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1 Background and Context

The power sector faces multiple challenges including burgeoning financial losses, inefficiencies
in power generation and power purchase planniagd tariffs not being commensurate to
costs.Additionally, emerging trends make it more difficult to ensure power sector utilities are
able to provide reliable, affordable access for ®lith rising cost of supply, uncertainty in
demand, falling prices of renewable energy sources utility business maett a crossoads

and it is pertinent to discuss various policy and regulatory responses to emerging trends.

Revenue and Tariff Analysis for Electric Utilities (RATE) model can be a crucial tool in this
context. RATE is a dynamic, sense making modehwielps understand the cumulative, order

of magnitude impact of various trends, regulatory/policy decisions, especially on the finances of
the utilities. The model was initially developed by Prayas (Energy Group) or PEG for the state of
Maharashtra. Subspiently, PEG customised the model for Andhra Pradesh at the request of,
and with inputs and assistance from, the Andhra Pradesh Electricity Regulatory Commission
(APERC).

This manual provides a brief overview of the structure of the RATE model for ARfdrémc
referred to as RATEP, and details the various functions of the model. Further, the manual also
has detailed descriptions and examples of how to input and change parameters and values in
the model to aid users. In order to demonstrate the utilifytioe model, PEG ran a few example
scenarios. These scenarios, together with the associated assumptions and results, are not
prescriptive and are instead meant to showcase the type and range of analyses possible with
RATEAP.

In addition to this documenta short presentation was made to the APERC on the 29th of
January 2018. Together they form the reference documentation for the R#«&TiRodel

2 About Revenue and Tariff Analysis for Electric Utilities (RATE)

RATHs a spread sheet based transparent model which has been developed by Prayas (Energy
Group)or PEG. It is a sense making model to help policy makers and regulators get a better
understanding of the impact of various possible trends, changes and polipgn®ss. The
modelhas provisions for disaggregated inputs for various components of utility operations. It is
structured to assess impacts of changes, especially cumulative impaatsanges on key
financial and performancparameters on a medium term haron i.efive to ®ven years.

In atime of uncertainty, the objective of the RATE model is to provide early warning signals for
areas which need attention. Sense making based on the model can also help avoid adverse
impact due to impending changes by infing adequate policy responses. RATE can be used to
explore possible options for efficiency improvements and operations, evaluate the impact of
innovative proposals and regulatory changes. Additionally, one of the key uses of the RATE

1
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model could be to geexpectations among various actors and build consensus regarding various
policy and regulatory options.

3 Key Features
Following are some of the features of RARE

Se@ "0 o0 T

Stationwise disaggregation of generation and costs for power procurement
Reconciliation bRE capeity addition with RPO targets

Annual order of magnitude estimates for backing down in the face of surplus

Options for purchase/sale in case of annual shortage/surplus

Separate treatment foDISCOMs in Andhra Pradesh, namddN=PDCL and APSPDCL
Category wise, voltage wise, sales and revenue from tariff estimates

Option to input tariff increase and change tariff design

Category wise sales migratioiue to Open Access, Captive from renewable and
conventional generators as well as rooftop solaal$o includes estimation of revenue
from charges

Capital expenditure estimation based on tariff regulations and Operation and
Maintenance expenses estimated based on past trends.

Allinputs are given and all results are reported on an annual basisffee gear time
period.

RATE is not designed for analysis of diurnal and seasonal variations in demand and supply
(such as changes in load profile due to use of energy efficient appliances, ToD tariffs or sales
migration due to short term open access), whiare better analysed with production cost
simulation models. RATE is also not intended to replace the ARR models used by the regulatory
commission or utilities, which are more accurate and relevanperiodic tariff revisionRATE
APdoes not focus onransmission and hence analysis on transmission pricing and investment
is not possible with the model.

Even so, RATE can offer useful insights on cost impacts and impact of financial losses to due
changes in sales mix, tariff design, generation mix, badakiwgn of contracted capacity, fuel

cost escalation, and capacity addition. It is a dynamic and active tool and thus should be
updated to account for latest policy and regulatory changes, price trends and sales migration
on a periodic basis.

The period forthe analysis is from 20167 to 202122. The model relies on historical data,
existing policies, regulations and future expectations in order to determine likely future trends
and design scenarios for this time period. As the model is designed to be ayrthmtime
period can be extended as well.
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4 Model Structure

As the Andhra Pradesh power sector has a single buyer model with the DISCOMs being
allocated power, the treatment for the power procurement business and the distribution
business are distinciThe energy procurement and the costs incurred as a consequence are
estimated together for bth DISCOMs and is then allocateddach DISCOM. This includes
power procurement from Andhra Pradesh Pow&eneration Corporation (APGENCOentral

Sector Generatig Stations (NTPC, NHPC etc.) as well as Independent Power Producers with
costplus and competitively bid tariffs. The procured power and costs are then allocated to the
DISCOMs, Southern Power Distribution Corporation of Andhra Pradesh Limited (SRDCL) an
Eastern Power Distribution Corporation of Andhra Pradesh Limited (EPDCL). The sales, revenue
and distribution costs for the SPDCL and EPDCL are estimated separately in the model. Thus,
RATEAP provides the Aggregate Revenue Requiren{&RR)cumulative revenue gaps for
SPDCL and EPDCL separately

4.1 Model conventions used in RATE -AP

The sheets in the model have blue, grey, and white cells. Blue cells are those which can be used
by the user to input values. The input values can be escalation rates, grates) multipliers,

or numerical values, which can be changed. Grey cells are input value cells as well, but contain
historical values (values that essentially will not change in the future). White cells (and cells of
any other colour) in the model contaformulae. This has been summarisedriablel.

Tablel: Functions of different types of cells in the Model

Cell Type in Model Function
Blue Cells Input Values
Grey Cells Input historical values
White Cells Output Values

4.2 Brief Overview

Figurel depicts the structure of the modeTl.able2 provides a brief overview of the various
parameters and features related to the blocks depicted in the structure, and maps the blocks to
sheets in RATFEP.
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Figurel: Structure of RATRAP
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The stationawise or unitwise power procurement and the costs for the same are detailed in
the sheets named®P2 Genco Thermal &P3 PP Genco HydépdP4 PP Centrdl P§ PP
Private€ anddPq PP NC& This iglescribed in greater detail irestions5.1to 5.3.
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The estimation of future sales for SPDCL and EPDCL after considering sales growth rates, sales
migration via open access and captive options are carried out in sheets naBi¢dSP Salés

and Migration for SPDCL anfl| EP Sales and Migratioior EPDCLThe sales for small,
medium and large consumers in each category is projected separately based on assumed
growth rates and assumed migration of sales in each year. The assumptions for Cross Subsidy
Surcharge (CSS), additional surcharge, wheeling chamges concessions provided for
renewable energy open access can be specified in the sheets na@2¢dSP Migration Option

Rateg for SPDCL andE2 EP Migration Option Ratésfor EPDCL. Based on the charges
specified, the revenue earned due to sales migmattharges is also estimated in the Sales and
Migration sheets. This is described in greater detasaction5.4.4

The energy accounting sheets, nan@&b SP Energy Accountififpr SPDCL ardES EP Energy
Accounting for EPDCL perform multiple functions in the model as detailed below:

a. Estimation of total energy requirement give T&D losseBased on the sales
consideed, theenergy requirement is estimategiven inputs for inteistate and intra
state transmission losses and applicable distribution losses.

b. Surplus/Shortages and their treatmentGiven the energy requirement and the
apportioned power procurement for EPD&hd SPDCL, the energy accounting sheets
estimate the energy surplus which needs to be addressed via the sale of surplus
power, the short term power purchase needed to address shortages or the load
shedding needed in the absence of such purchases. Bas#aonsidered quantum
and assumed price of purchase or sale through trading licensees, power exchanges or
settlements via the DSM mechanism, the revenue from sale of surplus or the cost of
short term power purchase is also estimated. Surplus power cem la¢ addressed
through backing down of thermal power plants and this is done by adjusting PLFs in
the power procurement sheetdhis is described in greater detaildactions5.3.2and
5.3.3

c. RPO compliance and its impadBased on the energy requirement or consumption
estimated and the procurement of renewable energy power estimatedPih PP NCE
sheets,RATEAP alsacalculates additional REC purchase requirement and cost of RPO
compliance

d. Estimation of transmission cdas. The applicable transmission costs are estimated
based on the energy wheeled using the instate and interstate transmission
network and an assumed per unit intstate or interstate transmission charge, which
can be specified in this sheet.

The enegy accounting sheet is described in greater detail in Seétian
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The distribution costs, notably the capital expenses and the operation and maintenance
expenses are estimated in the sheet nam@&# SP Distribution Cosfor SPDCL andE4 EP
Distribution Cos¢ for EPDCL. The estimation is based on APERC Regulations and historical
trends.This is described in detail in SectioB

Distribution companies are able to recover revenue from various sources to meet their growing
expenses. The primary source of revenue is the revenue from retail tariffs charged to
consumers of the DISCOM. In the sheets nard®d8 SP Revenudefor SPDCL andE3 EP
Revenué for EPDCthe user can estimate:

a. Revenue from retail tariffs The categorywise average tariffs for small, medium and
large consumers can be specified for the base and subsequent years. Adjustments to
the average categorwise tariffs caralso be used to change the cross subsidy design.
Based on the sales and the average tariff, categase revenue from retail tariffs is
estimated. In addition, users can specify the proportion of revenue recovered from
fixed charges and energy charges wla@djustment can also change the tariff design.

b. Non-tariff income: There is provision for estimating noariff incomes and these are
projected based on growth rates entered by the user

c. Revenue from subsidiesRevenue from government subsidy is an inpat ach
DISCOM and can be specified on an annual basis.

d. Revenue gaps and associated carrying coRsvenue from retail tariffs, subsidies and
noni F NAFF AyO02YS Aa SadAYFGSR Ay @I NA 2dz
revenue from sales migratioastimated in the Sales and Migration sheets and the
revenue from sale of surplus power estimated in the Energy Accounting sheets to
estimate the total revenue recovered by the DISCOM. Based on distribution costs,
power procurement costs (including shddgrm power purchase costs) and
transmission costs from the relevant sheets, the total expenses of the DISCOM are also
calculated. The annual revenue gap or surplus is then estimated as a difference
between the revenue from various sources and the total exgesn Revenue gaps are
carried forward for recovery in the subsequent years along with the applicable carrying
cost, based on the interest rate specified by the user. The cumulative revenue gap is
estimated along with carrying cost on an annual basis.

More details on the structure of the model as well as details on how to use RRT&e
provided insectionb.

4.3 Helper Sheets: What are they?
As there aranultiple disaggregated inputs that the user needs to specify for eatheoblocks,
helper sheets are provided in RATHese sheets nameaiHl] Backadwn Helpeg, dH2 RPQ@,
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0H3 Open Access Calculagoand dH4 Cross Subsidy Calculatare disconnectedrom the
model and are there to assist users in providing multiple inputs for the model. Given below is a
brief description of each of these helpers:

a. Backdwn Helper In case there is significantsurplus power as per the energy
accounting sheet, the usenay choosdo backdown plants ly adjusting the average
annual plant load dctors (PLFs) which are inputs in the power procurement sheets.
Thed . I O1 RefpérdysSheetaids the user iradjusting thePLFsased onthe merit
order stack until the surplus down to the desirable levePlease see Sectidn3.3for
more details.

b. RPO or REapacity Addition This helper assists the user in deciding the annual
capacity addition based orenewablepurchaseobligation (RPO) trajectories or policy
targets (such as the statwise targets for capacity addition suggested by MNRE to
meet the natioral goal of adding 175 GW of RE power by 20PRase see Section
5.3.6for more details.

c. Open Access Calculataviore accurately, this is a salesgration calculator. RATAP
has options for migration of sales through multiple avenues sasbpen access from
renewabletonventional power generators, migration to captive plants which are
located at the site of consumption or away from it or migration to rooftop solar
options. The proportion of salasigrationin each category needs to be filldy the
userfor every yearThis calculator can help the user specify the total sales migration
every year on a cumulative basigich can be used to decide the proportion of the
total migration through each of these avenudRlease see Sectiob.4.5 for more
details.

d. Cross Subsidy CalculatoCategorywise tariff changes are input by the user in the
model. In order to facilitate changes tariff design,this calculatortranslates the
categorywise tariff changes intathe proportion of the average cost of supply being
recovered from each category. This in turn can help the user in changing the cross
subsidy mdel or evaluating the impact dériff changes orthe current coss subsidy
model.Please see Sectidn7.2for more details.

4.4 Summary Sheets in RATE-AP

RATEAPhasvarioussummary sheets whergesults are collated anonportant parametersare
documented,which can beused to assess impactd the changesmodelled. These summary
sheets are described below:

a. Aggregate Revenue Requirement (ARRKkin to the ARR Summary used by the APERC
and DISCOMduring the taiff determination process, thehees namedoEq EP ARR

Revenue and Tariff Analysis for Electric Utilitie6Andhra PradesiRATEAP)



for EPDCL anéSq SP AR&Rfor SPDCL provideummariesof itemized expensesand
revenues,and the estimated revenue gap.

b. Power ProcurementThere are two summary sheets for power praament The first
isdP1| PP ABwhich has a station wise summau§ capacity, net generation, fixed and
variable costs for all generatovéth which the DISCOMsas longterm contracts The
second isthe oC | PP Summagy sheet which provides a moreconcise summary
focusing on ownershiwise (state, central, private etc.), fuel/technologyse breakup
of power procurement, average PLFs and associated cbhts.sheetalso provides
estimates for backing down and fixed costs payments for backed dopexcity. The
allocation of power procured to each of the DISCObAsed on an assumed share is
also dondn this sheet.

c. DISCOM Summaryrhed .DISCOM Summargheet provides key statistider both
the DISCOMBcludingsales, sales migration, various costs and revenilne average
cost of supply, average powprocurement cost and the average billing rate.

5 Using RATE-AP: Detailed Description of the model

Section4 provides a brief outline of the model. In this section, a detailed description of each
block with instructions on how to enter inputs has been provided along with examples to
explain how the model work3.he descriptioe map to the major blocks describedTiable2.

5.1 Entering power procurement details

Power procurement costare treated differently for different types of contracts. Generators
can have a cogtlus reguated tariff where the ERC fixdise tariff and the generators earn a
fixed rate of return. These plants usually have a et tariff. a variable cost which is a
function of the net generation of the plant billed @per unit rate and a fixed cost which is a
lump sum annual payment made dhe basis of availability of the capgc irrespective of
generation.

In each of the power procurement sheets, inputs are entered in thetéefight order of
contracted capacity (MW), availability and net PLF (%), fixed costs (Rs/kW/year) and variable
costs (Rs/kwh) for each station for each year.

The net generation is estimated using capacity and net PLF. The user also has to specify average
annual availability (%) and the normative availability of the station. If the availability is lower

than the nornative availability, the fixed cost is adjusted on a-pata basis. If the PLFs of the

plant are higher than the actual PLFs, then a PLF based incentive is provided to the generators.

The incentive is obtained at a rate as determined by the SERC/CERE dffidiency gain over

and above the norm (asinputinK S & 9 w/ y @G tdn ta SICHARYWLIG A 2y a € & |
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The user specifies the fixed and variable costs for the base year along with an annual escalation
rate to project fixed and variable chargdsr future years (there are exceptions to this,
particularly for competitively bid projects, as is explained in the rest of this secfibe)fixed

cost payments made for contracted capacity are input in units of Rs/kW/year. The unit of
measurement offixed cost payments in Andhra Pradesh, as stated in regulatory formats is
generally in Rupees crores. The input value for fixed cost payments in the model is arrived at by
dividing this amount by the contracted capacity. Variable cost payments are inputits of
Rs/kWh. The variable cost of power purchase is calculated based on the net generation
multiplied with the per unit variable cost (input value).

Subsequent to accounting for fixed and variable costs, provisions have been made in the model
for addtional costs for each generating station on a per unit basis. This cost can be input by the
user to account for any additional costs impact as a consequence of ERC review orders, APTEL
judgments or High Court/ Supreme Court judgments. It could also beassadvay to adjust for

cost impacts due to parameters currently not considered in the model

¢CKS aidlFldS aSO02NJ GKSNXIf 3ISYSNDSYROB KEXSHNBEOA T
0KS OSyaNrft aSOi2N FISEEFHNG 2 BE dinkighly it KShodeK B S &
| 8RN 3ISYSNIdAy3d 3bDSyO2yaeRNREIIARSHY 0 K$ 06t o
form of only fixed cost payments. The user needs to specify the design energy rate for hydro
projects which can be used to guide thenual inputs for PLFs and is also used to estimate
availability based incentives. Even though the treatment of nuclear power in the model is the

same as central generating stations, only variable charges are input since details of the fixed

and variable ast breakup are not available for these projects.

This treatment of generation and cost estimation is the same for cost plus private sector
thermal projects specified ithe top sectionof the sheet named¥Py Privat&€. The second

section2 ¥ (0 KS [AtKNEISHS GdSEd SR G/ 2 Y LIS i Aconta@siétails of A Rt N.
competitively bid projects whose cost determinatiaga done differently & K Iy -Ldf Gi2aséi
projects. The cost inputare fixed and variable costs classified as fuel costs, fuel handling, cos
and transportation costs. These costs parameters &rgher 8 SANBS I G SR | &

LI NI YSGSNBSaOIYER 0dyS2 yLIF NI YSGSNBE GKAOK | NB ol 2
Power Purchase Agreement (PPA) for the project. The-wesar winnirg-bid information are

input inG KS & S O G WignjAg RidAlnfdrné&atiba Bach parameter has an escalation rate

column (marked in blue), which can be changed by the user for all escalable factors. Summary

of these input values can be found the sections titled / | £ Odzf G A2y 2F ,9a0!l f |
which are then useda computethe final fixed and variable costs for competitively bid projects

/| 2YGNF OGSR NBYySglFotS OFLIOAGE O6F2N) gAlyRIE a2¢€ |
sheet according to théechnology adopted. Year wise capacity addition as well as tariffs for the
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capacity added in each year can be input by the user for wind and solar sources. There is
greater uncertainty in movement of prices for these technologies over the years, and tence
facility to input the tariffs separately for capacity addition in each year has been provided.
Capacity can be added as per RPO requirement or the policy mandate for the DISCOMs. As per
the power purchase agreements, a single part tariff is arrivedoatrenewable generating
capacity which is levelised and fixed over a period of time. Tariffs can be input by the user for
existing capacity and separately for each of the future years. Based on the specified capacity,
PLF, the consequent net generationdatie input levelised tariff for the year, the overall costs

and subsequently the average levelised costs are calculated.

5.2 Global assumptions for escalation rates for fixed, variable costs
The escalation rates assumed by the user for fixed and variable cost are dependent on variety
of factors specified in théPQ PP Assumptiordssheet(SeeScreenshotl).

Screenshotl: Power Purchase Assumptions

Power purchase Assumptions
First Year in Model 2018 FY18
CERC Annual Escalation Rates
Assumptions
Component Sub-component used in the
tool
Ezcalation rate for domestic coal 2%
Escalation rate for domestic gas 1%
Escalation rate for imported coal sub-components Coal -3%
Transportation -5%
Inland Handling 5%
Inland Transportation of Coal Upto 100 km 7%
Upto 500 km T%
Upto 1000 km 7%
Upto 2000 km 6%
= 2000 km 6%
Inland Transportation of Gas 0%
Escalation rate for imported gas sub-components Gas -2%
Transportation -7%
Inland Handling 5%
Indexed capacity charge component (0&M escalation) 5%
Indexed energy charge component (captive fuel source) 4%
Discount rate to be used for bid evaluation not used
Annual escalation of dollar 3%
Capacity Charge escalation for depreciated plants 2%
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Important assumptions, which can be asdied in the model through the PP Assumpticheet,

are listed inTable3. Note: Cell numbers provided Trable3 are subject to change.

Table3: Assunptions for power purchasét y Gt t ! AadzYLXiA2yasé

Variable Name Reference
Cell Numbey
Fuel Escalation Rates
(D7:20)

Fixed_Cost Es©R1)

Fixed Cost Esc _BiblLoan
Repayment D25)

Variable Cst_Esclp22)

Availability Norm_SERCE
RGC PLF_Norm_SERERC
PLF_Incentive_ CERBERC
(D27:83)
Dollar_Escalation_Rate
(D24),
Dollar_Rate_Table
(D37:L37)
Inter_DISCOM_purchase_c

st (D41)

APGENCO_Shar43,
TSGENCO_Shai#B)

Effect of change in value

These cells are inputs for escalation rates for fuel and transporte
as prescribed by CERC annuallhese values feed into thH&ivate

sheet as part of the parameters used to determine competitively
and contracted power projects.

This component determines the annual escalation rate of

capacity charges paid to each nmmewable generating station. .
change in the input value automatically changes the escalation
for all nonrenewable generating stations.

There is provision in the model to choose a different anr
escalation rate for capacity charges of power plants which are ¢
in vintage and have already made considerable payments tow
depreciation of the plant.

This component determines the annual escalation rate of the en
-charges paid to each nenenewable generating station. A change
the input value automatically changes the escalation rate for alt r
renewable generating stations.

These inputs are based on state ERC norms which provide ive
for generation efficiency.

The variable named Dollar_Rate_Taldders to the dollarrupee
exchange rateover the years. Future year rates are determine
based ornthe input escalation rateHowever, escalation rate can t
overwritten by inputting yearly values in the Dollar_Ratebl&éa
When one DISCOM isnergy surplusand the other has deficit
power is adjusted between DISCOMbEeThe rate of sal®f & L y |
5L{/ ha LJz2NOKIFIaSa¢ Aa asSia I
LISNJ GKS dzASNBQ FaadzYLliAzyao
The usercan chooséo allocate thecontractedshare of AP DISCON
in the AP and T&GENCO capacityhe default input value is as pe
the Reorganisation Act, 2014.share of AP GENCO capacity is se
100% and TS GENCO capacity is set to 0%, it means that /
Pradesh contracts full generating capacity within the st
geographical boundary and contracts no capadiom Telangane
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GENCO stations.
SPDCL_Sha(b45:L49, The user can chooséhe ratio of the power purchase that i
EPDCL_Shar®46L46) allocated to each DISCOM, each year.

5.3 Demonstrative examples for changing power procurement inputs

This section has specific examples someinputs which can be changed by the user while
creating scenarios. The resultant impact due to input changes and how it can be potentially
used is also discussed here.

5.3.1 Adding a new station

Each sheet relating to pav purchase has an empty row before the ra@ntaining the
aggregate totals or sutotals. In order to add a new generating station to any of the lists, the
user has to ensure that they insert a new row above the empty row and fill in the details of the
new contracted capacity. This will ensutieat the totals include the newly inserted generator
and enable easilpdding more stations in the futurdNevertheless, it is a good practice to
ensure that data for all stations in each coluthri. | RRS R 2ddll f Aaghcluig@She & {
data added for the newventry). This is illustrated i&creenshog.

Screensho®: Adding a newstation

A B C D E F G H J K L
1
2
Station/ Unit Fuel Type A Capacity - AP Share [MW)
Out-of-state
3
4 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22
5 NTPC-(SR) Ramagundam | & II Coal Out-of-state 256 258 313 313 313 313 313 313 313
6 NTPC-[SR) Stage — Ramagundam- Il Coal Out-of-state [ 65 78 78 78 78 78 78 78
7 NTPC-Talcher-ll Coal Out-of-state 157 152 184 134 184 134 184 134 184
8 NTPC Simhadri Stage | Coal In-state 381 381 461 451 461 451 461 451 461
9 NTPC Simhadri Stage Il Coal In-state 165 175 212 212 212 212 212 212 212
10 vallur (V) NTPC with TANGEDCO Coal Out-of-state 63 24 102 102 102 102 102 102 102
11 NTPC-Kudigi b Coal Out-of-state o] o 201 201 201 201 201 201 201
12 Bundled Power under INNSM Coal Out-of-state 39 39 39 39 39 39 39
13 NTPC Pudimadaka (400 MW) Coal In-state
14
15 NTPC Total Coal 1091 1115 1591 1591 1591 1591 1591 1591 1591
16 MNLCTS Il Stage-l Lignite Out-of-state 45 44 53 53 53 53 53 53 53
17 MNLCTS Il Stage-ll Lignite Out-of-state 79 78 94 94 94 94 94 94 94
18 NLC-TNPL Tuticorin Lignite Out-of-state 0] 1] 118 118 118 118 118 118 118
19 Sirkali (92 MW) Coal Out-of-state
20
21 MNLC Total Lignite 124 122 265 265 265 265 265 265 265
22 NPC-MAPS Nuclear Out-of-state 17 17 20 20 20 20 20 20 20
23 NPC-Kaiga 1 & 2 Nuclear Out-of-state 53 52 63 63 63 63 63 63 63
24 NPC-Kaiga3 &4 Nuclear Out-of-state 54 55 66 (151 66 66 66 66 66
25 Kalpakkam (50 MW) Nuclear Out-of-state
26
27 MNPC Total Nuclear 124 123 149 149 149 149 149 149 149
H o4 b b P3| GenCo Hydro | P4| Central ~ P5| Private H2| RPO . PG| NCE S1| SP Sales and Migration 52| SP Migration Option Rate[|| 4 »
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In order to add a neWTPC stationthe user would have to add a row before row 14 and fill up
the details for the station (contracted capacity, PLF, availabilityd fiests, Variable costs,
etc.). Then, the station needs to be included in thenmary calculations. This is done by
AYaAaSNIAY3a | NRg Ay (KS ScénshgB. Fortthe heiw INDPC StitiSIrS (i

added in this example, anewrow®d&ka (2 0S AYASNISR | 0620S NRg

and the formulas from row 41 need to be dragged down to the newly inserted row.

ScreenshoB: Adding a new station in power purchase summary

NTPC-Kudigi Coal Central Out-of-state o o 201 201 201 201 201
Bundled Power under INNSM Coal Central Out-of state o o 39 39 39 39 39
NTPC Pudimadaka (400 MW) Coal Central Out-of-state 0 0 0 0 4] 4] 4]
NLC TS Il Stage-l Lignite Central Out-of-state 45 44 53 53 53 53 53
NLC TS Il Stage-ll Lignite Central Out-of-state 79 78 a4 94 94 94 94
MNLC-TNPL Tuticorin Lignite Central Dut-ofstate o o 118 118 118 118 118
Sirkali (92 MW) Coal Central Out-of-state 1] 1] 1] 0 1] 1] 1]
NPC-MAPS Nuclear Central Out-of state 17

45
4 4 » ¥ | RATE - Index - A| Definition and Notes B| Discom Summary C| PP Summary /ull @er / mlw mption s 1Py PPAI/

5.3.2 Changing PLF

As seen inScreenshot2, the user can inputhe capacity in MW foeach station.The net
generation iscalculated based on the capacity attte PLFs input by the usePLFs can be
modified to either simulate backing down or increase generation from a station. This is shown
through an example iScreenshott andScreenshob. Row 8Ly (1 KS dt vy DSy O2
hasdetails for Rayalseema Stagelfithe PLFor the yearFY20 is changedfrom 50% to 80%it

can be seen that the net generation changes from 848 MUs to 1357 MUs.

Screenshoﬂ Net generatlon of Rayalseemal with 50%PLF

Date of Commerdial Net Generation (MUs or GWh)
. Net PLF (%) :
Operation (COD) [Capacity * Net PLF * 8.76]

80% 80% 1807 1807 5606 5606 5606 5606

12 - . i
4 4 » » - H1| Backdown Helper ~ PO| PP Assumptions = P1| PP Al  P2| GenCo Thermal .~ P3| GenCoHydm % M'Ceﬂtlﬂ PSI anaheﬂi WI
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Screenshob: Net generationof Rayalseemadl with 80%PLF

Date of Commercial Net PLF (%) Net Generation (MUs or GWh)

Operation (COD) [Capacity * Net PLF * 8.76]

Rayalaseema-1

Rayalaseema-ll

Rayalaseema-lll

Rayalaseema-IV

Sanjeevaiah |

Sanjeevaiah Il

5.3.3 Using the backing down helper

In case sale of surplus is notgsible, the user needs to badkwn capacity in order to manage
surplus by adjusting PLFEhishelper sheet aids theser in following the merit order to back
down capacity. That jdacking down is done such that tlstation with the highest variable
cost is backed down firsT.he total power demanés determined from the inputs in the sales
sheetsis taken and thaisercan input the amount ogurplusenergythat would be sold year
wise Thus the targeted power purchasethe sum of the power demand and the targeted
surplus. The usetanenter the minimum PLEdefault: 50%)at which thermal power station
shouldrun. Based on these inputs and the merit ordeask provided in the backing down
helper,the PLFs can be adjustéethis is illustrated iscreensho®.
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Screenshob: Using the backdown helper

J 4 L M P o} R S

1
2
3
4

Power Demand [MUs) 55542 | Power Demand [MUs)
5 |Targetted Surplus [MUs) 1000| Targetted Surplus [MUs)
& |Target Power Purchase [MUs) 5542 | Target Power Purchase [MUs)
Il Remaining Surplus [MUs) B761| Remaining Surplus [MUs)

& |MinPLF

Station,/Unit Station,/Unit

9

10 8761 Ramagundam-B ] 0% 3829 Ramagundam-B ] 0%
11 8761 Rayalaseema-IV 1577 50% 382% Rayalaseema-IV 1577 505
12 7185 Rayalaseema-ll 509 505 2252 Rayalaseema-ll 502 505
13 EE7E Rayalaseema-l 509 50% 1743 Rayalaseema-l 509 505
14 £1E7 Rayalaseema-lil 254 50% 1234 Rayalaseema-lll 254 505
15 5812 Kothagudem-& o 03 980 Kothagudem-A o 03
16 5812 Kothagudem-B o 03 980 Kothagudem-B o 03
17 5912 Kothagudem-C 0 0% 980 Kothagudem-C 0 0%
18 5912 NTPCSimhadriStagel 1212 505 B80 NTPCSimhadriStagel 930 5EB%
19 4701 NTPCSimhadri Stage |l 557 505 O NTPCSimhadriStage Il [H] 205
20 4143 NTTPE-I 509 505 O NTTPE-I 1] B0
21 I634 NTTPS-I 509 G056 3 NTTPE-II (4] 805
22 3125 NTTPE-1I 509 505 O NTTPE-I 1] B0
23 2616 MNTTPS-IV EDE G0 Q3 NTTPS-IV (1] B0
24 2010 VTPSV (200 MW) o 0% 0 VTPSV (200 MW) 0 0%
25 2010 MLCTS 1l Stage-l 141 5056 O MLCTS 1l Stage-l 1] 305
26 1370 MLCTS 1l Stage-ll 247 50% 0 NLCTE Il 5tage-ll 1] B0
27 1623 NLC-TMPL Tuticorin 303 50% 0 NLC-TNPL Tuticorin 2 80%

4 4 » M| 7 C| PP Summary | H1|] Backdown Helper -~ PO| PP Assumptions -~ P1| PP Al - P2| GenCo The

Row 7 provides the remaining surplus for each year which needs to be reduced to zero by
lowering the PLFs afarioushigh coststations Gven a minimum PLF of 50%6w 8), Rows 10

to 29 listthe target PLFs (columns M and S) for various stations in the order of decreasing
variable costsColumns L and R indicate tlalditional energy thatwill be backed down by

modifying PLFs to the target PLIFse useneeds tomanually change the PLFs oéthtationsin

the power purchase sheet3he usemaychoose to back down a given station by adopting any

other strategy and need not be restricted to the merit ord&his is shown irscreenshot

GKSNBE adladrazya t20FGSR Ay ¢Stlyalryl NS Sydaal
before other stations are backed down.

5.3.4 Availability -based fixed costs and PLFbased incentives

For all thermal power pints, normativeand actualavailability can beinput by the user.

Together, these inputs are used to determine thes @I Af 6 Af AG& F R2dzAGSR 7T
Note that, by default, normative availability is taken from the PR assumptiordssheet This

can beoverridden in the individual power purchase sheets as showrSdreenshot?. If

availability is below norm, availability adjusted in tta¢io of the actual availability to the norm.
Screensho8 illustrates how this is done.
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Screenshof: Definingnormative availability

Narmative
Availability -
NAPAF (%)

Date of Commercial
Operation (COD)

TR P1| PP Al | _P2| GenCo Thermal = P3| GenCo Hydro ~ P4| Central PS4 [m] »

Screensho8: Calculationof availability adjusted fixed costs

Availability-adjusted Fixed Cost (Rs. Cr)
For availability below norm,
[Adj. Fixed Cost = Fixed Cost * Awvailability/MNorm]

Date of Commercial
Operation (COD)

R PO| PP Assumptions .~ P1| PP Al | P2| GenCo Thermal -~ P3| GenCo Hydro -~ P4| Central . P5|[i[4 ||

Similarly, PLF incentive is determined based on the normative PLF. If PLF is above the norm, an incentive

is calculated as per the compsation awarded by the respective regulator. The normative PLF and the
AYyOSyiGA@S OFly o6S AyLlzi Ay GKS atnp tt !aadzyLliazya
plant in the individual power procurement sheets.

5.3.5 How to input solar and wind capacity addition

The existingrenewable energy (REppacity isassignedaverage tariffsas perhistorical trends.

For each future yeailgvelised tariffcan be input for solar and winchpacity coming online in

that year. This is illustrated irScreenshot9. The tariffs for future years can be entered in
column AN. These tariffs are applicable for the year in which the capacity is added and
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escalated as per the rates provided in column. K@evelised tariffs are input in column AN, the
escalation rate would be set to 0%.

Screensho®: Providing levelised tariffs for new renewable energy capacity

A B Al AR AL AM Al AD -
Levelized Tariff (Rs/kWh)
1 Mon-Conventional Energy Sources Technology
5 FY14 FY15 FY16 FY17 EIMB " Escalation (%)
nstall
ﬂ Bio-Mass Biomass 17.84 1448 B.7T1 579 579 0% =
4 Bagasse Biomass 3.96 T.BE 455 419 419 0%
5 Industrial Waste based power project Biomass 17.14 585 589 571 571 %
G Mini Hydel SHP 10.70 4.10 281 2.36 2.36 0%
7 MNCL Energy Ltd (TB Dam) SHP 1.80 169 169 181 181 0%
8 Chettipeta Mini Hydel Station SHP 6.08 0.0 374 372 372 0% |
9 Wind Total Wind 0%
10 | Solar Total Solar
11 Wind Power- Existing Wind 3.58 533 436 451 451 0%
12 Wind 2018 Wind 420 0%
13 Wind 2019 Wind 4.00 0%
14 Wind 2020 Wind 3.80 0%
15 Wind 2021 Wind 3.60 0%
16 Wind 2022 Wind 5.50 0%
17 Wind
18 Solar Power - Existing Solar 24.39 b.07 748 b.12 b.12 0%
19 JNMNSM Bundled Power Solar Phase | Solar 10.64 10.64 0%
20  IMMSM Bundled Power Solar Phase IT Solar 5.36 0%
21 Solar 2018 Solar 4.00 0%
22 Solar 2019 Solar 375 0%
23 Solar 2020 Solar 3.50 0%
24 Solar 2021 Solar 3.25 0%
25 Solar 2022 Solar 3.00 0%
26 Solar
27 Total -
H 4 r M P3| GenCo Hydro P4| Central P5| Private HZ| RPD | P&| NCE 51| 5P Sales andm A ||

5.3.6 How to use theRPO Helper

In order to project future capacity addition, the user can also use the RPO h&lpestdH?2]
RPQ@ helps in determining yearly solar and nealar capacityaddition requirement in sheet
oPgd NCE. This is calculated based on the Renewable RasehObligation (RPO) of each
DISCOM. RPO is determined on the basisales foreach DISCOM. RPO backlog for each
DISCOM from previous yeaitsat needs to be fulfilled with future RE purchases can also be
input. There is also provision to add capatifgsed on policy mandates (s€ereenshofl0).
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ScreenshotlO: Using the RE capacity addition/RPO helper

B * D E F G H
27
28 Solar FY17 FY18 FY139 FY20 FY21 FyY22
29 Solar RPO requirement [MU) 129 1770 2577 3544 4688 6062
30 Solar PLF % b 17% 19% 21% 22% 23% 23%
kil Existing Capacity (FY 17) 858 858 858 858 858 858
32 JNNSM Phase | 39 39 39 39 39 39
33 INNSM Phase 11 850 850 850 850 850
34 Capacity addition 2018 i} 0 o o o
35 Capacity addition 2019 0 o o o
36 Capacity addition 2020 396 396 396
37 Capacity addition 2021 567 567
38 Capacity addition 2022 682
39 Solar Capacity required to meet RPO [MW) 897 b 1747 1747 2143 2710 3392
40 Solar Capacity addition (MW) 850 0 396 567 682
41 Solar MUs 1374 2781 2781 3544 4688 6062
42 AP State Solar Policy 2015 5000
43 Solar Capacity required per MNRE policy [MW) B97 2684 4472 6259 8047 0834
44 Solar Capacity addition (MW) 1787 1787 1787 1787 1787
45
46
47 Non-Solar FY17 FY18 FY19 FY20 FY21 Fy22
48 Non-5clar RPO requirement (MU) 2589 4220 5349 6130 7485 8660
49 Met by non-wind sources (MUs) S08 750 921 1091 1262 1432
50 Wind RPO requirement (MUs) 2081 3470 4428 5039 6223 7228
51 Wind PLF % 16% 24% 25% 26% 27% 28%
52 Existing Capacity (FY 17) 2266 2266 2266 2266 2266 2266
53 Canacitv additinn 2018 4300 1300 1300 1300 RETa'n)
44 kM PS| Private H2| RPO - P6| NCE 51| SP Sales and Migration 52| SP Migration Option Rates 53| SPI L . B

5.4 Estimation of Demand
The demand estimation section provides detailed inputs for sales growth for various categories
and sales migration for each of these agbeies through various options.

5.4.1 Consumer category nomenclature for sales, tariff and revenue estimation

Salesas well as tariffs andevenueare segregated into different consumeategoriesFor HT
categories, consumemare further disaggregated based on voltage levEl\, 33 kV or 11kV
LTconsumers are further splan the basis of consumption slabs or conieecloadintoWa Y I € £ QX
WY SRA dzY Q sabNdtegpfies ThESS Quirategories are mapped texisting consumer
categoriesas illustrated inrable4.

Table4: Mapping consumer categories

RATE Model Categorization Andhra Pradesh Consumer Categories

HT Industrial HT | (A) except Lights and Fans, HTI(B)

HT Others Lights and Fans, HT | ¢ @Y VIII

LT Domestic Small LT 1 (A)

LT Domestic Medium LT 1 (B)

LT Domestic Large LTI(C)

LT Commercial Small LT Il (A)
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LT Commercial Large
LT Industrial
LT Agriculture With DSM

LT Agriculture Without DSM

LT Others
RESCO 11 kV

LT Il (B)

LFlI: Only Industrial Normal

LT V(A)

LT V(B)

LTI (C&D), LI: Norma) LFIV, LFV( C), LWVI, LTVII, LIVIII
RESCO 11 kV

5.4.2 Sales projections
The user has to input an annual percentage growth rate for each category for the upcoming 5
years in the model.The growth rate is applied to the base year sales entered by the user in the

model to poject sales for each categorks shown irScreenshotll, the user inpus the sales
for a categoryin column D Using the growth rate specified aolumnB, the sales numbers are

projectedcategorywisefor each year ithe columns E ta. |

Screenshotll: Providing category wise sales numbers and growth rates

A
APSPDCL

Consumer Category & Consumption

Slab
HT Industrial
HV
33k
kv
HT Others
EHWV
33kv
HT Total
LT Domestic

LT Domestic Sma
LT Domestic Medium
LT Domestic Large
LT Commercial

LT Commercial Sma
LT Commercial Medium
LT Commercial Large
LT Industrial
LT industrial sma
LT industrial large
LT Agriculture
With DSM
Without DSM
7 |LT Others
Total LT
Total (LT+HT)
RESCO 11 kv
4 3 Hz2| RPO Pa| NCE

B C D E
Voltage/Slab/
Assumed CAGR (%) Load-wise Sales

(26} EY 17 FY 18
1% 7108 7179
1% 36% 2568 2503
1% a7% 3336 3369
1% 17% 1204 1216
18% 2362 i 2787
18% 40% 937 1105
18% 14% 333 303
18% 46% 1092 1289
5% 9470 9966
18% 7652 9030
18% 30% 2274 2683
18% 53% 4088 4824
18% 17% 1290 1523
9% 1743 i 1900
9% 6% o3 101
9% as5% 742 809
9% 55% 907 989
11% 892 i 990
11% 43% 383 426
11% 57% 508 564
15% 8a79 1 9751
15% 93.96% 8476 9747
15% 0.04% 3 a
11% 1390 1543
15% 20156 23214
12% 29626 33180
7% 435 465

51| SP Sales and Migration

5.4.3 Sales Migration Options and Inputs

Sales migratioris calculated irsheetséS1 SP Sales and Migratidfor SPDCL Y R
YR

following options:

a. Captivec this can be fron renewable energy aronventional sources. In case it is from
renewable energy sources, concessions dessaigration charges may apply. Captive

52| SP Migration Option Rates

F G

Sales based on growth projections (MU}

FY 19 Y 20
7251 7323
2619 2645
3403 3437
1229 1241
" 3289 " 3881
1304 1539
464 547
1521 1795
10540 11204
10655 12573
3166 3736
5692 6717
1797 2120
" 2071 " 2257
110 120
882 962
1078 1175
" 1099 " 1220
a72 524
526 595
" 11213 " 12895
11209 12890
a4 5
1713 1902
26751 30847
37291 42051
498 533
53| SP Revenue S .. ® 1
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power can also be osite (and thus there is no wheeling of power or associated
charges) or ofkite (in which case wheelingharges apply Thus, captive sales
migration can be onsite RE, offsite RE, onsite-R&and offsite noRRE. Rooftop solar

is treated as a special case of captive onsite ®insistent with the policy in AP,
additional surcharge andross subsidy surcharg€$¥yare currently not applicabléo
sales that migrate through theaptiveroute.

Open Accessg All open access consumers pay wheeling charges, CSS atidnadidi
surcharges in the model. Consumers who avail power from renewable energy sources
can be provided concessional rateAndhra Pradesh has 100% concessions for
wheeling charges forenewable sources and 100% concessions for esobsidy
surchargesand additional surchargefor power purchased from solar generators

locatedwithin state geographical boundaries.

The user can choose the proportion chtegorywise sales that migratehrough the open

access andaptiveNR dzi Sa® ¢KAA& A& R2yS Ay (KS aal

the blueshaded cells irScreenshot1l2. ¢ KSNB A a | KSfLISNI akKSSi

Iy

y Iy

[ £ Odzt  62NE 6 KAOK OF y -Wise progart®R of $als ndgyatios hisisk S O

described in sectio®.4.5. The quantum of sales migrating from each category is subtracted

from the projected sales in the same sheet to arrive at net sales for the category ishiun

used to calculate revenue from retail tariffs and for determining energy requirement of

DISCOMs.
Screenshotl2: Sales migration via renewable energy open access

A D E F G H 4 K L
1 |APSPDCL
32
33 Sales migration due to Open Access asa % of total sales % of total sales to OA RE
34 Open Access FY19 FY20 FY21 FY22 FY 17 Fy 13 FY 19 FY 20 FY21
35 | HT Industrial
36 EHV 2% 3% 3% 3% 0.9% 1.2% 1.5% 1.8% 2.1%
37 33kv 2% 2% 3% 3% 0.6% 0.8% 1.2% 1.5% 1.9%
33 11kv 2% 2% 3% 4% 0.6% 0.9% 1.2% 1.6% 2.0%
39 HT Others
40 EHV 2% 2% 2% 2% 0.8% 1.0% 1.1% 1.3% 1.4%
41 33kv 1% 1% 1% 1% 0.2% 0.3% 0.4% 0.5% 0.6%
42 11kv 1% 1% 1% 2% 0.4% 0.5% 0.7% 0.8% 1.0%
43 |HT Total
44 | LT Domestic
45 LT Domestic Small 05
45 LT Domestic Medium 05
47 LT Domestic Large O
48 | LT Commercial
45 LT Commercial Small 05
50 LT Commercial Medium 05
51 LT Commercial Large O
52 | LT Industrial
53 LT industrial small 05
54 LT industrial large O
55 |LT Agriculture
56 With DSM o
57 Without DEM o
58 LT Others 05
59 |Total LT
50 |Total [LT+HT)
51 |RESCO 11kV 056
52 | Total [LT+HT+RESCO)

M4 M P5| Private < H2| RPO -~ P&| NCE | S1]| SP Sales and Migration 52| SP Migration Option Rates 53| SP Revenue 54| SP Distribution Cost
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5.4.4 Sales Migration Rates

The rates applicable for sales ma@gon are listed in sheetsEQ EP Migration Option Radeé

and 6S3 SP MigrationOption Ratest. Sales ngration rates includevheeling chargesgross

subsidy surcharg€CSS)standby chargg additional surchargeand penalties for exceeding
contracted demandThe wheeling charges and additional surcharge are input by the user on a
per unit basis, the CSS is estimated based on the losses, tariffs and costs specified as per the
formula in the National Tariff Policy. The standby charge levied and the penaltydeeding
contracted demand is tunction ofthe excess power procured which needs to be input by the
user as a proportion of the sales migration assumed bytes.

For examplecharges fronopen accessenewable energy (OA RE) consumefr&PDClwhich
also includes irstate solar generatiorare estimated as follows:

a. Wheeling chargesThe wheeling charg@put inii KS &2 K S S f (Re/kWhitaBldoNA S &
i K §2] BPMigration Option Raté ¢  A(&dfpiSeid for any applicable rebate specified in
the same table)s multiplied bythe quantum of sales migratio® f Odzf i SR Ay (KS
h! w9 6a' @F &HOSO@A20¢ { I {6 ZalcHaebe ravermidNdroA 2 Y ¢
wheeling chargesn 6 KS a2 HXSINEYSH owad/ NDé aSOhGAaAzy 27
aAdNI GA2yé aKSS
b. Cross Subsidy Surcharg€SS)The CS$ y LJdzii Ay GKS &/ {{ oftkd NASa
0EJQ EP Migration Option Ra&e{adjusted for any applicable rebate specified in the same
table) is multiplied with the quantum of sales migration estimatedink §4 EP Sales and
Migratioré to arrive atthe revenue for the DISCOM from CSS. The rate specifieki® ¢ / { {
/ Kl NHS & §s itselSdedided2bgised on theverage power purchase cost amdltage-
graS t2aasSa yR ¢g5 OKFNHSaE Ay GKS a/ NRraa a
9t aA3dINF GA2Y h LI A 2pfopatibnioBestinated KBRSfor the datgdgdry U K S
GKS a/{{ [/ KIENRASa¢ &aSOlA2y 0¢KAOHtiodalaTari&Si G 2
Policy, but can be changed by the useks rebatesto open access charges are only
applicable to intrastate solar powerthe user needs tenter how much of the RE open
access estimated is intrstate and solah Yy (0 KS ah LISy -3 DIOSNEL ITWR Ya Iy
FO0Saa (eS¢ aSOlAz2ya Ay GKS a9upy 9t aAINIF GA
c. Additional Surcharge:The per unit additional surcharge input the ¢EQ EP Migration
Option Rata &heet (adjusted for any applicable rebate specified in the same table)
multiplied bythe quantum of sales migration estimatedtime EZJ EP Sales and Migrati&n
sheetto calculate the total revenue from additional surcharigethe ¢E4 EP Sales and
Migration€ sheet As the applicability for the concession is only for irgtate solar projects,
the treatment is the same as CSS.
d. Standby chargesand associated penaltiesThe proportion of sales via open access or
captive whichusesstandby powerisinput inG KS a{ GF yRo& | &BEP aSO0 A
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Migration Option Rat& &nd applicable rate is specifiedinK S & { G yRo& [/ KI NHS
sectionof the same sheet. When multiplied with the quantum of sales migration estimated

in the 6EJ EP Sales and Magioné sheet revenue from standby chargés determined if

the 6EJ EP Sales and Migratidsheet) Likewise, pnalties for exceeding the contracted
demandare calculated by using the same sales quantoraportion of excess procurement

from demand the per-unit fixed costand penalty multiplier inGd KS awSdF A€t & dzLJLJ
aSOUA2Y 2F (GKS d9Hp.9t aAdINFXadAaAzy hLIA2Y wl {8

5.4.5 How to use the Open Access Calculator

SheetdH3 Open Access Calculatois a helper sheet that aids in inputting the percentage
values for sales migration to Open Access and Captive opRafer toScreenshotfl3 for more
details. The blue cells in this sheet are the input options. The first table in the shees(Roav
10) calculates the migratidikelihood of an HT consumer.

Screenshotl3: Extent of sales migration through the open accesdculator

A B c D E F G H |

1
2 Non RE RE RE RE Non RE Non RE

3 Migration Likelihood Open Open Captive  Captive Offsite  Captive  Captive Offsite

- Assumed Base Rate - - 4 2 < <

5 Wheeling Charges 0.04 0 0 0 0 0.04
6 css 134 0.402 0 0 0 0

7 Additional Surcharge 1 1 0 0 0 0
8 Assumed Effective Rate 6.38 5.402 < 4 4 4.04

9 Assumed HT DISCOM tariff 6.67 6.67 6.67 6.67 6.67 6.67
10 Savings from migrating 5% 23% 67% 67% 67% 65%
1
12

e Sales
HTSaIeszngzg;atlon oy Baseline migration  Proportions

13 scenario
14 Overall 10% 50%
15 Open Access 3% 15% 30%
16 RE 2% 11% 70%
17 Non RE 1% 5% 30%
18 Captive 7% 35% 70%
19 Onsite RE 2% 9% 25%
20 Offsite RE 2% 95 25%
21 Onsite Non RE 2% 9% 25%
22 Offsite Non RE 2% 9% 25%

3 10% 50%
24
25 Open Access
26 Baseline FY17 FY18 FY19 FY 20 Fy21 FY 22 Baseline
27 HT Industrial 80% | HT Industr
28 EHV 1% 2% 2% 3% 3% 3% 60%
29 33kv 1% 1% 2% 2% 3% 3% 207
3 11kv 1% 1% 2% 2% 3% 4% 20%
3 HT Others 20% | HT Others
32 EHV 1% 1% 2% 2% 2% 2% TS
33 33kv 0% 0% 1% 1% 1% 1% S%
M4 > M E4| EP Distribution Cost ES| EP Energy accounting E6| EP ARR | H3| Open Access Calculator

To understand the functioning of this sheet, let us assume that in the baseline scenario 10% of
all HT consumers migrate by FY 22 (C14). E15 to E22 (blue cells) can be filled up by entering
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percentage values to denote which sales migration option would be selected. If 30% of the
migrating sales arthrough open acessthe remaining70% wouldmigrate through thecaptive

route. Further, the usercan allocate a % of operteesssales migrationo RE sources ¢t E15

7099 and remaining (30%) would migrate to n®E sourcesSimilarly, of salemigrating to
captivesourcescan be classified as onsite RE, offsite RE, onsitdRigroffsitenon RE (cells E19

to E22 25% each of the 70% that migeato captive sourcgs Once this is done, the useeeds

to allocate the sales migration proportions between HT Industrial category and HT Others (Cell

127 to 124) resulting in the final categonyise migration percentages (to the right of column I)

Thei S ydzYoSNAR OFy ©6S O2LASR 2@0SN) G2 GKS a{lftS
processcanbe repeated for captive migration options.

5.5 Energy Accounting
Sectiond.2 provides a brief overview of the variogalculationan the energy accounting sheet.
Some @amplecalculations are explaindakelow:

5.5.1 Estimation of total energy requirement give T&D losses

Thevoltage wise T&D losses and sahesnbers areused to estimate the energy requirement.
Based on the power procurement from long term sources, the shortage or surplus is
established. The energy accourtitable is depicted iGcreenshofi4 for SPDCL.

Screenshotl4: Estimation of surplus/shortages

A B & D E F G |
1 APSPDCL |
2 Energy Accounting FY 17 FY 18 FY 19 FY 20 FY 21
3 Sales at DT level (MU) 20156 23152 26611 30607 35226
4 Losses at DT level b 4.75% 451% 4.42% 4.33% 4.24%
5 Power available below 11 kv (MU) 21162 24245 27842 31993 36786
6 Sales at 11 kv (MU) 2682 2890 3129 3404 3719
T Losses at 11 kv h 3.65% 3.47% 3.40% 3.33% 3.237%
8 Power available below 33 kv (MU) 24747 28111 32061 36616 41875
9 Sales at 33 Kv (MU) 3584 3628 3676 3726 3780
10 Losses at 33 kv b 3.61% 3.43% 3.36% 3.29% 3.23%
i Total power at D<->T periphery (MU) 25392 32867 36979 41714 47179
12 EHV sales (MU 3375 3508 3670 3865 4099
13 Intra-state transmission losses h 3.34% 2.90% 287% 2.85% 2.83%
14 Total power demand at state G<->T periphery (MU) 33899 37461 41849 46916 52771
15 Inter-state power procurement (MU) 10747 7807 8116 8116 8116
16 Inter-state transmission losses h 357% 357% 3.50% 3.43% 3.36%
17 Intra-state power procurement (MU) 22919 35382 35494 43480 44627
18 Total power procurement at state G<->T periphery (MU} 33282 42911 43326 51317 52470
19 Surplus (+)/Deficit (-} (MU) -617 5450 1477 4401 -301
20 Power purchase (+) /sale (-] via inter-DISCOM sales 0 0 ] [s] 301
21 Inter-DISCOM sale settlement (Rs. Crs) 0 0 o 0 123
22 surplus (+)/Deficit (-] after D-D settlement (MU) -617 5450 1477 4401 0
23
M4 kb 55| SP Energy Accounting < 56| 5P ARR E1| EP Sales and Migration E2| EP Migration Option Rate E3| EP Revenue [ JORN

The losses at the DT level, 11 kV level, 33 kV level and EHV level are specified in Row 4, Row 7
andRow 10 respectively. The voltage wise sales from the Sales and Migration sheet is reported

in Row 3, Row6, Row 10 and Row TRBe sales are grossed up using voltagge distribution

losses andntra-state transmission lossemgsulting inthe total energy requirement at the state
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level in Row 140n the supply sidgpower generatiorfrom in-state and outof-state sourcesas
reported indP1 |PP Al sheetis shown irrows 17 and 15 respectivelynter-state transmission
losses are applied aspecified inrow 16 to arrive at lhe total power available at the state
boundary The difference between estimates for power requirementaw 14 and total power
available irrow 18 detemines the surplus or shortages.

5.5.2 Surplus/Shortages and their treatme nt
In case of surplus, the user can back down capacity via PLF adjtstmseatescribed inestions
5.3.2and5.3.3 Scre@ashot15is another snapshot of the energy accounting sheet in the model.

Screashot 15: Sale of surplus/prchase to meet shortages

A B C D E F G H
23
24 Surplus Management FY 17 FY 18 FY 19 FY 20 FY 21 FY 22
25 Surplus (MU]) 0 5450 1477 4401 0 0
26 % surplus available for sale 100% 100% 100% 100% 100% 100%
27 Surplus available for sale (MU) 0 5450 1477 4401 0 0
28 Revenue from sale of surplus (Rs. Cr) 0 1395 378 1127 0 0
29 Source of sale
30 Sale vig bilateral markets 50% 50% 50% 50% 50% 50%
k] Sale vig power exchanges 30% 30% 30% 30% 30% 30%
32 Ul transactions 20% 20% 20% 20% 20% 20%
33 Rate of sale
34 Bilateral 3.00 3.00 3.00 3.00 3.00 3.00
35 Power Exchange 270 270 270 270 270 270
36 ur 1325 1.25 1.25 1.25 1.25 135
37
38 Deficit Management FY17 FY 18 FY 19 FY 20 FYy 21 FY 22
39| |Shortage (MU) 817 0 0 0 0 0
40 % of shortage to be addressed BO0% BO% B0% BO% BO% BO0%
41 Short term power requirement (MU) 404 0 0 0 0 0
42 Source of purchase
43 Purchase via bilateral markets 60% 60% 60% 60% 60% 60%
44 Purchase vig power exchanges 20% 20% 20% 20% 20% 20%
45 Ul transactions 20% 20% 20% 20% 20% 20%
46 Rate of sale (Rs.kWh)
47 Bilateral 3.00 3.00 3.00 3.00 3.00 3.00
43 Power Exchange 270 270 270 270 270 270
49 ut 125 125 1.25 125 125 1325
50
5 Load shedding conducted (MU) 123 0 0 0 0 0
52 Cost of short term power purchase (Rs. Cr) 128 0 0 0 0 0
53
M 4 » ¥ | S5] SP Energy Accounting .~ 56| SP ARR E1| EP Sales and Migration E2| EP Migration Option Rate E3| EP Revenue E4| EP Dis JHI[_u_]

The user can specify the proportion of surplus for sal®av27. Based on the proportion of
surplus sold through trading licensees or to DISCOMSs, power exchanges and the power settled
via the DSM mechanism input by the usergaws 30, 31 and 32 respectively and the rate of
sale of power through each avenue inpit rows 34 to 36, the revenue from surplus is
determined inrow 28.

In case of shortages, the user can chose to procure short term power from trading licensees,
DISCOMs opower exchangesor the powercan settled via the DSM mechanism. The
proportion of purchase from each avenue and the rate of purchase is estimated in a similar
fashion in to sale of surplus. The final cost due to short term power procurement is estimated in
row 53. In cae the user does not procure shoréerm power, the DISCOM will have t
undertake load shedding during the year, whose quantum is reportecwbl.
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If one DISCOM faces shortages and the other surplus, the surplus DISCOM first allocates the
power to the shortage DISCOM at a rate specified inde@ PP Assumptiordssheet(described

in Table3). The cost impact of such int®SCOM sale is shown in the energy accounting
sheets.

5.5.3 Estimation of transmission costs

The energy accounting slets project the transmission charges based FYil7transmission
chargesenteredA y (1 KS @& ¢ NI y & Y ASaréehshofl6 il0radtes this @v&s Qdiahd? vy &
96). Growth ratesfor transmission chargeseed to be input in cedll94 and 196. The projected
per-unit transmission charges ammultiplied with the applicableintra-state and interstate
power procurement tacalculatethe total transmission costs mows 95 and 97.

Screenshotl6: Estimation of transmission costs

B c F G H
79 |Non Solar REC requirement (MU) 0 0 o 0
80 |Average rate of non solar REC (Rs/kWh) 2 2 2 2
81 |Total cost of non-solar REC (Rs Cr) 0 0 o 0
82 |Procurement in excess of non-solar RPO (MU) 709 1191 874 864
83 |Cost incurred in excess of RPO (Rs.Cr) 325 533 388 376
84
85 Power Procurement costs FY 17 FY 20 FY 21 FY 22
86 |Total power purchase (MUs) 34160 45294 50087 55566
87 |Cost of long term power procurement (Rs. Crs) 12265 17820 19807 22513
88 |Cost of short term power procurement (Rs. Crs) 128 o o o
89 |Cost adjustment due to inter-DISCOM exchanges -179 -471 -740 -988
90 |Cost of REC (Rs. Crs) 0 0 o 0
91 |Total cost of power procurement (Rs. Crs) 12214 17348 15067 21526
92
93 Transmission cost FY 17 FY 20 FY 21 FY 22 CAGR (%)
94 | Intra-state transmission charges (Rs/kWh) 0.23 0.34 0.38 0.43 13%
95 | Intra-state transmission costs (Rs. Crs) 549 1274 1604 2049
96 | Inter-state transmission charges (Rs/kWh) 007 0.08 0.08 0.08 1%
97 | Inter-state transmission costs (Rs. Crs) 246 343 384 430
98 |Total transmission costs (Rs. Crs) 795 1617 1987 2479
99
100
101
1N
4 r H S4| SP Distribution Cost $5] SP Energy Accounting < 56| SP ARR E1| EP Sales and Migration E2| EP Migration Option |I| 4

5.5.4 RPO compliance and its impact

Based on theestimatedenergy requirement and the procurement of renewable energy power
input in the P6 PP NCé&sheet RPO compliance status and impace analysedn the energy
accounting sheetsScreenshofl7 provides details of thianalysis

The solar and nosolar renewable purchase obligation percentage is an input value and the
energy quantum calculation is based on the tagalesin eachDISCOMAs RPO is based on
sales the magnitude required to be purchased by the DISCOM to ensure compliance will
reduce with increase in sales migratioln case of shortfall of RPO compliance, there is
provision in the model to purchase Renewable Energgificates (RECs)The user camput

the rate at whichREG (solar and norsolar)are purchasedThe table als@alculatesthe cost
incurreddue to capacity additiom excess of RPQo(rs 69 and33).
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Screenshotl7: RPQcompliance

A B Cc D E 7 G H
53
54 Renewable Energy Purchase Requirement FY 17 FY 18 FY 19 FY 20 FY21 FY22
55 Total consumption (MU) 33776 37461 41845 46916 52771 59519
56 Solar RPO (%) 0.25% 3% 4% 5% 6% 7%
57 Solar RPO backlog to be met (MU) 0 39 43 53 8 0
58 Solar RPO requirement (MU} B4 1163 1717 2359 3175 4186
59 Solar RE purchase (MU} 903 1831 1831 2334 3091 4005
60 Cost of solar power (Rs/kWh) 6.32 5.84 5.84 5.34 4.83 441
61 Solar RPO excess (+)/shortfall (-) (MU) 819 668 114 -65 -83 -161
62 Inter-DISCOM solar purchase (MU) 0 0 0 65 83 161
63 Cost of Inter-DISCOM solar purchase (Rs. Cr) 0 0 0 35 40 71
64 Solar RE purchase after inter-DISCOM adj (MU) 903 1831 1831 2389 3175 4166
65 Solar REC requirement {MU) 0 0 0 0 0 0
66 Average rate of solar REC (Rs/kWh) 1 1 1 1 1 1
67 Total cost of solar REC (Rs Cr) 0 0 0 0 0 0
68 | [Procurement in excess of solar RPO (MU) 819 668 114 0 0 0
69 Cost incurred in excess of RPO (Rs.Cr) 517 390 67 0 0 0
70 Non-Solar RPO (%) 5% 6% 7% 8% 9% 10%
i Mon-solar RPO backlog to be met (MU) 0 416 492 0 0 0
72 Mon-solar RPO requirement (MU) 1689 2663 3421 3753 4749 5952
73 Non- Solar RE purchase (MU) 2398 4316 4428 4540 4931 5717
74 Cost of non-solar power (MU) 459 444 4.46 448 445 435
75 |Non Solar RPO excess (+)/shortfall (-) (MU) 709 1653 1007 787 181 -235
76 Inter-DISCOM non-solar sale (-)/purchase (+) (MU) -438 -359 -877 -1156 -1814 0
77 Cost of Inter-DISCOMnon- solar sale (-)/ purchase (+) | -17% -147 -389 -471 -740 0
78 Mon Solar RE purchase after inter-DISCOM adj (MU) 1960 3957 3451 3385 3117 5717
79 Mon Solar REC requirement (MU) 0 0 0 0 0 235
80 Average rate of non solar REC (Rs/kWh) 2 2 2 2 2 2
81 Total cost of non-solar REC (Rs Cr) 0 0 0 0 0 35
g2 Procurement in excess of non-solar RPO (MU} 708 1653 1007 787 181 0
83 Cost incurred in excess of RPO (Rs.Cr) 325 733 449 352 81 0
M4 rH S5| SP Energy Accounting .- 56| SP ARR E1| EP Sales and Migration E2| EP Migration Option Rate E3| EP Revenue E4| EP Dis

If one DISCOM has RE procurement for solar andsotar in excess of requirement, then the
excess RE power can also be allocated to the other DISC@Ms Bhown imow 63 for solar
androw 76 for nonsolar.

5.6 Distribution Cost

Costs related to the distribution segment of the utility business are predominantly wires costs

and are discussedn three sectionsg capital expenditure, operation and maintenance, and
othercosts¢ KSasS O2aida INBE RSO AT SR azidi aakyS SiiK SF 24N9 Oy
G{np {t S5A&0GNROdziA2Y [/ 2ai(é¢ AKSSG F2NI {t5/[

5.6.1 Capital Expenditure

As per the APERC regulations, the capital expenses are determined based on the Weighted
Average Cost of Capit€WACC) pproach. This measure will capture the debt aequity

related expenses for thBISCOM. As shown 8treenshotl8, in order to estimate the Return

on Capital EmployedRoCEXuring the year for theDISCOM, the user has to specify the
capitalisation in C5 to H5. The capitalisation can be specified on an annual basis or based on a
growth specified in I5. The user would also need to specify the retirement of assets if any. This
would help estimate the@pening and closing balances fotefld assets during the year iow 4

and row 5. Depreciation costs arecalculated (in row 13) based on inputs for e of
depreciation (ow 9) multiplied by the capital expensésow 3) net of capital expenses financed
through grantgrow 11)and the conamer contribution(row 12)
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The user will also need to input the ratio between debt and equibyv(15), the interest on
long term loadsrpow 16) and the % return on equityov 17) eared by the DISCOMs. These
parameters are used to estimate the % WACC (Weighted Average Cost of Caqmtal)l

Screenshotl8: Estimation of capital expenses

A B C D E F G H
1 APEPDCL
P Capital Expenditure FY 17 FY 18 FY 19 FY 20 FY 21 FY22  CAGR (%)
3 Capital expenses (Fixed Assets ) [Rs. Cr)
4 Opening Balance 5582 8372 7258 8263 9404 10699
b Addition in fixed assets (Capitalisation) 780.25 886 1005 1141 1245 1470 14%
6 Retirement 0 0 0 0 0 0 0%
7 Closing halance 8372 7258 8263 9404 10695 12168
g Depreciation (Rs. Cr)
g % Depriciation 6% 6% 6% 6% 6% 6%
10 Assets depreciated
11 Capex financed through grants 16 16 16 16 16 16
12 Consumer Contribution 120 128 137 147 157 168 7%
13 Depreciation (Rs. Cr) 327 374 426 486 554 631
14 Weighted average cost of capital (WACC)
15 Debt- Equity Ratio 3 3 3 3 3 3
16 Interest on long term loans 12% 12% 12% 12% 12% 12%
17 Return on equity 14% 14% 14% 14% 14% 14%
18 WACC 12.50% 12.50% 12.50% 12.50% 12.50% 12.50%
19 Return on capital employed
20 Regulated rate base (Opening Balance) 1948 2198 2486 2818 3200 3638
2 Addition to regulated rate base 159 184 213 246 284 3127
22 Regulated rate base (Closing Balance) 21498 2486 2818 3200 3638 4142
23 ROCE (Rs. Cr) 275 311 352 400 455 518
24 Total Capital Expenditure (Rs. Cr) 602 684 779 886 1009 1149
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Based on thepeningbalance of the rate bas@ow 20), addition of assetsn eachyear whch
has not been financed through grant@and depreciation, the addition to the rate based is
determined(row 21) WACC rate is applied tbe resultingclosing balancérow 22) to calculate
the RACE irow 23. The sum ahe depreciation costs and theoRE estimatedieterminesthe
total capital expenditure.

5.6.2 Operation and Maintenance

Theoperation andmaintenance(O&M) costs are arrived at bgnteringthe rate of growth for
employee expenses, administrative and general costs r@pair and maintenance costs for
each yearThe employee expenses and the administrative and general eostsased on the
base year expenses amdh inputgrowth. Repair andnaintenanceexpenses ardixed at2%of
the fixed assets

5.6.3 Other costs
RATEAP also accounts for other distribution costs such as the working capital requirement
(estimated as M2 of the O&Mexpensesps well asncome tax payments, appropriation for
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safety measures all of which need to be inpufor the base yeamand projected based on
specified growth rates.

5.7 Revenue and revenue gap estimation

5.7.1 Revenue and Tariff

Categorywiserevenue from sale of power and tariffs are calculated in shé8% SP Revenue
andEJ3 EP Revenue Theconsumercategories are the sae as described in Secti@.1land
used in thedSales and Migratignsheets.Screenshofl9illustrates how revenue is calculated

Screenshotl9: Categorywise tariff inputs

B J K L M M 0] P Q
] | e APEPDCL
2 Consumer Category & Consumption Slab % Annual increase in Average Billing Rate Average Billing Rate (Rs/
3 FY 18 FY 19 FY 20 FY 21 FY 22 EY 17 FY 18 EY 19 FY 20
4 HT Industrial 3% 3% 3% 3% 3% 6.64 6.87 711 7.35
5 | ev| s% [ 5% 1 s% 5% 5% 537 6.16 65.47 6.79
[ 33kv| 3% 3% 3% 3% 3% 691 7.09 7.28 7.46
7 1ikv| 2% 2% 2% 2% 2% 7.92 8.07 8.22 8.37
& |HT Others 2% 2% 1% 1% 1% 7.53 7.65 7.76 7.88
9 EHV| 2% 2% 2% 2% 2% 677 691 7.05 7.19
10 33kv 1% 1% 1% 1% 1% 7.35 7.42 750 7.57
1 1ikv| 1% 1% 1% 1% 1% 9.03 912 921 9.30
12 |HT Total 3% 3% 3% 3% 3% 6.86 7.07 7.28 7.49
13 |LT Domestic 3% 3% 3% 3% 3% 3.09 3.18 327 336
14 LT Domestic Small 3% 3% 3% 3% 3% 198 203 210 216
15 LT Domestic Medium 3% 3% 3% 3% 3% 314 3.23 333 3.43
16 LT Domestic Large| 3% 3% 3% 3% 3% 5.59 5.76 593 6.11
17 LT Commercial 3% 3% 3% 3% 3% 9.24 9.51 9.80 10.09
18 LT Commercial Small 3% 3% 3% 3% 3% 8.54 8.80 9.06 9.33
19 LT Commercial Medium 3% 3% 3% 3% 3% 9.28 955 9384 10.14
20 LT Commercial Large| 3% 3% 3% 3% 3% 9.28 956 9.85 10.14
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