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Basic Concept of Market Clearing price and volume
In a close double sided auction

Price in ) 1) Acurve is plotted for the Demand. All the points

Rs/MWHr in the curve represent the Demand bid volume
Demand Supply for that price.

(Buy) (Sell) 2) Acurve is plotted for the Supply. All the points in
the curve represent the Supply bid volume for
that price

3) The point of intersection gives the Market
clearing price ( MCP) and the Market clearing
volume ( MCV)

4) All sellers willing to sell at MCP or at a lower

Market clearing price are cleared.
price (MCP) 5) All the buyers willing to buy at MCP of at a
higher price are cleared.
> 6) All trades are cleared at MCP irrespective of

Volume in MW their bid price.

Market clearing
Volume (MCV)

Strictly private and confidential 2
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Concept of Consumer Surplus and Producer surplus

Price in ) D Demand 1) Consumer Surplus. All the buyers whose bids
Rs/ MWH | (Buy) were higher than MCP have been cleared.
Supply However they will get power at a price lesser
(Sell) than their bid price. Thus they get power at a

price lesser than that they were willing to pay.
This gain is called the consumer surplus and
benefits all buyers on the curve OD.
2) Producer Surplus. All the sellers whose bids
were lower than MCP have been cleared.
However they will get power at a price higher
than their bid price. Thus they get to sell their
power at a price higher than that they were
willing to accept. This gain is called the producer
> surplus and benefits all sellers on the curve OS.

Volume in MW

Consumer Surplus

Producer Surplus

Market clearing ~ |--rrmeree
price (MCP)

Market clearing
Volume (MCV)

Strictly private and confidential 3
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Some Terminology relevant to the exercise

A Day ahead market: Bidding in the market is done on day n, for trades which are effective on day n+1.

A Unconstrained Market Price and volume ( UMP & UMV) : The discovered market price and volume
which do not take into account transmission constrains.

A Constrained Market Price and volume ( CMP & CMV) : The discovered market price and volume
discovered after taking into account the transmission constrains

A Modes of operation of pilot market:-

A. Seguential Mode or Residual Mode - The pilot market shall be run such that the Indian domestic
exchanges are not in any manner influenced by the operation of the pilot market. The un-cleared

bids of Indian Domestic exchanges shall be matched against the bids of the other nations in the
pilot market platform.

B. Unified Mode - The pilot market shall be run such that all the bids including the bids from Indian
participants are cleared simultaneously the pilot market platform

ATHE GRI D CONSTRAI NTS & TRANSMI SSI ON CAPACI TY ALLOCATI ON PROCED
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Brief about SARPEX Mock Exercise
¢tKS SESNDODAAS 20SNAE (KS LISNAZ2R FTNRY ! LINAf QHun

71 days were selected in this one year period to cover all kind of demand situation and various
other crucial factors as per the approved Sampling methodology.

Core teams were nominated by Bangladesh, Bhutan and Nepal who will bid for all the dispatch
periods of all these 71 days.

Indian bids for these 71 days were extracted from information available in public domain.

The mock trading platform was run to generate results for all these 71 days.

¢KS Y201 UN}RAY3I LI LFUGF2NY 61L& NMzy Ay G662 Y2
2NJ wSaARdzl £ a ZurRHeEIn thisgpresemidtidinl A Yy S R

The market rules and design for running of the mock exercise were approved in the-8ast TF
meeting for both the modes of operation.

South Asian Regional Power ExchaiMeck Exercise
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Brief about SARPEX Mock Exercise .. Continued

The transmission losses and charges have been factored in as in case of a regular day ahead
market.

The figures ofransmission losses and chargesed for Bangladesh, Bhutan and Nepal are
mentioned further in thispresentation.

The result of the matching engine yields the unconstrained solution.

The result for the 71 days were extrapolated to get the result for the entire year for both the
modes of operation.

The consumer and producer surplus, quantum of power sold/bought, sale/buy price etc. for
each participating Nations and the entire region was worked out in both the modes .

The impact of the regional trading platform on the domestic market was analyzed.

Based on the above, a particular set of market rules and design is being recommended for
SARPEX.

South Asian Regional Power ExchaiMeck Exercise
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Average Transmission Charges and Losses Figures for BBN

Transmission Transmission
# Country Charges Losses Comments
(Rs/kWh)

The crosshorder transmission network fotndia-

1 Bangladesh 0.3% Bangladesthas been included in the POC charg
0.117 and transmissionWithdrawal Charges and Losse
are published for Bangladesh

2 Nepal 0.301 4.1% The crossorder transmissiometwork for India-
Nepal has not been included in POC and thereft
Bihar Withdrawal 0.257 1.6% the transmission charges of Bihar and Crdssder

line are assumed for Nepal
MuzzafarpurDhalkebarLine 0.044 2.5%

The crossorder transmissionnetwork for India-

3 Bhutan 11% Bhutan has been included in the POC charges «

0.089 transmission Injection Charges are published by
NLDC for Bhutan

Thebids submitted by BBNwere adjusted by the abovetransmissionchargesand lossesto reflect the true cost
of power purchasedor sold on the Exchange
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Approach and MethodologyUNIFIED MODE

MARKET CLEARING
BIDDING ALGORITHM IN UNIFIED
MODE

SELECTION OF
SAMPLE DAYS

A total of 71 days were
selected from the period
Apr 615 to Mar 64}

UNIFIED MODE i 15 MINUTE DAM INTERVAL

The 15-minute block level
pAréhadeRale bids are
submitted by Bhutan,
Nepal and Bangladesh for

-
1
1
1
-
: INDIA & BBN
1

i

! all the selected days

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Sale Bids o Unfulfilled Bids

Simple Bid Matching £ il

Aaverage to Peak Load
condition in all nations

clearing Price and Volume Solution

_ participants (both buyers
on Indian Exchange(s)

and sellers) are extracted
from the aggregate
demand supply curves
available publicly on the
Indian Power Exchange(s)

Optimization Process

Final Unconstrained
Solution

ADay and Month

Aeffect and Public
holidays/Special days

I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
! AUnconstrained Market-
1
1
1
1
1
1
1
1
1
1
1
1
1
i
I observedin all the nations

1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
The bids of Indian i
1
1
1
1
1
1
1
1
1
1
1
1
1
:
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Approach and MethodologySEQUENTIAL/Sequential MODE

SELECTION OF BIDDING \ MARKET CLEARING ALGORITHM IN
SAMPLE DAYS Sequential MODE

1
A total of 71 days were I _
selected from t)l:e period i | The 15-minute block level

R A 1 burghase/sale bids are
1
Aprols to Marol Qubﬁ]i%te(gd?béls’hutan,
! Nepal and Bangladesh for
I all the selected days

SEQUENTIAL
MARKET

Purchas
e Bids

Average to Peak Load
condition in all nations

Purchas
e Bids

Simple Bid Unfulfilled

Matching _Bids
Elimination

i The bids of Indian U”g!g”'ed Simple Bid
i participants (both buyers E"mi'n;ion —_—
i and sellers) are extracted

1 from the aggregate Solution

AUnconstrained Market-
clearing Price and Volume
on Indian Exchange(s)

holidays/Special days

observed in all the nations Unconstrained
- Solution

ADay and Month i demand supply curves (';JIg:elreti
I available publicly on the Bids flom
. i O t 1 t . . .
Jeffect and Public i Indian Power Exchange(s) rélrrgézeiéon O%Lrgézez;t;on
:
1
1

4
I
I
I
I
I
I
I
I
I
1
f
[
[
[
[
[
[
[
[
[
[
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OPERATING TIMELINES FOR SARPEX

The choice between single and multi time zones needs to be made in keeping with the impact on Operating Timelines

Time zones observed in BBIN relative to UTC

Country IST Deviation
(In Minutes)

India UTC + -
5:30

Bhutan UTC + +30 minutes
6:00

Bangladesh | UTC + +30 minutes
6:00

Nepal UTC + +15 minutes
9:45

Mismatches in time-
zones has implications
on coordination of DAM

operational activities.

Benefits of Single Time zone

Efficiency

Bottleneck Elimination

Global Best Practice i Nord Pool, OMIE
Consistency & Simplicity to avoid Mismatch

.................................................................................................

A single reference time zone and operating timeline assumed for SARPEX mock exercise is IST

13
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OPERATIONAL CHALLENGES DUE TO MULTIPLE TIME ZONES IN SARP

Electricity Dispatch at the oday beuyhldaadD/ 6 f or

mmmm
India 10:00 11:45 12:00 17:30 23:30 23:45 00:00 00:15 10:00 12: 00I 23:30 23: 45. 00:00 00:15 10:00 12:00 23:30 23:45
Nepal 10:15 12:00 12:15 17:45 23:45 00:00 00:15 00:30 10:15 12: 15 23:45 00: OOl 00:15 00:30 10:15 12:15 23:45 00:00
Bhutan 10:30 12:15 12:30 18:00 00:00 00:15 00:30 00:45 10:30 12: 30‘ 00:00 00: 15' 00:30 00:45 10:30 12:30 00:00 00:15
Bangladesh 10:30 12:15 12:30 18:00 00:00 00:15 00:30 00:45 10:30 12.30: 00:00 00.15' 00:30 00:45 10:30 12:30 00:00 00:15

———————

Coordlnatlon Issues

Day D-2 Day D-1 Day D

Di spatch periods at the Aday boundaryo i.e. Slot 9

these slots belongntbnd®eag, iDhey bel ong to Day fADO
and Nepal

14
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Web portal for SARPEX Mock Exercise Link
http://mocksarpex.eu.al

Web Portal has, among other the following :-

All documents related to SARPEX mock Exercise.
Provision for submission of bids and viewing of results
The access to the above is password protected.

FAQ

Various presentations related to SARPEX Mock Exercise
Details of Stakeholder Consultations.

Details of past and planned events

Contact details.

A link for submission of queries.

o o o To To To To T I
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Selected Days for Pilot Market Exercise

A total of 71 days were selected as the sample for Mock Exercise

Selection of the days was based on the following criterion:

Average to Peak Load condition in all nations, Unconstrained Market-clearing Price and Volume on Indian Exchange(s),
Day and Month Effect and Public holidays/Special days observed in all the nations

APRIL
Sunday, April 5, 2015

MAY
Wednesday, May 13, 2015

JUNE
Thursday, June 11, 2015

JULY
Thursday, July 2, 2015

AUGUST
Saturday, August 8, 2015

SPETEMBER
Sunday, September 13, 2015

Saturday, April 11, 2015

Friday, May 15, 2015

Sunday, June 14, 2015

Saturday, July 11, 2015

Sunday, August 9, 2015

Sunday, September 20, 2015

Monday, April 13, 2015

Saturday, May 16, 2015

Monday, June 15, 2015

Monday, July 13, 2015

Tuesday, August 11, 2015

Tuesday, September 22, 2015

Sunday, April 19, 2015

Tuesday, May 19, 2015

Sunday, June 21, 2015

Thursday, July 16, 2015

Wednesday, August 19, 2015

Wednesday, September 23, 2015

Wednesday, April 29, 2015

Friday, June 26, 2015

Sunday, July 26, 2015

Thursday, August 20, 2015

Monday, September 28, 2015

Saturday, June 27, 2015

Monday, July 27, 2015

Saturday, August 22, 2015

Tuesday, June 30, 2015

Sunday, August 23, 2015

Wednesday, August 26, 2015

Sunday, August 30, 2015

OCTOBER
Tuesday, October 13, 2015

NOVERMBER
Friday, November 27, 2015

DECEMBER
Thursday, December 10, 2015

JANUARY
Wednesday, January 6, 2016

FEBRAUARY
Sunday, February 7, 2016

MARCH
Saturday, March 5, 2016

Wednesday, October 14, 2015

Monday, December 14, 2015

Friday, January 8, 2016

Monday, February 8, 2016

Tuesday, March 8, 2016

Saturday, October 17, 2015

Tuesday, December 15, 2015

Saturday, January 9, 2016

Thursday, February 11, 2016

Monday, March 14, 2016

Thursday, October 22, 2015

Sunday, December 20, 2015

Monday, January 11, 2016

Sunday, February 14, 2016

Saturday, March 19, 2016

Wednesday, December 23, 2015

Thursday, January 14, 2016

Wednesday, February 24, 2016

Monday, March 21, 2016

Thursday, December 24, 2015

Tuesday, January 19, 2016

Monday, March 28, 2016

Tuesday, December 29, 2015

Wednesday, January 20, 2016

Tuesday, March 29, 2016

Wednesday, December 30, 2015

Thursday, January 21, 2016

Thursday, March 31, 2015

Friday, January 29, 2016

13
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Key Processes for conducting SARPEX Mock
Exercise
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Bid Submission

from BBN and
extraction of
Indian Bids

Key Completed activities

~

4 )

Stakeholder
Consulation

J

-

~

Running of
Pilot Market
and

Extrapolation

o

of Results

J
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2.1 Market Advisory Committee for deciding the Market Rules and
Design for SARPEX

Designation Organisation
____________________________________________________________________________ Mr AnilRazdan India e SEUEELY POEL ISy O ROt Er
Market Advisory Mr. HansArild
Committee Bredesen Norway CEO Nord Pool Consultin
____________________________________________________________________________ i Peter Jogersen N e Prosident  Energinet Danmk

South African Powe

Mr MusaraBeta South Africa Chief Analysts Pool
e ——————— Country Designation Organisation
Mentors Dr. Kirit Parikh India Chairman IRADe
e Dr. JyotiParikh India ExecutiveDirector  IRADe 16
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2.2 Nomination of Core Team and3IMembers

Core Team Member - BBN for SARPEX

S.No Name Country Designation Organisation
Chief Engineer,Department of
1 Mr. Karma Namgyel Bhutan Hydropower and Power Systems Ministry of Economic Affairs
Engineer,Department of Hydropower
2 Mr. Denkar Bhutan and Power Systems Ministry of Economic Affairs
Engineer,Department of Hydropower
3 Mr. Ugyen Chophel Bhutan and Power Systems Ministry of Economic Affairs
4 Mr. Nima Tshering Bhutan Bhutan Power System Operator (BPSBhutan Power Coporation (BPC)
5 Mohammad Hossain, BangladeshDirector General Power Cell
6 Shiekh Faezul Amin - BangladeshJS (Dev) Power Division
7 Golam Kibria BangladeshDirector IPP 1 BPDB
8 Md. Nuruzzaman Bangladesh SE (Plg) PGCB
o Mr. Anil Rajbhandary Nepal Director Nepal Electricity Authority
10 Mr. Nutan Prakash SharmgNepal Senior Devisional Engineer DoED, NEA
11 Mr. Narendra Shrestha Nepal Assistant Manager Load Dispatch Center, NEA
12 Mr. Tej Krishna Shrestha |[Nepal Assistant Manager Power Trade Department, NEA
Task Force-3 Members- South Asian Countries
S.No Name Country Designation Organisation
1 Mr. Md. Mizanur Rahman|(Bangladesh Member Bangladesh Energy Regulatory
Commission
> Mr. Abid Latif Lodhi Pakistan CEO Central Power Purchasing Agency
(Guarantee) Limited
Mr. Sonam P.Wangdi Bhutan Director General- Department of .. . .
3 Ministry of economic affairs
hydropower and power system
4 Mr. Harish Saran India Executive Director (Marketing) Power trading Corporation India Limite
5 Mr. Rajesh K Mediratta |India SANBOG2 NI ¢ dza A y Sladian Eve®g® Bxthangly 1Snyitéd
7 Mr.K.L.R.C. Wijayasingh&sri Lanka Director (Power & Energy) Ministry of Power & Energy
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3. Bidding Platform Creatigq)fSARPEX Web Portal

A The portal is powered by a fromind web

application which interacts with Market ) Bid Sg:r'z;sion Marl;«;tgci:e:ring
Clearing Engine at the baekd and allows Inputs 3
users to see the results on the Web Portal. :

o

Q
®
G =
o
-
£
S
(0]
vy
=)

A Theweb portal has been created to
mimickthe trade in the DAM on Regional | Outputs
Power Exchange |

| | porsici
A Linkhttp://mocksarpex.eu.ali P

Application Server

18
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4. Capacity building of the Core Team

After the nomination of core teams, the members from varipasticipating nations were trained on
the various skills required for placing a bid on the Pilot Exchange through a detaiégadv®rkshop
from 7 to 9 February 201 7held inDelhi. This was the first Capacity Building Workshop

Inthe workshop, lecture notes/ study material/ videos/ were arranged to train the core teams of the
member nations on various aspects relating to trade on Power exchanges.

Testswere also conducted at the end of the workshop to ensure learihimgportal is powered by a
front-end web application which interacts with Market Clearing Engine at the-badland allows
users to see the results on the Web Portal.

Another capacity building workshop was done éhashd 3" October 2017 to discuss the preliminary
results of the SARPEX Mock Exercise and identify any discrepancy in the input data or the results

19
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5. Selection of Sample Days for conducting SARPEX Mock
Exercise

The following variables were identified to be crucial in determining a sample that covers all
probable demandsupply scenario on SARPEX

Generaldata/ CountrySpecific

India Bhutan Nepal Bangladesh Generic

1 Averageto Peak Load P P P P
5 UnconstrainedViarket Clearing Price on the p

Exchange
3 RelativeDemand Supply Gap on the Exchange P
4 Dayof the Month P
5 Month of the Year P
6 SpeciaDay/Holiday P P P P

'aAy3 0KS 020S OFNAIFoftSaszr it GKS RIFéa FNRBY C, Qmc u@

After clustering, random days from each cluster were chosen, depending upon the overall size of the cluster
LY SFFSOUZ | aFYLXS 2F t™m RIFIéas GKIFIOG Aa NBLINBAS
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6.1. Bid Submission from BBN

The bids of the selected days from were uploaded by the core team members on SARPEX Web
Portal

SARPEX : MOCK EXERCISE HOME REPORTS CONTACT WELCOME BHUTAN~

BIDS SUBMISSION - SARPEX

Submit your bids on this page in predefined excel formats provided by the administrator.

View previously bidded dates - Click here!

Submit Bids Here!

Step1: Choose Date, Month and Year you want to submit the bid file for.
Step2:Upload the Bids file in xlsx format.
Step3:Confirm the bids submission and wait for success message.

Select day: Select month: Select year:

** UPLOAD EXCEL FILE CONTAINING BIDS **

Choose File RERIERTERN]

* Please ensure that data is entered properly in the excel template before submission!

CONFIRM BIDS SUBMISSION

21
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6.2. Extractionf IndianBids

A The bids of the Indian participantaere extracted from the | images of the aggregate demasdpplycurves/
chartsl @F At 6tS 2y L9 4BRODSEBEASIA VMR THNYII NB¥lI DETt SR a

A The chartsvere fed into the software and the range for-X coordinatesvere specifiedand software then
identified the scanned images (pixeland convertedthem into discrete datapoints

OUTPUT

Buy sell
X, ¥_0 X, Y_0

Process of Image Scanning and Data Extraction

Moacn o T

i

INR/MWh
it
2
(=]
(=]

Spactral radince (kY - & - me - )

(===

LU WISIBLE

/’S?:T\[\/ARE M

TN R “|~- T
al t

Ha

it
GET-LRT

Wawelenglh fam}

St et 4T
Tresatokdng (169)... Per forme-g demctcna... e kit =09, 4% sowen rght= 52, <00

G
TR b oF i 45
a

- amtew B

m2greph version ©_LL, Copyrignt Shal Vanmss 2011

|2237.49, 17529.8
2253.3, 13303.6
2269.11, 10803.6
2300.74, 9077.38
2316.55, 7529.76
2332.36, 7053.57
2348.17, 7053.57
2363.99, 7053.57
2379.8, 6875
2395.61, 6517.86
2411.42, 6517.86
2427.24, 6517.86
2443.05, 6517.86
2458.86, 6517.86
2474.67, 6398.81
2490.49, 5982.14
2506.3, 5208.33
2522.11, 5029.76
2569.55, 4791.67
2585.36, 4732.14

670.754, 29.9401
686.536, 29.9401
702.319, 29.9401
718.101, 29.9401
733.884, 29.9401
749.666, 29.9401
765.448, 29.9401
781.231, 29.9401
797.013, 29.9401
812.796, 29.9401
B828.578, 29.9401
844,361, 29.9401
860.143, 29.9401
B875.926, 89.8204
891.708, 89.8204
907.49, 89.8204

923.273, 89.8204
939.055, 89.8204
954.838, 89.8204
970.62, 89.8204
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7. Stakeholder Consultation

Nepal Bhutan

A TheStakeholder Consultation on SARPEX Mock Exercisd The stakeholder consultation on SARPEX Mock Exercise
for covering various aspects of SARPEX exarbjsetive for Bhutan Stakeholders covering various aspects of
power exchange operation and patrticipation in the SARPEX exercise objective, power exchange operation
context of the SARPEX mock exercise was heldbardd  and participation in the context of the SARPEX mock
12" April 2017. exercise was held on 2980th July 2017.

A Mr. Dinesh KumaGhimire Joint Secretary, Ministry of A Keynote address has been delivered by tmamP
Energy, Nepal delivered the key note address and WangdiDirector General, DHPEpoEABhutan and more
YSYUA2YSR 062dzi GKS b SLI f Qthan 2opgriwipants ke diffgtent grgamization hesh 0 A :
energy deficit. participated in the Workshop.

A More than 30 participants from various organization hasA The one to one meeting has been conducted in the
participated in the Workshop. Ministry of Economic AffairddoEA with Mr DashoYeshi

Wangdiand others DrukGreen Power Corporation

A The one to one meeting has been conducted in Ministry - :
) . DGPC), Bhutan Power Corporation (BP€lkHolding &
of Energy, Nepal Electricity Authority (NEA) and Load ( ) P (BBE) J
ru}vestment etc

Dispatch Centre etc. to discuss the concept of SARPEX a
its relevance for Nepal.

23
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India Bangladesh
A Central Electricity Authoritytt { 2 dz0 K ! aA Yy w 5A I@f keholder consultation on SARPEX Mock
Power Exchange (SARPEX) Mock Exerciséo@me Exercise foBangladesh Stakeholdessvering

: : " ) : various aspects of SARPEX exercise objective,
meetings with Central Electricity Authority (CEA) with power exchange operation and participation in

and later on with Member Power System who is the held on10" August 2017

Designated Authority as per thdoPIndia Notification A Keynote address has been delivered by Skrer

, for Cross Border Electricity Trade. Khan, USAID Bangladesh afidzanurRahman,
A POSOCOrhe SARPEX mock exercise stakeholder Member Bangladesh Electricity Regulatory

consultation was held at POSOCO ofi®dzf @ QH nmT @ Eendnission (BERK3sdelieveredkey note
same was attended by CEO POSOCO and other high level address

officers.Mr Sooneg earlier CEO POSOCO and current A More than 40 participants from different

Advisor, has always given his valuable suggestions in this organization has participated in th&orkshop.

matter right from the inception stage. Thisincluded the ministry, BPDP, PGCB, BERC,
DPDC etc.

A Central Electricity Regulatory Commission:
Submission followed by supplementary submissionsto A Oneto one meeting were heldn 9th August

CERC draft notification were presented to CERC. The and 10th August with Mr Ahmaidaikaus
same are also available on CEDsite Secretary PO-W er, I\/IY/Ias_umAI— BeroniMD,
PGCB and his team, BikasDewan MD DPDC

and MrMizanulRehmarMemberBERC.
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“South Asian Regional Power Exchange (SARPEX) - Mock Exercise”

Stakeholder Consultation Workshop in Nepal
. I, 2017
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