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Market Governance
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Market Efficiency Behaviour
Market Rules Market Rules Electricity Act Market Rules

Rules Change Energy Market
Panel (RCP) Authority (EMA)

Dispute Resolution
Counsellor (DRC)

Disputes &
Compensation
Resolution Panel
(DCRP)

& Compliance Panel
(MSCP)

Supported by | Supported by Market Market data

provided by MAU

Market Assessment Unit
Administration (MAU)

Supported by MAU




Energy .
Egc Market Sinaanonre NFMS: Cattlement cvela
Company u"'vu'\lul o T NLE=IVI, o LLUINITINOTIUL \Jy 1\

TD TD+6 hiz TD+10biz  TD+20 TD+21 TD+48 biz  TD+253 biz
Trading  Preliminary  Final Payment Date

1stRe-run  2nd Re-run
Date Settlement  Settlement




Energy .
Egc Markel entralised Settlement

Company

Retail Market

Wholesale Market

MP ) Contestable
PSO Retailers consumers
I A
|
Ancillary I
Providers ) |
| )
MP Embedded N EMC
Generator Pricing+Settlement
Clearing Bank
MP Interruptible Y
Load Non-
= contestable
Consumers

MP
Generators

Contestable
Consumers




EZC

Energy
Market

Settlement Process

Company

Settlement
data

f\

Meter files R
MSSL Vesting Contract Settlement Module
A A
Prices
EMC
Pricing &
Info Bilateral
Contract
(D+4 bd)
Financial LPreIim settlement
disputes & tatement
Adjustments
Market P EMC. _
Participants € Trading h
Website

Tax invoice

Final
settlement
statement

Solomon
Financial system

Payment
Instructions
D+20/21

NEMS Clearing
Bank

D+5 bus days

D+6 bus days
—

D+10 bus days
—_— >




Eg Mo Settlement Process & Market Rules

Company

Singapore Electricity Market Rules
Chapter 7

1 April 2010

Settlement Module
1 INTRODUCTORY RULES

Energy
Market
Authority

1.1 PURPOSE

Explanatory Note: For generality, these rules allow for more than one MSSL
= although some MSSL functions, most notably the reconciliation of metering
data, the allocation of losses, etc., are natural monopoly functions that cannot

realistically be decentralised among multiple Mf{

3.1

1.1.1  This chapter sets out the respective rights :
the PSO, market participants and markets 3 1 1

determining, billing for and paying financi

transactions in the wholesale eleciricine nu

provisions of the marker rules and applica

ating to the |

4472 The EMC shall determine an index size function S(z) such
that:

S(z) = injection energy quantity at the MNN ranked at
index position z under section 4.4.7.1

S(z) £ S(z+1)
4473 The EMC shall determine T(z) such that:

T(2) = S@)/Y42S() 312

Z = total number of MNNs for seftlement account sa,
excluding MNNs at which the injection energy

NET ENERGY SETTLEMENT CREDITS

The EMC shall determine the generation energy settlement credit (GESC)
applicable to each settlement account in each settlenment interval in
accordance with the following formula:

GESCy' = Ty MEP,™ x TEQ,™®
where:
a = a seftlement account
h = a sertlement interval

Zm@ — sum over all GRFs m(a) and GSFs m(a)
associated with seftlement account a

The EMC shall determine the /oad energy settlement debit (LESD)
applicable to each sertlenient account for each settlement interval in
accordance with the following formula:

LESDy" = USEP, x WEQ,"
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Maturing market required more efficient and flexible settlement
system to meet the NEMS’ future needs. Key business objectives:

*Increase the assurance that system provides compliance with
critical settlement rules

*Better manage the end-to-end settlement processes

sImplement more flexible, scalable and robust NEMS system
archltecture

*Increase operational efficiency through automating manual
processes to minimize human intervention/time involved
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o Qutside-in approach to Enterprise Architecture —
Mapping the market rules to business services

* Business process management
e Business rules enforcement

e Global product and local customization

imnlamaoan
HiiyJIclHiclHl
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e Business process alignment - team now has
greater visibility on the actual system’s execution

e Business agility - business logic and calculation
are external from system instead of coded into
system logic

e Business productivity gain - increase operational
efficiency through automating manual processes

e Cost saving - proven commercial tools with
customization from a local technology vendor
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 Decoupled the market rules and business logic from the NEMS
database
* Reduced the dependency on database

» Database resources available for other critical processing

s
Active Directory Load Balancer

S
&
PRODUCTION I | DR
|
weblogic weblogic weblogic
Server 1
1 Weblogic
o
Accounting 1 Accounting 2
AL ke Cold Standby
« BPM « BPM + BPM
Haley = Haley * Haley
* WebApp GUI «  WebApp GUI *  WebApp GUI

Replication
atabas
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Settlement Project Outcome

Data Feed

Externalized and modeled the business requirements into workflow

Feed

Daily Metering File
Comected Meter File

Validation

Bilateral Flie Feed

Metering file validation

Validation @ 5pm

Ensure data exist for next
marming run

Vesting File Feed

Bilateral Flle validation

MCE price and Quantities
validation

EMC Budget
PSO Budget
upload

Vesting File Feed validation

EMC Budget
PS0 Budget

Visibility and ease of maintenance

LR I |

Daily Run Authorization
P-Run F-Run R-Run S-Run
P-Run
1st Tier Approval 1st Tier Approval 1st Tier Approval st Tier Approval
F-Run
1T T 1T 1T
2nd Tier Approval 2nd Tier Approval 2nd Tier Approval 2nd Tier Approval
R-Run USAP file generation
and send back to
MSSL
Solmon generation
5-Run
Manual Monitoring
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 Vesting File Validation and Processing

BeqginIn argurnents:

- uplaadUser : String

- uploadMethod @ Skring
- comments : Skring

- Filenarme ¢ Skrin

- fileContents ¢ String

validate File

Update EEBT Event
Create Mew EBT Event

|
EET Upload

Settlement Maker

Acknowledge to EBT Skore 5 File ‘talidake and Upload Data

xceptinnE =E

Fracess Bxesplions Westing Contract Upload Exception Send Exception Motification
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F-Run Flow

[
chedule Rury
Execute P-Run Start Daily Monitor Process
Check Business Day Scheduled R
M IR . cheduled Run
lanual Run Business day PR

-

E

[} -Run

¥ Execute F-Run

= un from WebGUI

[

£ R-Run

’ Update Event Status

z Create Event Schedule Spit by Run Type\

=

[

Ll S-Run

Create Risk Report Solormon Inkerface
Settlement Run Parameters

Execute S-Run

.—Excaption@

Process Exceptions Exception Handler

Fuan Scheduling Force Run
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« Settlement calculation is based on the Market Rule

 Example of Calculating Meter Error Adjustment

B.42  The metering error adjustments for each affected sertiement account for
each seftlement interval shall be determined as follows:

Generation metering error adjustment for energy (GMEE) and
generation metering error adjustment for fees (GMEF) shall be
determined as follows:

GMEEy" = ¥ m (MEP,"™ x ATEQ, ™)
GMEF,* =¥ ) (PSOA,, + EMCA,) x AIEQ, ™®

Load metering error adjustment (LMEA) shall be determined as
follows:

LMEA,' = [(USEP, + AFP, + HEUG,) x AWEQ,® | +
[(MEUCy.+ PSOA; +EMCA; ) x AWCQy" |

Net metering error adjustment (NMEA) shall be determined as
follows:

NMEA" = GMEE," - GMEF," - LMEA"
Where:

(1) MEP,™®, USEP,, AFP,. HEUC,,, MEUC,, PSOA; and EMCA,
are rates computed in the final settlement statement for trading

day T
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« Mapping the rules to technical implementation — Old Way

DEFINE rep_filename = Iﬂiﬂ
DEFINE rep_extension = ", csy"
DEFINE sep = "_"
B.4.2 The metering error adjustments for each affected serrlement account for SPOOL &rep_filenamedsepdp_run_typedrep_extension
each settlement interval shall be determined as follows: select 'Sett ID,Sett Date(Prelim),Sett Date,Period, GMEE,GMEF ,LMEE,LMEF , NMEA'
from dual;
select trim{external_id)||"

Generation metering error adjustment for energy (GMEE) and
generation metering error adjustment for fees (GMEF) shall be
determined as follows:

GMEE;" = ¥ i (MEPL™® x ATEQ,, ™)

From

s
trim{p_sett_date)||',"'
trim{settlement_date)|
trim{to_char(period))|
trimtameed| |y ||
trimComef) ||, ]|
trim{Imee)||', " ||
trim{Imef) ||, "]
trim{nmea) as nmea_csw_row
{ select sac.external_id,

to_date( '&p_date', 'dd-Mon-rr')
rstr. Settlement_date,

periad,

sum(decode(srt.name, 'GMEE', 1 ,0)
sum({decode(srt.name, 'GMEF', -1 ,03
sum({decode(srt.name, 'LMEE', -1, 0}
sum{decode {srt.name, 'LMEF', -1, Q)

as p_sett_date,

GMEF" = ¥ o (PSOA, + EMCA,) x ATEQ, ™
nsr.calcul ation_result) as GMEE,
nsr.calculation_result) as GMEF,
nsr.calcul ation_result) as LMEE,
nsr.calcul ation_result) as LMEF,

EEE

Load metering error adjustment (LMEA) shall be determined as

follows: sum{decode (srt.name, 'LMEE', -1,
'LMEF', -1,
'GMEE', 1,
a _ a 'GMEF', -1,
LMEAy" = [(USEPh + AFPy + HEUC]-\) X A“‘TEQII ] + ; ] . 0 ) * nsr.calculation_result ) as NMEA
N a rom nem_settlement_result_types srt,
[(I\’/IEI-JCIJ+ PSOA;, + EMCA, ) X AW CQh ] nem_settlement_results nsr,
nem_sett]ement_accounts s5ac,
nem_settlement_runs rsti

str,
-- subquery finds all settlement reruns that were included
-- 1in the latest prelim/final run
{ select /*+ no_merge */
inc.rerun_str_id
from nem_sett]ement_runs str,
nem_sett]lement_rerun_incs inc
where str.settlement_date = to_date('&_date’', 'dd-Mon-rr')
and str.run_type '&p_run_type'
and str.id = inc.str_id
and str.run_date = ( SELECT Max(sstr.run_date) max_date
FROM nem_settlement_runs sstr
WHERE sstr.settlement_date = TO_DATE('&_date', 'DD-Mon-RR')
AND sstr.run_type ‘&p_run_type' J ) mrun

Net metering error adjustment (NMEA) shall be determined as
follows:

NMEA,* = GMEE," - GMEF," - LMEA;*

Where:

(1) MEP,™®, USEPy, AFP,, HEUC,, MEUC,. PSOA; and EMCAy where nsr.srt_id - srt.id
: : and nsr.srt_wersion = srt.version
are rates computed i the final settlement statement for frading and ner.sac_id sac.i
dav T and nsr.sac_wersion = sac.wersion
ay and sarc.external_id not in ('EMC ADI_A','EMC CLR_A','EMC REC_A','EMC RES_A', 'INTERTIE', 'PWR GRID_T','PWR S¥5_0')

and srt.name in {'LMEE', 'LMEF','GMEF', 'GMEE')
and rstr.id = mrun.rerun_str_id
and nsr.str_id = mrun.rerun_str_id

group by sac.external_id,
to_date{'&p_date', 'dd-Mon-RE'),
rstr. Settlement_date,
; Period

order by p_sett_date,

Settlement_date,

external_id,

Period;

SPOOL OFF
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« Mapping the rules to technical implementation — Old way

The merering ervor adjustments for each affected sertlement acconnt for
each serrlement inrerval shall be determined as follows:

Generation merering error adjustment for emergy (GMEE) and
generation mefering error adjustment for fees (GMEF) shall be
determined as follows:

GMEE}" = T s (MEP,™® x ATEQ, ™)

GMEF," = ¥ s (PSOAy + EMCAy) x AIEQ, ™

Load merering ervor adjustment (LMEA) shall be determined as
follows:

LMEAy" = [(USEP, + AFPy + HEUC) x AWEQy" ]
[(MEUC+ PSOA, + EMCAy ) x AWCQ," |

Net merering error adjustment (NMEA) shall be determined as
follows:

NMEA,' = GMEE;' - GMEF," - LMEA,;"

Where:

MEP,™, USEP,, AFP,, HEUC,, MEUC,, PSOA;, and EMCA,,
are rates computed 1 the final settlement statement for trading
dav T

DEFINE rep_filename =
DEFINE rep_extension = .csw'
DEFINE sep = "_"

SPOOL &rep_filename&sep&p_run_typedrep_extension

select 'Sett ID,Settlement Date,Period,dwEQ, dwCq, USEP, AFP,HEUC ,MEUC, P50 Admin, EMC Admin,LMEE,LMEF,LMEA' --1.2 added WCQ

rom dual;

select trim{sett_id)||',"|]
trim{settlement_date
trim{to_ char(permd)
trimldwenqy| |70 |
trim{dweg) || ‘\I -- 1.2 Added new column
trim{usep)| | !
trimtatpy]] "}
trwm(heuc)ll',‘l
trim{meuc) || 'y ']
trim{pso_admin) || ', "]
trim{emc_admin) [ [ ', "] ]

s
|

a0
S

trim{Imee * -1)|]"'
trim{Imef = -1)|]"

-- 1.4 Added the debit indicator
|| -- 1.4 Added the debit indicator

trim{to_char{to_number{Imee) + to_number(Imef), '999999959959,99') * -1 ) --1.2 Tmea is calculated here instead of in the sub q

debit indicator

from -- Here we calculate all of the prices and gquanities reqmr‘ed to calculate the LMEA calculation

{ select dweq.external_i
to_char {dweg. sett]ement_date, ' dd-Mon-yy '
dweq perio
u char{dweq. delta weq)
char{dwcq. delta_wecq)
char{dweq.usep, '99999999995, 99"
char{dweq. afp, '99959393959, 92"
char {dweq. heuc, ‘99999999999.99')
char{dweq.meuc, 99999999595, 99"
char{fee.psoadmin_mw_charge, '29,222959"')
1(:0 _char (fee. emcadnm n_mw_charge, '95.999993")
case

_i
as settlement_date,
as period,
as dWED,
as dwCQ, --1.2 Added new column
as USEP,
as AFP,
as HEUC,
as MEUC,
as PSDﬁMIN
as EMC_ADMIN,

when dweq, settlement_date »= nemfutil.get_sp_dt('PN_EFFECTIVE_DATE') then --1.5 PN effectiwe date check is correct
to_char ({{dweq. usep+dweg. afp+dweq. heuc) * dweq.delta weq) + { dweg.meuc * dwcqg.delta weq), ‘99999599999, 339')

else
to_char ({{dweq. usep+dweq. af p+dweqg. heuc+dweg.meuc) * dweg.delta weq), '999992299599,99')
end

LMEE, --1.2 Modified to include WQ
case

—~—

when dweq. settlement_date »>= nemfutil.get_sp_dt('PN_EFFECTIVE_DATE') then --1.5 PH effectiwve date check is correct
to_char({fee.psoadmin_mu_charge + fee.emcadmin_mw_charge ) * dwcq.delta_wcqg, '99999999999, 997

else

to_char ({fee.psoadm n_mm_charge + fee.emcadmin_mw_charge ) * dweq.delta_weq, '999999599393,93")
nd

3 LMEF --1.2 Modified to include WC

Q
from -- 1.2 This sub query 1is used to calculate the WD walue which 15 required for embedded gen calcs
( select nwl{rstq.quantity,0) - nvl{pstq.quantity,0) as delta_wcq,

rstqg.settlement_date,
rstq.period,
sarc.id as sac_id

from nem_settlement_run_status_w srs,

nen_settlement_quantities pstg, -- previous data
nem_sett]lement_quantities partition { & ) rstq, -- rerun data
nen_sett]ement_accournts sac

where srs.run_type = 'F'

e

and srs.authorised

and srs.status

and srs.settlement_date
and rstq.quantity_type
and rstq.settlement_date
and rstq.sac_id

and rstq.sac_wersion
and rsta.version

sac.id

sac.wersion
{ SELECT MAX(TO_NUMEER (wversion))
FROI

TO_DATE( '&p_date', 'DD-Man-RR') -- modified the EHS to filter the rows before join.
e
TO_DATE('&p_date ', 'DD-Mon-RR ')

pav_packages pkg,
pav_package_types pkt
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« Mapping the rules to technical implementation — New way
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B.4.2.4 Net Metering Error Adjustment (NMEA)

the interval’s NMEA = the interval’s GMEE - the interval’s
intarval’s LMEE - the interval’s LMEF

Net metering error adjustment (INMEA) shall be determined
asfollows:

NMEA =CGMEE - GMEF--T MEA -

Where:

iy MEP == USEP.. AFP. HEUC. MEUC. PSOA_and EMCA, are
rates computed in the final serlemant starement for rading day T
(ii} a = a settlement account

(iii} h = a seftlement diterval

iiv) MEP.=== MEP for settlement interval h for a market netwark
node associated with seftlement account a.

(v} X_.=sum over all GRFsm(a) and G5Fs m(a) associated with
settlement account a.

(vid) ATEQ == AWEQO .= and AWC(0).® are computed based on B.3.1
above.

(vii) PSOA, =the rate of P50°s administrative costs to be
recovered from a settlement accownt for a serflerment iiterval under
section 4.2 of this Chapter.

i(viii) EMCA, = the rate of EMC’s administrative costs to be
recovered from a settlement accowot for a seftlermeant interval under
section 4.2 of this Chaprer.

MEF - the
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« Mapping the rules to technical implementation — New way
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€ B.4.2.3 Load Metering Error Adjustment (LMEA)

@

® [oad metering error adjustment (LMEA) shall be determined as
follows:

® LMEA:=[(USEP.+ AFP. +HEUC.)x AWEQ.:]+

® [(MEUC. +PSOA. +EMCA. )x AWCO.:]

@

@

€D the interval's LMEE = Round((the interval's imported USEP + the
interval’s imported AFP + the interval’ s imported HEUC) * the
interval’s change in WEQ + the interval’s imported MEUC * the
interval’s change in WCQ, 2)
L

€9 the interval’'s LMEF = Round((the interval’s imported PSDA + the
interval’s imported EMCA) * the interval’s change in WCQ, 2)
L
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The major milestones of the Settlement project:

Project Kick-Off Dec 2008
Development (Reg'mt, Design, Coding, Testing) Jan 2009 — Oct 2009
User Acceptance Test (Round 1) Oct 2009 — Dec 2009
User Acceptance Test (Round 2) Dec 2009 — Jan 2010
Parallel Run Jan 2010 — Feb 2010
Go-Live 18 Feb 2010
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Change management

Technology / product management

Project lifecycle management

Stakeholder management
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Key Lessons

Clear and concise market rules
Proof of concept for untested technology
Leverage on proven experiences for reviews

Not just about technology, but processes and
people
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Thank You

Kenneth.lim@emcsg.com




