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1. INTRODUCTION
1.1 Description of the problem

Paper is more than an industrial product. It isabkural barometer of the nation. We need
paper everyday for widening the frontier of our Whedge. Yet the per capita annual
consumption of paper at about 4 kg in India is agnéime lowest in the world today
(www.hindpaper.in).

The planned development in paper industry in Itdigan only in post independence period.
The growth however slowed down in sixties owinghe escalation of cost and scarcity of
forest based raw materials. The stagnation feddquent shortage of cultural verities of

paper causing hardship to common consumers. Thexealso the national tasks of

developing the industrially backward regions fotabaed socio economic growth. It was

against this background on M&@, 1970that the government of India set up Hindustan
Paper Corporation Limited (HPC).

HPC group has four paper mills, two are units, amal are subsidiary companies. HPC is
the holding company for Hindustan News Print Lirdi{eINL) and Nagaland Pulp and paper
company Limited (NPPC). Nagaon Paper Mill (NPM) a@dchar Paper Mill (CPM)
functions directly under HPC's control and theirfpemance is reflected in HPC’s operating
results. Over a period of three decades, HPC hdisuputotal capacity of about 335,000
tones (t) of paper and newsprint per year (www.paper.in).

Pulp and paper industry is highly energy intensA® per the schedule of Bureau of Energy
Efficiency (BEE), India it ranks among the fifthexgy intensive industries. The other energy
intensive industries are aluminum, fertilizer, ira@teel, and cement. Indian paper industry
consumes 4 million tones of coal and 2 million MWhpurchased electricity. Out of the
total energy requirement of the pulp and paper ycbdn, 75-78% energy is used as process
heat and 15-25% as electrical power. The energyinmgent of the Indian paper industry is
estimated to increase further in the years to cofieere is large variation in energy
consumption in Indian mills and mills in developaslintries. Steam consumption in Indian
mills varies from 6-16 t/t of paper. Electricity mgumption variation is from 1200-2200
kwh/t of paper. Mills in developed countries useast from 6-9 t/t of paper and power
1250-1550 kWh/t of paper. Most of the paper mifisnalia utilize coal as primary source of
energy for generation of steam and electricityvigw of energy scenario the need for energy
management and conservation is strongly felt. The@ysaims at various measures and means
which can be applied in pulp and paper industryefogrgy management.

Energy has an important place in our everyday I[flee energy sector activities include
extraction, conversion, transportation, and congignpof energy, and disposal of energy
wastes.



Energy requirement is a quantitative measure ofdted energy required for the manufacture
of a product, including the energy used in conwgrtmaterials, providing heating for the

process, transporting, lighting and so on, typicallhas units of mega joules per ton of
product. Since it is related only to the numbeepérgy units used in the manufacture of a
particular mass of product. It can be used to niaigment about the energy efficiency with

which a product is made (Barratt, 1996, p. 616).

The word environment depicts a vast area. The gtiote of the environment is vital for
sustainable human development. Relevant factoremvironment include food, water,
energy, natural resources, toxic substances etrglims one of the most important factors of
environment. Energy management is critical to outure economic prosperity and
environmental well-being. Energy is essential fdre tfunctioning of most of the
industrialized world as well as developing and urdkss/eloped nations. Yet at the same time
energy production and consumption causes degradatio the environment of the
industrialized world and it seems that developiagrtries are also facing the similar kind of
problem. Energy management is one of the mostatlitssues for the future as so much of
the world is dependent upon it.

Thus, we need to understand the traditional souwstesergy, their quality, availability and
environmental effects, as well as the potentiaralitives for energy and the effects of these
upon the natural environment and modern industécahomies. Over the past two hundred
years, the use of primary energy sources in mahufag or processing has evolved from
simply using locally available resources, such asewpower, firewood, or coal. Managing
energy is now a basic feature in the global econandyenvironment.

In the past, man in his quest for better standad guality of life has allowed all other
considerations to take a back seat and this aeteterthe process of environmental
degradation and began to threaten the earth’satel&cological balance. It is also true that
we can never allow the process of developmentaibisthe millions of its inhabitants are to
lead a respectable standard of life. It is theeefoecessary that the considerations of
environment, economy, society, and performance Idhdaecome the real basis for
sustainable development on this planet, if lifeoan planet is to survive forever.

The increasing stress we put on resources andogmvental systems such as water, land and
air cannot go on forever. Especially as the wontipulation continues to increase along

with the rise in industrial activities, the envirantal impact to our system is continuously

on the rise. Unless we start to make real progmsard reconciling these contradictions, we

face a future that is less certain and less seesneed to make a decisive move toward
more sustainable development. Not just becausetlitel right thing to do, but also because it

is in our own long-term best interests. It offdnge best hope for the future. Unless special
measures are taken, the earth is bound to lead tormanageable catastrophe.

Of late, energy efficiency technologies and wasenagement measures in the paper and
pulp enterprises have received attention fromalcerned - government policy makers,

2



industry associations and enterprises- as posgians of enhancing quality and
competitiveness, conserving resources and imprcemiwiyonmental standards.

According to recent estimates, energy savings cbelds high as 20-25% in pulp and paper
sector through appropriate measures like adopticanergy efficient technologies, training
in energy audits, capacity building and informatthssemination (UNIDO, 2005).

Energy management is the judicious and effective of energy to maximize profits,

minimize costs, and enhance competitive positidhss rather broad definition covers many
operations from product and equipment design tdybshipment. Waste minimization and
disposal also presents many energy managementtopp@s. A whole systems viewpoint

to energy management is required to ensure thay mgportant activities will be examined

and optimized (Capehart, 2003).

The objectives of energy management are as fel{@apehart, 2003):

1. Improving energy efficiency and reducing energy, tisereby reducing costs.

Cultivating good communications on energy matters.

3. Developing and maintaining effective monitoring,poging and management
strategies for wise energy usage.

N

Professional energy management is essential foecbaomical and efficient use of energy
sources because it provides important insightsaaselcure basis for evaluation and effective
optimization — for considerable cost savings andoaprehensive overvieCapehart,
2003).

The detailed examination of industrial systems tleatds to the calculation of energy
requirement is known as energy analysis. In practense, the energy analysis of any
process or industrial system is a follow on fromeaergy audit, in which energy use at each
point in the production process is monitored, mesuand recorded. An energy audit means
accounting precisely for energy purchases and gnesgs, for the various functions and
processes carried out in an organization. Suchudit & often carried out in conjunction
with an overall energy efficiency program and begrin mind the fundamental links
between energy use and environmental pollution.

Energy auditing of business can lead to signifiavings in energy costs. Energy auditing
can provide a basic walk-through to identify areapotential savings. Alternatively, energy
audit to provide a detailed analysis that couldude a long-term review of energy usage,
equipment performance, and business processese Huehkts will recommend best tariff

option, changes to processes, and payback pemodsapital investments that will achieve
energy savings.

The process of managing energy should be regardea lausiness cost similar to other
business costs including raw material and labore €ffort required to manage energy
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effectively will vary between companies and dependsthe company size, and energy
intensity (energy costs expressed as a percentagab company costs) and the current
level of efficiency. It is not unreasonable for @pany starting out in energy management
to achieve a significant reduction in their enebgis by good housekeeping measures alone.
This cost saving has a straight positive impacthenprofit, yet is very often overlooked by
firms who perceive energy management as not cetdrahe business or not “strategic
enough” to warrant management attention. Howevercasts are rising and margins are
being squeezed, introducing strategic energy manageinto a firm makes clear business
sense and clearly should be a priority for the rganeent.

However, managing energy does not necessarily necuiformal system; any firm can
improve their energy performance by following a femmple techniques. As with any
business strategy, strategic energy managementpmates a few fundamentals (Parish,
2008, p. 8-9):

get senior management commitment
assess current situation

set goals and targets

establish an action plan

allocate resources

implement plan

review and evaluate.

No abkowdpRE

Energy strategy spans a number of the key functatisin a firm and therefore requires

cooperation and commitment from all. Senior managenprovide the leadership and set
direction; finance department are involved to eastihat most appropriate purchasing
decisions are made; production department as tljeuker, ensures that energy is used
appropriately; engineering department ensures ptant is operated and maintained
efficiently and human resource are involved tolf@ate training and help generate a culture
of energy awareness.

The most successful energy management strategigsally involve the setting up of an
energymanagement team with participants from each ofuthetions mentioned above. This
team would support a dedicated energy manager regponsibility for the coordination of
energy management activities. Depending on theditee business, this may or may not be
a full-time, dedicated post. The team in assoamatuith senior management would establish
an energy management policy, which should inclueleegal aims and specific energy cost
reduction targets, timetables and budgetary lintite, methods to be employed and the
organization of management resources. The energyagea should set up a system to
collect, analyze and report on energy consumptnohcasts.

The next step is to assess how, when and why emeigged in the organization through an
energy review or audit. An energy audit establisblesrgy use patterns, the potential for
energy and cost savings, and can include recomrtienddor actions for improving energy
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efficiency. The typical energy audit examines thee wf the main utilities including
electricity, gas, oil, and water. This audit maydaeried out internally if sufficient expertise
is available in-house, but very often is carrietl lmpindependent, expert energy consultants.

Based on the findings and recommendations of tleeggnaudit, a prioritized action plan
should be drawn up. Energy and cost savings andetiigred investment will be listed for
all items in the action plan. The projects showdrhplemented in order of priority as set out
in the action plan.

The energy team should report results and progessanagement and staff on a regular
basis. An energy management plan or strategy veélinibre effective if its results are
reviewed annually and the action plan revised. fdgew should at least detail actions
undertaken during the year and projects and imphatien plans for the next 12 months.
Adjustments can be made to targets in light of tess requirements e.g. a company may
decide to make additional products that requireghdr energy input.

The business practices employed by firms to ganh sustain competitive advantage are
similar to the techniques employed by firms to maxe their energy efficiency. In the
current climate of price uncertainty and increasiegvironmental obligations, the
management of resources to provide increased prafigins and additional efficiency can
only be of positive benefit to businesses. Theeefiircan be concluded that, in order to have
proper and effective utilization of energy and &aluce impact on the environment it is
imperative to adopt energy management practices.

HPC mills are under tremendous economic and enwiesnal pressures in the last few years.
Being economically competitive in the global markgiace and meeting increasing

environmental standards to reduce air and wateutpm have been the major driving

factors in the most of the recent operational @t capital investment decisions of the
organization. So in order to meet the critical obyees for short-term survival and long-term

success, energy management can be used as a tloeldrganization.

The energy consumption pattern for manufacturimg pnd paper in HPC exceeds national
and international standard. So thesis aims to stuelpresent energy consumption pattern in
each process involved in manufacturing and findtbatenergy conservation opportunities,
which can be implemented, and measures where enengymption can be reduced.

According to the Energy Conservation Act (2001)idgndureau of Energy Efficiency (BEE),
specify the norms for processes and energy consoimgtandards for any equipment and
appliances, which consume, generate, transmit,upplg energy. The energy intensive
industries specified by BEE are required to getrgyneaudit conducted by an accredited
energy auditor with regards to quantity of energnsumed or norms and standards of
energy consumption.



Accordingly, energy management has been adoptddRfy management and energy audit
was carried out in 2006-07 at Cachar Paper MilCleytral Pulp and Paper Research Institute
(CPPRI), which is an external accredited auditoBBE. So based on the audit-report energy
conservation opportunities will be found out, andlgzed.

1.1 Purpose of the thesis

Hindustan Paper Corporation is a public sectorrprite of the government of India. HPC is
having two paper mills in Assam each having a cépat 100,000 tone(t) of finished paper
per annum and one mill in Kerala (Hindustan Newsptimited) also with capacity of
100,000 tone of newsprint annually which are cufyeoperational. Revival of one mill at
Nagaland with a capacity of 66,000 tone per anmsigoing on. These mills use bamboo and
wood as the main raw material for paper productidRC is operating at more than its
capacity in the last few years of operation. Byurat paper production industry is a very
energy intensive. HPC mills are under tremendoos@mic and environmental pressures in
the last few years to meet the stringent environalestandard to reduce water and air
pollution. In order to do so it is essential to umgergy management as a tool in the
organization.

Therefore, the purpose of the thesis is to studyetiergy consumption pattern of the various
processes involved in paper manufacturing andnig diut possible means and ways through
which energy management can be improved, whichuin will help in development and

competitive edge of the corporation

1.3 Objectives of the thesis

As the energy management is a comprehensive sulijeetnot possible to consider every
aspect of it. In order to limit my study the followy objectives are considered for the thesis.

1) To study the energy requirement in various procgeespaper manufacturing.

2) To compare the energy consumption in various psssesf manufacturing with the
national and international standards.

3) To find out various means and ways to reduce copsomof energy without
affecting the manufacturing process.

4) To reduce the manufacturing cost of the paper loptagg the energy conservation
practices.

1.4 Methodology of study
The research methodology of the thesis consistowtbination of exploratory and a case

study. To begin with, the exploratory research hasn carried out to find out what is
happening, to seek new insights, to ask questiodsaases phenomenon in a new light. It



was helpful in deeper understanding of the probl€he energy management is a vast area.
Initial focus was broad and narrowed down progrkedgias thesis progressed.

Accordingly, the first step was in developing adtetical framework of energy management
based on detailed literature survey of the sulytt the help of relevant books, journals and
various web sites related to the subject.

The second step was analysis of energy consumpfidhe company and find out energy
conservation opportunities, based on the observatnal documentary analysis of the energy
audit carried out in Cachar paper mill.

Secondary data was used in the thesis. Seconddsey wiere collected from various
publications and official records available in tleganization. Both qualitative and
guantitative analysis has been carried out in #search. The data collected has been
analyzed.

1.5 Limitation of the thesis

The purpose of this study is to understand the eiscof energy management and its
implementation. The area of energy managementrig west and within the limitations of
time and resources, it has not been possible tmshsall the aspects in this study.

Most of the analysis for the study has been cawigdrom secondary data collected from a
number of sources. There have been limitation®taining latest and current data for quite a
few cases and projections have been used fromattenends to arrive at certain figures.

1.6 Structures of chapters

The thesis has been presented in five chaptersthattbibliography at the end. In the first
chapter, which is the present one, a brief desonpif the problem handled in the thesis has
been given. The purpose of the thesis, methodddaigpted, the limitations, schemes of the
various chapters are presented. Chapter two prewaderview of energy management, need
of energy management. It also provides an ovendgégetting up and running an effective
energy management program. In chapter three, theepts of energy audit and procedure
for carrying out energy audit in a business essablient have been discussed. In chapter
four, the trends of the mill and energy analysisehbeen carried out by use of secondary
data. Based on analysis, energy conservation appbes have been identified and proposed
for implementation based on simple pay back calmnra. In chapter five, the entire study
and findings have been summarized.



2. ENERGY MANAGEMENT

2.1 Concept of energy management
2.1.1 Introduction

The concept of energy management has started islafter the first oil shock in the USA.
In the late 80's energy management has becomesantied part of economy in USA. The
certified energy management program of the assogiaf energy engineers become popular
and started a very steep growth curve. About theesame, in1989 the impact of the Natural
Gas Policy Act, began to be felt. Now energy maradeund they could sometimes save
significant amount of money by buying "spot matketatural gas and arranging
transportation. In recent days, almost each obtness establishment felt the need of the
energy management.

Energy management and climate change representficagh challenges to both
environmental protection and sustainable economowily. These challenges, in turn, offer
the public and private sectors exciting new opputies in areas including energy efficiency
and renewable energy technologies. To maximizestbpportunities, organizations must be
aware of the most recent developments in energyntdogies, deregulation, and climate
change policy to map out a successful businestegtra

Energy use directly affects the environment throdigh extraction and consumption of
natural resources for fuel and air emissions arnthaté changes resulting from the
combustion of fossil fuels. The environmental degteon resulting from climate change
is multi-faceted. One simple way of addressingdbmplex issues related to climate change
is to increase energy efficiency and the use ofewarble energy, thereby reducing
greenhouse gas emissions.

2.1.2 What is energy management?

Energy management may be defined as the judiciod®#ective use of energy to maximize
profits, minimize costs, and enhance competitivatpms (Caphert et al, 2003).

Another comprehensive definition §he strategy of adjusting and optimizing energsing
systems and procedures so as to reduce energyeneguits per unit of output while holding
constant or reducing total costs of producing tipat from these systems” (BEE,2004).

The objective of energy management is to achievd amaintain optimum energy
procurement and utilization, throughout the orgatian and:

* to minimize energy costs / waste without affectingduction & quality
* to minimize environmental effects.



Energy management is effectuating organizatiomalhrical, and behavioral actions in an
economically sound manner in order to minimize domsumption of energy, including
energy for production, and to minimize the consuampof basic and added materials.

According to Lackner and Holanek (2007, p.9) energgnagement means structural
attention for energy with the objective of contiltyaeducing energy consumption and
maintaining the achieved improvements. It ensubed &8 company or an organization
continually passes through the cycle of making gyliplanning actions, implementing
actions, and checking results, based on which nelicypis made. This cycle makes
continual improvement possible, as reflected in Deys Circle.

Figure 2.1: Deming’s circle

iV ]
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E Plan Do
=
=
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(= Continual
improvement

Act Check

—
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means of a
management system

Deming’s Circle Time

Source: Lackner and Holanek (2007, p. 46).

The implementation of an energy management systenot an objective in itself. What

matters the results of the system: anchoring attefior energy in daily practice is. Whether
an energy management system works is dependenheonvitingness of the (relevant)

organization to manage energy consumption and groagfs. The willingness in their deeds
whatever their main reasons are: controlling costsyironmental considerations, legal
requirements, social agreements, or image.

Organizations seeing the financial returns fromesigp energy management continuously
strive to improve their energy performance. Theiccess is based on regularly assessing
energy performance and implementing steps to isereaergy efficiency. No matter the size
or type of organization, the common element of essful energy management
iscommitment. Organizations make a commitment kocate staff and funding to achieve
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continuous improvement. Changing how energy is medaby implementing an
organization-wide energy management program is antghe most successful and cost-
effective ways to bring about energy efficiency moyements (McKane et al, 2007, p. 35).

2.1.3 Basic principles of energy management

Energy productivity is an important opportunity the company. It represents a real chance
for creative management to reduce that componethiegbroduct cost that has raised most.
To take advantage of these opportunities therelgdhmai clear intent of the top executive.
Once the commitment is understood, managers d\als of the organization can and do
respond seriously to the opportunities at hand.h@ut that leadership, the best design
energy management programs produce little result.

To expand the effectiveness of the existing enengpagement programs or provides the
starting point of new efforts. The following bagidnciples may be followed (Turner et al,
2007, p. 5-7):

* The first principle is to control the costs of egpefunction or service provided but
not the Btu of energy. Energy is just a means oviging some service or benefit.
Energy is not consumed directly; it is always cotea into some useful function. It
is useful to break down functions provided so tbaportunities for matching the
source to the work requirement can be utilizecaddition to energy costs, it is useful
to measure the depreciation, maintenance, labat, cgerating costs involved in
providing the conversion equipment necessary tiveletequired services. The total
cost of functions that must be managed and coattpfiot the Btu of energy.

* A second principle of the energy management isawtrol energy function as a
product cost, not as part of the manufacturingesegal overhead. Many companies
lump up all energy costs into one general or mastufang overhead account without
identifying those products with the highest enefggction cost. In most cases,
energy functions must become part of the standastl system so that each function
can be assessed as to its specific impact on dukigr cost. The minimum theoretical
energy expenditure to produce a given product caally be determined enrooted to
establishing a standard energy cost for that prtodds in all production cost
functions, the minimum standard is often diffictdt meet, but it can serve as an
indicator of the size of opportunity.

In comparing actual values with minimum values,rfpossible approaches can be
taken to reduce the variance, usually in this order

e an hourly or daily control system can be instatleteep the function cost

at the desired level,
» fuel requirement can be substituted to a cheaprnere available form;
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* a change can be made to the process methodolagyltce the need for
the function;
* new equipment can be installed to reduce the ddakedunction.

The starting point for reducing costs should beaghieving the minimum cost
possible with the present equipment and processstlling management control
systems can indicate what the lowest possible gnesg is in a well-controlled

situation. It is only at the point when a changgiiacess or equipment configuration
should be considered. An equipment change prioradtually minimizing the

expenditure under the present systems may leachd®ase in capacity of new
equipment or replacing equipment for unnecessargtions.

* The third principle is to control and meter onlyetimain energy functions- the
roughly 20% that makes up 80% of the costs. AsrHateker pointed out, a few
functions usually account for a majority of the tsodt is important to focus control
on those that represent the meaningful costs agdegate the remaining item in
general category. Many manufacturing plant havey @me meter in the main. Sub
metering the main functions can provide the infdraranot only to measure but also
to control the costs in a short time interval. Toacept of metering and sub metering
is usually incidental to the potential for realigisignificant cost improvements in the
main energy functions of a production system.

» The fourth principle is to put the major effortarfi energy management program into
installing controls and achieving results. Eachp ste saving energy needs to be
monitored frequently enough by the manager or-fin& supervisor to see noticeable
changes. Logging of important usage or behavidraéovations are usually necessary
before any particular savings result can be redliZédnerefore, it is critical that an
energy manager or committee have the authority fiteenchief executive to install
controls, not just advice line management.

2.2 Need of energy management

Business, industry, and government organizations lafl been under tremendous economic
and environmental pressures. Being economicallypatitive in the global market place and

meeting increasing environment standards to redircand water pollution have been the
major driving factors in most of the recent opemnadil cost and capital cost investment
decisions for all organizations. Energy managenh@st been an important tool to help the
organization to meet these critical objectives floe short-term survival and long-term

success.

Energy management in the form of implementing nesrgy efficient technologies, new
material and new manufacturing processes and #efusew technologies in equipment and
material for business and industry is also helgogpanies to improve their productivity
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and increase their product or service quality. @ftee energy savings is not the main driving
factors when companies decide to purchase new mguni) use new processes, and use new
high-tech materials. However, the combination aréased productivity, increased quality,
reduced environmental emissions, and reduced eragfg provides a powerful incentive
for companies and organizations to implement tinesetechnologies.

Opportunities to improve industrial energy effiagnare found throughout the industrial
sector (de Beer et al., 2001; ECCP, 2001; IPCC,1R08ssessments of cost-effective
efficiency improvement opportunities in energy-img&ve industries in the US, such as steel,
cement, and paper manufacturing, found cost-effedavings of 16% to 18% (Martin et al.,
1999, 2000a; Worrell, et al., 2001); even gread@ings can often be realized in developing
countries where old, inefficient technologies haemtinued to be used to meet growing
material demands (Price et al., 1999; Price et28(Q2; Schumacher and Sathaye,1999;
WEC, 2004). An estimate of the 2010 global technpatential for energy efficiency
improvement in the steel industry with existingheclogies identified savings of 24% in
2010 and 29% in 2020 using advanced technologiels aa smelt reduction and near net
shape casting (de Beer et al., 2000).

If we consider the growth forecasts for the newlgiustrialized countries, it becomes clear
that we shall increasingly have to focus on redycionsumption of energy. The problem of
the finite nature of our energy reserves, the sylesat upward price spiral, and the fight to
get a share of dwindling resources represent onéyside of the coin. The other side is the
risk to our environments caused by the buildingofigarbon dioxide in earth's atmosphere
released through the burning of fossil fuels (Rizlet al, 2007).

According to Turner et al (2007), the problem tlaganizations face from both their
individual and national perspective includes:

* Meeting more stringent environment quality standaptimarily related to reducing
global warming and acid rain. The main challengeh® world at present is the
climate change and global warming. The primary edgnt, which results in global
warming, is green house gases, viz. carbon diosuehur dioxide. Commercial and
industrial energy accounts for substantial amountasbon dioxide and sulphur-
dioxide released from the burning of fossil fuelfus, energy management, by
reducing the combustion of fossil fuel can dranadtycreduce the amount of carbon
dioxide in the atmosphere and help reduce globamivey. Less energy consumption
means less thermal pollution and less cooling wdischarge. Reduced cooling
requirements or most efficient satisfaction of thogeds means less CFC usage and
reduced ozone depletion in the stratosphere. Thiorboline is that energy
management helps in improve environmental quality.

* Becoming or continuing to be economically competitin the global market place,
which requires reducing the cost of productionaewiges, reducing industrial energy
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intensiveness and meeting customer service needgulaity and delivery time.
Significant energy and money savings are posdiotigh energy management.

2.3 Components of the energy management program

The most important single ingredient for successfydlementation and operation of energy
management program is commitment by the top manageto the program. Without this
commitment, the program will likely fail to meetsitobjectives. The components of a
comprehensive energy management program are desthstow:

2.3.1 Organization structure

Typical generic organization chart for energy mamagnt as suggested by Mashuburn
(2007, p. 10) is shown below .The organizationartlior energy management must be
adopted to fit into an existing structure for eachanization depending upon the how large
and small. Instead of president, it may be chiefcetive, and vice-president (VP) block may
be general manager, but the fundamental principléhé same. The main feature of the
organization chart is the location of the energyager or energy management coordinator.
This position should be high enough in the orgaiomal structure to have access to key
players in the management and to have knowledgaroént events within the company.

Figure 2.2: Organizational chart for energy managgm

President SR
Policy
VP VP VP [ Audit Plan |

4 A
Energy Manager | Educational
L Plan

Employees Strategic
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N
Reporting
Coordinator | | Coordinator | | Coordinator System

Source: Mashbarn (2007, p. 10).
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2.3.1.1 Energy manager

To develop and maintain vitality for the energy mg@ement program, a company must
designate a single person who has responsibiliticdordinating the program. The energy
manager should be strong, dynamic, goal orientetl good manager. Energy manager
should be able to develop a working organizatistalcture, as managing the program by
involving everyone at the facility is much more guative and permanent. The Energy
manager's key duties often include (Tripp, 1998idédines for energy management, n.d.;
Energy manager training, n.d.):

» coordinating and directing the overall energy paogr

* acting as the point of contact for senior manageémen

* increasing the visibility of energy management witthe organization

» assessing the potential value of improved energyag@ment

» creating and leading the Energy Team

» securing sufficient resources to implement strategergy management

» assuring accountability and commitment from conespaf the organization
* identifying opportunities for improvement and ensgrnmplementation

* measuring, tracking, evaluating, and communicatasylts

» obtaining recognition for achievements.

2.3.1.2 Energy team

Energy team is the core of the energy managemeagrgan. Team should comprise of
representatives of various groups such as accayntpurchasing, from facilities,
maintenance and from all other departments. As$ skdeveral engineering disciplines may
be necessary to accomplish a full-scale study efpilant, it is necessary to have an energy
management committee comprising of members havffeyeht skill. As per Capehart et al.
(2003, p. 15) two sub-committees that are oftenralele are the technical and steering sub-
committees.

The technical committee is usually composed of s¢vpersons with strong technical
background in their discipline. Their responsililis to provide technical assistance to the
coordinator or energy manager and plant level pedpihile the energy manager may be a
full time position, the technical committee is liketo operate part time. The steering
committee has an entirely different purpose froe tdthnical committee. It helps guide the
activities of the energy management program and iiccommunications through all
organizational levels. The steering committee &sips ensure that all plant personnel are
aware of the program. The steering committee mesndn&r usually chosen so that all major
areas of the company are represented. The membeutdsbe selected because of their
widespread interests and a sincere desire to adlving the energy problems.
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Team members should be selected to supplementasipedi skills lacking in the energy
manager. Therefore, total skills needed for thentaacluding the energy manager may be
defined as follows:

* have enough technical knowledge within the group either understand the
technology used by the organization, or be tramabthat technology

* have knowledge of potential new technology that lmaypplicable to the program

* have planning skills that will help establish thrgamizational structure, plan energy
surveys, determine educational needs, and develsipategic energy management
plan

* understand the economic evaluation system usechéyotganization, particularly
payback and life cycle cost analysis

* have good communication and motivational skillcsienergy management involves
everyone within the organization.

The strengths of each team member should be eedluatthe light of the above desired
skills and their assignments made accordingly.

2.3.1.3 Employees

Employees are the greatest untapped resource ienargy management program. A
structured method of soliciting their ideas for m@fficient use of energy will prove to be

the most productive effort of the energy managerpeogram. Too many times employee’s
involvement is limited to posters that say " SEwergy." Employees in manufacturing plants
generally know more about the equipment than arg else in the facility because they

operate it. They know how to run more efficienthyt because there is no mechanism in
place for them to have an input, their ideas gmlicised.

2.3.2 Energy policy

As stated by Energy Star energy policy provides finendation for successful energy
management. It formalizes senior management’s st@mal articulates the organization’s
commitment to energy efficiency for employees, shalders, the community and other
stakeholders.

To undertake effective energy management progratheracility, it is very much essential
to have a well-written energy policy, which has memithorized by the management. It
provides the energy manager with the authority éoirtvolved in business planning, new
facility location and planning, the selection obguction equipment, purchase of measuring
equipment, energy reporting, and training. To beatfve, the energy policy should be short
and precise. An energy policy should contain follgpitem as a minimum.
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» State an objective - Have a clear, measurable tgethat reflects the organization’s
commitment, culture, and priorities. Objective @ntthe standard motherhood and
flag statements about energy, but the most impbitathat the organization will
incorporate energy efficiency in facilities andanequipment, with emphasis on life
cycle cost analysis rather than lowest initial cost

» Establish accountability - Institute a chain-of-coand, define roles in the
organization, and provide the authority for persanto implement the energy
management plan. This should establish the orgémmed structure and the authority
for the energy manager, coordinators, and any cateesi or task groups.

* Ensure continuous improvement - Include provisitumsevaluating and updating the
policy to reflect changing needs and priorities.

* Promote goals - provide a context for setting pemince goals by linking energy
goals to overall financial and environmental gadlthe organization.

* Reporting- Without authority from the top manageménis often difficult for the
energy manager to require others within the orgdima to comply with reporting
requirements, necessary to properly manage enéhgyenergy policy is the place to
establish this. It also provides a legitimate reador requesting funds for
instrumentation to measure energy usage.

» Training-If training requirement are establishedthe policy, it is easier to include
this in the budgets. It should include trainingiitevels within the organization.

2.3.3 Audit planning

Audit planning should be conducted prior to theuattwudits. The planning should include
types of audit to be performed, team makeup anegsd&y making the audit specific, rather
general in nature, much more energy can be saygesTlof the audit that might be considered
are tuning-operation-maintenance, compressed amtonnlighting, steam system, water,
controls, HVAC, employee suggestion.

2.3.4 Reporting and monitoring

According to Tripp and Dixon (2003) energy masti&mpneeds to ensure that a reporting
mechanism exists to put the right information ire thght hands at the rightime.

The objective of an energy reporting system is &asnre energy consumption and compare it
either to company goals or to some standard ofggneonsumption. Ideally, this should be
done for each operation or production cost cemeplant. Systems that should be metered
include power, steam, and compressed air and dtahe hot water.
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The reporting scheme needs to be reviewed peribdita ensure that only necessary
material being generated, that all needed datawagable, and that the system is efficient
and effective.

Figure 2.3 below summarizes the information flowcleg for operational through
management purposes, and demonstrates the priticgiléhe level of detail of performance
information needed by the various stakeholdersxendrganizations depends on their level
and the immediacy of their impact on performance.

Figure 2.3: Energy information flow in an organinat
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Source: Tripp and Dixon (2003, p. 8).
2.3.5 Educational planning

A major part of the energy manager's job is to gl®vsome energy education to persons
with in the organization. The energy managementgnam will operate much more
effectively if management understands the compésibf energy, and particularly the
potential for economic benefit, the coordinatordl Wwe more effective if they are able to
prioritize energy conservation measures and awérkatest technology, the quality and
guantity of employee suggestions will improve siigaintly with training. Educational
training should be considered for three differerdup management, the energy team, and
employees. It is difficult to gain much of managet's time, so subtle way must be
developed to get them. The training can be brolkemndas shown in the table (See Table
2.1, p. 18).

17



Table 2.1: Educational planning for energy managgm

Personnel Types of necessary training Source of required traiing
involved

1.Technical 1.Sensitivity to energy managementl.in house with outside help
committee 2.Technology development 2. Professional societies,

universities, consulting
groups, journals.

2.Steering 1.Sensitivity to energy managementl.in house with outside help
committee 2.0ther industries' experience 2. Trade journals, energy

sharing groups, consultants.
3.Plant wide 1.Sensitivity to Energy managemertt.In house

2.What is expected, goals to be 1.In house
obtained etc.

Source: Guide to energy management (2007, p. 18).

2.3.6 Cost allocation

One of the most difficult problems for the energgmager is to try to reduce energy cost for
a facility when the energy costs are accountedafopart of the general overhead. In that
case, the individual manager and supervisors docaosider themselves responsible for
controlling the energy costs. This is because tlepot see any direct benefit from reducing
costs that are part of the total company overh&hd.best solution of this problem is for top

management to allocate energy costs down to tavders” in the company or facility. Once

energy costs are charged to production centerseirsame way that materials and labor are
charged, the managers have a direct incentiveritbaldhose energy costs because this will
improve the overall cost effectiveness of the paobidun center.

2.4 Strategic planning
2.4.1 Strategy

Strategy focuses on how to compete in an indushg Bow to achieve competitive
advantage by formulating plans and initiating diecis. The more accurate the firm can scan
the environment and predict the future for oppdties and threats, the better it can
formulate its strategies to fulfill their missiondaderive above average returns.

Strategic competitiveness is achieved when a funotassfully formulates and implements a
value creating strategy. When a firm implementsaluer creating strategy that current and
potential competitors are not simultaneously, im@ating and when other companies are
unable to duplicate the benefits of its stratefis firm has achieved sustained competitive
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advantage. A firm is assured of sustained competadvantage only after others’ efforts to
duplicate its strategy have ceased because theyfaded.

Chandeler (1962, p. 13) defined that strategy he tetermination of the basic long-term
goals and objectives of an enterprise, and thetamopf courses of action and the allocation
of resources necessary for carrying out these goals

According to Jauch and Glueck (1988, p. 11), “atetyy is a unified, comprehensive and
integrated plan that relates the strategic advastag the firm to the challenges of the
environment. It is designed to ensure that thechalgjectives of the enterprise are achieved
through proper execution by the organization.”

A strategy is the means used to achieve the er&sopjective). A strategy is a plan that is
unified, comprehensive, and integrated. It tiesvaior aspects of the enterprise together and
all the parts of the plan are compatible to eabtlermt

Strategic management allows firms to anticipatenghay conditions and provides clear
objectives and direction for employees. Busines®lues a great deal of risk taking and
strategic management attempts to provide dataaad¢hsonable and informed risks can be
made. Effective strategies should encompass at rammn certain critical factors and
structural elements, like (Drucker, 1974):

* Clear, decisive objectivesAre all efforts directed toward clearly understpod
decisive, and attainable overall goals? Specifialgganay change in the heat of
competition, but the overriding goals of the stggtenust remain clear enough to
provide continuity and cohesion for technical clesiduring the time horizon of the
strategy.

* Maintaining the initiative Does the strategy preserve freedom of action ahdree
commitment? Does it set the pace and determinecdiese of events rather than
reacting to them?

» Concentration: Does the strategy concentrate supeower at the place and the time
likely to be decisive? Has the strategy definectisedy what will make the enterprise
superior in power-that is best in critical dimemsan relation to its competitors?

* Flexibility: Has the strategy purposely built in resource afiend dimensions for
flexibility and maneuver? Reserved capabilitiesanpled maneuverability, and
repositioning allow one to use minimum resourceslavkeeping competitors at a
relative disadvantage.

» Coordinated and committed leadershipoes the strategy provide responsible
committed leadership for each of its major goals®c8ssful strategies require
commitment, not just acceptance.
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» Surprise: Has the strategy made use of speed,cyeand intelligence to attack
exposed or unprepared competitors at unexpectesstiriVith surprise and correct
timing, success can be achieved out of all propoio the energy exerted.

As per Porter (1980), the underlying principleswéategy are:

* A good strategy is concerned with the structurall@ion of the industry and with
the firm’s position within the industry

e Leading companies will be those that don’t justime within an industry, but
redefine their industry

e A good strategy makes the company different, gitirggcompany a unique position
involving delivery of a particular mix of value t@n array of customers. Beyond
being different, the firm’s got to be differentways that involve tradeoffs between
what its competitors do and this firm does.

2.4.2 Strategic energy planning

As discussed by Bedell and Short (2008), StratBgiergy Planning (SEP) is an integrated
comprehensive process, which will result in longrtesuccess for those companies
committed to operational sustainability in theicifidies. Strategic planning for the energy
management program constitutes developing objestp®grams, and action items.

Successful energy management within organizat®nsually found to be an integral part of
the culture of those organizations and the plaelfitsnay well be included in the
organization’s overall strategic plan. A writteraplof action which is integrated into an
agency’s business strategy or that is consistetit wn agency’s mission statement is
superior to an undocumented set of related acteen by an organization.

The written plan identifies specific objectivesp®rformance goals, courses of action to be
taken, and states how performance will be measéreditten plan that is endorsed by top
administrators in an organization has status. Tidoesement serves as a directive from top
management on goals that it is assigning to therorgtion. By approving the plan,
management has quantified its expectations, eshadliinitiatives by which its expectations
will be achieved, endorsed the use of resourcesadhieving those objectives, and has
indicated how those efforts will be measured todeemed successful. The written plan
should consist of at least three primary parts:

» specific measurable goals or objectives to be aelien some delineated time frame;

» alisting of the individual initiatives aimed atraeving those objectives;

» a strategy for measuring the affects of thoseates, and a plan for how those
initiatives will be maintained over time. The ma@&nance aspect is important since it
may not be intuitive to some that additional operal and labor costs above
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invested costs may be required to maintain manyggneanagement cost savings
initiatives.

Bennett and Whiting (2005) has suggested followagroad map developed by the
Conference board for energy planning and managefoehtsinesses. It is intended to guide
companies in identifying energy related businespodpnities and developing strategic
framework for realizing them. There are four stepthe overall process, which is shown in
the figure below.

Figure 2.4: Energy planning and management " Raoaal’

Step-1 Step-2 Step-3 Step-4

Initial assessment Design process Evaluatertyubtes Implementation

Efficiency
What is the Measures
business
opportunity How much Create
related to energy do inventory Design
energy? we need? of
> »| opportuniti Supply Organizati
Risks / atistne €S an » Implement
Opportunities? best way to energy
Company meet this “Baseline”
image etc. need?
Products
and
y Services

Source: Bennett and Whiting (2005, p. 3).

The four steps as suggested are as follows:

* Initial assessment: It involves a thorough, orgamin-wide assessment of the
importance of energy to the company in relationtsooverall needs, risks, goals,
image and reputation, and of potential busines®ppities through energy-related
products or services.

» Design the process: The design and planning prdmsgss with an assessment of a
company’s actual energy needs versus “business sasl’upractices and an
investigation into the most promising solutions fareeting those needs. It is
important that process design and planning consitlefactors that could inhibit
success, from corporate culture to appropriateestal resources, funding, and
organization.
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Evaluate opportunities: This step is the “nuts aolts” of the energy strategy and
management planning process because it is whereppartunities can be realized.
It is where the “real work gets done,” but becaofsiis potential size and complexity,
especially in larger, diversified and energy inteasusinesses, if not well mapped
out and systematically approached, significant ojmities maybe missed, or
momentum may be lost that will be difficult to r@gaOpportunities fall into three

categories:

* energy efficiency reduces the amount of eneispd, reducing both cost and
environmental impact;

e energy supply management can help to contsib@nd assure reliability;

* energy related products and services could é&elgting products to be more
competitive in the marketplace or create new market

Factors influencing the opportunities are dynanaicstrategic approach to energy
planning and management must be dynamic and iteratither than static. Only in
this way, will the opportunities be continuouglgntified and realized.

Implement: This process step involves determiningl asetting in place an

organizational structure that will ensure that gregram is integrated into overall
company management culture and that the new emaegyagement goal achieved.
Regardless of the framework decided upon, certainagement principles and tools
must be in place to achieve significant resultesSehinclude:

» Leadership at the very top of the company witheaictommitment to results;
Clearly stated goals and measurable objectivep@bpriate levels;

Clear accountability for results, whether in a &g multiple executives;
Sufficient resources to enable achievement obtjectives and goals;

« Periodic review and updating of goals, objectiaed resource commitments;
Recognition of progress and reward for achievemen

2.5 Starting energy management program

Several items contribute to the successful staehefgy management program. They
include:

visibility of the program startup,
demonstration of management commitment to the progr
selection of a good initial energy management jgtoje
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2.5.1 Startup

To be successful, an energy management programhaustthe backing of the people
involved. To obtain this support is not an easy.tae careful planning is necessary. The
people must:

* understand why the program exists and what itssgaa,
» see how the program will effect their job and ineom

* know that the program has full management suppod;
* know what is expected from them.

Therefore, management and energy manager must coicat®l this information to the
employees. The company must take advantage ofkisliregy communications channels to
reach the employees taking into consideration lfoee points.

2.5.2 Demonstration of management commitment

To be a successful, commitment of management tertbegy management program is very
much essential, and this commitment must be obvima#i employees if the program is to
reach its full potential. Management participationhe program start-up demonstrates this
commitment, but it should also be emphasized ierotfays. Management may demonstrate
this by following ways:

* Reward participating individual: The managementusthdformulate a reward
mechanism to encourage people at all levels. Whenemployee has made a
suggestion that led to large energy savings, hisites should be recognized
through monetary reward, publicity or by both. Rubécognition can be given in
the company news letter, or bulletin boards, qlant departmental meetings

* Management should reinforce its commitment periticto the employees by
demonstrating current results of the program arel glans for the future. It
should report on outstanding suggestions from thpel@yees

» If an energy management project is cost effectiva tmanagement should fund
it. The energy management projects should be teadethe same priority like
other capital budget projects.

2.5.3 Early project selection

The energy management program is a treacherousdoiot the beginning. The initial
energy management project should be selected maway that, the project has a rapid
pay back, a high probability of success, and fegatiee consequences.

To have a greater degree of success of the prodghenenergy management team may
select projects initially like improving lightingystem, repairing of steam leaks, and
insulation of hot surfaces, whose results are quiéle. If the energy management

23



project fails at the first instance it, create negaimpression of the employees towards
the program.

2.6 Setting up and running an effective energy mamgment program

According to Parish (2007) energy should be viewsdany other valuable raw material,
resource required to run a business — not as nverb@ad and part of business maintenance.
Energy has costs and environmental impacts. Theg ne be managed well in order to
increase the business’ profitability and competiiess and to mitigate the seriousness of
these impacts. All organizations can save energgdplying the same sound management
principles and techniques they use elsewhere irbtistness for key resources such as raw
materials and labor. These management practicesinohigde full managerial accountability
for energy use. The management of energy consumptial costs eliminates waste and
brings in ongoing, cumulative savings.

2.6.1 Strategy considerations

In essence, the strategic goal of most corporsitierto gain a competitive advantage by
seizing external and internal opportunities to iover the profitability of their operations,
products and sales and their marketplace posiflemeloping a successful corporate strategy
requires taking into account all of the influencas the organization’s operation and
integrating the various management functions imoe#iciently working whole. Energy
management should be one of these functions.

In the process, an organization may wish to firshduct a review of its strengths,
weaknesses, opportunities and threats (SWOT asalysit would also include various legal
and environmental considerations (such as emisseffigent, etc.). Inevitably, this analysis
would identify future threats to profitability, andays to reduce costs should be sought.
Energy efficiency improvement programs should, éf@e, become an integral part of the
corporate strategy to counter such threats. Théyhelp to improve profit margins through
energy savings. Applying good energy managementtipes is just as important to
achieving these savings as the appropriate praeesaology. They would become a part of
the organization’s overall environmental managensgatem. This would ensure that energy
issues would be raised at the corporate level aoéive proper attention. The integration of
energy into the overall management system showlalve evaluation of energy implications
in every management decision in the same way asoedo, operational, quality and other
aspects are considered.

2.6.2 Defining the program

Setting up an effective energy management prograftows proven principles of
establishing any management system. These prisdiplany size and type of organization.
As defined by Deming, the process should have &iaps: These steps, broken down,
require several essential activities are showhenRigure 2.5 below.
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Figure 2.5: Energy management plan at a glance

Plan Do Check Act
|
|
|
| Obtain insight Create awareness Review results Correct
| (energy audit) deficiencies
|
B + ¢ v
| Get management Train key Verify Review original
| commitment resources effectiveness energy policy
| 4 & b g8
| Mominate energy Implement Examine Review objectives
| champion projects opportunities for and targets

continual
: ¢ ¢ improvement ¢
| Palicy, objectives, Monitor progress Review energy
| structure \ / program
| v + v
| Assign Lock in the gains — Update action
| responsibilities Set new targets plans
! + + +
| Develop Communicate Start the cycle
| program(s) results anew
|
g + .
| Set targets and Celebrate success |
| measures I
| v \ J '
| Set priorities !
|

|
| v '
| Develop action |
| plans I
| I
| N, |
l I
\ ___________________________ ’f

Source: CIPEC (2002, p. 12).

2.6.3 Energy management program — how to implemeit

CIPEC (2002) has adopted a sequential proceduiefilementing energy management
program as follows:

* Obtain insightThe first step in implementing an energy managerpergram is the
energy audit. It consists of documentary reseauhjeys (including interviews and
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observations) and analysis to determine where amddnergy is used. The energy
audit is the cornerstone of the energy managemesgram. The energy audit is
necessary in order to identify opportunities foemy management and savings. It
establishes "ground zero” the base from which phegress and success of energy
management can be measured.

Get management commitmeiinergy management must be a matter of concern to
everybody in the company before it cans succeedhddi strong, sustained, and
visible support of the company’s top managemerm,ethergy management program
is doomed to failure. Employees will apply theirsbefforts to the program only
when they see that their supervisors are fully c@tech Hence, it is crucial that top
management rally to the cause and provide full sttpnd enthusiastic participation.

Nominate an energy champiofi:senior manager in the role of energy management
champion should head the energy management steuctbe person will give the
program enough clout and stature to indicate todhire workforce that energy
management is a commitment that everyone must $akieusly. The champion
should demonstrate a high level of enthusiasm aeg donviction about the benefits
of the energy efficiency program.

Set energy policy, objectives, and structufbe launch of the energy management
program should start with a strong policy statenfesrn the chief executive to the
employees, followed up immediately by a presentatimat explains the benefits of
efficient energy use. The energy policy should evetbped in step with the
company’s strategic goals and in agreement witergtiolicies (quality, production,
environment, etc.) and the company’s vision andsioisstatements.

Assign responsibilitiesThe champion chairs the Energy Management Committee
(EMC) and takes overall personal responsibility tfee implementation and success
of the program and accountability for its effectiess.Specific responsibilities and
accountabilities for the energy management prograay be assigned to area
managers.

Develop program(s) for energy efficiency manageménsuccessful approach to
developing an energy efficiency improvement progmaould include the following
items:

= along-term savings plan;

= a medium-term plan for the entire facility;

= afirst-year detailed project plan; and

= action to improve energy management, includingriiq@ementation of an
energy monitoring system.
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The energy management champion shsbhéde with the EMC members all the
available information about energy use and cha#etittem to explore ways to
conserve energy in their respective areas or depats.

Set targets and measures: Targets should be melesaral verifiable. To ensure that
they are realistic, apply standards that indicat® much energy should be used for a
particular application. Measure current performaagainst industry standards or
calculated practical and theoretical energy requénets.

Set priorities:Start with small, easily and quickly achievablegts. That will be a
great source of motivation to employees — seeiagititan be done and that progress
is being made will lead them to feel that they suecessful. As well, EMC members
will gain experience and confidence before tackimgre complex or longer-horizon
targets.

Develop action plansBe specific — an action plan is a project managé¢naeil
control tool. It should contain identification oégsonnel and their responsibilities, the
specific tasks, their area and timing. It shouldoaindicate specified resource
requirements (money, people, training, etc.) ameklines for individual projects and
their stages. Several project management softwackages are in the market to
facilitate the creation of Gantt charts, which ased to monitor and control project
fulfillment, costs, and other data.

Create awareness: Energy management stars witldinguilawareness through
meetings, newsletters and posters, employee lebat kinds of energy come into
there facility, how much they use and what it coStBwareness is first, you cannot
look ways to improve if you do not understand thergy you are already using. In
addition, it does not make sense to spend on ¢dpifmovements if you are not
efficiently operating the equipment you already dia{Schultz and Bridger, 2004).
The entire work force should be involved in the rggeimprovement efforts.
Therefore, every one should be aware of the impoetaof reducing energy
consumption in bringing about savings, as well &she broader environmental
benefits of energy efficiency improvements -how tlegluctions in energy use
translate into a decrease of CO2 emissions. Crepatirareness about the importance
of saving energy will help substantially in the ileypentation of virtually any cost
energy-saving measures through better housekeeping.

Train key resourcedvlembers of the EMC, line managers and others whHbbei
involved in the energy management program - ance legreater influence upon

energy consumption than others — should receiveoappte training.

Implement projectsThe implementation of energy-saving projects shomalve a
coordinated, coherent set of projects linked togetfor the energy efficiency
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improvement program to be most effective. If selveemergy projects are
contemplated, the interactions between them maetla considered.

Follow up on activities of individuals charged wispecific responsibilities and be
mindful of the implementation schedule. The enempnagement champion should
meet with the committee regularly to review progragpdate project lists, evaluate
established goals, and set new goals as requicedudtain interest, the EMC should
run a program of activities and communications, #mel champion should make
periodic progress reports to management, reviewhegorogram and re-establishing
support for it with each report.

Monitor progress:By continuously monitoring the energy streams amgerthe
facility and their usage, the EMC can gather mundbrmation that will help it assess
progress of its program and plan future projectsergy-use monitoring produces
data for activities such as the following:

= determining whether progress is being made;

* managing energy use on a day-to-day basis to makenpd
corrections of process conditions that have cawsseldien excessive
consumption;

= determining trends in energy usage and using tifatmation in the
budgeting process;

= calculating the return on investment (i.e. the cemtings achieved
from data gathered by the energy monitoring system)

= providing positive reinforcement that helps empksao willingly
adopt the new energy-saving practices;

= comparing the results of an implemented energyrggieasure to the
projections in order to identify problems with thproject’s
performance and improve techniques for estimatogjscand benefits
of energy efficiency improvements for future pragec

= tracking the performance of projects in which sigpl made
performance guarantees;

= reporting energy improvements accurately to semanagement, thus
ensuring management commitment;

= setting future energy use reduction targets anditoramg progress
toward new goals; and

= selecting areas of the facility for a future detdienergy audit.

In a large facility with many different functiongnergy monitoring is done with
metering equipment installed at strategic pointséasure the flow of energy sources
such as steam, compressed air, or electricity —edoh major user. Energy
performance is then gauged by calculating the amaiuenergy consumed per unit of
production. Calculating energy performance helpsagars identify wasteful areas
of their facility and lets managers take respotigjbfor energy use in their areas.
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When monitoring shows that energy consumption digiag as improvements are
being made, attention can be turned to the next@reoncern.

Lock in the gains — set new targafgithout vigilant attention to energy management,
the gains could fade away and the effort coulchtigjrate. To make the new energy-
saving measures stick, pay sustained attentiolmdanplemented project until the
measure has become a well-entrenched routine.

Energy management is an issue of technology akasepeople. If practices and
procedures have been changed as the result ofaject) take the time and effort to
document it in a procedure or work instruction. {Thvall ensure the future
consistency of the practice, as well as servetesrang and audit tool.

Once a target has been met on a sustained basia @eziod of several weeks, it is

time to review it. It can become the new standand| a new, progressive target can
be set. Target setting helps to involve the enticekforce in energy projects by

giving them goals to achieve. By setting targets iatep-wise, improving fashion,

managers will learn to treat energy as a resotnaemust be managed with attention
equal to that for other process inputs, such aw labd raw materials.

Communicate the result$his extremely important step needs to be well eteztin
order to foster thesense that everybody is a part of the energy managfeeffort.
Regular reports taken from the monitored data eragmustaff by showing them that
they are progressing toward their goals. The emghsisould be on simplified
graphical, visual representation of the results se ucharts, diagrams or
“thermometers” of fulfillment posted prominently diulletin boards where people
can see them.

Celebrate the succesEhis is often an overlooked yet very important segtof a
program. Peoplerave and value recognition. A myriad of ways caremployed to
recognizethe achievement and highlight the contribution ednbs (rather than the
contribution of individuals, which can be divisiye!Celebrating success is a
motivational tool that also brings psychologicalstire to a project. Thechievement
of a target should be celebrated as a milestorthe@may tocontinual improvement
of energy efficiency in the plant.

Review resultsEnergy managemenipdates should be a permanent agenda item of
regular operations managemeexiew meetings, just as quality, production, ficiah

and environmental matte@e. Results of the implemented project are revigwe
adjustments are madeonflicts are resolved, and financial consideratiamne taken
into account.
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» Verify effectivenessHas the project lived up to the expectations? dsittiplemented
energy efficiencyimprovement effective? Is it being maintained? Tport the
credibility of the energy management effort, the effectivenésseasures taken must
be verified, so adjustments could be made andutueef project managed better.

* Examine opportunities for continual improvemer@ften one project opens the door
to another idea. The energy efficienicyprovement program is an ongoing effort.
The EMC and all employees shoudd encouraged to examine and re-examine other
opportunities for furthegains as a matter of course. That is the essencentihual
improvement, whictshould be promoted in the interest of any orgartnat

» Correct deficienciestnformation gained from monitoring data, from thmput from
EMC andothers, from the review of results and from thafigation of the project’s
effectiveness may indicate that a corrective actisnrequired. The energy
managementhampion is responsible for arranging this actiathvihe EMC team
and the personnel from the respective area. Thiecausse of the deficiency wille
determined, and the required corrective action Ww# initiated. Remembeto
document it, as necessary. Future energy efficigarojects will benefit fromthe
lessons learned.

* Review original energy policy, objectives and tasgenergy efficiency improvement
program and action planshese steps ensure the continued relevancy anehcyrof
the energy policyObjectives and targets support the policy. As ttlegnge in time,
they must be reviewed to ensure that priorities rmeentained in view of present
conditions. This review should take place annuatifalf yearly.

The energy efficiency improvement program and actpans are “living” documents.
Frequent updating and revisions are necessarydgsogjects are implemented and new ones
initiated and as business, conditions change.

2.7 Energy management standards

The purpose of an energy management standargrevale guidance for industrial facilities
to integrate energy efficiency into their managemeractices, including fine-tuning
production processes and improving the energyieffay of industrial systems.

An energy management standard requires a faaiiyevelop an energy management plan.
In companies without a plan in place, opportunit@smprovement may be known but may
not be promoted or implemented because of orgaoimdtbarriers. As stated by McKane et
al (2007, pp. 38-39) features of an energy managestandard include:

* astrategic plan that requires measurement, mareageand documentation for
continuous improvement for energy efficiency;
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* across-divisional management team led by an erergrdinator who reports
directly to management and is responsible for aeirg) the implementation of the
strategic plan;

» policies and procedures to address all aspectsavfjg purchase, use, and disposal;

* projects to demonstrate continuous improvemenhergy efficiency;

e creation of an energy manual, a living documerntt ¢valves over time as additional
energy saving projects and policies are undertakelhdocumented,;

* identification of key performance indicators, ureqo the company, that are tracked
to measure progress; and

» periodic reporting of progress to management basdtiese measurements.

3. ENERGY AUDIT

3.1 Concept of energy audit

Energy audits may be considered as the first si@prds understanding how energy is being
used in a givenfacility. Energy audit is usually one of the first steps m energy
management program. It shows how efficiently energybeing used and highlights
opportunities for energy cost savings. It can glsow ways to improve productivity. Energy
audits take a thorough look at particular faciifiprocesses, or technologies.

Energy audit means accounting precisely for engngschases and energy uses, for the
various functions and processes carried out inrgamszation. Such an audit is carried out in
conjunction with an overall energy efficiency pragr and bearing in mind the fundamental
links between energy use and environmental pofutio

An initial energy audit need not be very sophigadaor accurate. The aim should be to
obtain an overall picture of energy use and to lbe o draw up an approximate energy
balance for the organization. If appropriate, fartdesegregation of energy use can proceed
once the initial audit has been carried out, legqdana full-scale energy analysis. An energy
audit is particularly concerned with the questiaarf energy be used more efficiently to
prevent waste?” It then proceeds to identify whienprovements can be made and what
those improvements are (Barratt, 1996, p. 617).

The energy audit is one of the first tasks to bdfopmed in the accomplishment of an
effective energy cost control program. An energgitaconsists of a detailed examination of
how a facility uses energy, what the facility pdys that energy and finally recommended
program for changes in operating practices or gnreogsuming equipment that will cost-
effectively save on energy bills. The energy aigdgometimes called an energy survey or an
energy analysis (Capehart et al, 2007, p. 23).

Energy audits and the ensuing cost and energy gagportunities identified in audits are
best implemented in the context of an energy manage program that operates, and is
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formally recognized, as an integral part of theang management activities of the entity
for which it applies. For this reason, one impartamction of an energy audit is to evaluate
the energy management program and suggest waysic¢h w could be improved.

As per EECA (2007) energy audit should provide mothhe essential information to

progress an energy management program and actisholild summaries key energy use
and cost indices, provide a breakdown of where ggnés used, and give a table of
recommended actions. An energy audit will alsosasgith preparing an action plan.

The energy audit aspects of the energy managemecegs include determining the level of
detail (high, mid-range and detailed) that an epengditor will appraise when an audit is
carried out, as well as the extent of any recommagmals arising from the audit process.
Table shows the outcomes of each level of detaiermérgy audits (Levels 1, 2 and 3
identified in the Energy Audit Standard, EEA, Nevealand) and the differences that
distinguish between these levels.

Table 3.1: Characteristics of energy audits in amgenergy management

Audit Level Description

A high level audit allows the overall energy conguion of the site to bg
evaluated, to determine whether energy use is neaé® or excessive.

11%

High- Level 1 The information gathered by the energy auditor sd¢edbe sufficient to
enable site energy use to be compared with recednienchmarks.
Accuracy of costs and potential savings would gahebe within £40%.
A moderate level audit includes the analysis ofrgynéputs involved in

Mid-Range- a high-level audit, and investigates what the enésgused for. It also

Level 2 identifies specific areas where savings may be madeommends

measures to be taken, and provides a statemenistdé end potentia
savings. Accuracy of costs and savings would géigdya within +20%.

A detailed audit provides a more detailed analifsas a mid-range leve
audit. It may cover a whole site or may concentog@n individual item
Detailed-Level 3| The energy auditor may employ a specialist to cattyspecific parts
the audit and may need to install data logging mgent. Accuracy o
costs and savings would generally be within +10%.

Source: Energy-audit manu&8lECA, 2007.

In general, in energy audit, the focus, and thenigctes used are intended to get the picture

of energy balance in a facility the inputs, usesl Bsses. More focused and detailed audits
(diagnostic audits) may be carried out to verifg tonclusions of general audit or to get a
detailed analysis of energy use and losses in@fgpprocess or facility.

As suggested by CIPEC (2002) general energy aadipdse of four main stages:
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* initiating the audit,

* preparing the audit,

* executing the audit,

* reporting the audit results.

These four steps have several sub-steps with a$sdcactivities and are shown in a
graphical representation on Figure 3.1. The stépsvs on the diagram apply to a formal

energy audit in a large, complex facility.

Figure 3.1: Steps of energy auditing

STEP 1 STEP 2 STEFP 3 STEP 4
Audit initiation —p| Audit preparation —p»| Audit execution —p|  Audit report
Decide to conduct Obtain auditee’s Conduct opening Carry out detailed
energy audit input meeting analysis and evaluation
Define audit Define audit date Conduct initial Formulate
objective and approximate wal k-through tour recommendations

¢ duration ¢ ¢
Select auditor(s) Audit facility Write draft of
Determine as per plan audit report
* approach to audit ¢ *
Define audit *
criteria Collect information Review with
Form audit team auditee’s
¢ ¢ representative
Define audit scope * Carry out *
‘# Gather data and diagnostic audit(s) : ) .
: ; Finalize audit
information "
Advise the audites ¢ ¢ repo
* conduct Analyse information ¢
onduc
o ; Distribute report
Secure resources preliminary analysis ¢
and cooperation ¢ Evaluate audit
¢ Prepare audit plan findings
Conduct pre-audit * ¢
visit to auditee ldenti )
Prepare checklist Er\ﬁnO ify main i
\ J and working s Post-audit
documents < activities:
Review EMOs Implement
Determine if audit with auditee’s energy
can go ahead representative efficiency
\ ¢ improvements
Conduct closing
meeting

Source: CIPEC, (2002, p. 25).

Once a commercial or industrial facility has desiga its energy manager and given that
person the support and authority necessary to devedequate energy management
program, the first step of the energy managemegram is to conduct an energy audit. The
energy audit examines the ways the energy is dilyresed in that facility and identifies

some alternatives for reducing energy costs. Tlaésgaf the audit are (Capehart et al, 2003):

* to clearly identify the types and costs of energg,u
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* to understand how that energy being used-and pggsgésted,

* to identify and analyze alternatives such as imgdouperational technique and or
new equipment that could substantially reduce gneogts, and

» to perform an economic analysis on those alteraatand determine which ones is
cost- effective for the business or industry inealy

3.2 Energy audit: types and methodology

Energy Audit is the key to a systematic approachdérision-making in the area of energy
management. It attempts to balance the total eriepgits with its use, and serves to identify
all the energy streams in a facility. It quantifiesergy usage according to its discrete
functions. Industrial energy audit is an effectigel in defining and pursuing comprehensive
energy management program.

As per the Energy Conservation Act, 2001, Indiargy audit is defined as “the verification,
monitoring, and analysis of use of energy includagmission of technical report containing
recommendations for improving energy efficiencyhwitost benefit analysis and an action
plan to reduce energy consumption”.

3.2.1 Need for energy audit

In any industry, the three top operating expense®tien found to be energy (both electrical
and thermal), labor and materials. If one wereefate to the manageability of the cost or
potential cost savings in each of the above compuisnenergy would invariably emerge as a
top ranker, and thus energy management functiorstitotes a strategic area for cost
reduction. Energy audit will help to understand enabout the ways energy and fuel are used
in any industry, and help in identifying the ar@dsere waste can occur and where scope for
improvement exists.

The energy audit would give a positive orientatiorthe energy cost reduction, preventive
maintenance and quality control programs which watal for production and utility
activities. Such an audit program will help to kdepus on variations, which occur in the
energy costs, availability, and reliability of siyppf energy, decide on appropriate energy
mix, identify energy conservation technologiesyaft for energy conservation equipment
etc. In general, Energy audit is the translatioariservation ideas into realities, by lending
technically feasible solutions with economic ankdestorganizational considerations within a
specified period. The primary objective of energydiais to determine ways to reduce
energy consumption per unit of product output olawer operating costs. Energy audit
provides a “bench-mark” for managing energy in @ahganization and provides the basis for
planning a more effective use of energy througlio@torganization.
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3.2.2 Type of energy audit
The type of energy audit to be performed depends on

» function and type of industry,
» depth to which final audit is needed, and
* potential and magnitude of cost reduction desired.

Thus, energy audit can be classified into the ity two types:

» preliminary audit,
* detailed audit.

3.2.3 Preliminary energy audit methodology
Preliminary energy audit is a relatively quick eise to:

» establish energy consumption in the organization

» estimate the scope for saving

» identify the most likely (and the easiest areasaftention

» identify immediate (especially no-/low-cost) impements/ savings
» set a ‘reference point’

» identify areas for more detailed study/measurement

» preliminary energy audit uses existing, or easilfamed data.

3.2.4 Detailed energy audit methodology

A comprehensive audit provides a detailed energjept implementation plan for a facility,
since it evaluates all major energy using systérhs type of audit offers the most accurate
estimate of energy savings and cost. It consideesinteractive effects of all projects,
accounts for the energy use of all major equipmemd, includes detailed energy cost saving
calculations and project cost.

In a comprehensive audit, one of the key elementisd energy balance. This is based on an
inventory of energy using systems, assumptions wfeat operating conditions and
calculations of energy use. This estimated usehém tcompared to utility bill charges.
Detailed energy auditing is carried out in threages:

* phase | - pre audit phase

* phase Il - audit phase
» phase lll - post audit phase.
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A guide for conducting energy audit at a glancetubtry-to-industry, the methodology of
energy audits needs to be flexible. A comprehengwestep methodology for conduct of
energy audit as adopted by BEE at field level espnted in Table 3.2.

Table 3.2: Methodology for detailed energy audit

Step no

Plan of action

Purpose/results

Step-1

Step-2

Step-3

Phase -1 Pre audit phase

Plan and organize
Walk through audit

Informal interview with
energy manager,
production manager, plant

manager etc.

Conduct of brief meetin
/awareness program with

all divisional heads
persons concerned.

Phase-ll-Audit phase

Primary data gathering
process flow diagram, and

energy utility diagram

Q7

and

Resource planning, establish a
organize an energy audit team
Organize instruments and tin
frame

Macro data collection (suitable
type of industry)

Familiarization of  process/pla
activities

First hand observation ar

nd

ne

[0

nt

d

assessment of current level operation

and practices

Building up cooperation

Issue questionnaire for ea
department

Orientation and awareness creatio

Historic data analysis, Baseline d3
collection

Preparation of process flow charts
All service utilities system diagran
Example: Single line pows

distribution diagram, water

compressed air, and @ steé
distribution.

ata

ﬂ-_J

M

Design, operating data and schedule

of operation
Annual energy bill and energ
consumption pattern from manu
logbook, nameplate, interview etc.

y

1=

36

To be continued .......



Continued from previous page

Table 3.2: Methodology for detailed energy audit

Step no | Plan of action Purpose/results

Step-4 e Conduct survey angd Measurements:
monitoring Motor survey, insulation, and

lighting survey with portable
instruments for collection of more
and accurate data. Confirm and
compare operating data with desig
data.

Step-5 e Conduct of detailed Trial/experiments:
trials/experiments for 24 hours power monitoring (PF,
selected energy guzzlers kWh etc.)

Load variations trends in pumps,
fan, compressors etc.
Boiler/efficiency trial for (4-8 hours
Furnace efficiency trials
Equipments performance
experiments etc

Step-6 * Analysis of energy use Energy and material balance

Step-7 * Identification and Identification and consolidation
development of energ

conservation opportunities

energy conservation measures
Conceive, develop, and refine ide
Review the previous ideas
suggested by the unit personal
Review the previous ideas sugges
by the energy audit if any

Use brain storming and valt
analysis techniques

Contact vendors for new/efficie
technology

=]

as

ted

e

nt
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Continued from previous page

Table 3.2: Methodology

for detailed energy audit

Step no | Plan of action Purpose/results
Step-8 » Cost benefit analysis * Assess technical feasibility,
economic viability
* Select the most promising projects
e Priorities by low, medium, long
term measures
Step-9 * Reporting and presentation « Documentation, report presentation
to the top management to the top management
Phase-IlI- Post audit phase
Step-10 « Implementation and followt Assist and  implementation  energy
up conservation recommendation measures|and
monitor the performance
 Action plan, schedule far

implementation
* Follow-up and periodic review

Source: BEE (2004, p. 60-61).

Phase | —Pre audit phase activitidsstructured methodology to carry out an energyitasd
necessary for efficient working familiarization visit to the facility before preeding with other
audit preparationsserves several purposes: personal contacts and thecommunication are
established; a clearer picture of the facility #mel scope emerges; issues may be clarified; ressurc

may be identified and secured; and adjustmentse@lanned audit scope, date and duration may be

made.

The main activities, which can be carried out is thsit, are to (BEE, 2004; CIPEC, 2002):

» finalize energy audit team,
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» identify the main energy consuming areas/plant stéorbe surveyed during the audit,
* identify any existing instrumentation/ additiona¢taring required,

» decide whether any meters will have to be instgtieor to the audit,

* identify the instrumentation required for carryiogt the audit,

* plan with time frame,

» collect macro data on plant energy resources, negiergy consuming centers,

» create awareness through meetings/ program.

Phase II- Detailed energy audit activiti€epending on the nature and complexity of the
site, a comprehensive audit can take from seveeakw to several months to complete. In
detailed audit detailed studies to establish, andgtigate, energy and material balances for
specific plant departments or items of processpyent are carried out.

The audit report will include a description of egyerinputs and product outputs by major

department or by major processing function, andl evibluate the efficiency of each step of
the manufacturing process. Means of improving tleggeiencies will be listed, and at least

a preliminary assessment of the cost of the impmards will be made to indicate the

expected payback on any capital investment ne€esl.audit report should conclude with

specific recommendations for detailed engineeritugliss and feasibility analyses, which

must then be performed to justify the implementatod those conservation measures that
require investments.

The information to be collected during the detaiedlit includes (BEE, 2004; Capehart et
al, 2003):

1. energy consumption by type of energy, by departmieytmajor items of process
equipment, by end-use;

2. material balance data (raw materials, intermedeted final products, recycled

material, use of scrap or waste products, prodaaifdoy-products for re-use in other

industries, etc.);

energy cost and tariff data;

process and material flow diagrams;

generation and distribution of site services (ecgmpressed air, steam);

sources of energy supply (e.g. electricity fromdhie or self-generation);

potential for fuel substitution, process modifioas, and the use of co-generation

systems (combined heat and power generation);

8. energy management procedures and energy awareagssg programs within the
establishments.

No s

Existing baseline information and reports are ustfiget consumption pattern, production
cost and productivity levels in terms of product paw material inputs. The audit team
should collect the following baseline data:
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» technology, processes used and equipment details;
» capacity utilization;

e amount & type of input materials used;

e water consumption;

» fuel consumption;

* Steam consumption;

» electricity consumption;

e other inputs such as compressed air, cooling vedter

While analyzing a process identification of wadteams and obvious energy wastage are to
be found out. An overview of unit operations, impot process steps, areas of material and
energy use and sources of waste generation sheuldthered and should be represented in
a flowchart. Existing drawings, records, and sHoprfwalk through will help in making this
flow chart. Simultaneously the team should identifg various inputs & output streams at
each process step.

Figure 3. 2: A typical flow diagram of process

Consider:
direct energy to process
energy in material

energy in capital equipment
energy in transport

Energy input - -

Consider:
recirculation of rejected material
energy production by process
reject energy through ducts or
hot products
recuperation of energy

Process

Rejects By-product
Further processes

Source: Barratt (1997, p. 618).

Identification of energy conservation opportuniti€apehart et al (2003) suggested that as
the audit is being conducted, the audit team shdalkk notes on potential energy
conservation opportunities or energy managemenortyppties that are evident. Generally,
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the greatest effort should be devoted to analyamd)implementing the energy conservation
opportunities, which show the greatest saving, kpagt effort to those with the smallest
saving potential. Therefore, the largest energy aast activities should be examined
carefully to see where savings could be achievddntifying EMOs require s a good

knowledge of the available energy efficiency tedbgies that can accomplish the same with
less energy and less cost.

While every industrial facility is different, thesae several energy efficiency opportunities,
which typically provide high returnslypical energy efficiency opportunities arsteam
system upgrades; heat recovery; compressed aensygbgrades; lighting; motor and drive
system upgrades; energy efficiency in buildingspdpiction of energy from waste;
cogeneration; modernization; water system upgraddge-use etc.

Technical and economic feasibilit’fter identification of energy conservation opportunities
both technical and economic feasibility are to lstalelished. The technical feasibility
depends on technology availability, space, skilleatk force, reliability, service etc; the
impact of energy efficiency measure on safety, igyalproduction, or process; the
maintenance requirement and spares availability.

Acceptance of energy conservation opportunities thy management depends on the
economic viability and often it becomes the keyapagter. The economic analysis can be
conducted by using a variety of methods. Exampdsr. Back method, internal rate of return
method, net present value method etc. For low invest short duration measures, which
have attractive economic viability, simplest of thethods, payback is usually sufficient.

Classification of energy conservation measuBssed on energy audit and analyses of the
plant, a number of potential energy saving projetidsy be identified. These may be
classified into three categories:

* Low cost —high return;
* Medium cost- medium return;
* High cost —high return.

Normally low cost- high return projects receivegpity. Other project have to be analyzed,
engineered, and budgeted for implementation in glmaanner. Projects relating to energy
cascading and processes changes usually involfe dagt coupled with high return, and
may require useful scrutiny before fund can be cdtech These projects are generally
complex and may require long lead times before tbay be implemented. A general
guideline for project priority has been tabulated@lows (See Table 3.3, p. 42).
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Table 3.3: Project priority guideline

Priority Economic feasibility Technical feasibility Risk feasibility
A-Good Well defined and attractive  Existing tectogpt No risks
adequate Highly feasible

B- May be Well defined and only Existing technology | Minor operating risk
marginally acceptable may be updated, lack | May be feasible
of conformation

C-Held Poorly defined and Existing technology is| Doubtful
marginally unacceptable | inadequate
D-No Clearly not attractive Need major break | Not feasible
through

Source: BEE (2004, p. 66).
3.3 Energy audit report

The next step in the energy audit process is tpgreea report, which details the results of
the energy analyses and provides energy cost sagcgmmendations. After successfully
carried out energy audit energy manager/energyt@ushiould report to the top management
or effective communication and implementation. Adustrial audit is more likely to have a

detailed explanation of the ECOs and cost beneéityges.

The report should begin with an executive summhba provides the owners/managers of
the audited facility with brief synopsis of the dbsavings available and the highlights of
each EMO. The report should then describe theitia¢iiat has been audited, and provide
information on the operation of the facility th&flates to its energy costs. The energy bill
should be presented, with tables and plots shotiegost and consumption. Following the
energy cost analysis, the recommended ECOs shoeldorbsented, along with the

calculations for the costs and benefits, and tis¢-effectiveness criterion.

Regardless of the audience for the audit repodhdtuld be written in a clear, concise, and
easy-to understand format and style. An executivansary should be tailored to non-

technical personnel, and technical jargon shouldhivemized. The reader who understands
the report is more likely to implement recommen&8€&Ds (Capehart et al, 2003).

3.4 Benchmarking and energy performance
A successful program in energy management begitisangtrong commitment to continuous
improvement of energy efficiency. As a first stepce the organizational structure has been

established is to assess the major energy usée ifatility to develop a baseline of energy
use and set goals for improvement. The selectidkepiperformance indicators and goals
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help to shape the development and implementati@m @fction plan. An important aspect for

ensuring the successes of the action plan is im@lpersonnel throughout the organization.

Personnel at all levels should be aware of enesgyamd goals for efficiency. Staff needs to
be trained in both skills and general approachesaygy efficiency in day-to-day practices.

In addition, performance results should be regulawaluated and communicated to all

personnel, recognizing high achievement. The ussnefgy monitoring and process control

systems can play an important role in energy manageand in reducing energy use. These
may include sub-metering, monitoring, and contrgétems. They can reduce the time

required to perform complex tasks, often improvedpict and data quality and consistency,
and optimize process operations (Worrell et al, 2200

Energy benchmarking involves the development ofntjteiive and qualitative indicators
through the collection and analysis of energy-eglatata and energy management practices.
Benchmarking in simplistic terms is the procescaparing the performance of a given
process with that of the best possible procesdraxlto improve the standard of the process
to improve quality of the system, product, servi¢€sice et al., 2008) etc. It allows
organizations to develop plans on how to adopt saast practices, usually with the aim of
increasing some aspects of performance. Benchngarkay be a one-off event, but is often
treated as a continuous process in which organizatcontinually seek to challenge their
practices. Benchmarking is a method, which sho@dubed on a continual basis as best
practices are always evolving.

The Lawrence Berkeley National Laboratory has depedl an excel-based spreadsheet tool
called BEST: Benchmarking and energy saving tooluse by industry to benchmark a
plant’s energy intensity to “best practice” andidentify energy efficiency improvement
options (Price et al., 2003; Galitsky et al., 2005)

Benchmarking of energy consumption internally @nisial / trend analysis) and externally
(across similar industries) are two powerful tofds performance assessment and logical
evolution of avenues for improvement. Historicatadavell documented helps to bring out
energy consumption and cost trends monthly, daitgnd analysis of energy consumption,
cost, relevant production features, specific eneaysumption, help to understand effects of
capacity utilization on energy use efficiency andts on a broader scale.

External benchmarking relates to inter-unit congmari across a group of similar units.
However, it would be important to ascertain siniilas, as otherwise findings can be grossly
misleading. Few comparative factors, which needédolooked into while benchmarking
externally ar§ BEE, 2004):

» scale of operation

» vintage of technology

* raw material specifications and quality
» product specifications and quality.
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Benchmarking energy performance permits:

» guantification of fixed and variable energy constiomp trends vis-a-vis production
levels,

e comparison of the industry energy performance wi$pect to various production
levels (capacity utilization),

» identification of best practices (based on the raaiebenchmarking data),

» scope and margin available for energy consumptimahcast reduction,

» basis for monitoring and target setting exercises.

3.5 Matching energy usage to requirement

Mismatch between equipment capacity and user rexpaint often leads to inefficiencies due
to part load operations, wastages etc. Worst casigm is a designer’s characteristic, while
optimization is the energy manager's mandate andynstuations present themselves
towards an exercise involving graceful matchingenérgy equipment capacity to end-use
needs. Some examples of matching energy usaggquoement are as follows:

» eliminate throttling of a pump by impeller trimmingesizing pump, installing
variable speed drives

» eliminate damper operations in fans by impellenining, installing variable speed
drives, pulley diameter modification for belt drsydan resizing for better efficiency

* moderation of chilled water temperature for proc#shing needs

» recovery of energy lost in control valve pressurepd by back pressure/turbine
adoption

» adoption of task lighting in place of less effeetarea lighting.

4. ENERGY ANALYSIS OF CPM

4.1 Introduction

The pulp and paper industry is one of India's dl@desl core industrial sector. The socio-
economic importance of paper has its own valu@eccbuntry's development as it is directly
related to the industrial and economic growth @& tountry. Although paper, have many
uses its most important contribution to modernliaation is its use as a medium to record
knowledge. Paper manufacturing is a highly capéaérgy and water intensive industry. It is
also a highly polluting process and requires suibistiainvestments in pollution control
equipment.

According to Mike (2007) energy, management is lo@ itise as a strategy for sustaining
global competitiveness and is effective tool foingay economic ground, is particularly
important to energy intensive industries such ap @und paper. However, the greatest
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potential comes when companies correlate continimpsovement with a strategic approach
to energy management to create a deliberate préoessed on increasing profitability, and
achieving greater productivity and reliability.

With the increase in concern about global warmiagd climate change, it has become
imperative for the mills to become energy efficieny improving performance of
equipments, modifying process or adapting to tive aed clean technology. As such, energy
management has become an essential part of anzagan.

4.2 Energy management program in CPM

Pulp and paper industry is an energy intensive d@w.per BEE, energy conservation
potential of pulp and paper sector is 25%, whichighest among the energy intensive
industries. Under ECA'2001 India, it is mandatooyhiave energy efficiency program in
place to study about the energy requirement andwuoption of various processes of the
paper manufacturing and prepare energy norms. Aowly, Energy Management Program
(EMP) was introduced and energy management poldypted at HPC in 2004-05 as
follows.

Hindustan Paper Corporation Limited is committeddaservation of energy through:

» use of energy -efficient and environment friendghnologies

» optimal utilization of natural resources and unal@rig a war on wastages

» continual review of the specific energy consumptimmms for bench marking with
the best in the industry

e carrying out regular energy audits internally am@tigh external experts

* promoting awareness amongst the employees andsithkaholders.

It is stated in the mission statement of the cafon that " To explore and implement
technological up gradation of existing equipment fmproved quality and increasing

productivity and for greater cost effectiveness. ffreserve the ecological balance and
explore eco-friendly production process to strikeaamonious relationship between nature
and industry."”

There is a well-defined EMP and it has been placedhe mission statement of the

corporation. Thus, it can be concluded that then@magement is committed to the energy
management program. However, there is no specei@surable written objective for energy
management program.

Accordingly, management has created Energy Manager@ell (EMC) and appointed

Energy manger (EM) and coordinators representiom fall functional areas. Objective of
energy management cell is to monitor, analyze, iamgrove various processes. Energy
manager monitors the trend of consumption on dadlgis, identifies the scope for energy
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conservation, and takes necessary action for tinmeptementation. The Chief Executive

(CE) reviews the daily energy consumption figurgmiast the set norms and suggests
concerned HODs and Managers for necessary coreeatgasures in case of deviations.
Various activities of energy management programraveewed at operational, managerial
and apex level periodically.

Awareness among employees are created through fsampesters etc. Both in-house and
external training program are carried out for ergpls to impart knowledge of energy
management and its effects to the company in pgati@and to the environment in general.
The energy management structure of Cachar papérshdthown in the figure below.

Figure 4.1: Energy management structure

CE
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Chairman-EM Cell

.
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[ Process Manager% [ Maintenance Managers

4.3 Specific energy consumption for pulp and papesector
4.3.1 Source of energy and consumption

The paper industry is highly energy intensive. Tindustry is ranked sixth largest energy
consumer in the country. Coal and the electricity the main source of energy for the

industry. Other fuels such as low sulfur heavy Isth&SHS), furnace oil, are also used to fire
boilers. All large and medium sized plants are alsimg recovery boilers to generate steam
from black liquor, which can provide up to 30% béttotal energy requirement. The Figure
4.2 shows the input and consumption of energy freamious sources and in various

processes respectively (See Figure 4.2, p. 47).
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Figure 4.2: Energy input and consumption in papeustry
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Source: CPPRI, 2008.

The share of energy consumption as percentage oféifaauring cost in Indian paper mill

ranges in 15-20%. The steam and electricity consiemper ton of paper is 11 - 15 tone and
1,500 — 1,700 kWh respectively in Indian large syilvhich is roughly twice the norms,

compared to North American and Scandinavian milisshows that there is immense
potential of energy savings in this sector.

4.3.2 Specific energy consumption norms

Under the Energy Conservation Act 2001, energynsitee industries have been identified
and specified as designated consumers of energytarastablish and prescribe energy
consumption norms for designated customers. Ashgeact any pulp and paper mill having
energy consumption equal to or more than 30, OO@icrtene of oil equivalent (MTOE) per
year are designated customer.

Since pulp and paper industry in India is a congmate of old and new plants having
diversified technology, using varying raw materaid fuel characteristics in different
geographical regions producing variety of produtitsjr energy consumption varies widely
depending on large number of factors. So baseth@matwv material and products mills have
been categorized in to different group as:

1. Wood and bamboo based mills producing: bleached wamgdleached varieties;
newsprint; rayon grade pulp; and specialty likeues paper etc.

2. Agricultural residue based mills.

3. Recycled fiber and market pulp based mills.
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4. Market pulp based mills.
Both the mills of HPC viz: CPM and NPM are utiliginvood and bamboo as raw material.
Therefore, criteria for wood and bamboo based nslisonsidered for discussion. Based on
its product mix and raw material mix, wood andnbao based mills are further categorized
into five groups by BEE as:

1. Writing Printing Paper (WPP) grade paper mills.

WPP and Packaging grade paper mills.

3. Mills using wood, non-wood and re-cycle able filRCF) producing WPP,
packaging paper, and newsprint.

4. Newsprint mill.

5. Rayon grade mill.

N

Designated customers of wood/bamboo based millggosy wise as per ECA-2001are
shown in the table below.

Table 4.1: Designated customer under ECA-2001

Group-1 WPP Grade Mills Group-3 WPP with mixed raw material
1. JK Paper Ltd. CPM(JKCPM) 1. ITC, Bhadrachalam (ITC)
2. JK Paper Ltd. Rayagada (JKR) 2. SPB Ltd (SPB)
3. BILT, Ballarshah (BILT-1) 3. Century Paper Mill (CP)
4. BILT, Sewa (BILT-2) 4. Mysore paper Mills (MPM)
5. BILT, Yamunanagar(BILT-3) 5. TNPL
6. HPC, Cachar Paper Mill (CPM) Group-4 Newsprint Mills
7. HPC, Nagaon paper Mill (NPM) 1. Hindustan Newsprint Ltd (HNL)
8. Orient Paper Mills Ltd (OPM) Group-5 Rayon grade mills
Group-2 WPP & Packaging Paper Mills 1. BILT Kamlapuram (BILT-4)
1. West coast paper Mills Ltd (WCPM)
2. Star Paper Mill (SPM)
3. APPM
4. Sirpur Paper Mills (SiPM)

Source: BEE, 2007.

Based on the products and analysis of energy cgoson data of the individual mills for
2003-04,2004-05, 2005-06 and weighted averagkeset have been considered as base line
for the mills to reduce energy consumption.

The norms proposed for the mills are:

1) The energy input in GJ/t
2) Steam and electricity consumption
a) Within battery limit
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b) Outside battery limit.
The norms for steam and electrical energy consumpii various processes have been split
into two parts. First part including the major pgalp and paper making operations, is quite
similar for mills within a group and can be compmhneith one another. The processes
included in first part are raw material preparatipnlping, bleaching, stock preparation,

paper machine, chemical recovery, boiler houseematstems, effluent treatment plant etc.
and are designated as “Within Battery Limit". Thiaer part including auxiliaries such as

turbines, water intake, effluent discharge, andnubal plants such as oxygen, chlorine
dioxide, chloro alkali plant etc., are includedtire “Outside Battery Limit". Tables below

show the norms of the different paper mills.

Table 4.2: Specific consumption of wood based grdu WPP mills

Name | Energy Electricity Steam consumption

of the GJ/t paper kwWh/t paper t/t paper

mill Purchased InternalTotal | Within | Outside| Total | Within | Outside | Total

battery| battery battery| battery

JKCPM 24.9 225 47.4| 1,188 83| 1,272 8.2 27| 10.9
JKR 24.6 25.8| 50.4| 1,339 79| 1,418 9.3 27| 12.0
BILT-1 40.0 20.8| 60.8| 1,253 471 1,725 10.0 6.8| 16.8
NPM 42.3 18.7| 61.0| 1,474 545 2,020 9.4 6.7| 16.1
BILT-2 41.2 23.2| 64.4| 1,529 186| 1,715 10.8 42| 15.0
CPM 47.6 21.7| 69.3| 1,501 571 2,072 104 58| 16.2
BILT-3 51.8 18.5| 70.3| 1,383 311 1,695 9.9 58| 15.7
OPM 46.5 23.8| 70.3| 1,486 255 1,740 9.3 3.2| 125

Source: BEE, 2007.

Table 4.3: Specific norms of wood/bamboo basedg2s WPP and packaging paper mills

Name | Energy Electricity Steam consumption

of the GJ/t paper kwWh/t paper t/ t paper

mill Purchased InternalTotal | Within | Outside| Total | Within | Outside| Total

battery| battery battery| battery

WCPM 23.1 14.2| 37.3| 1,371 151 1,522 8.6 3.8| 124
SPM 234 20.8| 44.2| 1,227 64| 1,291 8.6 0.0 8.6
APPM 33.0 25.1| 58.1| 1,442 123| 1,565 8.9 3.3| 12.2
Si.PM 54.9 219 76.8| 1,504 527| 2,031 13.1 0.4| 135

Source: BEE, 2007.
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Table 4.4: Specific norms of wood/bamboo basedg® WPP with mixed raw materials

Name Energy Electricity Steam consumption

of the GJ/t paper kWh/t paper t/ t paper

mill Purchased InternalTotal | Within | Outside| Total | Within | Outside| Total
battery| battery battery| battery

ITC-1 23.8 14.7| 38.5| 1,117 85| 1,202 6.7 0.0 6.7

SPB 21.0 14.2| 35.2| 1,382 59| 1,441 7.5 2.1 9.6

Century 21.8 235 45.3| 1,199 125| 1,324 9.2 1.2| 104

MPM 80.5 89| 89.4| 2,057 195| 2,252 6.1 7.0 13.2

TNPL 34.5 17.6| 52.1| 1,367 88| 1,525 7.0 0.0 7.0

Source: BEE, 2007.

Table 4.5: Wood based group-4 and 5: News printanidl Rayon grade mill

Name | Energy Electricity Steam consumption
of the GJ/t paper kWh/t paper t/t paper
mill Purchased| Internal TotaWithin | Outside | Tota | Wit | Outside | Tota
I battery | battery | | hin | battery ||
batt
ery
HNL 30.0 41| 34.1| 1,693 114| 1,80| 5.2 26| 7.8
7
BILT-4 19.3 34.1| 53.4| 1,052 130| 1,18| 12.1 1.2| 13.3
2

Source: BEE, 2007.

To analyze the energy efficiency of designatedsnBEE has adopted the concept of energy
bandwidth. Based on the specific consumption ofgynesteam, electricity bandwidths are
divided into various categories, from most enerffigient to least energy efficient. The most
energy efficient mills are placed in first grouppeage mills are placed in second and below
average mills are placed in third group. The miilshe first group of energy bandwidth are
compared with the international levels. The averay# below average mills are where most
opportunities for improvements exists. Figure 4h®ves position of group-1, WPP grade
mills in the energy consumption bandwidth of papdustry (See Figure 4.3, p. 51).
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Figure 4.3: Energy consumption bandwidth of speeihergy group-1: WPP grade mills
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Source: CPPRI, 2007.

There are eight mills in this category. Based oergy consumption mills are positioned in
different group of energy brand width. In the figulKCPM and JKR are placed in group-1,;
BILT-1, NPM, BILT-2 are placed in group-2; CPM, BIL3 and OPM are placed in group-3.
The position of Cachar Paper Mill (CPM) in the eebrand width falls into group-3.
Therefore, it may be pointed out that there exists lof opportunities for energy
conservations in Cachar Paper Mill, so as to pwsitiinto higher energy grade.

The figure 4.4 shows the position of different mitif WPP grade in energy bandwidth with
respect to its specific steam and specific elatgriconsumption. The position of Cachar
Paper Mill in the energy bandwidth is in fourth gpo It is clear from the figure that energy
consumption of the mill is much higher comparedttie mills, which are positioned in
group-1, group-2, and group-3 of energy bandwidBpecific steam and electricity
consumption of the mill in first group is 10.90 &ihd 1,272 kWh/t respectively, where as
specific consumptions of steam and electricity &\Cis 16.1 t/t and 2,072 kWh/t. As per
BEE, there exists lots of energy saving opportasiin the mills, which falls under group-3
and 4 of energy bandwidth. So in order to posiiiom the efficient energy group energy
saving opportunities are to be identified and impated (See Figure 4.4, p. 52).
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Figure 4.4: Energy consumption bandwidth of spedfeam and electricity consumption
group-1: WPP grade mills

Energy consumption band width of group-1 WPP grademills

c 20
S T 2020, B.1
o R
Bop, 5.7 *

% 15 4 - ‘-‘ 713 ©s 2!?2. .1
0 272,08 . »
c B8, 1S -

— * .
8 g 1':' B ) 1740, 13.5
E
s o Group 1 | Group 2 Group 3 G[r'aup 4
5E ° -

1200 1400 1600 1800 2000 2200
Electricity consumption (kWh/t paper)

Specific steam and electricity consumption of WPP iths

Source: BEE, 2007.

4.3.3 Comparison of specific energy, electricity, l steam consumption with
international standards

Energy efficiency of a typical Indian mill is mudbwer compared to its counterparts in the
developed countries owing to old technology badeseihce of modernization at an aggregate
level has reflected in poor energy efficienciesadgis mills in developed countries. As per

The Energy Research Institute (TERI), (2003) therage energy cost for Indian paper mills

is around 20 - 30% of total production cost, asresdd 2-14% in the USA, Sweden, Finland

and other major paper producing countries.

By adoption of new technologies, mills in developedntries have been able to reduce their
consumption of fossil fuels. As per TERI (2003,48 Sweden, which has reduced the oil
consumption in the industry by 70%, over the pastade (1980-90) tops the list, followed
by Finland, Japan (34%) and UK (8%). The comparidoenergy consumption in Indian and
international mills is given in Table 4.6 (See T&abl6 p. 53).
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Table 4.6.Energy usage pattern: InternatioaadIndian paper mills per tone of paper

Bleached varieties Steam Steam Electricity Electri-
t/t paper indext kWh/t paper city
Internat | Indian Internat | Indian index?
-ional -ional
Chip conveying : - - 20 20 100.00
Digester 0.61 1.30| 164.50 40 40 100.00
Washing and screening 30 110 104.76
Oxygen de-lignifications 0.18 75 -
Bleaching 0.83 0.30| 36.14 100 80 80.00
Paper machine 1.50 2.50| 166.66 253 600 237.15
Soda recovery 1.50 2.60| 173.33 55 125 227.27
Power plant 0.83 1.20| 144.57 60 125 208.33
Kiln and re-causticising - - - 25 -
Hot water supply : - - 32 50 156.25
Waste paper treatment - - - 30 40 133.33
Misc, unaccounted losses 0.00 1.10 30 110 366.66
Total consumption 545 9.00| 165.10 750 1300 173.33

Source: CPPRI, 2008.
Note: 1) Steam index = Usage of Indian/ Usage w&riational, 2) Electricity index = Usage
of Indian/ Usage of International

The table above shows process wise average consmngftspecific steam and electricity
per tone of paper in international and Indian miliss evident from the table that processes
like chip conveying, digester, washing and scregmith oxygen de-lignifications consumes
same amount of specific electricity in Indian adlhas in international mills. However paper
machine, soda recovery, power plant consumes muate ralectricity compared to the
international average consumption. It is very clram the table that there is significant
amount of electricity losses in the Indian millsrqmared to the international average
consumption. It is evident from the table that &mdmills consume 73.33% more electricity
compared to the international mills. Thereforecan be concluded that there are lots of
energy conservation opportunities in Indian mittenpared to the international mills.

The specific steam consumption of the internati@mal Indian mills is 5.45 t/t paper and 9

t/t paper respectively. It is clear from the tatblat Indian mills consume 65.10% more steam
compared to the international mills. It is evidémm the table that an unaccounted steam
loss is 1.1 t/t of paper in Indian mills. Steam fwmption in paper machine, soda recovery,
and power plant of Indian mills is much more highempared to the international average
consumption. Therefore, there exists many oppdrasto reduce the electricity and steam
consumption in Indian mills. With adoption of neachnology, energy efficient processes
and increasing energy efficiency of process andpagent, substantial amount of electricity

and steam consumption can be reduced.
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4.4 Energy analysis of the mill
4.4.1 Energy consumption scenario

The major source of energy used in Cachar Papdrididoal for generation of steam and
power from steam turbines. Black liquor from thdppmill is used as a fuel in recovery
boiler to generate steam and furnace oil is usesbipplement black liquor at the time of
start up. The energy consumption scenario of tHeisnshown in the table below. Various
energy conservation schemes, both in house andesteggby external agencies have been
taken on continuous basis, resulting in steadyimkech the energy consumption over the
years. The tables below show the trend of papedymtton and consumption trend of
electricity, steam, and coal per tone of paper pced from 2002-03 to 2006-07.

Table 4.7: Energy consumption scenario at CPM

Financial Production | Specific electricity | Specific steam Specific coal
Year t (tone) consumption consumption consumption
kWh/t paper t/t paper t/t paper
2002-03 94,702 1,576 11.11 1.96
2003-04 97,376 1,550 10.80 1.91
2004-05 91,012 1,527 10.60 1.84
2005-06 100,631 1,478 10.10 1.75
2006-07 103,155 1,507 9.80 1.94

Source: Internal data of CPM, 2007.

The Figure shows production trend of CPM from teary2001-02 t02006-07. It is clear
from the figure that there is an increasing trehgaper production.

Figure 4.5: Production trend of CPM
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The mill has achieved production of 100,631 tomet 203,155 tones of paper in the year
2005-06 and 2006-07 respectively against its capatil00, 000 tones per annum.

The electricity consumption trend of CPM per tof@aper is shown in the figure below.

Figure 4.6: Electricity consumption trends per tohgaper in CPM
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Source: Table 4.7.

Electricity consumption trend of the mill shows @&crkasing trend. It is because of
implementation of various energy conservation messstaken up in the mill continuously.
The specific electricity consumed is very closetite norms set by BEE for the mill.
However, electricity consumption of CPM is highban the norms of 1,300 kWh/t paper.
Therefore, to improve the specific consumption éhlesis to be continuous effort to find out
opportunities and to implement those opportuniied optimization of the process. There
exist lots of opportunities to reduce electricipnsumption. Motors are at the core of almost
every industrial process. They run many types oaigent, including pumps, fans, blowers,
conveyors. Because of their extensive role in pctdn, motors consume a large amount of
electricity and can be an attractive target forgyefficiency investments.

Improving motor and equipment efficiency can redsggnificant amount of electricity.
Properly matching motor size to load can reduceggnese. Motors are often oversized to
ensure that they can handle greater than normdlifaseeded. Over sized motors results in
increased initial as well as operating costs.

Installing motors with variable speed drives is theo option. A variable speed drives (VFD)
particularly applicable if the motor load fluctustever time, and the motor has extended periods
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of light load operation. Variable speed drives@saally cost-effective as it matches the output to
the load by varying the speed of the motor. Thiseases energy efficiency by limiting energy
use during periods of low output. Fans, pumps, speed-insensitive machinery are often the
best candidates for variable speed drives. Varigipded drives can also improve product quality
by allowing for greater control and they can redon@@ntenance cost.

Steam consumption trend @PM is shown in the Figure 4.13. There is a deangasend of
specific steam consumption. Specific consumptiostem has decreased from 11.1 t/t of
paper in 2002-03 to 9.8 t/t of paper in 2006-07isTib due to implementation of various
energy conservation opportunities in the mill imthg good housekeeping. However,
specific steam consumption of the CPM is highenfimat of the norms specified by BEE for
Indian mills of 9 t/t paper.

According to Schmidt (2007, p.125) many opport@sitexist for energy savings in steam
system operation, ranging from simple operatingcedore modifications to retrofits
requiring significant capital expenditures. Sigraint savings can be obtained by reducing
steam and hot water load. Insulating steam andeswade pipes and installing or repairing
steam traps are usually highly cost-effective epemeasures. Therefore, energy
management cell should closely monitor the systamegular basis and find out possible
opportunities. So that by implementing those opputies further reduction of steam can be
attained.

Figure 4.7: Steam consumption trend per tone pépan CPM
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Coal consumption trend at CPM from the year 2002e02006-07 is shown in the Figure
4.8. It is clear from the figure that specific ca@insumption per tone of paper has been
decreasing from 1.96 t/t of paper in 2002-03 tb 1.7t of paper in 2005-06. However, the
specific consumption of coal has gone up in the 2886-07. With decrease in specific
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steam consumption in 2006-07, coal consumptionldhmave been also decreased.

Figure 4.8: Specific coal consumption trend in CPM
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Water consumption trend of the Cachar Paper Millhiewn in the Figure 4.9 (See Figure
4.9, p. 58). Mill has taken up lot of measures likeuse of paper machine back water in
dilution of pulp in unbleached tower, vat dilutioh DCW, make up of chip washing water
by effluent water, collection of sealing and cogliwater of pumps, compressor etc and
using it, using of bleached filtrate for dilutiofmulp. Moreover, awareness has been created
amongst the employees regarding wastage of watérogtimizing its use. With these
measures and implementation of energy conservapportunities on continuous basis it has

been possible to reduce the consumption of waten f163.3 i/t of paper in 2002-03 to

113.5 n#/t of paper in 2006-07, which is less than thathef norms set for the mill by BEE
However, the consumption is higher compared tosihalar mills of developed countries
and best practices of Indian mill. According to £PFPublic eco-efficiency report, (2003) as
referred by National Productivity Council (NPC) eage water consumption in developed
countries varies from 30-70%b of paper.

According to National Productivity Council (NPC)d&al on OECD report (2001), one of the
reasons for higher water consumption in India caeghdo developed countries is the price
of water. Water pricing in OECD countries and inAJ&e mostly based on average cost
pricing or marginal cost pricing. However, alongtlwivater cost some of these countries
have also introduced the “polluter pay's principtei’ water pollution load discharged by

companies. In comparison, the Indian industry ageminal amount.
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Figure 4.9: Water consumption trend in CPM
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The trend of manufacturing cost and energy costqueg of paper in Cachar Paper Mill is
presented in the Table 4.8. It is evident fromttige that there is an increasing trend of cost
of production. It is due to increase in pricesaf material, cost of transportation, chemical

Source: Internal data of CPM, 2008.

and energy consistently.

Table 4.8: Share of energy cost as part of manufiact cost at CPM

Financial Cost of production Energy cost Energy cost as % of
Year INR/t of paper INR/t of paper total cost

2003-04 16,190.29 2,630.92 16.25
2004-05 18,212.06 3,250.06 17.85
2005-06 19,309.46 3,734.66 19.34
2006-07 19,630.31 3,903.37 19.88
2007-08 21,878.37 4,127.34 18.86

Source: Internal data of CPM, 2008.

The Figure 4.9 shows trend of energy cost as a&sifatost of production at CPM :( See
Figure 4.10, p. 59).
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Figure 4.10: Energy cost as share of total co6tHiV
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Source: Table 4.8.

It is clear from the Figure 4.10 that the sharesérgy cost to the manufacturing cost is
raising, in spite of increase in production andrdase in specific consumption of coal per
ton of paper, which is the main source of energig dlue to the fact that, cost of the coal and
furnace oil have been increasing each year ataofeibout 20 to 25% and 5% respectively
(CPM internal source).

4.4.2 Benchmarking comparison

Benchmarking is fundamental to competitiveness yaimal It is undertaken to compare
production costs, mill uptime, energy consumptiom other critical parameters.
Benchmarking is always conducted against mill airailar type, producing essentially the
same product. Gap analysis then reveals the difteewith mills of the same age class and
mills of newer, more modern design. Benchmarkingrie of the first steps a mill should
undertake. Benchmarking enables senior managementripare the relative performance of
their mills with similar mills or with a model millepresenting the current best practice. It
provides the motivation for looking at energy camaéon opportunities in mill operations.

Benchmarking is also useful in energy efficienaydgts to provide direction in the search
for energy conservation opportunities. However,if@o be effective, it is important that the
section wise benchmarking be carried out, and leygntype, e.g. steam, electricity.

The specific energy consumption of CPM is 7.87 Qealtone of paper. It accounts towards
10.1 tone of steam required per ton of paper a#hd3lkWh per tone of paper. A comparison
of present energy and water consumption with nasmsiown in Table 4.9 (See Table 4.9, p.
60).
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As the energy audit was carried out at CPM in 200y authorized external auditor of
BEE, energy consumption data for the year 2005-86 eonsidered as a baseline data.

Table 4.9: Specific energy consumption of besttgres in India and CPM

Specific consumption Writing and printing grade paper Index
Norms CPM (2005-06) (CPM/Norms)
Energy (Gcal/ t paper) 7.0 7.87 112.42
Electricity (kwh/t paper) 1,300 1,478 113.70
Steam (t/t of paper) 9.00 10.10 112.22
Water (m3/t of paper) 126 124 99.20

Source: CPPRI, 2007.

The table shows the specific consumption of enestpgtricity, steam and water per ton of
paper as specified by BEE and CPM in the year 254 is evident from the table that

specific consumptions of energy, electricity, atehm in CPM are higher compared to the
norms set by BEE. It is also evident from the tablg CPM consumes about 12% more
energy, electricity and steam compared to the na@pesified by BEE. In order to improve

the specific consumptions there has to be contis@iort to find out energy conservation

opportunities and to implement those opportungied optimization of the process.

The plant wise breakup of steam consumption fodpcton of writing printing paper by the
mill and its comparison with the Indian standaishown in the table below.

Table: 4.10 Plant wise beak-up of specific steanmsamption of Indian standards and
CPM in Financial Year (FY): 2005-06

Sections Norms CPM Index
t/t paper t/t paper CPM/Norms

Pulp Mill 16 0.8 125.00
Bleach Plant ' 1.2
Evaporators and Soda Recovery 142.30

2.6 3.7
Plant
Paper Machine 2.5 1.6 64.00
Boilers 1.2 2.2 183.33
Others 1.1 0.7 63.63
Total 9.0 10.1 112.22

Source: CPPRI, 2007.

The specific steam consumption in pulp mill inchglibleaching, evaporators, soda
recovery, and boilers are high compared to the sagiven by BEE. Steam consumption
can be reduced by adopting energy efficient prasssculcating good house keeping,
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providing insulation, improving condensate recovand installation of steam traps to
provide proper condensate drainage etc. It is eviftemn the table that pulp mill including

bleach plant, evaporator-recovery and boiler cores125%,42% and 83% more steam
respectively than the norms. Thus, it can be caeduthat there exist lots of energy
conservation opportunities in evaporator-recoveny laoiler.

The plant wise breakup of electricity consumptien fone of paper at CPM in2005-06 and

the norms specified by BEE is shown in the tablewe

Table 4.11: Plant wise break-up of specific powsrsuimption of Indian standard and
CPM in 2005-06

Sections Norms CPM (2005-06) Index
kWh/t paper kWh/t paper CPM/Norms

Chippers 20 27.4 137.00
Digesters, Washing & Screening 160 122.4 81.60
Bleach Plant 8( 94.4 118.00
Stock Preparation 150 210.2 140.10
Paper Machine 450 493.1 109.50
Boilers 125 219.3 175.44
Recovery plant 125 136.5 109.20
Water system 50 74.3 148.60
Effluent Treatment 40 241 60.25
Others 110 76.2 69.27
Total 1,300 1,478.0 113.70

Source: CPPRI, 2007.

It is evident from the data in the table that cleipleach plant, stock preparation, paper
machine, boilers, recovery, and water system coasmore energy than the stated norms. It
is evident from the table that boilers, water systend stock preparation consumes 75.44%,
48.6%, and 40% more electricity respectively coragato the norms specified by BEE.
Therefore, it can be concluded that maximum opmpatigs for energy conservation exists in
these sections. As electricity consumption of CBM3.70% more than the specified norms,
thus there exist many opportunities to reduce thiesemption of electricity. Improving
motor and equipment efficiency, properly matchington size, installation of variable
frequency drive in motors, use of energy efficiamitors, improving energy efficiency of
processes etc can reduce significant amount offrelig.

Since CPM produces different grades of WPP in aewmhge of gram per square meter,

therefore it is the one of the most challenginkda® benchmark energy cost due to the
various diversity factors and due to significarftedence in the delivered price of fuel due to
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location factor. The cost of production for utési has been gradually rising in the last few
years and the trend of variation in utility costidatal cost of production is shown the table.

Table 4.12: Cost of energy at CPM

Cost Year Year Year
2003-04 2004-05 2005-06
Total cost of production(INR/t) 16,190.29 18,212.06 19,309.46
Cost of energy (INR/t) 2,630.92 3,250.06 3,734.66
Share of energy cost to total cost (%) 16.25 17.85 19.34

Source: Internal data of CPM, 2008.

4.5 Energy conservation opportunities

Based on the energy audit data, numbers of eneapgecvation opportunities were

identified. In order to find out techno- feasiljlibf the energy saving proposals the utility
(energy, water) consumption and cost paramete0056-06 were considered as baseline
parameters. The plant wise benchmarking of eneoggumption described above provides
an impetus for discovering the best energy savpgpdunities. The tables below show the
consumption and cost of energy and water in CPRDD5-06.

Table 4.13: Energy and water consumption per témpaper at CPM in FY 2005-06

S.N. | Consumption Unit Quantity
1 Coal t/t of paper 1.76
2 Steam t/t of paper 10.10
3 Water m3/t of paper 124.00
4 Power kwWh/t of paper 1,478.00
Source: Internal data of CPM, 2008.

Table 4.14: Energy and water cost in CPM in FY 2085
S.N. | Item Unit Costin INR
1 Steam T 485.79
2 Water m3 2.00
3 Power (own generation) kwWh 1.91
4 Power (purchased) kWh 4.57

Source: Internal data of CPM, 2008.

Acceptance of energy conservation opportunities thy management depends on the
economic viability and often it becomes the keyapagter. In order to find out viability of
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the opportunities the cost of energy, water andgvatown in the Table 4.14 will be used.
The economic criteria most frequently used to deitee cost effectiveness are net present
value, internal rate of return and payback. Paybetiibe used in determining viability as it
tells the number of years it will take for a meastw pay for itself using the stream of
savings. It is prevalent because it is very easyatoulate. The various energy conservation
opportunities identified are as follows.

4.5.1 Use of flat belt in place of v-belt in chippedrives

During PEA, it was observed that multi grooves \t-loisiven motors are in operation at
chipper. The major disadvantage of v-belt is thaibsorbs a great deal of useful power and
adds running costs. These power losses are typidisbipated in the form of heat, which in
turn has a deteriorating effect on the v-belt l[ffae explanation for the greater efficiency of
flat belts over v-belts lies in the method of agimg pulley grip. The wedging action of v-
belts involves an irreversible energy loss, as dmthis continuously wedged into the pulley
groove and pulled out again. The loss is aggraviayeshisalignment and unmatched v-belts
in a set. Further, loss of energy occurs in theirflg of solid rubber and in the shuffling of
power between v-belts in a set. Another disadvantagh the v-belt drive system is the
irregular wear of pulley grooves, which causestatg-belts to run on different pitch circle
diameter.

Benefits of flat belt drive over v-belt drive arestribed as follows. Flat belts being much
more flexible than the v-belts it requires lessrgpdor travel around the pulleys and thus
saves energy. It is suggested that all fans andnaishould have flat belt drive system. The
amount of energy saving can be 5-15% by switchigy ¢o flat belt. The proposal involves

replacement of present v-belt pulleys with the lblalt pulleys in chippers.

Table 4.15: Operating data of chipper with potdmrergy saving at CPM

Equipment | Load | Operating Annual Annual power Annual
KW hours in a power saving (5% of| savingin
year consumption consumption) Indian
kWh kWh Rupees
(INR)*
Chipper-1 240 3,300 792,000 39,600 75,636
Chipper-4 240 3,300 792,000 39,600 75,636
Total savings 79,200 151,272

Source: Internal data of CPM, 2008.
Note: 1) The official exchange rate on 30 Augudi&6f INR is EUR1= INR 64.54.

By converting existing v-belt drive to flat beltigle in both the chippers considering
5%savings, the total amount of power saving is 0®,RWh per annum. Therefore, it is
recommended to change existing v-belt drive tolf&dt drive.
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Investment, savings and payback of the energy ceatsen opportunity is shown in the
table.

Table 4.16: Investment, savings and payback inramdipees (INR) and Euro (EUR)

Category Amount

INR EUR
Cost savings per annum (A) 151,272 2,343.63
Investment amount (B) 110,000 1,704.20
Payback (B/A x12) in month 10

Source: Internal data of CPM, 2007.

The total estimated annual saving by the proposed/ersion to flat belt drives in two
chippers is INR 151, 272 per annum and the investmeguired is INR 110, 000 with a
payback period of 10 months.

4.5.2 Fixing a metallic moving gate for easy movemeof bamboo in the water channel

Bamboo and bamboo bundles are transported to ahippk conveyor through water
channel. Near belt conveyors, water channel bifescéor the feeding in chipper-1 and 2, 3
and 4, 5 and 6. During loading at chipper-1 theewahannel of chipper-2 is blocked by
putting a G.l. sheet but due to diversion of watdvoth the channels bamboo bundles do not
move freely and get jammed at this point resultmggdle running of chippers. A person is
assigned duty to remove the jammed bamboo bunddesially however in spite of this idle
running of chippers were observed during the enargiit. If a metallic, moving guide gate
is fixed as per drawing given below, in all theearwater channels. This would result in
uninterrupted movement of bamboo bundles and adedunning of chippers.

Figure 4.11: Proposed gate in flume of chipper RMC

Metallic moving guide gate

Fixing of metallic gate as shown in the figure wébult in unidirectional flow of water in the
channel. As a result, there will be no interruptiothe movement of bamboo bundles, which
will result in reduction of idle running hours dfet chippers.
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Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.17: Investment, savings and payback iramdipees (INR) and Euro (EUR)

Category Amount

INR EUR
Cost savings per annum (A)( 450 kWhx330x1.91/kWh) 283,635| 4,394.30
Investment amount (B) 75,000| 1,161.96
Payback (B/A x12) in months 3

Source: Internal data of CPM, 2007.

By fixing a guide gate in the water channel, rugrours of chippers may come down to 32
hours from present 35 hours resulting in savingd®® kWh per day amounting to INR
283,635 per annum considering 330 days operaiiora year with investment of INR
75,000 only with a payback period of 3 months.

4.5.3 Replacement of 55 kW motor with 22 kW motor tare-chipper

There are two re-chippers in the chipper houserdechipping of oversized chips coming
from chip screens. It was observed that a smalhiifyaof oversize chips are going to re-
chippers. One re-chipper is equipped with 22 kWanbut another one is equipped with 55
kW motor. The re-chipper equipped with 22 kW ma®running without any operational
problem therefore it is suggested to replace thistiag motor by 22 kW motor. By
replacement of 55 kW motor with 22 kW motor, miéincsave about 10 kWh or 39,600 kWh
per annum considering 330 days and 12 hrs per gayation resulting in saving of INR
75,636 per annum.

Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.18: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A)( 39600 kWh x1.91/kWh) ,636| 1,167.60
Investment amount (B) 100,000/ 1,549.30
Payback (B/A x12) in months 16

Source: Internal data of CPM, 2007.

The total estimated annual saving by the proposesgearsion is INR 75, 636 per annum and
the investment required is INR 100,000 with a pai@eriod of 16 months.
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4.5.4 Installation of VFD in recirculation pump of chip washing unit

In chip, washing unit one recirculation pump is\pded to re-circulate the water for chip

washing. During the audit, it was observed that puvas throttled by 75 % at discharge end.
The pump is equipped with 90 kW motor. Current drdwy the motor was found 125 amps
(80 kW).

By installation of a VFD, it is possible to reg@dathe speed of the motor for pumping
required quantity of water instead of throttlinge tdischarge end valve. Therefore, it is
proposed to install variable frequency drive inin@dation pump of the chip-washing unit.
By installation of the VFD in recirculation pump dfip washing unit, it is possible to reduce
power consumption by 30% of the existing powercbwtrolling the speed of the motor in
place ofthrottling resulting in saving of 30 kwWh.

Investment, savings and payback of the energy coeatsen opportunity is shown in the
table below.

Table 4.19: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A)(30 kWh x24x330x1.91/kWh) 475,000 7,359.10
Investment amount (B) 230,000| 3,563.35
Payback (B/A x12) in months 6

Source: Internal data of CPM, 2007.

The total estimated annual saving is INR 475,000 gsenum against investment of INR
230,000 for installation of VFD with a payback mefiof 6 months.

4.5.5 Installation of VFD in make up water pump ofchip screen

There is a pump at effluent treatment plant, wipabvides effluent water after clarifier to
chip washing plant as make up to mill water, whghised for chip washing. As per the data
recorded, that pump has been throttled by 60 %sahdrge end. This pump is equipped with
45 KW motor. Current drawn by the motor is 40 arfgskWh).

By installation of VFD, speed of the motor can loatcolled instead of throttling the pump,

which will result in reduction of power consumptibg 30%. It would results in saving of 8
kWh or INR 126,000 per annum.
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Investment, savings and payback of the energy ceatsen opportunity is shown in the
table

Table 4.20: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A)(8 kWh x24x330x1.91/kWh) 126,720] 1,963.25
Investment amount (B) 140,000/ 2,169.00
Payback (B/A x12) in months 13

Source: Internal data of CPM, 2007.

The estimated cost saving per annum by installaifo~D in motor is INR 126,720 per
annum against investment of INR 140,000 with alpagk period of 13 months.

4.5.6 Installation of VFD on the pump carrying excss water from chip washing unit to
Effluent Treatment Plant (ETP)

At chip, washing unit one pump is provided to pueffuent water, left out with mud and
dust after washing chips from chip washing uniEid®. As per the audit data, the pump was
throttled by 60 % at discharge end. This pump iwemzpd with 45 kW motor. Current drawn
by the motor was found 25 amps (16 kwh).

By adopting this proposal mill can reduce its povwwemsumption by 30 % through
controlling the rpm of motor in place of throttlimg discharge end resulting in saving of 4.8

kWh or 38, 016 kWh in a year.

Investment, savings and payback of the energy coeatsen opportunity is shown in the
table below.

Table 4.21: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A)(4.8 kWh x24x330x1.91/kWh 72,610| 1,124.93
Investment amount (B) 140,000 2,169.00
Payback (B/A x12) in months 23

Source: Internal data of CPM, 2007.

By installing VFD, an amount of INR 72,610 can b&ed per year against investment of
INR 140,000 with a pay back period of 23 months.
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4.5.7 Closing of side panels doors of dryer hood$ lnoth machines

During detail audit, it was observed that the rigtidoors of both machines are always
partially lifted and all basement area is open. Tlosed hood is therefore working as semi
closed hood and lot of air infiltration is takesag® from machine house. This reduces the
drying efficiency of dryers and hence more steamoissumed for drying the same quantity
of paper. It also reduces the efficiency of pockenmtilation system and increases steam
consumption in PV system. Beside this, the conditbside panels of hood was not proper
resulting in heavy infiltrations from sides. Thesutation of side panels was also in bad
shape. All these reduce the efficiency of hoodultesy in more power consumption at
exhaust fans. It is recommended that machine shoumldvith lifting door in down position.
The doors should be lifted only at the time of pamgeak and should be brought down after
rethreading of paper. Also all infiltration sholdd stopped and insulation of side panels and
roof should be repaired / replaced.

By proper insulation, repairing and stopping iméitton of air in hood, efficiency in drying
will be improved. Assuming 1% improvement in hodéficeency, mill can save 0.24 t/hr

steam or 1,900 t steam per annum.

Investment, savings and payback of the energy coeatsen opportunity is shown in the
table below.

Table 4.22: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A)(1900 t X485/t steam) 1,300 14,276.64
Investment amount (B) 500,000 7,746.41
Payback (B/A x12) in months 7

Source: Internal data of CPM, 2007.

An amount of INR 921,500 can be saved by repaidinger hood side panel against
investment of INR 500,000 with a pay back period ohonths.

4.5.8 Change of fan design and material to reduceinning load of PV fan motor

The PV system fan of Utmal machine has designedmrating of 160 KW running on v-

belt. As per audit study, the running load was tbtm be about 90 KW. The fan blades are
made of cast iron and quite heavy in weight th&ulteng in high torque. It is recommended
that cast iron fan blades should be replaced wWRR/Bluminum blades. The FRP/aluminum
blades are light in weight and require much leagtiag torque and running load. FRP fans
are advantages compared to metallic fass intricate optimized computer-generated
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aerodynamic blade profiles can be duplicated wrgtigion by molding fiberglass into fan
blades that maximize air flow and are more effitienpower demand and airflow output.
Furthermore, fiberglass fan blades generally halmnger life span as they are less affected
by moisture, humidity, and corrosive chemicals. Ow@e, metal blades may corrode and
rust from moisture or chemical exposure. Powerrgawn the range of 20-40 % can be
achieved by using FRP fan. By changing the existasf-iron blades of PV fan with FRP,
there will be saving in the running load. Considgr20% reduction in running load, power
saving will bel8 KWh. So by replacing existing fam amount of 142,560 kWh per annum
can be saved with an investment of INR 200, 000.

Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.23: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A)(142560 kWh x 2 /kWh) ,286| 4,415.45
Investment amount (B) 200,000 3,098.55
Payback (B/A x12) in months 9

Source: Internal data of CPM, 2007

An amount of INR 285,000 can be saved by replaekigting cast iron fan by FRP fan at an
investment of INR 200,000 with a pay back perio® ohonths.

4.5.9 Insulation of hot surfaces in paper machine

It was observed that various pipelines and papahima dryers having higher temperature
are not insulated resulting in high heat lossesuidin these un-insulated surfaces in the form
of radiations. It is suggested to put proper insoifaon all bare surfaces to reduce the heat
loss through radiation and save the energy wastage

Table 4.24: Steam saving potential of un-insuldedsurfaces at paper machine in CPM

Location Diameter Length Temp Steam
(Meter) °C saved
t
PV system 2" 38 138 102
8" 15 200 331
Drying cylinder face (77 dryers 1.5mx77 105 2,156
Total 2,589

Source: Internal data of CPM, 2007.
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Providing insulation on the un-insulated surfacesrmous heat energy can be saved, which
is equivalent to 2,589 tone steam per annum.

Investment, savings and payback of the energy ceasen opportunity is shown in table
below.

Table 4.25: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A)(2,589t x INR 485¢€#tst) 1,255,665 19,453.80
Investment amount (B)(19,000+200,000+545,000) 5824,09,047.80
Payback (B/A x12) in months 6

Source: Internal data of CPM, 2007.

An amount of INR 1,255,665 per annum can be sayethlesting INR 584,000 with pay
back period of 6 month.

4.5.10 Use of paper machine backwater at differershowers at paper machine

As per the audit, observation different showerdalled on wire at different locations are
using fresh water. These are 5 wire roll showech egth flow rate of 300 I[pm — 500 Ilpm,
one breast roll with fan type nozzle with flow raté 100 Ipm, two wire edge cleaning
shower after forward drive roll with 2.5 mm diamdbere and flow rate of 120 Ipm.

All these showers can use paper machine clarifeagkwater from save all, instead of fresh
water. This will save the fresh water consumptibpaper machine. Therefore, it is proposed
to use clarified backwater instead of fresh watenount of fresh water saving in different

showers based on 330 days operation in a yedousatad below:

Table 4.26: Amount of fresh water that can be gaby clarified water at paper machine

Flow of water through showers for an annum Total qantity of water

m3
Wire roll showers: 5 x 300 x 60 x»2@3830 x10 3 712,800
Breast roll showers: 1 x 100 x 60 xx2330x10 3 47,520
Wire edge cleaning shower: 2 x 120 x 60 x24 x 330D# 114,048
Total quantity of water 874,368

Source: Internal data of CPM, 2007.

Investment, savings and payback of the energy ceaitéen opportunity is shown in the
Table 4.27(See Table 4.27, p.71).
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Table 4.27: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A) (874,36%nNR 2/ nt) 1,748,736 27,092.85
Investment amount (B) 250,00,873.20
Payback (B/A x12) in months 2

Source: Internal data of CPM, 2007.

By using machine backwater instead of fresh wateramount of INR 1,748,736 can be
saved by investing INR 250,000 with pay back peab@ month.

4.5.11Replacement of hot water pump of cooling tower at @ustic and Chlorine (C&C)
Plant

There are two hot water pumps with motor rating B7Kunning continuously at cooling
tower of C&C Plant. Instead of running two pumpse @ump can make up the requirement,
if it is replaced by energy efficient pump and maib55 KW. Presently pumps are running
with 34.7 kW power each.

An amount of 118,800 kWh power or INR 226,908 peran can be saved if it is replaced
by 55 kW motor considering 24 hours operation f80 8ays in a year.

Table 4.28: Energy consumption and saving poteatiaboling tower pumps in C&C plant

Description Power
kW
Power consumption of existing pumps : 34.7 kW >/(80 kW) 70
Estimated power consumption of proposed pump(cenisid full capacity): 55
Amount of power saving 15

Source: Internal data of CPM, 2008

Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.29: Investment, savings and payback in #dN& EUR

Category Amount

INR EUR
Cost savings per annum (A) (15kWx7,920 h x1.X0Mk 226,908 3,515.45
Investment amount (B) 270,008,183.06
Payback (B/A x12) in months 15

Source: Internal data of CPM, 2008.
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Therefore, it is proposed to replace the existimgps by new one, which results in saving of
INR 226,908 per annum at an investment of INR 200 @ith pay back period of 15 month.

4.5.12 Replacement of aluminum blades with FRP bla$ in cooling tower of C &C
plant

There are two fans in cooling tower of C&C plantwB0kW, 1500-rpm motor. Out of two,
one fan has been replaced by FRP fan and its peafoze is satisfactory. An amount of
9,500 kWh has been saved in a year with an invegtofelNR 46,000. So it is proposed to
replace the other fan with FRP one.

Investment, savings and payback of the energy coeatsen opportunity is shown in the
table below.

Table 4.30: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A) (9,500kWhx1.91/kWh) ,008| 278.85
Investment amount (B) 46,000 712.65
Payback (B/A x12) in months 30

Source: Internal data of CPM, 2008.

By adopting this proposal mill can save an amo@$%00 kWh power or INR 18,000 at an
investment of INR 46,000 with pay back period ofr36nth.

4.5.13 Replacement of pulley to increase rpm of fom compressor in C&C plant

There are three reciprocating compressor to liqtlesyCh gas in chlorine and caustic plant.
The capacity of each compressor is 55,000 kcdb@ch compressor is equipped with 45 kW
motor and rpm of compressor is reduced to 600 lmyiging lower diameter pulley in
compressors against the pulley diameter 27 cm itom®he rpm of motor is 1,500. Out of
three compressors, two compressors remain in operatost of the time to fulfill the
requirement of the process. Rarely only one congpres put in operation when L£gas
loading is less liquefaction system. The runningdlas about 41 amps (26.5 kW) in each
compressor. As per manufacturer specificationctmpressor can run up to 900 rpm.

It is suggested that by increasing the rpm of asrapressor (out of three), mill can avoid
continuous operation of two freon compressors. ifdm may be increased up to 750/800
from existing 600 by lowering the size of pulley @mpressor side. By adopting this
proposal, mill can fulfill the process requiremégtrunning only one compressor in place of
two compressors. After increasing the rpm, the mmioad will be about 33 kWh in place

of present 26.5 kW and one compressor drawing R®/5will be stopped resulting in net

saving of 20 kWh. Considering 4,000 hrs operatidntvao compressors mill can save

INR152, 800.
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Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.31: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A) (20kWhx4,000x1.91/kWh) 152,800| 2,367.30
Investment amount (B) 15,000 232.33
Payback (B/A x12) in months 2

Source: Internal data of CPM, 2007.

An amount of INR 152,800 can be saved by invesiiNig 15,000 with pay back period of
one month.

4.5.14 Replacement of existing vacuum pump with neenergy efficient one provided
with drum filter in C&C plant

A vacuum pump is provided with drum filter of briskudge at C&C plant. Against design
suction vacuum of 510 mm Hg it is developing on04mm Hg, where as the plant
requirement is 450 — 500 mm Hg resulting poordtitn of brine sludge. It is suggested to
replace existing vacuum pump with new energy effitvacuum pump. The specification of
the existing and proposed energy efficient vacuumppis shown in the table.

Table 4.32: Specification of vacuum pumps

Description Existing vacuum pump Proposed vacuum pup

Capacity (¥ hr) 760 800
Suction vacuum(mm Hg) 510 600
Motor rating (kW) 45 30
Running load ( kWh) 36 24

Source: Internal data of CPM, 2008.

By adopting this proposal, mill can save 12 kW peur resulting in saving of INR 95,000
per annum considering 12 hours of operation for 88¢s. In addition, filtration of brine
sludge will improve significantly.

Investment, savings and payback of the energy ceatsen opportunity is shown in the
Table 4.33 (See Table 4.33, p.74).
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Table 4.33: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A) (12kWhx4,000%1.91/kWh) 95,000| 1,472.00
Investment amount (B) 300,000,648.85
Payback (B/A x12) in months 38

Source: Internal data of CPM, 2007.

An amount of INR 95,000 can be saved per year placement of the existing pump with
an energy efficient one at an investment of INR,800 with a pay back period of 38 month.

4.5.15 Installation of level controller in sludge smp and interlocking with sludge pump

Primary clarifier underflow is being pumped to gfedsump. One overflow line is provided
in sludge sump. The level is maintained in sludges manually, some time overflow is

envisaged. The pump is running with 9 kW load apdrating for 20 hours a day. To avoid
overflow from sludge sump, it is suggested to ithsaalevel controller in the sump and

interlocking with the sludge pump. By adopting tlsisggestion, mill can reduce excess
running of sludge pit pump by 7.5 %, which is equal95 hours considering pump is in
operation for330 days.

Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.34: Investment, savings and payback in #iN& EUR

Category Amount

INR EUR
Cost savings per annum (A) (495 x 9kWhx1.91/kwWh) 8,500 131.70
Investment amount (B) 15,000 232.40
Payback (B/A x12) in months 22

Source: Internal data of CPM, 2007.

An amount of INR 8,500 can be saved by investing IN,000 with pay back period of 22
months.

4.5.16 Use of effluent water in place of fresh water ovelow solid drain
One spray pipeline with thirty nozzles is provideger low solid drain to kill the foam. The

water discharge from one nozzle was measured &blgm therefore total discharge from
30 points will be 1,800 Ipm fresh water which isip@lent to 2,592 f/ day or 8,55,360 th
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per annum. The fresh water so used can be replagetfluent water, by modifying the
nozzle to get better spray for killing the foam.

Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.35: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A) (855,360nNR 2/ nt) 1,710,720 26,503.90
Investment amount (B) 200,000,098.55
Payback (B/A x12) in months 22

Source: Internal data of CPM, 2007.

The fresh water consumption can be reduced by 8658 per annum resulting in saving of
INR 1,710,720 by investing an amount of INR 200,00th pay back period of 22 months.

4.5.17 Replacement of v- belt by flat belt in vacua pump of ETP

There is a vacuum pump in ETP, which is being dpdrdby V-belt drive. The major

disadvantage of V-belt is that it absorbs a greadunt of useful power and adds running
costs. These power losses are typically dissipatetie form of heat, which in turn has a
deteriorating effect on the V-belt life. The exméion for the greater efficiency of flat belts
over v-belts lies in the method of achieving pullgyp. The wedging action of V-belts

involves an irreversible energy loss, as each isettontinuously wedged into the pulley
groove and pulled out again. The loss is aggraviayemhisalignment and unmatched V-belts
in a set. Further, loss of energy occurs in theirilg of solid rubber and in the shuffling of

power between V-belts in a set. Another disadvantaigh the V-belt drive system is the
irregular wear of pulley grooves, which causestat¥-belts to run on different pitch circle

diameter.

Flat belts are much more flexible than the v-BEfterefore, it requires less energy for travel
around the pulley thus it saves energy. It is sstggkthat all fans and motors should have
flat belt drive system. The proposal involves reptaent of present v-belt pulleys with the
flat belt pulleys.

Table 4.36: Energy consumption data of vacuum patipl P

Equipment Load Operating Annual power Saving 5% of
kW hours consumption, kWh existing power
KWh
Vacuum pump 54 7,920 427,680 21,384

Source: Internal data of CPM, 2007.
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Investment, savings and payback of the energy ceatsen opportunity is shown in the
table below.

Table 4.37: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A) (21,384 kWhx INR1.91/kWh 40,843 632.80
Investment amount (B) 35,000542.30
Pay back (B/A x12) in months 11

Source: Internal data of CPM, 2007.

Estimated savings by the proposed conversion tt@k drives is INR 40,843 per annum
and the investment required is INR 35, 000 withlqzepk period of 11 months.

4.5.18 Replacement of existing aerators by energifieient aerators

There are twenty numbers surface aerator for aerati effluent in the aeration basin tank.

These are equipped with 50 hp motors drawing 50sasuprent (32 KW). These aerators can
be replaced with new energy efficient aerators,ctvihiave improved design resulting in

better oxygen transfer with less power consumptfsisuggested about 30 to 40% energy
can be saved by utilizing energy efficient aerat@snsidering 30% saving of existing load

mill can save 10 kW in each aerator. In additioth® power saving, deposition at bottom of
aeration tank will be reduced drastically with theproved aerators due to improved

agitation for the bottom impeller design.

Investment, savings and payback of the energy coeatsen opportunity is shown in the
table below.

Table 4.38: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A) (10 kWhx20x24x360x k\&/h) 3,300,480 51,133.75
Investment amount (B) 4,400,0088,168.45
Payback (B/A x12) in months 11

Source: Internal data of CPM, 2007.

An amount of INR 3,300,480 can be saved per anngmefacing existing aerators with an
investment of INR 4,400,000 and pay back peridtlisnonth.
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4.5.19 Installation of plant wise energy conservain system in lighting

The section wise power consumption in lighting BIVCis shown in the table below.

Table 4.39: Section wise power consumption in lighat CPM

S.N. | Location

Lighting load (W)

Indoor Outdoor
1 Pulp mill and Chipper house. 34,175 7,015
2 Recovery section. 23,150 18,975
3 C &C, CD, Substation, and Administrative building 66,968 13,885
4 Workshop, Tech building, Bamboo yard and Stores 31,979 57,070
5 Paper machine, Finishing house, Distribution etc 149,700 5,985
Sub Total 305,972 102,930
Grand Total 408,902

Source: Internal data of CPM, 2007.

It is recommended that mill may install section evenergy conservation system to reduce
their power consumption by 25% in lighting. Thes® be installed in series to the lighting
mains or distribution wise. The installation needsdy cables of suitable capacities for input

and out put termination.

By adopting this proposal, mill can reduce its powensumption by 25% in lighting.In
addition, acute failure of electrical consumableshsas bulbs, tubes, chokes etc can be

prevented due to control of high voltage by enexgyservation system.

Table 4.40: Lighting power saving potential at CPM

Description Power consumption in
lighting (kWh)
Power consumption (indoor): (305.972 KW x18x365h) ,01P,200
Power consumption (indoor): (102.93KW x12x365h) 850
Total power consumption 2,461,000
Total power saving after installation of proposgstem 615,25(

Source: Internal data of CPM, 2007.

Investment, savings and payback of the energy ceatsen opportunity is shown in the

Table 4.41(See Table 4.41, p.78).
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Table 4.41: Investment, savings and payback in & EUR

Category Amount

INR EUR
Cost savings per annum (A)(615,250 KWhxINR1.91/kWh) 1,175,127 18,206.00
Investment amount (B) 1,275,0010,753.35
Payback (B/A x12) in months 13

Source: Internal data of CPM, 2007.

An amount of INR 1,175,127 per annum can be savddam investment of INR 1, 275,000
for the installation of section wise energy conaéinn system. Lighting hours for indoor and
out door is considered to be 18 hours and 12 heodesy.

4.5.20 Summary of energy conservation opportunities

The cost savings and investments of the proposedggrconservation opportunities are
summarized in the Table 4.42. An amount of INR 22,152 can be saved per annum by
investing INR 8,885,000. By implementing energy isgvproposals mill can reduce

consumptions of electricity, steam, and water 468,584 kWh, 4,489 t, 1,729,728 m3

respectively per annum.

It is clear from the table that investment requitedimplement the energy conservation
opportunities is only 1.5% of the profit. Therefoitecan be concluded that management of
CPM can implement the energy savings proposalsowitiexternal financing. The cost
savings to the revenue, 0.32% is very insignificotvever, these proposals act as initiation
of the energy management program. In addition ® fthancial benefits, there will be
reduction in carbon dioxide and other green hoasesg

Table 4.42: Summary of cost savings, investmetti@bpportunities, revenue, and profit
of CPM in 2006-07

Total cost | Investment | Revenue Profit Ratio Savings /
savings per | amount FY 2006-07 | FY 2006-07 | (Investment / | Revenue
annum (INR) (INR) (INR) profit)
(INR)

12,124,152 8,885,000 3,730,000,000 590,000,000 1.5% 0.32 %

Source: Internal data of CPM, 2008.
4.6 Project baseline and Performance Measurement Yiécation (PMV)

The Performance Measurement and Verification (PMWolve the measurement of
parameters in accordance with the standard engigeprotocols, codes and practices, at
pre-defined periodicity and time. This forms basw first establishing the baseline
parameters and then evaluating the performance gftelementation of energy saving
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proposals. The details of these protocols alsobmmmbtained from the Energy Valuation
Organization (EVO) in its website.

In order to assess the performance of any enenggigs@roposal (ESP’s), the baselines for
individual projects are established or worked oot the measured data based on individual
projects. For this plant operating conditions, skmpsting of equipment and filling of the
data formats obtained from the plant is performidte inputs for establishing the baseline,
the results of the baseline establishment, measmeaniteria, and the traceability factors are
shown in the following Table 4.43.

Table 4.43: Base line establishment, measuremgetiar and traceability

S.N. Inputs Outputs Measurement Traceability
Criteria
1 Individual project | Baseline equipment | Spot Measurement
baseline energy consumption | measurement, log data &
book trend, performance

historical data report
countersigned
2 Plant operating Month wise baseline | Historical data, Balance sheet
conditions variation operating MIS, Fuel supplief
parameters, energy | invoices
consumption,

Model for estimating
the adjustments

3 Sample testing of | Actual running Spot Annual
selected condition of the measurement, efficiency report
equipments & equipment & energy | Logbook trend, of equipment,
system consumption Historical data previous test

reports

4 Filled in data Energy consumption | Data format Balance sheet
formats obtained | & cost, inventory of | obtained from mill
from the plant equipments, specific

energy, water, steam
consumption

Source: CPPRI, 2007.
4.6.1 Baseline establishment and PMV for individuakESP’s

This forms the basis of comparison between preseatgy consumption levels with post-
implemented energy consumption levels. For thisedaon the individual energy savings
proposal, parameters to be measured, measuremtartacrand the measurement period
should be established and compared with beforeatiadimplementation of the proposals.
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Before planning the implementation of the projeatd| should make proper measurements
of parameters and record section wise details &p Kastory of its working in order to
establish the operating conditions of equipmeng lilow, pressure, power consumption,
vacuum, steam pressure, condensate temperatufhese data will be used to establish the
baseline for individual ESP’s and based on thesellmee parameters mill effectively assess
the project performance.

4.6.2 Baseline and PMV adjustments

Many factors affect the performance of the equipnaen the achievement of savings. The
parameters that are predictable and measurabldearsed for routine adjustments. Such
adjustments reduce the variability in reported sgvor provide a greater degree of certainty
in reported saving. Unpredictable parameter withenboundaries of a saving determination
may require future non-routine baseline adjustmbkeschange in usage pattern. Therefore,
during planning measurement and verification precesnsideration should be given to:

» predictability,
* measurability.

Likely impact of all plausible factors in each aatey is shown in table.

Table 4.44: Factors of affecting baseline and PMpstment

S.N. | Parameters Remarks

1 Variation in production Average production can be
considered

2 Quality & price of fuel If there is a variation ithe calorific

value, this has to be factored. An
average value can be considered
3 Quality & price of raw material The raw materiabnditions should
be considered since there are a lot of
variations. An average cost has to|be
considered
4 Installed equipment intensity, schedule Field sneements have to be
carried out for sample equipment,
system & detailed schedule
documented
5 Equipment life, both energy saving potenti&rovision are to be made in the
and non-energy saving potential related | budgets  for  replacement  on
completion of service life during the
service period

Source: CPPRI, 2007.
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4.7 Action plan for implementation of the energy maagement program

Although energy management concept is there faeqgame time, however in recent years
with the emergences of carbon trading and cleareldpment mechanism it has become
business usual for the industries. It not only seétpreducing cost of energy but also helps in
reducing environmental impact and improves imagéhef company. Energy efficiency is
extremely important for energy intensive industke lpulp and paper.

Therefore, it is suggested that HPC managementidhake advantage of this to obtain
benefit out of it and to formulate a comprehensigion plan for implementation of EMP.

1. Assessment of energy management program: Any ssfatesnergy management
programme within a company needs the total suppod commitment of senior
management. It should be given importance in cafgoobjectives. Top management
should asses the benefits obtainable from the pnogind accordingly establish energy
management policy suitable for the organizationerByp management is a continuous
process and therefore corporate management shoutdulate energy management
strategy aligned with the business strategy ottmpany.

2. HPC management should set goal and objectives poowe energy efficiency in the
mills. Accordingly, energy management cell shouddnfulate an action plan to meet
each specific corporate energy goal and involvésglant team members. The goal
should be specific, measurable, attainable, argstieaand should have a time frame.

3. At present energy management has emerged as imppe# of business. To meet the
challenges arising out of legal compliances analtain benefits, it is suggested to
strengthen the energy management cell of the coynpEime concepts and benefit of
energy management should be imbibed in all empkyee

4. Process analysis and energy optimization: Pulmrg complex process, it is difficult to
ensure that energy saving at one part of the apardb not lead to losses elsewhere. A
system engineering approach is essential to erthateany energy efficiency project
reduces the global energy use of the mill, and Wbeserely shift the energy use to
another area. As such, it is suggested to appeiptited consultant equipped with
computer based simulation techniques to assestrgyeoptimization in the processes.

5. Expertise of both technical and financial knowledgerequired to find out energy
conservation opportunities. Therefore, it is sugggsto appoint a reputed energy
consultant to implement measures, which reduceggneonsumption, and costs in a
technically and financially viable manner.

6. Project Identification and Selection: While selegtan energy conservation project, apart

from economic viability, other criteria like crossffect should also be considered;
otherwise, it may have impact on total return. Tdemnomic benefits arising from
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10.

11.

12.

13.

reducing energy consumption may exceed the enearglysavings, and could include a
credit for every tone of CQemissions reduction achieved by either reducirsgifduel
consumption or switching from a dirty fuel to aaier one.

As one of the activities of the energy managemeht €PM should make educating all
employees on energy management a priority. Theocatp wide communication helps to
transfer best practices from one plant to anoffleerefore, management should establish
a well communication plan.

Benchmarking is one of the first steps a mill sdouhdertake. Benchmarking enables
senior management to compare the relative perfacenahtheir mills with similar mills
or with a model mill representing the current h@sictice. It provides the motivation for
looking at energy conservation opportunities inl wyderations.

Efficiency of equipment has a direct impact on ggectonsumption. So while making
decision with regards to replacement, or instafatof new equipment management
should have strategic plan to go for energy efficiequipment, so that total cost of
owner ship is minimized.

Every year budget is prepared and allocated terdifit cost centers based on its utilities,
like replacement of spares of equipments, consugsalblibricant, annual maintenance
and procurement of new equipment as capital oneelfis to have better allocation and
accountability of fund. Therefore, to have accohility and effectiveness of the program

it is proposed to allocate separate fund for enarggagement program.

Financing energy efficiency projects: Projectstietato energy cascading and processes
changes almost always involve high cost coupled wigh return. These projects may be
carried out by financing from external sources.rgpeervices companies (ESCO), offer
several energy efficiency services, generally beddlith the financing. They conduct
energy audit of the facility, structure financingr the measures and install the energy
efficiency equipment. This may be the one of theatfive means of financing energy
efficiency projects.

Continuous performance monitoring and improvemeédntinuous monitoring and
improvement system must be put in place. Once adpitdgets have been allocated and
the projects implemented, it is important to beesail show that the savings continue to
be reaped, year after year. As well, it is impdrtém treat energy efficiency as a
continuous improvement process:. once a set of @sjras been implemented, it is
important to start planning the next iterationhe energy efficiency program.

A corporate awareness program could effectivelyease the knowledge of employees

to improve energy efficiency of the equipment andcpsses. Therefore, to enhance
knowledge of employees relating to energy, themukhbe a comprehensive awareness
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and educational training plan in place. Employdesikl be encouraged to participate in
energy management program through recognitionyandrding.

14.Apart from the above training programme, managenstiduld adopt best human
resources management practices, giving more focoshesive team building; improving
inter-group relationship; creating continuous l&agn environment; motivation of
employees; and knowledge management.

5. RECOMMENDATIONS AND CONCLUSIONS

Energy management is a continuous process andipation of all employees is must for its

successful implementation. As per the ECA,(2001s in obligation to have an energy
management program in an energy intensive induiteypulp and paper. As such, apart
from recommendations made in the previous chagitercorporate management has a big
role to play in education and training of employes®ployee involvement and awareness
and institutional capacity building for energy mgement.

Management needs to integrate energy managemetd the business strategy of the

company rather than merely focusing on regulatammiance. They should use industry’s

capabilities and resources in a responsible anthisable way. The fundamental problem

lies in the fact that market prices for energy eand materials tend to reflect only their direct

costs. Prices reflect neither ecological costéeims of damage to the environment, nor the
depletion of natural capital when a non-renewalolerce is used. Corporate management
should resolve the problem that will encourage é&amllitate managers to measure the
contribution to the environment.

A corporate awareness program could effectivelyease the knowledge of employees to
improve energy efficiency of the equipment and psses. They should encourage the
employees to follow good house keeping; bring epargnservation ideas to the energy
management cell. The energy management team shaukdwith all employees to develop
ideas for energy conservation initiatives. Thetfstep in improving energy efficiency in
industry is good house keeping .The activitiesudel (Dincer and Rosen, 2007 ):

e carrying out inspection to encourage conservation

* institutional training program on operating enenggnsive equipment
» scheduling energy intensive activities

» turning of equipment when not in use

» installing and using energy monitoring equipment

* insulation of hot surfaces

* repairing leaks of steam and water.

At any given time, the mix of technologies usedtty industry ranges from outdated to the
state of the art. As observed by the researchensulp and paper industry, most of the state
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of the art technologies use 12% to 38% less endaay a mix of process currently used. So
management must have a strategic planning to attapthe new technologies by
modernization and technical up gradation in phasener.

Researches found that in pulp and paper industearvalone reduces pump efficiency
significantly compared with their original perfornee. So management should adopt a
mechanism to measure the performances of varioogeuand to take necessary energy
conservation activities like replacement of ledgieint pump with energy efficient one in
phase manner.

The purpose of the study was to analyze the ener@yagement program and to find out
energy conservation opportunities in various preessof Cachar Paper Mill. Industrial
energy efficiency is frequently overlooked by pglimakers concerned about energy supply
and use. Although designing an industrial enerdigiehcy program takes time and must be
undertaken with some care, the opportunities foprawing the efficiency of industrial
facilities are substantial.

Energy management is a continuous process ancipation of all employees are must for
its successful implementation. In order to edugegeple at all levels, to create awareness,
energy management program should have better edlgplan in place. It is clear from the
literature that there should be a strategic enptayning in place and it should be integrated
with the business strategy.

It has been observed that adoption of energy mamage program like utilization of
renewable source of energy i.e. use of bamboofdugfeneration of producer gas not only
helps in reduction of furnace oil, but it also telp reduction of carbon dioxide emission
along with the economic benefits.

It has become clear from the study that the mitlirsning with higher specific consumption
of electricity, steam and water as compared tobtest operating mills in India. So there
exists lot of energy conservation opportunities@mpared to the best operating mills .In the
analysis it has been observed that a significamuarmof steam, water, and electricity can be
saved by implementing the energy conservation dppiies in different sections as
recommended. Thus it will reduce the cost of enengy hence cost of productidDuring
the study 19 energy saving proposals have beemreended grouped under low, medium
and high cost with low, medium and high returnwill result in saving of INR 12,124,152
per annum with investment of INR 8,885,000.

The mission and vision statements of HPC reflisctacus towards the commitment of the
top management towards implementation of energyagement program. HPC'’s greater
thrust for higher productivity is in harmony witksiconcern for a cleaner environment,
energy efficiency. Therefore it is hoped that HP€®nomic strength will be significantly
enhanced by the implementation of energy efficeotesses and systems.
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