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1. Executive Summary

Over the last half a decade, the Indian power sector has witnessed success stories and has undergone dynamic
changes. However, the road ahead is entailed with innumerable challenges that result from the gaps between
what is planned and what the sector has been able to deliver. Demand forecasting of power, thus, has an
important role to play in effective planning and in minimizing the gaps.

The subject of forecasting has been in existence for
decades. It involves prediction of future power demand over
different planning horizon. It is an essential tool for planning
of generation capacities and commensurate transmission
and distribution systems, which will be required to meet the
future electricity requirement. Reliable planning of capacity
addition for future is largely dependent on accurate
assessment of future electricity demand. Electricity demand
forecasting is an essential exercise for every utility as it forms
the basis for the development and optimization of power
portfolio across various term time horizons.

The methods adopted for electricity demand forecasting

have also evolved over time. Previously, extrapolation of

past trends used to be the primary method. However, with

the growing impact of macro and micro economic factors,
emergence of alternative technologies (in supply and end-

use), demographic and lifestyle changes etc., it has become ==
imperative to use modeling techniques which capture the effect of factors such as price, income, population,
technology and other economic, demographic, policy and technological variables. The future will demand the use
of more hybridized and probabilistic approaches to forecast the electricity requirement more accurately.

In India, the Electric Power Survey (EPS) carried out by Central Electricity Authority (CEA) is the primary
forecasting study based on which all-planning activities in the power sector are carried out. CEA undertakes the
study periodically based on historical data using established methodologies. The forecast results are developed
for distribution utilities, state, region and at a national level for short, medium and long-term horizons. One of the
observed gap in the results of 18" EPS, released in December 2011, has been the YoY variation between
forecast and actual electricity requirement. For the period from FY 2011-12 to FY 2015-16, the actual energy
demand was lower by up to 11.39% and the peak demand was lower by upto 16.60%. On average, the demand
has been lower by 5% on YoY basis. This has left the country with supply overhang with a large newly added
capacity distressed with no PPAs.

CEA in 19t EPS, released in January 2017, has also highlighted the difference and scaled down the energy
forecasts for 19" EPS by around 14.35% in FY 2016-17, 17.79% for FY 2020-21 and by 24.45% for the year FY
2026-27. The variation between what is projected and actuals may be dependent on various factors like
methodology adopted, forecasting technique used, data reliability, usage of growth and other input factors etc.

Besides use of appropriate methodology and tool, accuracy of demand forecast will also depend on choosing the
correct baseline data, which takes into account the unserved demand and the latent demand. Therefore, it is
important to look at alternate methodologies that can minimize such variations.

During the draft stage of the National Electricity Plan (NEP), the World Energy Council India (WEC India) had
provided several suggestions. One of the major suggestions was to undertake baseline correction of historical
data before undertaking a forecast. In addition to that, a need was also felt to review the existing demand
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assessment methodologies in order to identify gaps and to develop an alternate methodology. The present study
aims to propose an alternate methodology for electricity demand assessment and forecasting.

1.1. Objective and scope of the study

Objective of the study:

1.

A ®

Review and identify gaps in the existing electricity demand forecasting methodologies;
Develop an alternate bottom up methodology for undertaking electricity demand forecast;
Undertake baseline correction of historical data and forecast for a selected state;

Validation of forecast results by comparing with results from existing methodologies;

Suggest strategies and implementation plan on supply side to meet the forecasted demand.

The following chapters cover in details the scope and each of the objectives.
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2. Review of forecasting methodologies of
major sectors in India

2.1. Coal

2.1.1. Introduction

India is the third largest coal producer in the world after China and the USA. The total coal production in India
was around 612 million tons (MT) in FY 2015, which increased to 626 MT in FY 2016. Ninety per cent (90%) of
the domestic production comes from public sector coal producers with only ten percent (10%) being produced by
the private sector. India imported a total of 212 MT of coal in FY 2015 and 193 MT in FY 2016, which is equivalent
to ~ 30% of the domestic coal requirement in the country based on tonnage.

The total coal demand in the country was expected to be around 1.27 1.5 billion tons (BT) by 2020 as per various
estimates by the government and independent agencies. Considering this, the Ministry of Coal (MoC) had earlier
set up a target of more than doubling the coal production in the country to reach a production level of 1.5 BT by
FY 2020. The government aimed to increase coal production of Coal India Limited (CIL) to a level of 1 BT by FY
2020, while the balance production was to be met by the private, state and central sector PSUs. However, due
to weak demand from thermal power plants and with a net surplus power situation in the country, the Government,
in the current FY 2017-18, reduced the production target of CIL from 660 MT to 600 MT. With the policy push for
more renewables, the projections in the shorter term are expected to be affected.

Indian coal sector faces a mismatch between the location Figure 1: Estimate reserves of coal as on March

of coal reserves and mines. While the reserves are 2017. Total 308.8 BT
‘.29%

concentrated in eastern and central India, the high- 5 13%
demand centers are in the northwest, west and south. 6.93%
Only around 14% of installed capacity is located in the
eastern region where coal production is concentrated. 8.71%
The states with high coal availability which account for

24.58%

95% of coal reserves are

A Jharkhand 10.21%

A Odisha
A Chhattisgarh

18.15%
A West Bengal,

A Madhya Pradesh = Jharkhand = Odisha

A Telangana Chhattisgarh = West Bengal

Madhya Pradesh = Telangana

Since the high-demand centers are not in close vicinity = Others

of coal reserves, a tons of coal has to travel on average

more than 500 km before it is c¢onyve il thesvark andleadirlgeodransiti ci t y
losses. Also, for a number of thermal power stations in India, coal transportation requires last mile connectivity

by road, thereby increasing the overall costs.
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2.1.2. Demand projection of Coal

Coal contributes over half of Indi aés pri mary commerci al energy. Though
gradually expected to increase in the coming years, CO:
energy mainly due to countryo6s &reglghie ptichwlatiita | power <capa

Methodology and demand projection of coal done by various bodies is presented below:

2.1.2.1. Draft National Electricity Plan 2016: CEA

The projections provided in the draft National Electricity Plan (NEP), released in December 2016, are based on
the draft 19th EPS. The methodology and projections given here are as per the draft NEP 2016. Upon finalization,
the methodology and projections might be modified in the future.

2.1.2.1.1. Methodology

CEA carried out the assessment based on the power requirement of States/UTs considering the past growth
rates and the increase in electrical energy requirement on account of Power for All, Make in India initiatives,
reduction in demand on account of DSM and various efficiency improvement measures being under taken by the
Government. The total electricity requirement on All India basis was worked out accordingly.

For the year 2016-17, coal based generation programme of 921 BU was estimated in consultation with the power
utilities (estimated growth of 6.9%). The total coal requirement of 600 MT for the power plants has been estimated
considering normal monsoon year during the year 2016-17.

With the provisional demand projections and likely Renewable Energy Sources (RES) capacity addition, the coal
based generation has been estimated and accordingly provisional coal requirement has been worked out.

The assumptions considered are given as follows:
A The likely capacity addition of RES has been considered in three cases viz.,

Table 1: Likely capacity addition of RES
Case | Casel ll Case lll

65,326 MW by the terminal year

115,326 MW 90,326 MW 2021-22

A With the above estimate, the total capacity of RES will be 175 GW in Case-l, 150 GW in Case-ll and 125
GW in Case-lll respectively by 2021-22

A Coal requirement for the year 2021-22 have been worked out considering 30% reduction in Hydro
generation due to failure of monsoon and being supplemented by coal based generation

A During 2026-27, the total capacity of RES has been estimated to be 275 GW capacity, considering 175
GW of total capacity at the end of the year 2021-22 and 100 GW capacity addition of RES during
FY2022-27.

A Adequate coal is expected to be available for the coal based power plants during 2021-22 and 2026-27

2.1.2.1.2. Projections

Given the above methodology and assumptions, the coal requirement in the year 2021-22 and 2026-27 have
been estimated by CEA as follows:
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Table 2: Estimated Coal requirement in the year 2021-22 and 2026-27*

Particulars 2021-2022 2026-27
Renewable Scenarios RES: 175 GW RES: 150 GW RES: 125 GW RES: 275 GW
Total coal based generation (BU) 1074.4 1127.4 11775 13315
Total coal Requirement (MT) 727 763 797 901
Ln;slo(rlt:Tl;y plants designed on imported 50 50 50 50
Domestic Coal Requirement (MT) 677 713 747 851

With CIL production target of one BT by 2019-20, it is expected that there would be no shortage in the availability
of coal for the power plants during 2021-22 and 2026-27. In addition, coal production from the captive coal blocks
allotted to power utilities would also supplement the availability of domestic coal.

The estimated coal requirement developed by CEA as provided above is more of a top down approach. The
aggregation of coal demand by considering individual sectors in which coal is being used is not available for the
present projections. Historically, from the period FY06 to FY16, 64-68% of the total raw coal is used by power
utilities and 6-10% of the total raw coal by captive power producers. Assuming similar scenario continues for the
next decade also, coal will be required to meet the major power requirements of the country.

2.1.2.2. NITI Aayog

NI'TI Aayogds model consists of two projections viz.

A Projections from Demand side: Coal demand based on input demand from Power plants and Industries
A Projections from Supply side: Coal demand to be met by domestic production and imports

2.1.2.2.1. Demand side Projections

The assumption considered is that coal demand is based on aggregate of (i) input coal demand from coal power
stations and (ii) Industries.

(i) Methodology for input based demand projections
The general assumptions while deriving various scenarios/levels are as follows:

A The capacities mentioned include utility and captive power plants fired by coal or lignite, though a lower
PLF is assumed for as utilization will be less

A Captive power plants do not use efficient technologies as they are mostly small sized while newer
technologies (e.g. supercritical technology) need larger capacities

A The energy generation and coal requirement computed for different capacity addition trajectories also
depend on efficiencies of coal-fired thermal power plants

NI' Tl Aayogdbs stendried: has four

Level 1: Least effort scenario
A Coal based power generation is discouraged due to increasing fuel prices, import dependence, pressure
to reduce carbon emissions, reducing prices of renewable energy etc.

1 Draft National Electricity Plan December 2016
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A PLF of power plants remains 73% up to 2032 and improves to 74% in 2047

Level 2: Determined effort scenario
A Installed capacity will grow rapidly to 297 GW in 2027, and then grow slowly to 333 GW in 2047 due to
increasing coal prices, increasing import dependence and increasing pressures to reduce emissions.

A PLF is assumed to improve to 75% for next two decades and to 76% by 2047

Level 3: Aggressive effort scenario
A Level 3 assumes a coal-fired capacity addition slightly lower than 8% GDP growth scenario. The growth
rate of capacity addition is assumed to reduce subsequently.

A Current PLF will improve to 77% for next two decades and to 78% in 2047

Level 4: Heroic effort scenario
A It assumes a coal-fired capacity addition slightly lower than 9% GDP growth scenario.

A The growth rate of capacity addition is assumed to reduce subsequently.

A Installed capacity will grow to 591 GW in the next 35 years i.e. by 2047 due to improved domestic coal
supply, softening of imported coal prices and availability of more carbon space to countries like India.

A Current PLF will improve to 79% for next two decades and to 80% in 2047

Projections on Coal requirement from Power Stations

As per the methodology adopted and defined scenarios, the demand projection of coal from coal based power
station based on different levels is shown in the table below

Table 3. Coal requirement by Coal Power Stations (MTce)

Scenario 2012 2017 2022 2027 2032 2037 2042 2047
Level 1 464 640 776 849 888 883 855 822
Level 2 464 668 863 989 1032 1067 1070 1059
Level 3 464 687 911 1091 1239 1373 1440 1446
Level 4 464 744 1039 1304 1522 1699 1796 1855

(i) Methodology for assessing aggregated demand projections from Industries

Seven major energy consuming industry sub-sectors have been analyzed to estimate the energy use in each
sub-sector to understand the aggregated demand of coal from industry under different trajectories.

The general assumption considered is that over the years, the energy intensity of the industry sector has been
reducing as several of the units across sectors have moved to processes that are more efficient. The
improvement in Energy Efficiency (EE) has been considered as a major driver for reduction in the Specific Energy
Consumption (SEC) of industry.
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The brief about the four scenarios considered as given in the following

Level 1: Least effort scenario
A This trajectory assumes that there will be no new major government policies for EE. The autonomous
EE penetration levels are also low

A The efficiency of the units undergoes marginal reduction/revision by end of the terminal year (2047)

The efficiency of some sub-sector units improves at 5-15% of the efficiency improvement for the units
that opt for EE

Level 2: Determined effort scenario
A This level includes a gradual enhancement of penetration of EE in Industry

A Industrial units opting for EE would achieve the best efficiency possible in every sub sector
A

The units not opting for EE also improve their efficiency, but by a much lesser degree

A The AOthersodo undergo a reBWCAGRoN in intensity of

Level 3: Aggressive effort scenario
A Building on Level 2, this scenario further increases the EE penetration

A The units not opting for EE increase their efficiency across processes at a rate of 20-30% of the efficiency
improvement by units that opt for EE.

A The AOtherso undergo an ef f-5%CAGNCcyYy i mprovement of

Level 4: Heroic effort scenario
A Indicates the maximum possible improvement that can be achieved in the sector

A This level further increases EE penetration

A In addition, this level assumes that the units not taking up EE undergo an efficiency increase of between
20-50% of the units that opt for EE

A The fAOthersodo i mprove -B%@AGR i ntensity by about 5

Projections on Coal requirement from Industries

As per the methodology adopted and defined scenarios, the projection for coal in order to meet the demand from
industries shown in the table below

Table 4: Coal requirement by Industries (MTce)

Scenario 2012 2017 2022 2027 2032 2037 2042 2047
Level 1 285 368 538 754 1017 1272 1561 1761
Level 2 285 363 520 705 925 1145 1354 1486
Level 3 285 358 507 674 874 1084 1239 1354
Level 4 285 351 481 628 817 996 1085 1158

Total demand projections of Coal

The total coal demand based on demand from power station and industries is summarized in the graph below.
The graph captures the variation in the coal demand based on the four scenario, which were defined.
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Figure 2: Coal requirement based on demand from power stations and industries
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2.1.2.2.2. Supply side Projections

NITI Aayog has forecasted coal production till 2047 considering four different scenarios from the supply side. The
assumptions are based on domestic supply potential and the balance to be met from imports.

Methodology
The assumptions while deriving these scenarios/levels are as follows:
A Coal is intended to mean both coal as well as lignite.

A The average life of a mine is 30 years.

p>

The current mine abi |-econpmidallyextractableaeservesnaproaeteservesp af h n o
Indian mines is 34.6%.

A Maximum coal reserves percentage to be mined by underground coal mining is limited to 12.3% of total
proved reserves.

A This is based on assumption that coal reserves up to 300 m will be mined by opencast (OC) method, half
of reserves between 300 i 600 m depth would be mined by opencast and underground (UG) method
each, and reserves deeper than 600 m will be mined by underground mining.

A Collieries own coal consumption= 0.08% of their coal production.

A Remaining coal production will be considered as net coal production.
The following provides a brief about the assumptions considered under the four scenarios:

Level 1: Least effort scenario
A Level 1 assumes that only the currently operating, on-going and planned coal mining projects by CIL
(437 million tons per annum (MTPA)) and SCCL (41 MTPA) and currently allocated captive blocks (43
billion ton geological reserves) will come online.

A Production from current (non-captive) mines will reduce by 17% every 5 years (consistent with mine life
of 30 years) due to closure of mines.

A Production from captive blocks will start reducing from 2027 onwards as most of the currently producing
captive blocks are new. Coal reserves and mine ability of all reserves will remain at present values.

Alternate methodology for Electricity demand assessment and forecasting
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In this scenario, coal production gradually increases from 582 MTPA in 2011-12 to peak of 866 MTPA in
2037 and then it will start declining and reach 540 MTPA in 2047.

About 85% of the mineable coal reserves will have been extracted by 2047 in this scenario as no new
reserves are added and there is no improvement in mine ability.

In addition, only OC mining, which is easier and cheaper, will be encouraged whereas the UG mining will
be discouraged. So, the UG % will reduce from current of about 9% to 6.4% in 2047

Level 2: Determined effort scenario

A

Level 2 projections are consistent with realistic (business as usual) projected scenario based the 12th
Five Year Plan until 2022.

Given that the production for 2012-13 fell about 18 million tons short of the target of 575 million tons, it
assume that the total shortfall from the target in 2017 would be 50 million tons. This results in an annual
production increase of about 5% per annum up to 2017, and about 4% up to 2022.

Proved coal reserves will grow at a reduced pace of 1% p.a. as most of the prognosticated coal bearing
area (75%) has been explored. There would be some improvement in mine ability due to technological
improvement.

In this scenario, coal production will grow to a peak at 1191 MTPA in 2037 and decline marginally by
2047 to 1157 MTPA.

About 62% of mineable coal reserves would have been extracted by 2047. OC mining will be encouraged
but UG mining will not be paid much attention. Therefore, UG miparcentag® will increase just
slightly from current 9% to 9.3% in 2047.

Level 3: Aggressive effort scenario

A

Level 3 is consistent with the optimistic scenario projections until 2022 in the 12th Five Year Plan,
tempered by slower-than-expected increase in production. The rate of increase of production reduces
slightly going forward.

Proved coal reserves will grow at about 1.3% p.a. and there would be further improvement in mine ability.
With these positive conditions for coal based energy supply, coal production will be 1400 MTPA in 2047.

About 55% of mineable coal reserves would have been extracted by 2047. UG mining will also be
encouraged progressively to tap deeper coal reserves and its share will increase to 10.7% in 2047.

Level 4: Heroic effort scenario

A

A

Level 4 is the most optimistic, assuming full encouragement for coal based energy supply.

Proved coal reserves will grow at 1.5% p.a., production will reach about 1400 MTPA in 2032 as
anticipated in the Integrated Energy Policy document, and mine ability will increase better than in other
levels. In this scenario, coal production will increase to about 1608 MTPA in 2047, almost consistent with
the high-case scenario of global coal production as per Global Coal Production Outlook.

In this scenario, about 48% of mineable coal reserves would have been extracted by 2047. UG mining
will be emphasized significantly along with technological advancements but its share will remain confined
to 12.3% in 2047 due to geological constraints.
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Projections
The table below shows the coal production up to the year 2047 as per the four scenarios which were developed

Table 5: Coal production projections (MT)

Scenario 2012 2017 2022 2027 2032 2037 2042 2047
Level 1 578 692 766 799 793 779 672 540
Level 2 578 719 893 1034 1128 1169 1175 1157
Level 3 578 766 1014 1169 1283 1350 1377 1400
Level 4 578 786 1048 1236 1384 1498 1551 1608

Coal Imports

Total import requirements for coal would also depend on how demand from other sectors such as iron and steel
and cement changes over time.

75% of domestically produced coal continues to be used for power generation as currently done, coal import
requirements from the power sector in 2047 range between 260 MTPA (if coal production and coal-based
capacity addition follow a determined path) and 660 MTPA (if coal production and coal-based capacity addition
follow a heroic path) even if a heroic effort scenario of technology adoption requiring least coal plays out.

Table 6: Projections for Coal Imports as per the scenarios (MT)

Scenario 2012 2017 2022 2027 2032 2037 2042 2047
Level 1 124 261 450 828 1417 2094 2943 3716
Level 2 124 204 296 384 666 1117 1544 1938
Level 3 124 165 270 411 561 787 943 1023
Level 4 124 207 400 588 752 927 1058 1118
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