:

unknown &

Confirmation Status:
Acknowledged Message Receipt v\zzl

Project Manager:
Peterson, Dayel
dpeterson@enernoc.com

Business Development Manager:
An, Musung
musung.an@enernoc.com

Registered Capacity:
19,000 KW

Mol Site Contact Rol¢| Email
+82-1& ==, | Authorized to . .
+82-1® . Authorized to ...
+82-3" Authorized to ... =
+82-7.===04... | Authorized to .
+82-17 7.. Authorizedto...

Authorized to ... =

Add Note:

Jun 14,2018 3:04 PM KST
they will perform around 17,000kW

by Junmyung.oh@enemoc.com
No Associated Case

Jun 4,2018 1035 AM KST

23 33 34X, NOC Supporter S
A 2olFAR.

by heeseung.lee@enemnoc.com

No Associated Case

I
R

Jun 4,2018 10:35 AMKST

21 33 DA, NOC Supportere SAAE B
FsA 2ozALR.

by heeseung.lee@enemnoc.com

No Associated Case

Jun 4, 2018 10:35 AMKST

cne
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Aggregated demand response is reslient

If you ask market operators who have suffered extreme events,
you don’t hear anything bad about demand response.

| L
x
|

cNel X

734 sites had to deliver
223 MW

Mix of load &
decentralised generation

Things went very badly

3 of the largest sites
substantially
underperformed

But we still delivered 90%
of our obligation
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What makes a market work well
for the demand side?
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Attributes that affect participation clalcl D

Range of choices

All hours Resource availability Critical hours only
Arbitrary Event trigger Needs-based / transparent
Instantaneous Advance notice Hours
Unlimited Event duration Fixed / short o
None Event limits Daily / annual limits §
Overly complex Technology requirements Adequate / reasonable §
Complex / biased Baseline Simple / accurate / fair @
None Aggregation By total portfolio
Energy only Payments Availability and energy
Severe Non-compliance penalties Reasonable

Level of consumer participation

17
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Lessons learned
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Common features of successful programmes Nl ¢

—Simple products
—Competition between technologies
—Participation by smaller loads enabled by minimising per-site costs

—Sufficient predictable payments to make participation attractive for customers

19
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Questions?

Dr Paul Troughton

Senior Director of Regulatory Affairs
paul.troughton@enel.com

+44 7470 430018



Frequency Control Ancillary Services (FCAS) Nl ¢

Australia getting many things right

DR participation across eight frequency programs, from very fast (1-second response) to slow (5 minutes)
High-resolution data used to validate service delivery, but not needed in real time

One test at the start of the contract; at a pre-agreed time; repeated only if major changes

@00

DR resources paid for availability at the marginal price, just like generators

21



New Zealand Instantaneous Reserves clalcl B

DR responds in under one second to stabilise the grid

DR RESPONSE TO A SUDDEN DROP IN FREQUENCY ON 16 MAY 2016, 17:50:50

250 50.4
g 200 501 &
g \ §
§ 150 298 &
2 4 :

=
= z
& 100 495 ©
2 /__,J’r g
-— 58
e.- —
§ 50 et 492 &

0 : 48.9
-3 -2 1 0 1 2 3 4 - 6 7

Time (s) === Portfolio response — HZ

Source: Enel X data

/
N\
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New Zealand vs. Australia

New Zealand in 2016
— aggregators allowed

700 MW -
600 MW -

500 MW -

400 MW

300 MW -

200 MW

100 MW

74% from Demand

01 03 05 07 09 M1 13 15 117 19 21 23

0 MW

B Generators [JJJ Demand

cNel X

Australia in 2016
- aggregators not yet allowed

1750 MW -

1500 MW -

1250 MW+
1000 MW
750 MW
500 MW

250 MW

4.6% from Demand

01 03 05 O7 09 M1 13 15 117 19 21 23 25 27 29 31

0 MW
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Frequency Control Ancillary Services (FCAS) clalc)

DR and battery storage are “baseload” sources of ancillary services in Australia

600

500 -

Natural Gas (Pipeline)
m Wind
m Hydro

400

m Brown coal
MW 300 m Black coal

Pumped Hydro (Pumps)

Demand Response - Single Smelter
200 m Demand Response - Aggregated

m Battery Storage - Grid Scale

100

0]
5/10/2018 0:30 5/11/20181:30 5/12/2018 2:30 5/13/2018 3:30

Source: AEMO MMS data for mainland NEM supply of R6 FCAS. 24



