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FOREWORD

Energy efficiency improvements will be absolutely critical for achieving the ambitious goals of the Paris Agreement
under the UN Framework Convention on Climate Change, where the stated objective is to keep the global tempera-
ture increase well below 2 degrees by the end of the century.

Energy efficiency, beyond being a key mitigation option, has many potential co-benefits, for example in the form of
increased employment, reduced local air pollution and simple cost savings. Energy efficiency options in most cases
provide cost effective opportunities from a societal point of view, therefore, it is in the interest of countries to pro-
mote energy efficiency, overcome market imperfections and institutional barriers, and realise the full potential of
energy efﬁciency opportunities.

In terms of the future growth of energy and related greenhouse gas emissions, China and India stand out from other
countries, due to their rapid economic devc]opmcnt, largc size, high popu]ation combined with rapid urbanisation,
and largc industrial sectors. While paying necessary attention to the fact that economic growth is essential for redu-
cing poverty and unemployment, and achieving other developmental goals, both countries have focussed on decou-
pling energy use from economic growth, which in turn dccoup]cs grccnhousc gas emissions from economic growth.
In their Intended Nationa”y Determined Contributions submitted under the Paris Agreement, both countries have
included strategies to pursue improvcd energy Cfﬁciency across the main sectors of their economies.

The High Impact Opportunities studies that UNEP DTU Partnership has supported in China and India is an effort
to engage national stakeholders, research institutions and practitioners in the identification of good practices and the
necessary priorities for enhancing energy efficiency in the future.

The Report on Good Practices and Success Stories on Energy Efﬁcicncy in India assesses what has been achieved
so far in different key sectors. The study documents a variety of approaches that have succeeded across sectors. In a
majority of cases, policics and rcgulations have been used to promote a tcchnology. However, using policics to create
a level playing field for different technologies has also been successful. The replication of these successes in India has
been very positive so far but can be further scaled up. Moreover, these experiences can be used in other developing
countries.

A number of national experts and practitioners have written the 11 success stories - their names and affiliacions are
noted in the relevant chaptcrs. I would like to congratu]ate them on their efforts. | am sure that the book will be of
interest to po]icymakers, practitioners and researchers, and will pave the way for further efﬁcicncy gains.

John Christensen
Director
UNEP DTU Partnership
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EXECUTIVE SUMMARY

The growing per capita income in India is expected to
increase the demand for various energy-consuming pro-
ducts and services among Indian houscholds. Enhancing
energy efficiency remains one of the cheapest options to
“produce” energy in India, as the efficiency of many en-
ergy systems has a large scope for improvement, and as
this option plays an important part in enhancing India’s
energy security.

This report is part of the Study on High Impact Oppor-
tunities for Energy Efficiency in China and India project
that aims to identify high impact opportunities (HIOs)

TABLE A: Success stories covered in this report

in the two countries for energy efficiency enhancement
across sectors until 2030, delineate existing policies and
measures that support these HIOs, and highlight success
stories from each country. This report focuses on success
stories from India and presents a few successfully im-
plemented initiatives (policy/programme) that have the
potential to significantly enhance energy efficiency in re-
levant sub-sectors. The report covers a number of sub-sec-
tors and, in all, 11 success stories have been presented (see
Table A). A stakeholder consultative process was adop-
ted for selecting these 11, out of the approximately 70 case
studies.

SUB-SECTOR SUCCESS STORY

Industrial and agricultural processes

Perform, Achieve and Trade (PAT) Scheme

Energy Efficiency in agricultural pump sets

Buildings and Appliances

Efficiency Enhancement in the Building Sector

Programmes for enhancing LED penetration in Domestic & Municipal Sectors

Standards and Labelling Programme for Electrical Appliances

Distributed Electricity Solutions

Solar Rooftop Systems in Residential and Industrial Sectors in Tamil Nadu, India

Modern Cooking Appliances and Fuels

Improved Cooking Stove (ICS) using Biomass fuel

Village-level Biogas Plant and Gobar Bank in Gujarat

Transportation

Technology Shifting from 2-stroke to 4-stroke engines in two-wheelers in India

Improving Public Transport: A Case Study of Delhi Metro

Cross cutting Coal Cess in India

Each success story is explained in terms of a short intro-
duction, followed by Why the policy was initiated, what
was done, effects of the policy7 challenges experienced in
implementing the policy and its rcplicability.

The success stories highlight that there are varied ap-
proaches to achieving the improvements in energy ef-
ficiency. In some of the success stories, the government
identified a priority technology, ensured that technology
was made available to end users at subsidised costs, and
supported it through capacity building and training on
the technology use. This approach has given good results
for LED lighting, Solar Rooftop Systems, Biogas Plants,
agricultural pump sets and cook stoves. In the case of
PAT schemes, a market-based approach has been used to
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incentivise more efficient technologies within the iden-
tified industries, and it has yielded positive results. The
technology choice in this case was left to the companies
within the industries. In the case of the buildings and
appliances sector, the overarching focus is on standards/
codes and labelling, respectively, to providc information
about the technology.

Some success stories have already been replicated in In-
dia - eg. the PAT scheme is going into its second phase7
more appliances are being added to the standards and
labelling programme, more cities are being added to the
metro programme, etc. Replication in other countries,
however, would need an understanding of their enabling
frameworks before deciding on a course of action.



Amit Garg
Subash Dhar

Jyoti Painuly
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BACKGROUND

The Copenhagen Centre on Energy Efficiency (C2Ez2) is
a part of the UNEP DTU Partnership, and collaboration
established between the Denmark Government, the UN
Environment and the Technical University of Denmark
(DTU). The C2E2 serves as the Energy Efficiency Hub of
the Sustainable Energy for All (SEforALL) initiative.

The Sustainable Energy for All (SEforALL) initiative is a

multi-stakeholder partnership between governments, the

private sector, and civil society. The SEforALL initiative

was launched by the United Nations Secretary General in

2011 to achieve three interrelated goals by 2030:

1. Ensure universal access to modern energy services;

2. Double the share of renewable energy in the global
energy mix;

3. Double the global rate of improvement in energy
cfi'icicncy.

In order to facilitate the realisation of the SEforALL goal
on energy efficiency, C2E2 provides capacity building,
analytical, and knowledge support to countries in their
actions on energy cfficicncy improvement.

This report is a part of the project “A Study on High Im-
pact Opportunities for Energy Eﬂicicncy Improvement
in China and India”, which was initiated to idcntify
high impact opportunities (HIOs) for energy efficiency
enhancement across sectors, and facilitate measures, in-
cluding policies, to achieve the objectives. This study is
part of the C2E2 to build capacity and provide a platform
for analytical work, and is bcing implcmcntcd with the
help of the Indian Institute of Ahmedabad (IIMA) and
Energy Efficiency Services Limited (EESL), New Delhi,
in partncrship with International Management Institute
(IMI) Kolkata and Maulana Azad National Institute of
Technology (MANIT) Bhopal. Delineating existing poli-
cies and measures that support these HIOs, and highligh—
ting success stories in each country are also a part of the
overall study. The study requires appropriate modclling
of the energy systems at a reasonably detailed level, scan-
ning the policy landscapc, and interacting with business
and practitioners to ascertain what has and has not wor-
ked in the case of high impact opportunities in the recent
past. This report, titled “A report on Good Practice and Suc-
cess Stories”, is an outcome of this exercise.

China and India are important players in the g]oba] en-
ergy arena and are among key countries in any global en-
ergy scenario. Tiiey are, therefore, ofgreat signiﬁcance to
the realisation of the SEforALL energy efficiency objec-
tives. The existing international studies on the future en-
ergy pathways of these two countries are often from the
perspective of climate change mitigation and so far, the
focus has been on their contribution to grccnhouse gas
emissions reductions with the aim of achieving the tar-
get of keeping global warming below 2 -C above pre-in-
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dustrial levels. In these studies, energy cfficicncy is one
of multiplc options for GHG emission reduction, and is
therefore not given sufficient attention in modclling and
policy assessment. Moreover, in the modclling for climate
changc mitigation, the timeframes are usually until 2050
or 2100, which are much longcr than the SEforALL target
period of until 2030.

China’s economic growth of the past few decades has been
driven by export, investment and domestic consumption.
With the increases in per capita income and growing ur-
banisation, the role of domestic consumption has been
increasing, and is CXPCCth to become the most impor-
tant driving force for economic growth in the coming
decades. China is, therefore, gradually transforming from
the world’s manufacturing hub to a large market for
consumer goods. This transformation means a growing
final demand for housing, lighting, heating, transport,
appliances, etc. The rising houschold demand for pro-
ducts and services poses challenges for climate change,
high peak demand for electricity, energy security, traffic
congestion in cities, and air pollution.

India’s economic growth has been slower than China’s,
but it has accelerated recently and growth expectations
for the coming decades are higher. India, however, has
seen a relatively slow urbanisation. About two thirds of
the population still live in rural areas and UN population
projections show that even in 2050 the urbanisation levels
will be close to 50% the current levels in China. However,
per capita incomes are expected to grow both in rural and
urban areas in India, resulting in increased demand for
energy-consuming products and services in the coming
decades. Despite a relatively slower urbanisation, Indian
cities are struggling to cope with growing pollution and
traffic congestion.

Enhancing energy cfficiency remains one of the cheapest
options to “producc“ energy in India, as the cﬂicicncy of
many energy systems has a large scope for improvement
and it is an important option to enhance energy security
for the country. Indian energy needs are large and increa-
sing. India’s imports are rising signific:mtly since energy
production has not been able to keep pace with the de-
mand. India imports 83% of its crude oil, 29% of coal and
68% of natural gas. The high dependence on imports puts
considerable pressure on its foreign exchange reserves,
dcspite low energy prices in the recent past oﬁcring a
respite. With significzmt reserves, coal is the mainstay of
Indian energy system, and this has consequences for local
pollution as well as GHG emissions. India has taken va-
rious measures over the years, and is doing so currently,
to enhance energy efficiency across many sectors. This re-
port examines some of the successes achieved in this area.



SELECTION OF GOOD
PRACTICES AND SUCCESS
STORIES

In this study, success stories are taken as implemented
initiatives (policy and/or market mechanisms) that have
the potential to significantly enhance energy efficiency
in a specific sector / sub sector /application. In terms of
sectoral coverage, the stories range from houscholds to
buildings, transport, industry and electricity supply. In
the case of houscholds, though, both total energy demand
and potential for energy efficiency improvement are high,
making it challenging to address since the demand is frag-
mented over a large number of smaller energy users. En-

TABLE 1: Sub-sectors and High Impact Opportunities

ergy cfficicncy of the building and transport sectors, to
a largc extent, is influenced by the dcsign and quality of
the buildings and the infrastructure, rcspcctivcly. Once in
placc, it is expensive and difficult to improve the energy ef-
ﬁcicncy in these sectors due to a ‘lock-in’ effect. Therefore,
these sectors require appropriate policics and measures in
the carly stages to curtail long—tcrm energy demand.

The success stories are noted in sub-sectors or sectoral ac-
tion areas identified by SEforALL' (Table 1). The sub-sec-
tors have also been used for the identification of future
High Impact Opportunities.

1 Sustainable Energy for All: A Global Action Agenda, April 2012 hetp://

WWW.UN.0org/wem 'LL'('I?L{JU site, Sll.\TdillLTl?[L’(’ll(’I‘”)‘f(”‘d” 5111”'(’d Docu-

ments/SEFA-Action%20Agenda-Final.pdf, Downloaded on March 31, 2015.

SUB-SECTOR
(OR SECTORAL
ACTION AREA)

HIGH IMPACT OPPORTUNITIES

Modern Cooking - Building sustainable local value chains for clean and efficient cooking solutions;
Appliances and - Building market demand by raising awareness of their health, economic, environmental, and gender
Fuels benefits;

- Investing in the infrastructure and local distribution supply chains required for cleaner fuels (e.g. ethanol

and LPG);

- Developing tiered standards for efficiency, emissions and safety; designing cooking appliances, etc.
Buildings and - Public / residential / commercial buildings, cool roofs, building integrated solar PV, and small-scale
Appliances renewables such as rooftop solar and solar hot water;

- Sectoral efficiency labels and performance standards;

- Well enforced building codes;

- Demand-side management programmes and advanced technologies to enable energy-saving behaviour

and shift demand over time;

- Advanced lighting, space cooling and heating, refrigerators, etc.

Transportation

- Efficiency programmes for internal combustion engines and vehicle design;

- Alternative fuel vehicles, including flex-fuel, hybrid, and electric vehicles (EVs);

- Fuel efficiency and fuel quality standards;
- Overall transportation demand reduction;

- Eco-driving programmes;

- Expanded and more efficient public transport;

- Electrification of rail systems;

- Freight mode shifting (e.g. from trucks to trains), etc.

Distributed

Electricity Solutions  renewables and conventional sources;

- Clean energy mini/micro-grid solutions for rural and targeted industrial applications, using both

- Locally appropriate regulatory frameworks to incentivise and support commercially viable investments in

decentralised electricity solutions, etc.

Grid infrastructure
and supply

efficiency

non-fossil fuels;

- Strengthening transmission and distribution networks to reduce losses and improve reliability;
. Regional interconnections to improve performance;
- Improving the efficiency of existing conventional energy generation and interaction between fossil and

- Smart grid technology solutions and grid-scale storage, etc.

Industrial and
agricultural
processes

- Variable-speed motors;

- Eliminating gas flaring and developing local gas markets;

- Energy management practices and systems (e.g. in cement and steel industries);

- Cogeneration systems (combined heat and power);

- Energy efficient irrigation pumps;
- Energy-smart agriculture, etc.
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A gcncral criterion for sclccting success stories requires
analysing the tcchnological, economic, social, and poli—
cy implications of an initiative. The tcchnological impli—
cations of the intervention include reduction in energy
consumption (which, in the case ofclcctricity, may lead to
reduction in pcak energy and avoided capacity addition),
case of implcmcntation, maturity of the tcchnology and
low probability of obsolescence in the near future, and
increase in current and cxpcctcd future penetration le-
vels. The economic implications include low €NErgy COSts,
energy cost savings and rclativcly casy ﬁnancing. In the
case of clcctricity, it includes reduction in consumption,
reduction in normal and/or pcak requirement which in
turn may lead to capital savings due to avoided capacity
addition. The social implications include generation of

TABLE 2: Selected success stories included in the book

local employment, acceptability of the technology as re-
prcscntcd by rising penetration levels, and benefits from
reduced pollution. In the case of policy interventions, a
success story can be an enabling policy that becomes an
HIO and has low rcplication challcngcs.

Around 70 case studies were discussed in the Indian
context across all sub-sectors. Their detailed assessment
across the four dimensions - technological, economic, so-
cial, and policy implications is available as supplementary
information for interested users.

The following eleven success stories (Table 2) were selected
out of the 70 case studies, representing the recent thrust in
Indian energy efficiency initiatives. A stakeholder consul-
tative process was adopted to select the success stories.

SUB-SECTOR SUCCESS STORY

Industrial
and agricultural processes

- Perform, Achieve and Trade (PAT) Scheme
- Energy Efficiency in agriculture pump sets

Building
and Appliances

- Efficiency Enhancement in the Building Sector
- Programs for enhancing LED penetration in Domestic & Municipal Sectors

- Standards and Labelling Programme for Electrical Appliances

Distributed Electricity
Solutions

- Solar Rooftop Systems in Residential and Industrial Sectors in Tamil Nadu, India

Modern Cooking
Appliance and Fuels

- Improved Cooking Stove (ICS) using Biomass fuel
- Village level Biogas Plant and Gobar Bank in Gujarat

Transportation

- Technology Shifting from 2-stroke to 4-stroke engines in two wheelers in India

- Improving Public Transport: A Case Study of Delhi Metro

- Coal Cess in India

Cross cutting

SEforALL has identified a unique approach to unlocking
the high impact energy efficiency opportunities through
the “energy cfﬁcicncy accelerators”. Accelerators are pu-
blic-private partnerships around specific opportunities
to support energy cfflcicncy actions in countries and ci-
ties. Currently, accelerator exists for lighting, appliances,
buildings, district energy, and vehicle fuel economy. The
accelerators are collectively referred to as Global Ener-
gy Eﬁicicncy Accelerator Platform, which is one of the
flagship programmes of the SEforALL on energy efficien-

Cy.
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STRUCTURE
OF THE STORIES

Each success story is cxplaincd in terms of a short Intro-
duction, followed by why the policy was initiated, what
was done, effects of the policy, challcngcs cxpcricnccd in
implementing the policy and its replicability. Each story
is prcscntcd as a separate Chaptcr. The case studies reflect
a mix of opportunities; some case studies rcquircd de-
Vclopmcnt of an cnabling policy framework, some were
driven by low cost considerations, while in some cases,
tcchnologics had arrived. National circumstances playcd
an important role in each story, which also higlilights the
challcngcs and barriers for rcplicability in other geogra-
phical regions.



PERFORM,
ACHIEVE AND
TRADE (PAT)
SCHEME



11 INTRODUCTION

Perform, Achieve & Trade (PAT) is an instrument to
reduce speciﬁc energy consumption in energy intensive
industries, with a market-based regulatory mechanism.
The Perform Achieve Trade (PAT) is an innovative mar-
ket-based trading scheme announced by the Government
of India in 2008, under its National Mission on Enhanced
Energy Efficiency (NMEEE) in National Action Plan on
Climate Change (NAPCC). It aims to improve energy cf-
ficiency in industries by trading in energy efficiency cer-
tificates in energy-intensive sectors.

1.2 WHY THE POLICY
WAS INITIATED

Electricity generation and industry account for 50% of to-
tal energy consumption in India (Table 3). Some of these
industries use state of the art technologies and perfor-
mance management, while some plants are close to being
obsolete. Thus, there is a wide range of energy efficiency
performance at the plant level. The PAT scheme was ini-
tiated with the purpose of bringing the energy efficiency
of energy intensive industrial sectors in India to a higher
level of performance as measured through their specific
energy consumption (SEC). SEC is energy consumed to
produce one unit of output by a plant. It was envisaged
that a total saving of 4.05%' in total energy consumption
would happen across the eight sectors --Thermal Electri-
city Generation, Iron and Steel, Cement, Aluminium,
Fertiliser, Paper and Pulp, Textile and Chlor-Alkali from
o1 April 2012 to 31 March 2015.

TABLE 3: Energy consumption in various sectors in

India
1

MILLION TONNES PERCENTAGE OF

SECTORS OF OIL EQUIVALENT TOTAL NATIONAL
(MTOE) CONSUMPTION

Electricity 179.29 25.3%

Generation

Industry 179.09 25.3%

Transport 7479 10.6%

Residential 182.88 25.8%

Commercial & 20.55 29%

Public Service

Agriculture 2375 3.4%

Non Energy Use 47.26 6.7%

Total 707.61

1 ESCerts Trading under PAT Scheme, Downloaded https://beenet.gov.in/
(S(yhlyz0bbiikyihalghmhnegl))/GuideLine/Introduction%20t0%20ES-
Certs%20Trading%2ounder%20PAT%20Scheme.pdf
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1.3 WHAT WAS DONE

The PAT Scheme is being implemented in three phases --
the first phase (PAT cycle I) ran from 2012-2015, covering
478 facilities from eight energy-intensive sectors. These
cight sectors account for roughly 38% of India’s total pri-
mary energy consumption. It targeted energy consump-
tion reductions of 6.686 million tonnes of oil equivalent
(mtoe) but have achieved reduction of 8.86 mtoe in 427 of
the 478 covered facilities.

The targets were set by carrying out the baseline audits
in the PAT cycle I. The baseline audits were carried out
by BEE empanelled agencies having certified energy au-
ditors and energy managers. The audits were carried out
to assess the potential of energy efficiency and what the
consumption was at the time. This audit was termed as
baseline audit, and based on them the targets were set for
the Designated Consumers (DCs) in PAT cycle I.

Participation in the scheme is mandatory for DCs under
the ECA. It is bcing administered by the BEE, which sets
targets for specific energy consumption within larger, en-
ergy-intensive facilities. Main elements of the PAT sche-

me arce prescnted in Box 1.

BOX1.
MAIN ELEMENTS OF THE PAT FRAMEWORK

1. Methodology for setting specific energy
consumption for each DC in the baseline year.

2. Methodology for setting the target to reduce the
SEC by the target year from the baseline year.

3. The process to verify the SEC of each DC in the
bascline year and in the target year by an accre-
dited verification agency.

4. The process to issue energy savings certificates
(ESCerts) to those DCs who achieve SEC lower
than the specified value.

5. Trading of ESCerts.
6. Compliance and reconciliation of ESCerts

7. Cross-sectoral use of ESCerts and their possible
synergy with renewable energy certificates.

Source: 12th Five-year Plan

The 2010 amendment to the Energy Conservation
Act (ECA) was carried out to provide a legal mandate to
the PAT mechanism. The PAT framework and institutio-
nal arrangement is based on providing incentives for over
achievers and penalising the under achievers (see Figure
1), and consists of three processes: i) Setting Targets, ii)
Monitoring & Verification of Targets, and iii) Trading of
ESCerts.



FIGURE 1: PAT Framework
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The Burcau of Energy Efficiency (BEE) has prepared Sector
Specific Form-1 (annual energy return form) along with
sector speeiﬁe normalisation factors to streamline the
monitoring and verification (M&V) process. The sector/
sub-sector specific normalisation factors were developed
to neutralise the effects on specific energy consumption
(SEC) in the assessment year and the baseline year so that
undue advantages or disadvantages could not be imposed
on any DCs while assessing the targets. For the develop-
ment of such factors, committees/sub-committees were
formed for cach sector/sub-sector, with representation
from DCs as well. Several rounds of meetings were held to
identify and develop normalisation factors.

MONITORING & VERIFICATION OF TARGETS

The BEE has put in place a process of accreditation of
Energy Auditors who were engaged to execute the M&V
process of DCs to assess their performances. The BEE has
suecessfully conducted 15 National Certification exami-
nations for Energy Managers and Energy Auditors. India
now has 12,228 Certified Energy Managers, out of which
8,536 arc additionally qualified as Certified Energy Audi-
tors to date. This is furcher supplemented by the accredi-
tation of energy auditors through recommendations of
the “Accreditation Advisory Committee”. Accredited en-
ergy auditors would undertake mandatory energy audits
in energy intensive industry as mandated in EC Act. To
date, there are 150 accredited energy auditors.

TRADING OF ESCERTS

Development of ESCerts trading infrastructure is in pro-
gress, in collaboration with the Central Electricity Regu-
latory Commission (CERC).

PAT CYCLE Il

The second phase of the PAT Scheme (PAT cycle IT) runs
from 2016-2019, covering 707 units from the 11 energy in-
tensive sectors (Table 4). PAT cycle II focuses on deepe-
ning and widening PAT cycle I - i.c. the inclusion of 61
new DCs from the existing 8 sectors, and the addition of
170 DCs from 3 new sectors, namely: Railways, Refine-
ries, and Electricity distribution companies (DISCOM).
This would expand the coverage from 38% to 70% of total
primary energy consumption. There are around 188 units
from four sectors (Cement, Pulp & Paper, Iron & Steel,
and Textiles), and around 130 units from the remaining
four sectors - Aluminium, Fertilisers, Chlor-alkali and
Thermal Power Plants. The new sectors - Railway, Refi-
neries and DISCOM - include around 170 units to date.
More DCs are under identification, which would bring
the total to approximately 707.
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TABLE 4: The targeted savings for PAT Cycle | and PAT Cycle I
! '/ [ /| |

S.NO SECTORS UNIT OF SEC PAT CYCLE | PAT CYCLE Il
Number of Targeted Number of Targeted
DGCs Savings (mtoe) DCs Savings (mtoe)
1. Power (Thermal) Kcal/kWh 144 3.21 154 313
2. Iron and Steel  toe/tonne of product 67 1.47 71 2.28
3. Cement toe/tonne of product 85 0.82 m 112
4. Aluminium toe/tonne of product 10 0.46 12 047
S. Fertiliser toe/tonne of product 29 048 37 0.45
6. Paper & Pulp toe/tonne of product 31 012 29 0.15
7. Textile toe/tonne of product 90 0.07 99 0.09
8. Chlor-Alkali toe/tonne of product 22 0.05 24 0.10
0. Petroleum Million British Thermal Unit per - - 20 11
Refinery Thousand Barrel per Energy Factor
10.  Railways Litres/T000 GTKm - - 100 na
1. DISCOMs % of Transmission and Distribution - - 50 0.94
losses
Total 478 6.686 707 18.00

For the majority of the sectors (for the new DCs), the
last financial year of the three-year reported data would
be considered the baseline year in PAT Cycle II. For the
new sectors, proper workshops will be first given to the
empanelled agencies for filling up Data in the Pro-forma
and Target Fixation methodology. This will be carried out
by BEE for the three new sectors included in PAT cycle IT
-- i.e. Railway, Refineries and DISCOMs.

The PAT cycle II targets for individual DCs have been
notified by the Ministry of Power on 31 March 2016
(BEE, 20164). The notification clearly mentions that any
entity that has consumed 30 ktoe in a year would be a
Designated Consumer. Detailed methodologies for mea-
surement and verifications are also provided through a
Performance Assessment Document (BEE, 2016b). The
gazette of PAT cycle II mentions that the Designated
Consumers shall comply with the energy consumption

norms and standards specified against their names by the
target year 2018-2019, a period of three years from 1 April
2016 until 31 March 2019.
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1.4 EFFECTS OF THE
POLICY /PROGRAMME

PAT II targets energy savings of approximately 18.0 mtoe
in the 707 covered facilities under 11 sectors. Figure 2 (a-
d) provides a comparative assessment of PAT cycle I and
PAT cycle II on specific energy consumption (SEC) for
power, iron and steel, cement and textile sectors using
a normal distribution. The specific energy consumptions
are plotted on the x-axis, and the probability distribu-
tion function values are plotted on the y-axis. It is to be
noted here that SECs are specific to an industry and do
not have a common unit. The ﬁgurcs indicate a gradual
shift towards the left - i.e. a reduction in specific energy
consumption in each industry from PAT cycle I to PAT
cycle IL It is also observed that plants with extremely
high SECs are targeted to reduce much faster than plants
that have low SECs.

The savings in energy have reduced the carbon footprint
of the output and also provided cost reductions. For exa-
mple, energy savings under the PAT scheme in cement
manufacturing have resulted in a reduction in CO2 emis-
sions by 25 kg COz/tonne of cement, and a 15% reduction
in power cost.



FIGURE 2: A comparative assessment of PAT cycle | and PAT cycle Il on SEC for power, iron and steel,
cement and textile sector
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1.5 CHALLENGES
EXPERIENCED

The following challcngcs were cxpcricnccd in the implc-
mentation of waste heat recovery systems in two indus-
tries - i.e. [Iron & Steel and Cement industries.

High initial capital cost: The capital cost to implement
a waste heat recovery system may outweigh the benefits
gained in heat recovered. It is necessary to put a cost to
the heat being offset. The cost implications for only ins-
ta]ling waste heat recovery boilers (WHRB) and other
accessories is around USD 0.75 million. The cost of instal-
ling whole units along with waste heat recovery in large
plants is USD 22.23 million - as in an Iron & Steel plant.
The cost imp]ication in the Cement industry is approxi-
mately USD 11.25 million.

Quality of heat: Often, waste heat is of low quality (tem-
perature). It can be difficult to efficiently utilise the
quantity of low quality heat contained in a waste heat
medium. Heat exchangers tend to be larger to recover si-
gnificant quantities, which increases the capital cost.

Maintenance of equipment: Additional equipment re-
quires additional maintenance cost.

1.6 REPLICABILITY

The PAT scheme has been successful in India, and PAT
cycle I has already been extended to more industries un-
der PAT cycle II. The PAT scheme is replicable in any
country or province, although due diligence is required
by the host government to audit historical SEC of tar-
geted designated consumers in that country, and set up
appropriate legal framework to implement PAT. Sectoral
targets in the PAT scheme require specific interventions,
such as raw material management, process improvement,
installation of new systems such as waste heat recovery,
reducing output wastages through better quality control,
etc. These vary for industry and at the plant level. For ins-
tance, around 40 to 50% of units in the Tron & Steel and
Cement sectors across India have gone for waste heat re-
covery projects. The process, notifications and expertise
gained by BEE and empanelled accredited energy audi-
ting firms could, thus, be utilised for the benefit of other
countries desirous to replicate the Indian PAT scheme in
their own countries. The existing scheme could also be ex-
panded to include GHG emission reductions and carbon
and environmental trading markets.
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PROGRAMMES
FOR ENHANCING
LED PENETRATION
IN DOMESTIC

& MUNICIPAL
SECTORS



2.1 INTRODUCTION

LEDs have emerged globally as a more efficient source
of lighting. EESL has reviewed that a 60W incandescent
lamp (ICL) can be replaced by a 9W LED; a 40W ICL can
be rcplaccd by a 5W LED, and so on. On 5 January 2015,
Honble Prime Minister launched 100 cities National Pro-
grammes on: (i) Domestic Efficient Lighting Programme
(DELP) [now renamed UJALA (Unnat Jyoti by Affor-
dable LEDs for All)] to provide LED bulbs to domestic
consumers, with a target to replace 770 million incandes-
cent bulbs with LED bulbs, and (ii) Street Lighting Na-
tional Programme (SLNP) to replace 35 million conven-
tional street lights with smart and energy efficient LED
street 1ights by March 2019. Electricity distribution com-
panies and municipalities are important stakeholders for
these energy efficiency programmes that the Ministry of
Power and BEE have been promoting.

2.2 WHY THE POLICY WAS
INITIATED

Energy efficiency assumes national significance in the
current environment of shortages and climate change
concerns. Lighting, itself, accounts for approximately
20% of total electricity consumption in India. A signifi-
cant proportion of lighting needs are met by the use of
incandescent bulbs, which are extremely energy ineffi-
cient as over 9o% of electricity is wasted as heat. Promo-
ting efficient lighting in the houschold sector alone can
reduce electricity consumption by as much as 50 billion
kWh every year, at the national level. Additional savings
can come from commercial, industrial and street lighting.
This will also benefit consumers by way of reduced elec-
tricity expenditure.

There is a signiﬁcant untappcd potcntial of energy ef-
ficiency in the country. The government enacted the
Energy Conservation Act 2001 to provide a regulatory
and policy framework to catalyse market-based energy
cfficicncy implcmcntation. The Act has cmpowcrcd the
government to unveil a combination of rcgulatory and
policy measures to help unlock the potential for energy
cfficicncy in the country. BEE has taken several initiatives
in this regard in the 11th (2007-2012) & 12th (2012-2017)
Plans to stimulate implementation of energy efficiency in
these sectors i.e. Domestic and Municipal.

2.3 WHAT WAS DONE

During the 11th Five Year National Plan of India (2007-
2012), BEE developed an innovative scheme to promote
energy efficient lighting in the household sector, called
Bachat Lamp Yojana (BLY). The scheme helped to over-
come the upfront high cost barrier by providing compact
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fluorescent lamps (CFL) at the rate of incandescent lamps
(ICL). The difference in cost was recovered through Car-
bon Finance. To get the carbon finance, BEE dcvclopcd
a Programme of Activities (POA) and registered it with
UNFCCC.

Now EESL is following the BYL scheme model under the
Domestic Efficient Lighting Programmc (DELP) to in-
crease the sale of domestic LEDs by providing LED bul-
bs at the cost of ICLs. The cost difference between ICLs
and LEDs is recovered through cqual monthly instalments
included in the electricity bill of the consumer. The cost
difference may also go through the carbon finance route,
and is still under consideration. EESL distributed more
than 103 million of domestic LED bulbs until o9 May 2016.

BEE has also funded the preparation of detailed project
reports (DPRs) of more than 130 municipalities/urban lo-
cal bodies (ULBs) in India for the replacement of street
lights with LEDs under the street lighting national pro-
gramme (SLNP). The prepared DPRs have highlighted
the fact that energy cost accounts for a significant por-
tion of the total expenditure, and identified many inter-
ventions for the savings. The current lighting fixtures that
are commonly installed on street light posts range from
ordinary fluorescent lamps of 40W with electromecha-
nical choke to High Pressure Sodium Vapour (HPSV)
lamps having a rated capacity from 70W to 400W. Up to
50% energy savings can be achieved if these fixtures are
replaced with LEDs that provide the same level of light
output. The resultant energy savings and the associated
monetary savings provide a business model. The lower
running cost is a significant benefic for the State Govern-
ments, Discoms and ULBs, particularly for ULBs that are
supported by State Government budgets. EESL has, till 13
Dec 2016, installed 1,448,166 street lights .

Initially, 100 cities have been taken up for coverage under
the street lighting national programme (SLNP) and Do-
mestic Efficient Lighting Programme (DELP). For DELP,
as per the statistics of the Electric Lamp and Component
Manufacturers (ELCOMA), about 770 million incandes-
cent bulbs were sold in 2013-14. If all these are replaced by
LEDs, the total reduction in connected load in the country
is estimated to be 20,000 MW and energy savings of 100
billion KWh every year. The total saving in c]cctricity bills
of consumers will be about USD 6 billion every year, consi-
dcring average tariff of 0.06 USD per kWh. The total cost
charged to consumers by EESL is about 1.5 USD (based of
applicablc VAT/Octroi in a state) and the payback is less
than one year. The LED bulb will function for more than
25,000 hours and the savings achieved after one year is of
the consumer only. For the street light programme, the ex-
pcctcd reduction in installed street light load by rcp]acing
conventional lights with LED based street ]ights will be
about 1500 MW. These replacements can lead to savings of
approximately 9 billion KWh of energy and cost saving of
USD 800 million to municipalities annually, considering
an average tariff of 0.089 USD per KWh.



2.4 EFFECTS OF THE
POLICY/PROGRAMME

As 0f13 December 2016, 183 million LED bulbs were sold
under UJALA, which has had a major impact on ener-
gy use and CO2 emissions. The energy saving from these
LED bulbs is around 19,273,422 kWh per day7 and avoided
peak demand is approximately 4,764 MW, assuming they
rcplace incandescent bulbs over which LEDs are 85%

more cfficient The cost saving would be around INR
95 billion (USD 1.45 billion) per day, considcring a unit
price of INR 4 per kWh (USD 0.059’ per kWh) and GHG
emission reductions of 29,712 tCO2 per day. The impacts
of the LEDs through DELP was checked in five cities by
a third party. Table 5 shows the ﬁndings of the survey,
and a variation in impacts is observed; nevertheless, the
impacts are real.

1 E.\‘c/mngv rate: 1 USD = 67 INR

TABLE 5: Energy savings and CO2 reduction in different regions
!/ [ [ ' |
UNITS SAVED FOR

NO. OF BULBS THE OVERALL PEAK LOAD EMISSION
SR.NO. REGION DISTRIBUTED ;I;’C:'I)ECT (MILLION REDUCTION (MW) EEI'IDOUlfSTAIﬁ'; TCO2)
1 Puducherry 338 80.95 15.81 65.57
2 Anantapur 240 150.06 29.36 121.55
3 Guntur 240 24933 48.70 20196
4 Srikakulam 240 142.04 27.87 115.05
5 W. Godavari 240 2141 41.82 173.42

The above impacts can be undermined if the LEDs are
not operational; therefore, in these five cities, the failure
rate was also checked by a third party. A total of 1,298
bulbs were distributed during the survey, out of which
1,280 i.e. 98.61% of bulbs were found to be operational.
This shows that the estimations of impacts from the LED
programme are correct.

The implications of the Street Light National Programme
(SLNP) on energy use and GHG emission reduction, to
date, are mentioned in Table 6. The energy savings is 0.363
kWh per light per day, which resulted in a total saving of
525,684 kWh per day for 1,448,166 street lights, installed
as of 13 December 2016. The GHG emission reduction per
day is 436.36 tCOz, and avoided capacity generation is
4779 MW.

TABLE 6: Installation of LED street light by EESL in 5 cities and third party checks carried out by

PricewaterhouseCoopers (PWC) Private Limited

NO. OF

AVOIDED

NAME OF CITY g::JTEBDER LD:;ES$;IEVEET :‘:\::2; FrERer (c';r:i)fj:‘istlleN :Egll(.léglAODN éEoFFECﬂVE LED
INSTALLED LIGHTS (MILLION KWH) 1C02) (MW) STREET LIGHTS

Varanasi 947 21 1.56 1.278 0.39 2.22%

Jhalawar 2449 21 0.37 0.303 0.09 0.86%

Mount Abu 1807 38 0.65 0.53 0.16 210%

Vizag 91775 884 23.54 19.302 5.05 0.96%

Agartala 34200 425 39 32 0.97 1.24%

Total (For 5 Cities) 131178 1389 30.02 24.613 6.66 1.06%

Percentage failure rate as per findings: It was found through a third party that most of the street lights installed were
in working condition, and only 1.06% (Table 6) of the installed street lights were observed to be non-working. Based
on discussions with the officials of the municipal corporation and local suppliers in these cities, it was found that line
faults were the major reason for the non-working LEDs.
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FIGURE 3: LED street light installation in Varanasi

2,5 CHALLENGES
EXPERIENCED

The challenge in the domestic sector was that of awar-
eness and the changing mind-set of the people towards
energy Cfﬁcicncy. What is the impact of the energy efhi-
cient applianccs on their daily budgets and life? Energy
Efficiency Services Limited (EESL) took this challenge
and started the national programme Domestic Efficient
Lighting Program (DELP). The second challenge was the
initial high cost of the LED bulbs as perceived by domes-
tic consumers. As already mentioned, the LED lamps
were provided at well below the prevailing market prices
due to hugc economies of scale in the programme by
EESL. This also brought down the market price of LEDs,
Cvcntually in close range with those offered by EESL --
from INR 310 (USD 5.22) to INR 55 (USD 0.82), in one
and a ha]fyears (Figurc 4), which is shown in the graph
below. The consumers were also attracted to the scheme
since they could pay for LED lamps in easy monthly ins-
talments. The energy saved per month through LED use
almost offset these instalments.
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FIGURE 4: Trend in LED bulb prices
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The major challcngc cxpcricnccd loy the municipalitics
and urban local bodies (ULBs) was the selection of ES-
COs to implcmcnt the energy efficient street lighting.
Municipalitics/ULBs issued the tenders for sclccting the
ESCOs for implcmcnting the projects, but thcy did not
materialise due to a variety of reasons like problcms in set-
ting the baseline, conditions of the contracts, availability
of funds, data inadcquacy and challcngcs associated with
monitoring and verification of the data. Energy Efﬁcicncy
Services Limited (EESL) made the same observation and
evolved an annuity-based model that ensures the best avai-
lable tcchnology lcading to overall cost saving to the muni-
cipalitics/ULBs. In the street light case, as well, the cost of
LED street lights was reduced from INR 162 (USD 2.4) per
watt to INR 68 (USD 0.99) per watt (Figure 5).

To date, EESL has invested USD 1.2 billion in energy
saving investment in the street lighting and domestic
lighting sectors, and through these investments they are
present in 151 cities with their street lighting investments
and 240 cities with their domestic lighting investments.
The funds are being arranged through a combination of
equity from promoter companies, and loans from bilate-
ral & multilateral agencies and banks.

FIGURE 5: Prices of the street lights per Watt
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2.6 REPLICABILITY AND
SCALING UP POTENTIAL

chlicability of the Ujala programme is proven by the
fact that the programme used the Bachat Lamp Yojana
scheme architecture and the DSM regulations to create a
viable business model to promote large-scale replacement
of incandescent lamps with LEDs. The replicability is also
demonstrated by the fact that, to date, EESL has distri-
buted more than 100 million LEDs in India with the help
of DISCOMs and State Designated Agencies (SDAs).

EESL has evolved a service model whereby it works with
Clcctricity distribution companies (DISCOM:s) through a
benefit sharing approach. The Ujala programme obviates
the need for DISCOMs to invest in the upfront cost of
LED bulbs; EESL procures the LED bulbs and provides
them to consumers at a rate of 1.5 USD each, against their
market price of 5 USD. The upfront investment made by
EESL is paid back in two different ways:

On Bill Financing (OBF): Cost recovery from consumers
by deduction of easy instalments of 0.15 USD every mon-
th for 8-12 months. The entire cost of the LED bulbs, in-
cluding the awareness, distribution and cost of capital is
recovered from consumer bills.

Annuity Model: EESL rcplaccs the conventional street
lights with LEDs at its own costs (without any need for
municipalitics to invest), and the consequent reduction
in energy and maintenance cost of the municipality is
used to repay BEESL over a period of time. The contracts
that EESL enters into with municipalitics are typically
of a seven year duration, where it not only guarantees a
minimum energy saving (of typically 50%) but also pro-
vides free rcplaccmcnts and maintenance oflights at no
additional cost to the municipality. The service model en-
ables the municipalitics to goin for state-of-the-art street
lights with no upfront capital cost, and repayments to
EESL are within the present level of Cxpcnditurc. Thus,
there is no additional revenue Cxpenditure incurred by
the municipality for changc over to smart and energy ef-
ficient LED street lights.

Replicability of the National Street Lighting Programme
and the Domestic Energy Efficient Lighting Programme
(Now UJALA) are also proven by the fact that the Pro-
gramme has been developed on the principles of BLY.
EESL has installed more than 0.763 million LED-based
street lights and distributed more than 103 million bulbs
in the country. This proves the replicability of the pro-
gramme and the business models.
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The ownership of assets that consume electricity at the
houschold level in India has increased across both ur-
ban and rural households (Figure 6). These appliances
are of different manufacture dates, makes and models,
and have different usage patterns across households. The
usage also depends on region and season, as well as time
of day. Some researchers have estimated profiles of these
appliances in India (Garg et al., 2011). These indicate that
scope  exists for reducing the energy consumption of
these appliances per unit of service delivery. Prima facie,
the energy savings of a device is expected to offset the
additional capital expenditure of the high performing
device. However, dcspite negative marginal COSts, most
energy efficient devices do not automatically penetrate in
a developing country due to a myriad of existing barriers,
such as market imperfections, weak institutional sup-
port, quality and reliability of electricity and energy effi-
cient appliances, high upfront capital costs, high interest
rates, low awareness, behavioural inertia to change, and
other dynamic barriers e.g. changing tax and subsidy re-
gimes (Garg et al., 2014). Along similar lines, Almeida et
al. (2003) had identified that the most common barriers
for application of energy efficient technologies were split
budgets (different budgets for capital and operations),
risk of failure, lack of internal incentives and market
structure. A combination of educational tools, standards
and labelling, promotional activities and financial incen-
tives could be the most successful way to promote energy
efficient technologies.

Standards and labelling programmes for electric ap-
pliances have existed in developed and some developing
countries for some time now. For instance, USA had the
star labelling programme for refrigerators since 1979, Ca-
nada since 1990, European Union (EU) since 2010, China
since 2010, Brazil (for electric equipment) since 1985, Ja-
pan since 2006, etc.

3.2 WHY THE POLICY WAS
INITIATED

The Indian government has instituted several measures to
lower the transaction costs for highcr penetration of EE
appliances. These could be through mandatory standards
and labelling wherein devices sold on the market have to
follow these standards. There are also schemes such as
UJALA and SLNP wherein efficient devices are pushcd
on the market through a programme. BEE has developed
a mandatory Standards and Labelling (S&L) scheme for
air conditioners, rcfrigcrators, tubular fluorescent 1ights
(TFLs), and distribution transformers, and a Voluntary
scheme for cciling fans, washing machines, TVs, direct
cool refrigerators, storage type water heaters, domestic
gas stoves, and various types of water pump sets. These
schemes require display of energy performance labels on
the end use equipment and applianccs, and 1ay down mi-
nimum energy performance standards (BEE, 2016). The
Electricity Act (2003) provides an overarching framework
for enhancing energy efficiency in the residential sector,
among others.

3.3 WHAT WAS DONE

BEE is undertaking the Standards & Labelling Pro-
gramme to provide consumers information about the
energy saving and, thereby, the cost saving potential of
houschold goods and other equipment. The appliances
are rated with one to five stars, with five stars indica-
ting the most energy efficient model. The labels note the
amount of electricity consumed by the appliance and its
energy efficiency. This is expected to impact energy sa-
vings in the medium and long run, while at the same time
positioning the domestic industry to compete in markets
where norms for energy efficiency are mandatory.
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FIGURE é6: Indian household profile (number per 1000 households).
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Source: National Sample Survey Organisation, Fifty-Fifth and Sixty-Eighth round documents, Government of India.

The programme was launched in May 2006, and is cur-
rently operational for the following equipment and ap-
pliances: room air conditioner, ceiling fan, colour Te-
levision, computer, direct cool refrigerator, frost free
refrigerator, distribution transformer, domestic gas
stove, general purpose industrial motor, mono-set pump,
open well submersible pump set, stationary type water
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heater, tube 1ight florescent ballast, solid state inverter,
office automation products, diesel engine driven mo-
no-set pumps for agricultural purposes, diesel generator
set, LED lamps, and inverter AC. Their individual energy
ratings are available on the BEE website (hetps://www.bee-
starlabel.com/).



The ratings are proposed by the BEE and have been made
mandatory for five different equipment in India since
January 2010. The equipment are mandated to have star
labelling, and include room air conditioner, frost free re-
frigerator, tubular fluorescent lamp, distribution trans-
former and cassette type air conditioner. The five star
ratings decided by BEE for the different equipment are
provided in Appendix A.

This equipment cannot be sold on the market without the
star labelling. Furthermore, their standards are revised
periodically, for example, the standard for ACs has been
revised three times since 2010. There are another 16 vo-
luntary equipment, other than these five mandatory ones,
which are going to come under the mandartory star label-
ling programme in the coming years (one to two equip-
ment every year). These voluntary equipment are: direct
cool refrigerators, general purpose motors, ceiling fans,
agricultural pump sets, colour TV, electric water geysers,
laptop & notebook, washing machine, LPG stoves, bal-
last, inverters, office equipment, DG sets, DG pump sets,
variable capacity (inverter) ACs, and LED lamps.

3.4 EFFECTS OF THE
POLICY/PROGRAMME

Every year, an independent evaluation is carried out
which assesses the penetration of starred products using
the data from such evaluations; penetrations of different
starred products have been worked out. Also, BEE perio-
dically revises its rating system to reflect best global tech-
nologies. Using information for households from India’s
official data agency, National Sample Survey Organisa-
tion (NSSO), BEE has attempted a calculation of energy
savings made from the star labelling scheme of four com-
mon energy consuming appliances in houscholds (ACs,
ceiling fans, refrigerators, colour TVs). From the labelling
of these four appliances, the estimated saving of electri-
city consumption by households in the year 2030 is 136.8
billion units (or 24%). Table 7 illustrates these potential
savings. BEE has stipulated a reduction of approximately
30% for houschold electricity consumption, inclusive of

both lighting and appliances for the year 2030.

TABLE 7: Energy saving potentials by appliances in 2030
./ /[ /[ [ ! [ |

ENERGY ENERGY ENERGY
CousenoLns arsiance TCPALNOL e sap  SAVING D NONRATED SAVED |
MILLIONS YEARS RATED PRODUCT/ APPLIANCES APPLIANCE (PER
YEAR) (MILLION (MILLION CENT)
KWH) KWH)
Bottom 5 AC 4 7 2* 415 1660 10400 16
Refrigerator 26 10 3* 283 7358 18720 39
Colour TV~ 60 7 0 0 24000 0
Ceiling Fans 94 10 0 0 0 21996 0
Top 5 AC 52 10 3* 567 29484 135200 22
Refrigerator 161 10 5* 411 66171 115920 57
Colour TV~ 247 7 4* 71 17537 98800 18
Ceiling Fans 585 10 4* 25 14625 136890 N
All 136835 561926 24

Source: BEE, Adapted from LCC Final Report, 2016

TABLE 8: Shares of BEE labelled air conditioners sold

STAR RATING 2007-08 2008-09 2009-10 2010-11 2011-12
1 Star 17.10% 14.50% 16.20% 8.50% 1.70%

2 Star 74.50% 56.50% 39.00% 40.40% 34.80%
3 Star 3.50% 24.80% 31.00% 31.80% 39.60%
4 Star 3.70% 3.30% 3.20% 3.70% 2.50%
5 Star 1.20% 0.90% 10.60% 15.60% 21.30%

Source: BUR 2016
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TABLE 9: Shares of BEE labelled frost free refrigerators sold
! /' '/ |

STAR RATING 2007-08 2008-09 2009-10 2010-11 2011-12
1 Star

2 Star

3 Star 100.00% 100.00% 11.50% 14.70% 7.50%
4 Star 4790% 27.80% 23.20%
5 Star 40.60% 57.50% 69.30%

Source: BUR 2016

Results indicate that up to 7.9 TWh of Clcctricity can be
saved per year in Gujarat state, with 6.7 Mt-CO2 emis-
sions mitigation at negative or very low CO2 prices of
UusD 10/t-CO2 (Garg ct al. 2014). The old and new load
curve arrived at by using some tcchnology transitions is
dcpictcd in Figure 7. The shaded portion is the load re-
moved due to usage of energy efficient appliances. Most
of the power savings result from energy cfficient refri-
gerators, cciling fans and air conditioners. Although air

conditioners save more power per unit of operation, the
total number of fans and rcfrigcrators is very high, resul-
ting in a higher contribution in power saving. Energy ef-
ficient Cciling fans are not a focus of present labclling and
standards programmes, even though some star labelled
fans have become available on the market rccently. Ligh—
ting contributes only marginally, also during the evening

pcak.

FIGURE 7: Load curves showing savings by various EE appliances in summers
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3.5 CHALLENGES
EXPERIENCED

The implementation of the standards and labelling pro-
gramme required a considerable amount of technical and
financial resources. The following challenges were expe-
rienced for the implementation of this programme (Jose,
2011):

. Aggregation of baseline data;

- Lack of established testing protocols for EE;

- Strengthening of nationwide testing capacity;

- Unorganised market for several appliances plays key
role in regional markets;

« Institutional challcngcs for upscalc of such a na-
tionwide scheme;

« Sustainable and robust model for monitoring and
verification;

. Continuous and strategic media campaign;
- Public procurement and payback-based purchases in
terms of EE appliances;

- Incentive-based promotion for manufacturers in addi-
tion to the market-based promotion;

. chhnical and manpower support fOI‘ furthcr cnlargc—
ment.

3.6 REPLICABILITY AND
SCALING UP POTENTIAL

The standards and labelling programme was started in In-
dia in May 2006. It focused on air conditioners to bcgin
with, and slowly frost free refrigerators, tubular fluores-
cent lamps, distribution transformers and cassette type
air conditioners were brought in. In light of the signifi-
cant success of this programme, there are proposals to
continue and extend the appliance-labelling programme
for presently uncovered appliances. Some standards were
moved to the compulsory scheme, wherein every product
manufacturer had to follow these to sell their respective
products in Indian markets. Another category of the vo-
luntary scheme was introduced subsequently, whereby it
is optional to follow these standards. Manufacturers that
decide to follow these standards may use them as a strate-
gic markcting advantagc to sell their products.

It is apparent that new standards and labelling are
brought as Voluntary schemes initia]]y. As the produc—
tion matures and the penetration level increases, these
are made into compulsory schemes, and the performancc
levels are also enhanced (Tables 8 and 9).

The manufacturers, therefore, get time to adjust their
production processes over a period and prepare for en-
hancing their product performance. This also provides
leverage to market more energy efficient products to the
consumers. In other words, efficient products are initially
“pushed” through standards and labels and then the cus-
tomers “pull” them, as reflected in market demand for
more efficient products.

As alrcady mentioned, standards and labc“ing is a time-
tested mechanism for Cnhzmcing energy cfﬁcicncy of
clectrical applizmccs all over the world. However, more
measures are still needed to realise the full economic
and environmental potcntial of energy efficient devices,
cspccially from the household sector. Pcrhaps there is a
scope for energy service companies (ESCOs) in distri-
buted houschold sector. However, mechanisms for the
same have to evolve in India, such as cost, benefit and risk
sharing arrangements between power udilities, appliance
manufacturers and houscholds.
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SECTORS IN
TAMIL NADU



CAPACITY (GW)

Renewable energy tcchnologics are idcally suited to dis-
tributed applications, and thcy have substantial potcntial
to provide a reliable and secure energy supply as an alter-
native to grid extension or as a supplemcnt to grid—pro-
vided power. Over 400 million pcoplc in India, including
47.5% of those liVing in India’s rural areas, still have no
access to electricity. Because of the remoteness of much
of India’s un-electrified population, renewable energy can
offer an Cconomically viable means of providing connec-
tions to these groups. Some of the renewable energy tech-
nologics that are used in Villages and rural areas as decen-
tralised systems are:

- Family-size biogas plants

- Solar street lighting systems

- Solar lanterns and solar home lighting systems

- Solar water heating systems

- Solar cookers

- Standalone solar/biomass based power generators
- Akshay Urja / Aditya solar shops

- Wind pumps

« Micro-hydro plants

Many of these systems have also been found useful in
urban and semi-urban areas to conserve the use of elec-
tricity and other fossil fuels. Solar water heating systems
have helped in demand side management of electricity in
various cities and towns during peak hours. Standalone
rooftop SPV systems are getting popular for daytimc die-
scl abatement in areas where power cuts are very high.’

Solar home systems are particularly convenient for rural
homes where grid connectivity is not available/reliable.
Solar home systems provide around four LED lights, one
fan and two mobile charging points. Thcy have a small
battcry backup that can support these facilities for up to
four hours.

The government of India has announced an ambitious
target for solar power under their intended nationally
determined contributions (INDC) at the Paris Climate
Change Convention in 2015. The solar electricity capacity
target of India under the Jawaharlal Nehru National Solar
Mission (JNNSM) has been set at 100 GW by 2022 (Figure
8 gives a state-wise breakdown of this target). This capa-
city will include 40 GW Rooftop and 60 GW through
Large- and Medium-Scale Grid Connected Solar Power
Projects. These projects have been allocated capital sub-
sidy under Viability Gap Funding (VGF) based projects
to be developed through the Solar Energy Corporation
of India (SECI) and for decentralised generation through
small solar projects. This 100 GW is CXpCCth to abate 170
million tonnes of CO2 over its life cycle (PMI, 2015).
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FIGURE 8: State-wise solar power generation capacity targets in India (GW)
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Twenty-six states have set up regulations for gross/net
metering facilities for solar rooftop installations. Some
of the states, for examplc Tamil Nadu in the southern
parts of India, have been encouraging both the residen-
tial and industrial sectors to adopt rooftop solar systems.
Two case studies from cach of these sectors are provided
below.

CASE A: SOLAR ROOFTOP
SYSTEMS AND STREET
LIGHTING SYSTEMS SERVING
RESIDENTIAL CONSUMERS

41A INTRODUCTION

The Government of Tamil Nadu, one of India’s southern
states, has launched a programme for solar powered
homes in rural areas and solar street lighting systems. The
programme is known as the Solar Powered Green House
Scheme. The plan under this scheme involved construc-
ting 300,000 houses with solar powcred 1ighting systems
over a period of five years, from 2011-12 to 2015-16. In each
of those years, 60,000 such houses have been planned for
the rural areas for people living below the poverty line
(GoTN, 2015) ......................................................................... .

The Rural Development and Panchayat Raj Department
is the implementing agency for construction of houses,
and the Tamil Nadu Energy Development Agency
(TEDA) is the implementing agency for installing the
solar systems. These houses are constructed by replacing
existing dwellings or on land owned by the beneficiaries,
thus bypassing issues of land acquisition.

4.2A WHY THE POLICY WAS
INITIATED

The policy was introduced to provide rural housing with
solar lighting to people below the poverty line in rural
areas of the state of Tamil Nadu in India. With limited
household-level access to electricity, decentralised electri-
city generation using solar panels was chosen.
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4.3A WHAT WAS DONE

For the years 2011-12 to 2014-15, 240,000 homes, each mea-
suring 300 square feet, had been fitted with solar power
lighting systems. The various aspects of the project are

providcd below.

KEY FEATURES
OF THE POLICY/PROGRAMME

Economic and Financial Aspects: The cost of house
construction is USD 2,650 and the cost of installing solar
equipment is USD 440, including CFL/LED lamps. The
Rural Development and Panchayat Raj Department depo-
sits USD 440 with TEDA for cach house (TEDA, 2015).
TEDA is rcsponsiblc for setting up the solar Iighting sys-
tem and c]aiming the app]icab]e subsidy from the Ministry
of New and Renewable Energy, which is then passed on to
the Government of Tamil Nadu. Any savings and interest
accumulated are also passed on to the Government of Ta-
mil Nadu. An estimated subsidy of USD 6.3 million and
usD 5.8 million for the first two years has been allocated
from the Ministry of New and Renewable Energy. These
houses have been provided with 49,650 CFL and 10350
LED-based solar power lighting system for each year. On
average, the balance of system and module cost is USD 9.8
per W, with 45 W planncd for each house.

Technology Aspects: The solar lighting system consists
of hybrid solar inverter/PCU, which is a mature techno-
logy based on solar PV and battery storage. The modu-
lar dcsign makes it easy to install, and the systems have
been Functioning well with the ﬁvc-ycar comprchcnsivc
annual maintenance contract by the supp]icr. There is a
high scope for obsolescence of PV module with the thin-
ning of films. The battery has to be replaced at regular
intervals. All the components, except the polysilicon and
the solar pancls, are made in India and installed by Tata
Solar (TPS, 2015), Su-Kam and others.

The solar lighting system consists of five CFLs/LEDs - one in
the living room, bedroom, kitchen, bathroom and veranda.
These systems can be operated for five hours per day. Figure
9 dcpicts a rural house with a solar lighting system.

The solar home lighting system with grid backup has the

following features:

1. Comprchcnsivc annual maintenance contracts of the

systems by tl’lC supplicr fOT ﬁve years.

2. Smart power conditioning unit to charge the battery
from the grid only on rainy or cloudy days when solar
power is insufficient.

3. The solar system has a three-day autonomy i.e. even
if it rains for three days the system will work as the
required energy for three days is generated by the
panel and stored in the battery. Provision of grid
backup avoids the requirement of autonomy for more
than a day. Hence, additional capacity ofbattery and
SPV panel required for more autonomy is reduced,
resulting in huge capital savings.



Social Aspects: There is a high acceptance of the pro-
gramme at the local level. An estimated 250 people are
employed for installation every year. An estimated 100
people are employed every year for maintenance of the
solar systems.

Policy Aspects: This programme is driven by state go-
vernment policy. It may face replication challenges due
to the involvement of the subsidy component. However,
market mechanisms can also be structured to take care of
these challenges.

The government of Tamil Nadu has also planned to imple-
ment 100,000 street lights in Village panchayats through
solar power over a period of five years until 2016, i.ec.
20,000 cach year. A cost of USD 7.4 million is estimated,
out of which the Ministry of New and Renewable Energy
provides the subsidy of USD 1.2 million. A photograph of
the street lighting system is provided in Figure 10.

FIGURE 9: Houses with solar lights

The street lights are installed through solar power in

three categories:

1. Per year 18,000 existing street lights with 40W
incandescent bulbs or tube lights are replaced with
20W LED lights and powered from centralised Solar
Photo Voltaic (SPV) power plants through the exis-
ting distribution line of Tamil Nadu Generation and
Distribution Corporation Limited (TANGEDCO),
with grid backup.

2. Per year 1000 new LED-based street lights from cen-
tralised SPV power plants.

3. Per year 1000 new LED-based standalone street lights
are powered by SPV.

4.4A EFFECTS OF THE
POLICY/PROGRAMME

Assuming 300,000 installations, avoided generation
would amount to 13.5 MW peak load capacity for the
state of Tamil Nadu. With full use, the power supply re-
quirements fulfilled in rural areas would approximately
be 24.6 million kWh per annum. The carbon dioxide sa-
ved is estimated at 18.7 thousand tonnes per annum.
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FIGURE 10: Solar street lighting

4.5A CHALLENGES
EXPERIENCED

One of the major constraints is the budgctary support
of the state, since the entire cost was fully funded by the
state and central governments. The second challenge is
maintenance of the solar systems after five years when
maintenance contracts with the supplicr ends. Mainte-
nance procedures have also been communicated to the
users, which can be a major step towards curbing this
challenge. An important constraint of maintenance and
user buy-in was overcome by ensuring that the principal
user also works for imp]cmcnting the project i.e. there
is some sort of sweat equity contribution from the user.
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4.6A REPLICABILITY AND
SCALING UP POTENTIAL

Such projects driven by state policy and financial support
are good Cxamplcs of mass scale distributed renewable
Clcctricity generation and use. ch]ication tbrough market
mechanisms may pose issues, although later projects using
partial subsidy coverage are Working fine. The tcchno]ogi—
cal progress of solar PV lcading to decrease in cost would
contribute to making such projects less costly to replicatc.

However, recent policies for grid connected solar roof-
tops and capital subsidies in residential, government,
social and institutional (hospitals, educational institutes)
sectors will encourage the penetration of solar rooftop
systems. The budget for solar rooftop systems has been
scaled up from around USD o.1 billion to USD o.7 billion
until 2020, covering the support for installation of 4,200
MW of solar rooftop systems. Thus, the replicability po-
tential of such projects is high in the present scenario.

This project is available until 2016. The state government
has moved towards a partial subsidy mechanism in subse-
quent projects for solar rooftops, where users need to pay
USD 640 to USD 880 for a 1 kW supply. Even these prices
are well below the market rates, and the implementing

agency is witnessing the rapid growth of these projects.



CASE B: ROOFTOP SOLAR
ELECTRICITY IN INDUSTRY:
THE CASE OF MURUGAN
TEXTILES

4.1B INTRODUCTION

Murugan Textiles, a textile plant in Palladam, Tirupur
district of Tamil Nadu state of India, installed rooﬁop SO-
lar to supply electricity to the spinning machines at their
mills. Slowly, some industries are cxploring renewable en-
ergy options for meeting their captive needs. Aside from
captive consumption, the solar energy plant in Palladam
is also connected to the grid through a dedicated feeder
at 11 kV to obtain Renewable Energy Certificates’ (REC)
(EAI, 2015).

4.2B WHY THE PROJECT WAS
INITIATED

The industrial area used to suffer from a shortagc of elec-
tricity from the grid. Batch processing industries like tex-
tile have to rcly hcavily on assurance of continuous supply
of qua]ity power as supply shortagcs lead to the entire
batch in process to be discarded. In addition, the firms
operations are working capital intensive as thcy use open-
end spinning machines, which are more power intensive
than conventional machines. Prcviously, these p]zmts
relied heavily on diesel-run generators, which is a costly
source ofclectricity. The use of solar energy as the prima-
ry source by a textile mill was prompted by the introduc-
tion of Renewable Energy Certificates and the dccrcasing
capital cost of solar power installations, which made such
projects feasible and efficient in a supply deficit region.
The mill is grid connected through an 11 kV feeder to take
care of exigencies in renewable energy generation. Such
conditions exist in many industrial clusters across India
where renewable energy solutions can pose feasible alter-
natives to grid-bascd Clcctricity supp]y. The rooﬁop solar

installation of the mill is shown in Figure 11.

2 1 REC is equivalent to 1 MWh of electricity generated from rencwable

sources HHC[ can [’L’ “'LH‘I(T[.

4.3B WHAT WAS DONE

To meet their daily operational energy requirements,
Murugan Textiles has adopted renewable energy sources
like solar and wind (Tol, 2015). The rooftop solar system is
buile on top of the existing spinning mills and warchouse.

Key features of the policy/programme

Economic and Financial Aspects: The cost of the p]ant
is nearly USD 2 million (Solar PV costs are estimated
at USD o0.92 million per MW). The company estimates
a break-even pcriod of six years, and since this is much
lower than the lifespan of the technology the project was
found ﬁnancially viable.

Technology Aspects: The system is designed as a hybrid
model of renewable energy consumption, using both so-
lar and wind energy so that the entire power demand can
be met from renewables. The solar system is designed to
generate 2 MW peak power. The total roof area covered is
18,850 square meters. The Solar Power Plant is configured
as 700 kW on one rooftop, and 650 kW, each, on two roof-
tops. The solar system has crystalline modules of 245 W
and 250 W supported by 57 numbers of inverters for the
entire system (TERI, 2013).

Social Aspects: Murugan Textiles, at present, powers
nearly all of its machinery on renewable energy. They ge-
nerate 25% of their clcctricity requirement through solar,
and the rest though wind energy. The benefits include
projcctcd cost savings of USD 1.6 million in 25 years.

Po]icy Aspects: This project has not been driven through
any subsidies from the government; rather, it is mar-
ket-based. It makes use of existing government regula—
tions that allow captive power plants to supply Clcctricity
into the grid and renewable energy policics that enable
the plant to earn renewable energy certificates and get
paid a higher price for electricity, using feed in tariffs.

4.4B EFFECTS OF THE POLICY/
PROGRAMME

The solar plant will result in an estimated energy gene-
ration of 3 million kWh per year (Bloomberg, 2015) and
CO2 savings of 2,567 tonnes per year, as reported by the
company and Tata Power Solar, the installation contrac-
tor for this project.
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4.5B CHALLENGES
EXPERIENCED

Dedicated rooftop and ﬁnancing requirements: The pro-
ject, which started as a green initiative, has cxpandcd to
take over the conventional grid connected power supply
of the mill. The only constraints are the requirement of
a dedicated area, and ﬁnancing of the capital cost of the
project. Murugan Textiles solved the problem of area by
dedicating their entire rooﬁop to solar installations.

Capital cost: One of the challenges in the face of falling
oil prices is the capital cost of solar power in industries,
though mechanisms like feed in tariffs will lead to some
benefits. Thus, short-term direct benefits are absent for
industries, although taking long-term scenarios into ac-
count, this may seem comparable.

FIGURE 11: Murugan Textiles, Tamil Nadu

4.6B REPLICABILITY AND
SCALING UP POTENTIAL

This project may be rcplicated across other industries, es-
pccially since it is working well in a batch processing in-
dustry, which needs a constant source of elcctricity. With
the government mandate of spcnding 2% of proﬁts for
certain class of companies, this amount can be harnessed
for shifting to a green alternative.

Renewable Energy Certificates, higher feed in rtariffs
in Tamil Nadu, and the decreasing capital cost of solar
power installations may have played a role in encouraging
such installations.

In batch processing industries, especially, the damage
cost of load shedding or having low quality power is quite
high. Therefore, many industries might want to replicate
this case, if not for full reliance than for partial backup
power.

The company is cxpanding its project from 2 MW to 3
MW. In the future, other companies may also follow the
same model. Similar cxamplcs of industry using distri-
buted renewable sources of clcctricity are numerous in
India, for cxamplc, oil distribution companies, retail
banks in rural areas, etc.
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|MPROVING

PUBLIC TRANSPORT:
A CASE STUDY OF
DELHI METRO



NUMBERS ('000)

5.1 INTRODUCTION

The number of private transport vehicles has been increa-
sing at a high rate in Indian cities over the last decade
(Figure 12), though on a per capita basis the level is still
significantly below developed countries. Public and para-
transit modes still provide a larger share of demand for
passenger transport in urban areas (Dhar & Shukla, 2015,
and Table 15), however the growth in private vehicles is
expected to make it the dominant mode of transport in
the future. Private transport has, on a per passenger km
basis, higher fuel consumption, takes up more road space

FIGURE 12: Population of vehicles in Indian cities
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The Government of India initiated metro rail systems
in Kolkata (1984), Chennai (1995 and 2015), New Delhi
(2002), Bengaluru (2011), Gurgaon (2013), Mumbai (2014),
Jaipur (2015), Hyderabad (2016), and Kochi (2016). Ove-
rall, 15 large cities in India currently have on-going metro
projects, and it is considered a mitigation option within
the INDC of India.
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1cading to congestion on the roads, results in more acci-
dents and has highcr emissions of local and global pollu—
tants. In aggregate, therefore, increased private vehicles
means highcr oil imports, more accidents, increased pol—
lution” and more congestion in cities. It also means more
CO2 emissions. An efficient public transport system is,
therefore, necessary for shifting the demand from private
to public transport.

1 India imports over 75% of its oil, which is a large outflow of foreign ex-

change for India.

2 Indian cities dominate the list (!['nm.\‘tpn//lm'd cities, and a [m'g('r number

Q[(‘ili(.\‘ have a concentration o_/'l"\l/ - way [w.\'mm' the pcrmixsilvlc levels.
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Delhi was the first city in India to go for a metro rail pro-
ject in a big way. It also created high standards of execu-
tion and performance, including earning two CDM pro-
jects on regenerative braking and modal shift. This case is
analysed in detail.



TABLE 10: Passenger billion km among various categories of cities (2005)
./ '/ | [/ ! /[ |

CITIES 2W 3W CARS JEEPS TAXIS BUSES TOTAL PARATPRUABI‘II-IS(I:'II' PRIVATE
Mumbai 3.08 3.65 2.86 0.82 254 2460 37.55 30.79 6.75
Delhi 15.44 5.72 1343 2.80 177 6941  108.57 7691 31.67
Kolkata 1.21 0.60 2.01 0.00 2.08 19.22 2512 2190 3.22
Chennai 4.39 1.83 21 0.18 135  20.89 30.74 24.07 6.67
Bangalore 5.63 295 297 015 1.32 33.81 46.83 38.08 875
Hyderabad 5.67 2.61 1.6 113 0.57 13.21 24.8 16.39 8.41
Ahmedabad 4.26 214 193 0.38 0.73 2271 3216 25.58 6.57
Pune 4.24 3.31 119 0.53 0.74 17.85 27.85 21.89 596
Surat 3.29 216 0.78 0.21 012 27 9.27 5.00 4.28
Kanpur 214 0.08 0.58 0.26 0.05 4.46 7.57 4.59 298
Jaipur 3.82 045 0.98 0.39 041 1n.97 18.03 12.83 5.20
Lucknow 3.09 0.34 0.81 0.52 0.26 7.36 12.37 795 442
Nagpur 317 0.78 0.5 0.37 0.04 9.92 14.79 10.75 4.04
Patna 1.00 0.79 0.27 0.68 014 9.87 12.75 10.79 196
Indore 1.63 0.38 0.38 0.08 0.76 8.58 1.8 9.7 2.09
Vadodara 2.65 1.05 043 0.23 0.25 6.79 14 8.09 3.31
Bhopal 1.50 041 0.25 0.05 0.54 6.04 8.79 6.99 1.81
Cochin 0.53 0.55 0.32 012 0.56 9.63 11.70 10.74 097
Coimbatore 3.31 0.44 0.77 0.16 0.44 10.39 15.52 n.27 4.24
Visakhapatnam 1.57 0.56 0.24 0.21 0.19 3.02 5.79 377 2.02
Ludhiana 413 0.37 1.01 0.20 0.09 4.49 10.29 495 5.34
Varanasi 1.59 0.26 0.16 018 0.05 375 599 4.06 193
Madurai 147 0.27 0.15 0.08 0.46 8.87 1.29 9.60 1.70
Total 78.80 31.70 35.70 9.70 1540 329.60 501.00 376.70 124.30

Source: Reddy and Balachandra (2010)

5.2 WHY THE POLICY WAS
INITIATED

Delhi is the capital of India, and has grown quite rapidly
since the Independence of India. In 2011, Delhi had a po-
pulation of more than 16 million people. The growing
population and traffic, especially private vehicles, is lea-
ding to congestion and air pollution. However, for a shift
from private modes of conveyance to public transport, an
improvement in public transport is essential. The Delhi
government, therefore, proposed to initiate a Mass Rapid
Transport System (MRTS).

The first significant mention of an MRTS for Delhi
emerged from a 1969 traffic and travel characteristics stu-
dy. Since then, many official reports by a wide variety of
government departments have been commissioned to ex-
plore the issues related to technology (underground rail,
surface rail, light rail, bus based, etc.), route alignment, and
whether urban mass transit is ultimately the jurisdiction
of the National Government or the Delhi Union Territory
Government. In 1984, the Delhi Development Authority
and the Urban Arts Commission came up with a propo-
sal for developing a multi-modal transport system, which
would consist of constructing three underground mass
rapid transit corridors, as well as augmenting the city’s
existing suburban and road transport networks. Following
that, the Government of National Capital Territory of
Delhi (GNCTD) commissioned Rail India.
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In 1988-89, Rail India Technical and Economic Service
(RITES) Limited was appointcd to study the fcasibility
of introducing an Intcgratcd Multi-Modal Mass Rapid
Transit System for Delhi. The study was complctcd by
RITES in 1991, and recommended a 198.5 km prcdomi—
nantly rail-based network (GoD, 2015). In ]uly 1994, the
Central Cabinet gave the go—ahcad, in principlc7 for the
MRTS for Delhi and directed the GNCTD to take up
the preparation of a Detailed Project Report (DPR). In
May 1995, RITES finalised the DPR for a 55.30 km MRTS
comprising rail and metro corridors, for complction by
March 2005. The Union Cabinet sanctioned the Delhi
MRTS Phase | (Projcct) 0f55.30 km in Septcmbcr 1996,
at a total cost of USD 971 million - at April 1996 prices
(UNEP, 2014).

5.3 WHAT WAS DONE

The metro system was planned to serve Delhi and connect
its satellite towns of Faridabad, Gurgaon, Noida and
Ghaziabad in the National Capital Region. The project
was divided into phases. Phase I comprised of 58 stations
and 65.0 km of route length, of which 13.0 km was under-
ground and 52.1 km was surface or elevated, and was com-
pleted in 2006. Phase II of the network comprised of 124.6
km of route length and 85 stations, and was completed in
2011. Phase IIT of the network comprises 103 km of route
length and 69 stations, and is under construction. Phase
IV is in the planning phase.

The Delhi Metro has been registering a continuous in-
crease in ridcrship since its inception. When metro
services were introduced in 2002, the average ridership
was 80,000 passengers per day, while, as of 2015, daily ri-
dership has risen to 2.6 million (Figure 13).

FIGURE 13: Daily average ridership of Delhi Metro
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