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Introduction
1. SAARC Energy Centre, (SEC) successfully conducted a Webinar on “Energy System
Optimization Modelling through PLEXOS® for SAARC member states” on Thursday July 2,

2020. Webinar Agenda is available at Annexure I.

2. The Webinar highlighted the most pressing topics of energy system optimization,
helping decision makers and planners by providing insights into energy, environment and
the associated complexities. The webinar specifically covered PLEXOS® Integrated
Modelling Software, which is being used in over 300 companies across 62+ countries for
the modelling, simulation, and optimization of electricity, gas and water systems. Experts
from the Energy Exemplar, presented different features of the model, covering the

following.

a) Knowledge of what PLEXOS® is by reviewing each use case.

b) A better understanding of what can be achieve with PLEXOS® by reviewing user’s

applications.
c) Insights on power system modelling best practices.
d) Awareness of the benefits of an integrated analysis approach.

e) The experts shared latest technological developments related to the above thematic
areas using PLEXOS® using case studies from SAARC Member States and other

countries worldwide.
Participation
3. The Webinar was registered by 141 attendees including Representative of Regional

/ International organizations, Academia and private sector. Experts from Energy Exemplar,

joined the webinar as speakers. The list of participants is available at Annexure Il.
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Opening

4, Due to the COVID-19 situation and lockdown in Pakistan, SEC officials attended
the webinar from their homes. Dr Tanvir Ahmad (Program Leader — Technology
Transfer), opened the webinar, as the program coordinator. He briefly informed the
participants about the importance of this webinar. He also introduced the speakers

briefly and informed the participants about the Q&A session and procedure.

Technical Proceedings

5. The webinar hosted talks and presentations from two subject experts. The expert list
is available at Annexure lll. The presentation delivered during the webinar are available at
Annexure IV. These presentations are also available at SEC's website

http//:www.saarcenergy.org. A brief information on the content of the delivered presentation

is as follows:

Presentation 1: Energy System Optimization Modelling through PLEXOS® in
SAARC member states

Expert: Belen Leveroni (Business Development Executive) and Dr Dante Recalde, Lead
Energy Market Analyst for the solution engineering team at Energy Exemplar

6. The presentation was started by Ms Leveroni, giving and introduction to the PLEXQOS®
energy modelling software. PLEXOS® is an easy to use economic software that uses
mathematically based optimization techniques for energy modelling and forecasting. She
also gave information about different organizations, which have used PLEXOS® to their

benefits. The presentation was then handed over to Dr Dante Recalde.

7. Dr Recalde informed the participants that PLEXOS® has been the “all in one tool’ for
analysis from market modelling to planning. Forecasting and optimization with its perfectly
designed GUI. The software can save efforts in formulating complex problems as well as

significant time with its fast and flexible simulations.

8. He informed the participants that PLEXOS® is highly configurable by the user. It
offers cutting edge access to some of the most advanced algorithms and modelling
techniques, thus giving the use real-time simulation. The software already has 30 datasets
from all over the world, including the SAARC Member States. If dataset for a specific country

is not available, that can be easily built in the software.

9. PLEXOS is used extensively by transmission system operators (TSO) to optimize and
analyze the impact of transmission operation and congestion costs. The ability to model
optimal power flow (OPF) with losses is fully integrated with dispatch and unit commitment.
The tool can be used for demand response modelling with integrated system security and

adequacy.
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10.

Dr Recalde concluded his talk by presenting different case studies in which PLEXOS®

has been used for energy forecasting and optimization. These case studies included

integration of multiple renewable energy technologies into the system.

Questions & Answers

1.

What is the processing efficiency of the software and what computing requirements
are required? Can the software be used in real-time systems?

Dr Recalde: The minimum requirements is a simple PC with Pentium 4 processor and
can be easily run on a workstation. The latest version of the software allows a user to
configure multiple optimizers accordingly. The software uses optimum time for

energy optimization and is already in use in real-time systems.

Is there any student or research version of the Software, which is free?

Dr Recalde: Yes, PLEXOS offers a research version of the software. The approach is
not to sell the software but to make sure that the customers are empowered.

Line of loss probability for Pakistani energy system mentioned in the presentation
is 1%. Is this a realistic figure?

Dr Recalde: This was just for demonstration purpose. The software allows you to
evaluate the costs to reach this 1% line of loss probability. Different scenarios can be
compared using the software.

Can the usefulness of pump storage be assessed using PLEXOS?

Dr Recalde: The software has a separate module which can be used to create and
evaluate multiple scenarios for renewables integration using pump storage.

What about the GHG emission using PLEXOS?

Dr Recalde: The software is capable of both tracking and optimizing GHG emission for
different technologies and different generation possibilities. This can also include
emission costs and taxes.

Can PLEXOS quantify the power requirements for ancillary services?

Dr Recalde: Yes, PLEXOS work at frequency level. With some abstraction and
simplification, best response for the batteries considering the constraints can be
modelled up to one second.

What kind of optimization techniques are used in the software?

Dr Recalde: PLEXOS uses linear systems for optimization based on mathematical
modelling. A user can choose the best suitable technique according to the objective
function. For the time being, a user cannot introduce their own optimization
techniques into the system. However, any types of constraints can be added using
the objective function or separately as required.
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8. Is there any limit on the number of variables used in the objective function and the
number of constraints?

Dr Recalde: No, any number of variables and constraints can be used in the software.
There is no limitation and this depends upon the computation requirement and
resources available.

Vote of Thanks and Closing of Webinar
Dr Tanvir Ahmad, Program Leader (Technology Transfer), SEC

16. Dr Tanvir Ahmad, informed all the participants that the presentations will be available

on SAARC Energy Centre’s website (www.saarcenergy.org). He requested the participants

to submit suggestions and comments to SEC for any further improvement of these webinars,
plus they may suggest and submit any topics of their interest for arranging future webinars.
The webinar was closed with special thanks to the speakers and everyone attending the

webinar. .
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Annexure-|

Agenda for Webinar

“Energy System Optimization Modelling through PLEXOS® for SAARC Member States”

Thursday July 2, 2020

Time Slot Contents
1400 - 1405 | Introduction
Energy System Optimization Modelling through PLEXOS® in SAARC member
states
1. Belen Leveroni
Business Development Executive @Energy Exemplar
1405 -1510
2. Dr Dante Recalde
Lead Energy Market Analyst for the solution engineering team at Energy
Exemplar
1510-1525 | Q& A
1525 -1530 | Closing of Webinar

Information for the participants:

1. All times mentioned in agenda are according to Pakistan Standard Time (PST). The

participants from other Member States may attend Webinar by following their own

national time. The time conversion for all Member States is given below forreference:

Country

Afghanistan | Bangladesh Bhutan India Maldives Nepal Sri Lanka

Local time

(PKT+00:

(PKT-00:30) |(PKT+01:00) | (PKT+01:00) |(PKT+00:30)| PKT | (PKT+00:45) 30)

2. The participants can ask questions to presenters by typing questions or clicking to the

raised hand option into the Attendees pane of the main window of GotoWebinar software.

You may send in your questions at any time during the presentations; we will collect these

and address them during the Q&A session at the end of each session.
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List of Participants

Annexure-ll

Sr. No.| First Name Last Name Email

1 Iram Shahzadi iramrvc@gmail.com

2 Praveen Kumar praveenaups777@gmail.com

3 Pritam Sunil spritam_rao@yahoo.com

4 Mohsin Yousafzai mohsin_edwardian09@yahoo.com

5 IHTISHAM UL HAQ ihtishamulhag.eep@uetpeshawar.edu.pk
6 Aamir Khan aamir.khan@uetpeshawar.edu.pk

7 Qaizar Khan gaizarkhanl@gmail.com

8 Madiha Qayyum engrmadiha@15gmail.com

9 lhsan Marwat rfee@saarcenergy.org

10 Farman Marwat acctt.asstt@saarcenergy.org

11 Tula Poudel poudeltulal23@gmail.com

12 Dante Recalde dante.recalde@energyexemplar.com
13 Belen Leveroni belen.leveroni@energyexemplar.com
14 Ammar Hassan coo@saarcenergy.org

15 Ahsan Javed ahsan@saarcenergy.org

16 Ahmad Talha rftt@saarcenergy.org

17 Mehnaz Gardezi cs@saarcenergy.org

18 Bhaskar Pradhan plet@saarcenergy.org

19 Rabia Muhammad Mansha rabia.mmansha@gmail.com

20 Muhammad Tanzeel Urrahman tanzeeluetian@gmail.com

21 Rafi Ullah rafimsems@gmail.com

22 Paul Eveleigh paul.eveleigh@energyexemplar.com
23 Jonathan Burgos jonathan.burgos@energyexemplar.com
24 Matthew Bouraee matthew.bouraee@energyexemplar.com
25 Sumaira Afzaal sumaira3092@yahoo.com

26 Milabh Shrestha milabhivanovic@gmail.com

27 Muhammad Azhar azharislamian93@gmail.com

28 Saqgib Ali a.saqibali28@gmail.com

29 SYED AZIZ AHMAD aziz.ahmad@pedo.pk

30 Muhammad Umar 18060025@LUMS.EDU.PK
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Sr. No.| First Name Last Name Email

31 Tanvir Ahmad pltt@saarcenergy.org

32 FAKHAR E ALAM KHAN fakhar@ntdc.com.pk

33 JAWAD AHMAD engr.jwd89@gmail.com

34 Affaq Qamar affag.gamar@uetpeshawar.edu.pk
35 Jehanzeb Nasir 18phdjehanzeb@uspcase.nust.edu.pk
36 Tanweer Khan Mtanweer@gmail.com

37 Mitra Rai raimitral6@gmail.com

38 Muhammad Ali mali45613@gmail.com

39 Nitish Kumar nitish.kumar3@ge.com

40 Partha Deb Partha.deb@ge.com

41 Kiran Gautam kiran.gautam4@gmail.com
42 Maninder Choudhary ingmaninder.c@gmail.com
43 sagib khalid sagib766@gmail.com

44 Muhammad Abrar abrarswb@yahoo.com

45 Muhammad Arsalan Wabhid engr.arsalan6@gmail.com
46 Naveed Ahmad naveed.ahmad@insa-lyon.fr
47 Sheraz Khan sheraz@dea.com.pk

48 Kamran Zeb zebkamran32@gmail.com
49 Muhammad Kaleem engrkaleem@hotmail.com
50 RAJIV PANDA rajivratnapanda@irade.org
51 RAJIV PANDA rajivratnapanda@gmail.com
52 Zabih ullah zabidcse.uet@gmail.com

53 Zaid Mahmood Farhat zaid157@gmail.com

54 Yasir Ali ayasirl35@gmail.com

55 Kamran Ahmad kamran1425@gmail.com

56 Muhammad Asad Khan Engr_asad10@yahoo.com
57 Maoz Shah maoz@uetpeshawar.edu.pk
58 UMAR RAHI UMAR.RAHI@SECL.PK

59 FAISAL ZIA SIDDIQUI fzsiddiqui@secl.pk

60 USMAN IDREES USMAN.IDREES@SECL.PK
61 Muhammad Kashif Shahzad kashif31339@gmail.com
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Annexure-ll

Sr. No.| First Name Last Name Email

62 SAEED AHMAD saeed.npcc@ntdc.com.pk

63 Ammara Ghani ammara.ghani@gmail.com

64 Yasir Latif ch_yasirl01@yahoo.com

65 Mohammad Sohaib :whammad.sohaib@uetpeshawar.edu.p
66 Ahmad Amin ahmadamin019@gmail.com
67 Fiaz Kareem fiazkareem05@gmail.com

68 Sheikh Muhammad Igbal igbalsheikh@gmail.com

69 Yasir Saleem Afridi | Yasirsaleemafridi@icloud.com
70 Rana Sohail Anwar Ranasohail@ntdc.com.pk

71 Shuhabuddin No Last Name | shuhabkhoso@gmail.com

72 Muhammad Bilal Sharif bilalharral@gmail.com

73 Kaleem Akhtar kaleemakhtar@ntdc.com.pk
74 Aimal Khushal aimalkhushal@yahoo.com

75 Saad Mansoor Rana saad3lee@gmail.com

76 Nawal Imran nawalimran@gmail.com

77 faiza yaqub faizayaqub@ntdc.com.pk

78 Abdul Wajid abdulwajid1190@gmail.com
79 Muhammad Arsalan muhammad.arsalan@uon.edu.au
80 shahid ullah shahid80gau@gmail.com

81 Yasoon Aslam yasoon.aslam@ntdc.com.pk
82 Muhammad Bilal m.bilalibrahim078 @gmail.com
83 Sifat Ullah Khan sifatullahkhan@gmail.com

84 Syed Ali gerdezi@hotmail.com

85 Muhammad Muneeb munibahmad313@gmail.com
86 Alam Ali abdulalamali@gmail.com

87 Hammad Ur Rahman hammadrahman85@gmail.com
88 Farhan Ullah farhanullahcse@gmail.com

89 Muhammad Kashif Shahzad kashif31339@gmail.com

90 SAEED AHMAD saeed.npcc@ntdc.com.pk

91 Ammara Ghani ammara.ghani@gmail.com

92 Umair Igbal umair.igbal482 @gmail.com
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Sr. No.| First Name Last Name Email

93 Shoaib Ahmad ddcoord@saarcenergy.org

94 Faiz bhutta faiz.bhutta@gmail.com

95 Israr Uddin israreng93@gmail.com

96 Muhammad Farooq Siddique faroogsiddique.mech@gmail.com
97 Soban Shaukat msobanshaukat@gmail.com

98 Usman Ali usman.alil696@gmail.com

99 Muhammad Faizan Khalid engr_faizan@icloud.com

100 Khaleeq uz Zaman khaleegksrn786@gmail.com
101 Hamza Irfan hamxairfan98 @gmail.com

102 Roohan Javaid roohan_javaid@hotmail.com
103 Muhammad Qasim gasimbangashkhan@gmail.com
104 Bilal Hussain bhussain@irena.org

105 Islam Nabi islam.nabi46 @gmail.com

106 Hafiz Muhammad Shakeel hmshakeel.567 @gmail.com
107 Faizan Rashid faizan.rashid@ee.uol.edu.pk
108 Amir Ali amiraliforme@gmail.com

109 Abdul Basit a.basitned@hotmail.com

110 Sajad Ullah sajad.ullah@yahoo.com

111 Muhammad Usama m.usama.jamshed@gmail.com
112 Noman Naseer noman.naseer333@gmail.com
113 Muhammad Saad muhammadsaad@iut-dhaka.edu
114 Sameer Sabir Engr.sameersabir@gmail.com
115 Wasim Akram engrwasim99@gmail.com

116 Muhammad Faizan Azam 1l4pweledd60@uetpeshawar.edu.pk
117 Asad Raza asadrazal800@gmail.com

118 Abdul mannan Ghaffar abdulmannan3041@gmail.com
119 Rizwan Haider rizwan-haider@hotmail.com
120 Arooj Unbreen Aroojunbreennfc@gmail.com
121 Engr. Usman Arshad maanl122@outlook.com

122 Shahid Igbal shahidigball64@gmail.com
123 Engr Majid Ali engr.majidali.baig@gmail.com
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Sr. No.| First Name Last Name Email

124 Adnan Ismail engradnanismail@gmail.com

125 Fazal E Subhan fazal4434@yahoo.com

126 Fazal E Subhan fsubhan@asu.edu

127 Asfand yar Ali asfand.mzd@gmail.com

128 Ram Lageju lageju@gmail.com

129 M. Saad Rehan saad.rehan@uetpeshawar.edu.pk
130 Muhammad Khurshid Ahmad khurshidahmad896@gmail.com
131 ZafarUllah Khan zafar.ullah@uetpeshawar.edu.pk
132 Yasir Rahman engr.yasir804@gmail.com

133 Muhammad Adil Khan adilusafzai@gmail.com

134 Shakeel Ahmed shakeel.engr2014@gmail.com
135 Mohsin Hamid mohsinhamid66 @gmail.com

136 Hafeez ullah Khan hafeezullahkhan273@gmail.com
137 Muhammad Khayyam llyas khayyam.ilyas@gmail.com

138 Muhammad Waseem muhammadwaseem4848@gmail.com
139 Muhammad Ishfaq Khan ishfag_khanlll@yahoo.com

140 Bushra Sardar sardarbushra@yahoo.com

141 Muhammed Faisal SHARIF faisalw@ppib.gov.pk

142 Saddam Ali saddam.ali@uetpeshawar.edu.pk
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List of Presenters\ Resource Persons

Sr.

No Name Designation Organization Email address
Ms Belen Business belen.leveroni@energyexe
1. Leveroni Development Energy Exemplar mplar.com
Executive mpral.com
Dr Dante Lead Energy dante.recalde@energyexe
2. Energy Exemplar

Recalde Market Analyst mplar.com
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Energy
_Exemplar

Why Energy Exemplare

1. Market Leader since 1999. 350+ clients in 62+ countries

2. No consulting. We're focused on our platform.

=3
a2
3. 24xé support worldwide o
User COMMUNITY
2 F
; ; aaa
4. Stronginvestment in development cusd mron Py e eaus
: | ] ‘\
5. Social gateway to a global community Customer |
) -
\Y -
1. Network at User Group Meetings w =
. IMPLEMENTATION . m-uﬁ% DATASETS
2. Adopft Best Practices @ Y
3. Enjoy the knowledge transfer SOFTWARE PLATFORM
3

Energy
_Exemplar

Energy Exemplar footprint

1,700 users at over 350 companies in 62 countries

Clients by Region:

? 18 124

Clients by Segment:

Utilities: 97
Consultants: 44
Power Producers: 39
Researchers: 28
Regulators: 21
180s: 14
ISOs: 13
Traders: 5

Energy Analysts: 4

International Institutes: 3
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Asia Pacific Customers
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PLEXQOS Integrated Platform

Why PLEXOS?

Best In Cutting- -

e ™ s ™ e % d =
i Power - Maiher'naﬁcql — Not a black box
Optimization
Long L )
3 J . J
= Medium 5 )
f 3 '8 B
Detferministic & ST ,
— Gas - Stochastic —  Customizable
Techniques
\ J \, J s 4
8 N & 3\ —_—
] Water ] Robust L1 Integrated Tools
. \. J

Energy
_Exemplar

(o]
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How PLEXOS works?

1 1 1
1 11 1
: DATA SETS HIGHLY DETAILED PORTFOLIO DATA : : OuTPUT :
I 1 1
I 11 ; ; 1
Fuel Prices Renewable i ZonalBata * Heat rates 1l * Solution review 1
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= Demand Contracts e g USERINTERFACE e A USER INTERFACE =1
| Gatletabuiminral  RotrimuncianbuiemintehalutmiuZeiainia s\ pin iyttt etatyaiudd - Dol ek 1
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PLEX0S® Integrated Energy Model

Post-Fact Hour Ahead to Next Month Next Month to Next 5 Years Next 5 Years to Next 30+ Years

Market Analysis: Understanding market landscape, trends, effects and forecasting

Market

Portfolio

Why single engine?

* Collaboration among institutions

* Co-optimize across use cases

* Performant for the most complex problems
* Role based Ul

Energy
_Exemplar

PLEX0S® Long-Term Planning

A
Minimum cost plan
Cost $ P
; .
C(x): Capital Cost : How Much
( ) p WhICh Capacity to
1 Tech to build/retire
| build/retire
|
|
I ) When
I P(x): Production Cost To build/retire

P X = Assets
MIP Objective: Minimize NPV of capital & production

Energy' @
_Exemplar
s '| 4
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Indicative Generation Capacity
Expansion Plan (IGCEP 2047)

O b . e ct i ve S : - IGCEP Monthly Generation Mix 2019-24 [GWh)
Identify new generation requirements ..

by capacity, fuel technology and w;\#‘f\\ﬂm\m/‘\j
~ g N\ /

commissioning dates on year-by-year

basis;

Satisfy the Loss of Load Probability
(LOLP) not more than 1% year to year;
Cater for the long-term load growth

forecast and reserve requirements; and .
Provide a least cost optimal generation
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hydroelectric, thermal, nuclear and - -
renewable energy resources to meet the
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Renewable Energy Integration

PLEXO3® Stochastic Optimization considers
to deliver a sii mal bui

ale
i vl

®Hi

Generation Forecast Case ® Average Generation Forecast Case ® Low Generation Forecast Case @ Single Optimal Expansion Plan from Stochastic Optimization
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s
Un;er’roinTy doesn't disappear
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TTH 3
GREENING THE GRID: f‘;‘%

Energy
_Exemplar

Pathways fo Integrate 175 Gigawattsof 48
Renewadble Energy into India’s Electric Grid  «525te

SCENARIO | SOLAR WIND |
DESCRIPTION PURPOSE . T =
NAME | (oW | (o) Higher RE penetration levels brings
Wind and solar Establish a baseline to measure .
Na New RE 5 2 capacities installed as impact of adding new RE ta the beneflTS Of redUced erl
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\istad nGresn Evaluate changes to power system C 2 . .
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il S of 175 GW RE Consumption Consumption
Solar and wind targets Understand differential impacts of
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Evaluate how needs for system A = A ' - a
1505-100W 150 100 Ambitious RE growth flexibility weuld change under a L) O
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Total Emissions

A 175-GW RE target by 2022 that places L 20%]
greater emphasis on wind over solar (60 GW
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Energy
Exemplar

PLEX0S® Medium Term Planning

500000

- XD -

Decompose inter-temporal
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Energy
_Exemplar

System Security and Maintenance Planning

Projected Assessment of System Adequacy (PASA) is a simulation
phase that focuses on the balance of supply and demand in the

medium term. The functions of the PASA simulation phase are:

To schedule maintenance events of any asset (fransmission lines,

generators, gas pipelines).

Allocate outages events

Reliability

Reporting

Compute reliability statistics such as:

21
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Hydro Opfimization

Multiple phase .
simulation Ensures optimal use of storage down to

chronological level
(Long — Medium - Short)

Cascading Major and minor storages and junctions
networks Natural inflows and spillways and canals

Monte Carlo or Multistage stochastic optimisation for better
Stochastic modelling of storage release policies under

Optimisation uncertainty

Energy
_Exemplar

°
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Hydro Operation and Plonning'ég;‘»’%wenes

2 interconnected systems connected through a 1,700 MVA Chqllenges;
2x500 kV line consisting in a system of 3,200 km extension
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: —ere 1 Serip ) e Sprip 3w Sorip 4 m—Spr 5 m—re 6 s

e S ] —r 8 —r § e S 10 m— i 1] m— i 12
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Annexure-1V

PLEX0S® Short Term Formulation

Minlmize: Operational Costs + Start-up/Shutdown Costs
(Masdmization of societal benefits)

Energy balance
Subject to:

Technical limits
System security requirements

When

should each unit be
started/stopped

How

serve Load at
minimum cost

How Much

should each unit

Energy generate

_Exemplar

Dispatch Optimization

- Mixed Integer Oc\:)er;?r?i(t);gr?? Constraints Resolution down
. liedel ﬁﬁiﬁ% ﬁ properties modelling to 1-second

Combined Cycle Gas Turbine (CCGT) Generation Profile of 1 week
700 Minimum Up Time Minimum Down Time

Start Costs
600
$ 500
2
= 400
o
© 300
Q
]
® 200
100 Minimum Stable level
0
1591317211 5 91317211 5911317211 5 913172115 91131721 1 5 913172111 59131721
Energy 1 2 3 4 5 6 7
“Exemplar Raje STEAM GAS GAS GAS 27
TURBINE TURBINE 1 TURBINE 2 TURBINE 3
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Annexure-1\V

Reduce Fuel Costs cLP@+z

1. PLEXOS unit commitment algorithms work to minimize costs subject to constraints
2. CLP has many fuel constraints

1. Coal port and different mix rafios for coal plant in Hong Kong

2. Nuclearimports from China

3. Gas supply contracts with max daily quantity, take or pay etc.
3. CLP has different technologies like steam turbines, CCGTs and GTs

1. Over 300 UC properties in PLEXOS emulate life like dispatch
4. CLP has an emissions constraint for Hong Kong

1. The PLEXOS constraint class allows almost any constfraint fo be applied

2. The PLEXOS conditional class is like setting up “if" statements in excel

3. The PLEXQOS variable class allows relationships to be assigned
5. These features fogether with Mixed Integer Programming emulate the real world.
6. Very significant savings are achieved

Energy
_Exemplar

N

Cascading System Optimization

Time: t
Total Generation = 1255 MW

Inflowl Inflow2
1172 m3/s 34.84 m3fs
eaks, s =

» Generators flow water from their
Head Storage to their Tail
Storage or ‘to the sea’.

+ A Waterway flows water from
one Storage to another

« As the water runs downstream in
a cascade system, there is also a
loss of potential energy during
the trajectory which can be
handle with PLEXOS

Genlé
OMW.

Energy
_Exemplar
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Annexure-1V

Transmission Modelling

Transmission operation
Transmission Expansion Planning ¢ 4
Security Constrained Economic
Dispatch (SCED) T N
‘N-x" Contingency Analysis I
Congestion Costs “4 B
Transmission aggregation and
Network reduction ot

o 0

PSSE Power Flow Raw Data file
Importer

nodal connection

Single Line Diagram (SLD) allow users to review

Energy|
_Exemplar n
B 30
Solar Generation and Battery Net Generation -
800 Solar farm
& — BESSI
= Battery dischargin
2 400 ¥ ging — HESS 2
2
c
2 200
(0]
b}
& o0
U]
0 6 48
-200 Hours
Capacity (MWh)
BESS technical Max Input Power (MW) Max SoC (%)
. Charge Efficiency (%) Build Cost
and economic Economic Life
5 . Initial SoC (%) Technical Life
| representation - WACC
FO&M Charge

Energy
_Exemplar

Discharge Efficiency (%)

Represent all types of energy Max Input Power (MW)

Min SoC (%)

storage technologies

Max Ramp Up/Down (MW /min)
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Annexure-1V

Ancillary Services Modelling

Static and/or Dynamic
requirement for the

Define generators to
provide reserve

service

+ What price and hence cost was Q D

imposed by reserve? -

«  Which generators and / or
interruptible load provide reserves?

« How reserve costs were allocated to \__J \_J \__J \__J
genercﬂ'ors? LOWER LCWER LOWER LOWER
SPINNING REGULATION OPERATIONAL REPLACEMENT

NON-SPINNING ~ NON-SPINNING

Energy
Exemplar
B 33

Electricity and Gas Co-optimization

+ Right-sizing for supply, storage, and transportation contracts - GasSoag
given gas and power demand i / g
« Relidbility requirements for delivering gas s

« Renewable generation impact studies to 24 p

serve both power and gas demand
« Storage injection and

withdrawal target optimization R

given both

power and gas demand

Gas Node 1

GasPipeline2-1

@ Generator is

N2 supplied with
Fuel_Gen_11 P16 Fuel Gen 3 Fuel from the
- Gas Node
. S
;,‘L 3 L1-2 12:3 g -
11-3
By N1 N3 Load
9(emp|ar

Fuel_Gen_12
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Annexure-1V

Integrated Strategic Optimization

* High & low renewable penetration
scenarios impact on gas demand

* Impacts of nuclear & coal retirements to
the gas demand

* Increasing carbon price impact on merit
order between gas and coal
6| european network of
e n t S O@ transmission system
* Modelling the injection of Biomethane operators for electricity
or Hydrogen into the gas system Reliable Sustainable Connected

* Power (excess wind power)to Gas

Production (Hydrogen) Scenarios % p |L E\\O S

* Scenario Analysis- Electricity & Gas e

Energy
_Exemplar

Concluding Remarks

PLEXOS

BY ENERGY EXEMPLAR

Energy
_Exemplar
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Thank you for your kind aftention

Do not hesitate to contact us if you have any question or want to know
more about our solutions.

Belen Leveroni
Business Development Executive
belen.leveroni@energyexemplar.com p L E

S

BY ENERGY EXEMPLAR

Dr. Dante Recalde
Lead Market Analyst
dante.recalde@energyexemplar.com
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