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UNIT - 1
INTRODUCTION
 Energy situation- world and India
 Energy Consumption, Conservation

in

 Codes, Standards & Legislation
Introduction

n.

Energy is one of the major inputs for the economic development of any country. In the case of
the developing countries, the energy sector assumes critical importance in view of the ever-

tio

increasing energy needs, requiring huge investments to meet them.

The consumption of energy is increasing at a fast pace while available resources remain limited.
The global need for energy is increasing on an average by about 1.5% every year. Out of the total
amount of primary energy, around 80% comes from fossil fuels. The current consumption of

lu

fossil fuels, particularly oil, is not sustainable in the long term.

Energy consumption has a significant impact on our natural environment. There is clear evidence

so

that climate change is caused by human activity, mostly related to the use of energy.
Energy, that we use, can be classified into several types based on the following criteria:

vt
u

• Primary energy and secondary energy
• Commercial and noncommercial energy
• Renewable and non-renewable energy

Primary and Secondary Energy
Primary energy refers to all types of energy extracted or captured directly from natural resources.
Primary energy can be further divided into two distinctive groups:
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Renewable (solar, wind, geothermal, tidal, biomass etc.) — Non-renewable (fossil fuels: crude
oil and its products, coal, natural gas, nuclear, etc.)
The primary energy content of all fuels is generally expressed in terms of toe (tonne of oil
equivalent) and is based the following conversion factor.
Primary energy sources are mostly converted in industrial utilities into secondary energy sources;
for example coal, oil or gas converted into steam and electricity. Primary energy can also be used

in

directly. Some energy sources have non-energy uses, for example coal or natural gas can be used
as a feedstock in fertilizer plants. Primary energy is transformed in energy conversion process to
more convenient forms of energy such as electricity, steam etc. These forms of energy are called

vt
u

so

lu

tio

n.

secondary energy. The major primary and secondary energy sources are shown in Figure 1.1.
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Commercial Energy and Non Commercial Energy
Commercial Energy
Energy that is available in the market for a definite price is known as commercial energy. No
matter what the method of energy production is, whether it is from fossil fuels, nuclear or
renewable sources, any form of energy used for commercial purposes constitutes commercial
energy.

in

By far, the most important forms of commercial energy are electricity, coal, refined petroleum
products and natural gas. Commercial energy forms the basis of industrial, agricultural, transport

n.

and commercial development in the modem world. In the industrialized countries, commercial
fuels are predominant sources of energy not only for industrial use, but also for many household

tio

needs.
Examples: Electricity, lignite, coal, oil, natural gas etc.
Non-Commercial Energy

lu

Any kind of energy which is sourced within a community and its surrounding area, and which is
not normally traded in the commercial market is termed as non-commercial energy.

so

Non-commercial energy sources include fuels such as firewood, cattle dung and agricultural
wastes, which are traditionally gathered, and used mostly in rural households. These are also
called as traditional fuels. Non-commercial energy is often ignored in compiling a country's

vt
u

energy statistics.

Examples: Firewood and agro waste in rural areas, solar energy for water heating, electricity
generation, and for drying grain, fish and fruits; animal power for transport, threshing, lifting
water for irrigation, crushing sugarcane etc.; wind energy for lifting water and electricity
generation.

Non-Renewable and Renewable Energy
Renewable energy is the energy obtained from natural sources which are essentially
inexhaustible. Examples of renewable resources include wind power, solar power, geothermal
Department of EEE, Vtusolution.in
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energy, tidal power and hydroelectric power (See Figure 1.2). The most important feature of
renewable energy is that it can be harnessed without the release of harmful pollutants.
A non-renewable resource is a natural resource which cannot be produced, grown, replenished,
or used on a scale which can sustain its consumption rate. These resources often exist in a fixed
amount, or are consumed much faster than nature can create them. Natural resources such as
coal, oil and natural gas take millions of years to form naturally and cannot be replaced as fast as

vt
u

so

lu

tio

n.

in

they are being consumed now. These resources will deplete with time.

Global Primary Energy Reserves and Commercial Energy Production
Coal

Coal is the most abundant and geographically dispersed fossil fuel and exists as peat, brown coal
(lignite), sub-bituminous, bituminous and anthracite (Figure 1.3).
It has been estimated that there are over 826 billion tons of proven coal reserves worldwide.
Around half of the world's proven reserves are bituminous coal and anthracite, the grade of coal
with the highest energy content. There is enough coal to last around 122 years at current rates of
production (Source: BP Statistical Review of World Energy, June 2009).
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n.

The global proven oil (conventional crude oil) reserve was estimated to be 1258 billion barrels
by the end of 2008. Almost, 60% of the proven oil reserves are in the Middle East. Saudi Arabia
has the largest share of the reserve with about 21%. Top proven world oil reserves (in billion

vt
u

so

lu

tio

barrels) are given in Figure 1.5
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Global Primary Energy Consumption
The global primary energy consumption at the end of 2008 was equivalent to 11295 Million
tones oil equivalent. The share of oil is the largest at 35% followed by coal and natural gas with
29% and 24% respectively. The demand for natural gas in future will increase as industrialized
countries take strong action to cut CO2 emissions.
The Figure 1.8 shows the breakup of various constituents of primary energy consumption

vt
u

so

lu

tio

n.

in

(Million Tonnes of Oil Equivalent, Mtoe) worldwide.
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Final energy is the form of energy available to the end user following conversion from primary
energy. Final Energy consumption, measured in Million tonnes of oil equivalent (Mtoe) is the
sum of the energy consumption in the end-use sectors. Energy used for transformation and for
own use by the energy producing industries are excluded. Final consumption reflects energy

vt
u

delivered to the consumers.

Total final energy consumption of the entire world is around 8286 Mtoe. The transport sector's
share in the total is 27.7% followed by the industrial sector (27.5%) and the combined
residential, services and agricultural use (23.4%). Aggregate demand in final-use sectors
(industry, transport, residential, services, agriculture and non-energy use) is projected to grow at
the rate of 1.4% per year till 2030. The total energy consumption, country wise, is given in Table
1.3
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vt
u

India's present level of energy consumption is only about 3.8% of the world energy consumption.
The annual energy consumption in India is 420.6 Million tonnes oil equivalent compared with
the world energy consumption of 11295 Million tonnes oil equivalent in 2008.
Coal dominates the energy production mix in India, contributing to about 55% of the total
primary energy production. Over the years (2003-2008), there has been a gradual increase in the
share of natural gas in primary energy production and a small drop in share of oil in primary
energy production. The share of commercial energy in total primary energy consumption is about
74% and share of non-commercial energy in total primary energy consumption is 26%. The
primary energy consumption mix in India for 2008-09 is given in Table 1.4.
Department of EEE, Vtusolution.in
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Coal

Apart from meeting the energy needs of the industry, coal is the predominant energy source for

so

power production in India, Installed approximately 70% of the total domestic electricity. Energy
demand in India is expected to increase heavily over the next 10-15 years. Although new oil and
gas power plants are being planned, coal is expected to remain the dominant fuel in the Indian

vt
u

economy.

Despite significant increases in the total installed generation capacity during the last decade, the
gap between the electricity supply and demand continues to increase. The resulting shortfall has
had a negative impact on the industrial output and economic growth.
The coal production stood at around 512.3 Million tones by the end of 2008, but coal demand is
expected to more than double over next few years. Indian coal is typically of poor quality and as
such requires beneficiation to improve the quality. As domestic coal production is very unlikely
to cope with increasing demand, coal imports are expected to increase drastically in future to
satisfy the industrial and power generation requirements.
Department of EEE, Vtusolution.in
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Oil
India's demand for petroleum products rose from 97.7 million tonnes in 2001-02 to around
133.40 million tonnes in 2008-09. Domestic crude oil production increased from 32.03 million
tonnes in 2001-02 to 33.51 million tonnes in 2008-09.
India's self-sufficiency in oil has consistently declined from 60% in the 1950s to 25% currently.

vt
u

so

lu

tio

n.

total oil demand by 2020 would have to be met by imports.

in

Same is expected to go down to 8% by 2020. As shown in Figure 1.9, around 92% of India's

Natural Gas

In keeping with the worldwide trend, the demand for natural gas in India has been on the
increase. The production of natural gas which was negligible at the time of independence is now
at the level of 87 MMSCMD. To meet the future requirements of natural gas, trans-national gas
pipelines are being planned.
While gas pipeline projects would yield results only in long term, immediate relief can come in
the form of LNG. Import of LNG will require special terminals to handle them at the ports. The
Department of EEE, Vtusolution.in
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constructions of such terminals have already started and some of them have been commissioned.
The world trade in LNG is around 150 Billion Cubic Metres (BCM). Geographically, India is
strategically located and is flanked by large gas reserves on both East and West. India is
relatively close to four of top five countries in terms of proven gas reserves viz. Iran, Qatar.
Energy Conservation and its Importance
Coal and other fossil fuels, have taken hundreds of millions of years to form, are likely to deplete
development, we need to adopt energy efficiency measures.

in

soon. In the last two hundred years, we have consumed 60% of all resources. For sustainable

n.

Today, 85% of India's primary energy comes from non-renewable and fossil sources (coal, oil,
etc.). These reserves are continually diminishing with increasing consumption and will not exist

vt
u

so

lu

tio

for future generations (see Figure 1.10).

What is Energy Conservation?
Energy Conservation and Energy Efficiency are separate, but related concepts. Energy
conservation is achieved when growth of energy consumption is reduced in physical terms.
Energy Conservation, therefore, is the result of several processes or developments, such as
productivity increase or technological progress. On the other hand Energy efficiency is achieved
when energy intensity in a specific product, process or area of production or consumption is
Department of EEE, Vtusolution.in
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reduced without affecting output, consumption or comfort levels. Promotion of energy efficiency
will contribute to energy conservation and is therefore an integral part of energy conservation
promotional policies.
Energy efficiency is often viewed as a resource option like coal, oil or natural gas. It provides
additional economic value by preserving the resource base and reducing pollution. For example,
replacing traditional light bulbs with Compact Fluorescent Lamps (CFLs) means you will use
only 114th of the energy to light a room. Pollution levels also reduce by the same amount (refer

so

lu

tio

n.

in

Figure 1.11)

vt
u

Nature sets some basic limits on how efficiently energy can be used, but in most cases our
products and manufacturing processes are still a long way from operating at this theoretical limit.
Very simply, energy efficiency means using less energy to perform the same function.
Although, energy efficiency has been in practice ever since the first oil crisis in 1973, it has
today assumed even more importance because of being the most cost-effective and reliable
means of mitigating the global climatic change. Recognition of that potential has led to high
expectations for the reduction of future CO2 emissions through more energy efficiency
improvements than that achieved in the past. The industrial sector accounts for about 41 per cent
of global primary energy demand and approximately the same share of CO2 emissions. The
benefits of Energy conservation for various players are given in Figure 1.12.
Department of EEE, Vtusolution.in
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Electrical Distribution Code

The Government of India has enacted the Energy Conservation Act in 2001 to provide legal

lu

framework and institutional arrangements for enhancing energy efficiency. This Act led to the
creation of Bureau of Energy Efficiency (BEE) as the nodal agency at the center and State

so

Designated Agencies (SDAs) at the State level to implement the provisions of the Act. Under the
Act, Central Government, State Government and Bureau of Energy Efficiency have major roles
to play in implementation of the Act. The Mission of BEE is to develop policy and strategies
based on self-regulation and market principles with the goal of reducing energy intensity of the

vt
u

Indian economy. This will be achieved with active participation of all stakeholders, resulting in
rapid and sustained adoption of energy efficiency in all sectors.
Electricity Act, 2003

The government has enacted Electricity Act, 2003 which seeks to transform and develop the
electricity sector by distancing Government from the task of regulation.
Before enactment of this act, electricity supply in India was governed by Indian Electricity Act,
1910, the Electricity (Supply) Act, 1948 and the Electricity Regulatory Commissions Act, 1998.
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There was a need to consolidate the provisions of above act and consequently, Electricity Act,
2003 was introduced.
The objectives of the Act are: • To consolidate the laws relating to generation, transmission,
distribution, trading and use of electricity • To take measures suitable for development of
electricity industry • To promote competition • To protect interest of consumers and supply of
electricity to all areas • To ensure transparent policies regarding subsidies • To promote efficient
and environmentally benign policies • To constitute Central Electricity Authority (CEA),

in

Regulatory Commissions

n.

Main features of Electricity Act 2003

• Generation free from licensing • Captive generation free from control • Re-structuring of State
Electricity Boards • Mandatory establishment of Regulatory Commissions • Open access in

tio

transmission • Open access in distribution to be allowed by State Regulators in phased manner •
Recognition of electricity trading as a distinct activity • Stringent provisions for violation of grid
discipline and theft of power

lu

• Supply of electricity to all areas and specific provisions for supply in rural areas •
Rationalization of electricity tariff

so

Role of Government

Central Government will prepare National Electricity Policy and Tariff Policy, focus on rural

vt
u

areas permitting standalone systems and non-conventional energy in consultation with States,
bulk purchase of power and distribution through Panchayats, Cooperative Societies, NonGovernment organizations, franchisees etc. The constitution of State Regulatory commission is a
mandatory requirement. If subsidy is provided by Central /State Government, provision has to be
created in the budget.

Rural Electrification
Goal of Government is to extend supply of electricity to all villages/hamlets. No license is
required for generation and distribution in rural area.
Generation
Department of EEE, Vtusolution.in
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Generation is freed from licensing. Captive Generation is free from controls. Open access is
allowed to Captive generating plants subject to availability of transmission facility. However,
clearance of CEA for hydro projects is required due to concern of dam safety and inter-State
issues. Generation from Non-Conventional Sources / Co-generation will be promoted. Minimum
percentage of purchase of power from renewable energy sources may be prescribed by
Regulatory Commissions.

in

Transmission
Transmission Utility at the Central as well as State level, to be a Government company with

n.

responsibility for planned and coordinated development of transmission network.

However, load dispatch would be under control of Government as it is critical for grid stability
and neutrality. Open access to the transmission lines would be provided to distribution licensees,

tio

generating companies. This would promote competitions and lead to gradual cost reduction.

vt
u

so

lu

Private licensees would be allowed in transmission.
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UNIT – 2
ENERGY ECONOMIC ANALYSIS
 The time value money concept
 developing cash flow of models
 Payback analysis depreciation

in

 taxes and tax credit – numerical problems
Introduction

n.

Energy projects are very important to the economy and environment. In case of energy
conservation projects—the more the number, the better it is for the environment. It is important
to justify any capital investment project by carrying out a financial appraisal. However, the

tio

biggest constraint in increasing the number of energy projects is the lack of finance. Alternative
finance arrangements can overcome the "initial cost" obstacle, allowing flu-ms to implement
more energy management proposals. However, many energy managers are either unaware or

lu

have difficulty in understanding the variety of financial arrangements available to them. Most of
the energy managers and auditors use simple payback analysis to evaluate projects, which do not

so

reveal the added value of after-tax benefits. Sometimes energy managers do not implement
Energy Management Proposals because financial terminology and contractual details intimidate
them. The financial issues associated with the capital investment in energy saving projects are

vt
u

investigated in this chapter.

When planning an energy efficiency or energy management project, the costs involved should
always be considered. Therefore, as with any other type of investment, energy management
proposals should show the likely return on any capital that is invested. Consider the case of an
energy auditor who advises the senior management of an organization that capital should be
invested in new boiler plant. Inevitably, the management of the organization would ask:
• How much will the proposal cost?
• How much money will be saved by the proposal? These are, of course, not unreasonable
questions, since within any organization there are many worthy causes, each of which requires
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funding and it is the job of senior management to invest in capital where it is going to obtain the
greatest return. In order to make a decision about any course of action, management needs to be
able to appraise all the costs involved in a project and determine the potential returns. This
however, is not quite as simple as it might first appear. The capital value of plant or equipment
usually decreases with time and it often requires more maintenance as it gets older. If money is
borrowed from a bank to finance a project, then interest will have to be paid on the loan.
Inflation too will influence the value of any future energy savings that might be achieved. It is

in

therefore important that the cost appraisal process allows for all these factors, with the aim of
determining which investments should be undertaken, and of optimizing the benefits achieved.
To this end a number of accounting and financial appraisal techniques have been developed

n.

which help energy managers and auditors make correct and objective decisions. The financial
issues associated with capital investment in energy saving projects are investigated in this

tio

chapter. In particular, the discounted cash flow techniques of net present value and internal rate
of return are discussed in detail.

Fixed and Variable Costs When appraising the potential costs involved in a project it is

lu

important to understand the difference between fixed and variable costs. Variable costs are those
which vary directly with the output of a particular plant or production process, such as fuel costs.

so

Fixed costs are those costs, which are not dependent on plant or process output, such as site-rent
and insurance. The total cost of any project is therefore the sum of the fixed and variable costs.

vt
u

Example 1 illustrates how both fixed and variable costs combine to make the total operating cost.
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Interest Charges
In order to finance projects, organizations often borrow money from banks or other leading
organizations. Projects financed in this way cost more than similar projects financed from
organization‘s own funds, because interest charges must be paid on the loan. It is therefore
important to understand how interest charges are calculated. Interest charges can be calculated by
lending organization in two different ways: simple interest and compound interest.
(i) Simple interest: If simple interest is applied, then charges are calculated as a fixed percentage

in

of the capital that is borrowed. A fixed interest percentage is applied to each year of the loan and

tio

n.

repayments are calculated using the equation.

(ii) Compound interest: Compound interest is usually calculated annually (although this is not
necessarily the case). The interest charged is calculated as a percentage of the outstanding loan at

lu

the end of each time period. It is termed 'compound' because the outstanding loan is the sum of
the unpaid capital and the interest charges up to that point. The value of the total repayment can

vt
u

so

be calculated using the equation.

Investment Need, Appraisal and Criteria

When planning an energy efficiency or energy management project, the investment involved
should be considered. The need for investments in energy conservation can arise for installing
new equipment, improving process, providing staff training, and implementing or upgrading
energy information system. Therefore, as with any type of investment, energy management
proposals should show the likely return on any capital that is invested. Consider a case of an
Department of EEE, Vtusolution.in
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energy auditor or consultant who advises the senior management of an organization that capital
should be invested in new boiler plant. Inevitably, the management of the organization would
enquire.
Financial Analysis Techniques
In most respects, investment in energy efficiency is not different from any other area of financial
management. So when the organization first decides to invest in increasing its energy efficiency,

in

it should apply exactly the same criteria to reduce its energy consumption as it applies to all its
other investments. A faster or more attractive rate of return on investment in energy efficiency

n.

should not be demanded.
The basic criteria for financial investment appraisal include:

how long the financing term needs to be

tio

• Payback period - a measure of how long it will be before the investment makes money, and

• Net Present Value (NPV) and Cash Flow - measures that allow fmancial planning of the

lu

project and provide the company with all the information needed to incorporate energy
efficiency projects into the corporate financial system

so

• Return on Investment (ROI) and Internal Rate of Return (IRR) - measure that allow
comparison with other investment options

vt
u

Payback Period

The simplest technique which can be used to appraise a proposal is payback analysis. The
payback period can be defined as the time (number of years) required to recover the initial
investment (capital cost), considering only the Annual Net Saving (Yearly benefits-Yearly
costs). Once the payback period has ended, all the project capital costs will have been recovered
and any additional cost savings achieved can be seen as clear 'profit'.
The shorter the payback period, the more attractive the project becomes. The length of the
maximum permissible payback period generally varies with the company concerned.
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Time Value of Money

n.

A project usually entails an investment for the initial cost of installation, called the capital cost,
and a series of annual costs and/or cost savings (i.e. operating, energy, maintenance, etc.)

tio

throughout the life of the project. To assess project feasibility, all these present and future cash
flows must be equated to a common basis. The problem with equating cash flows which occur at
different times is that the value of money changes with time. The method by which these various

lu

cash flows are related is called discounting, or the present value concept.
For example, if money can be deposited in the bank at 10% interest, then a Rs. 100 deposit will
be worth Rs.110 in one year's time. Thus the Rs.110 in one year is a future value equivalent to

so

the Rs. 100 present value.

In the same manner, Rs.100 received one year from now is only worth Rs.90.91 in today's
money (i.e. Rs.90.91 plus 10% interest equals Rs.100). Thus Rs.90.91 represents the present

vt
u

value of Rs.100 cash flow occurring one year in the future. If the interest rate were something
different than 10%, then the equivalent present value would also change. The relationship
between present and future value is determined as follows:
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Net Present Value Method
The net present value method considers the time value of money. This is done by equating future
cash flow to its current value today, in other words determining the present value of any future
cash flow. The present value is determined by using an assumed interest rate, usually referred to
as a discount rate. Discounting is the opposite process to compounding. Compounding
determines the future value of present cash flows, whereas discounting determines the present

in

value of future cash flows.
The net present value method calculates the present value of all the yearly cash flows (i.e. capital
costs and net savings) incurred or accrued throughout the life of a project and summates them.

n.

Costs are represented as negative value and savings as a positive value. The sum of all the
present value is known as the net present value (NPV). The higher the net present value, the

tio

more attractive the proposed project.

The net present value (NPV) of a project is equal to the sum of the present values of all the cash

vt
u

Cash Flow

so

lu

flows associated with it. Symbolically,

Capital Investment Considerations
To judge the attractiveness of any investment, we must consider the following four elements
involved in the decision: 1 Initial capital cost or net investment V Net operating cash inflows (the
potential benefits) 1 Economic life (time span of benefits) 1 Salvage value (any final recovery of
capital)
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Initial capital cost or net investment
When companies spend money, the outlay of cash can be broadly categorized into one of two
classifications; expenses or capital investments. Expenses are generally those cash expenditures
that are routine, ongoing, and necessary for the ordinary operation of the business. Capital
investments, on the other hand, are generally more strategic and have long term effects.
Decisions made regarding capital investments are usually made by senior management and carry

in

with them additional tax consequences as compared to expenses.
The capital investments usually require a relatively large initial cost. The initial cost may occur
as a single expenditure or occur over a period of several years. Generally, the funds available for

n.

capital investments projects are limited.

Initial capital costs include all costs associated with preparing the investment for service. This

tio

includes purchase cost as well as installation and preparation costs. Initial costs are usually
nonrecurring during the life of an investment.

lu

Net operating cash inflows

The benefits (revenues or savings) resulting from the initial cost for a capital investment occur in
the future, normally over a period of years. As a rule, the cash flows which occur during a year

so

are generally summed and regarded as a single end-of-year cash flow. Annual expenses and
revenues are the recurring costs and benefits generated throughout the life of the investment after
adjusting for applicable taxes and effects of depreciation. Periodic replacement and maintenance

vt
u

costs are similar to annual expenses and revenues except that they do not occur annually.

Economic life

The period between the initial cost and the last future cash flow is the life cycle or life of the
investment.
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Salvage value
The salvage (or terminal) value of an investment is the revenue (or expense) attributed to
disposing of the investment at the end of its useful life. If substantial recovery of capital from
eventual disposal of assets at the end of the economic life, these estimated amounts have to be
made part of the analysis. Such recoveries can be proceeds from the sale of facilities and
equipment (beyond the minor scrap value), as well as the release of any working capital

in

associated with the investment.

n.

Cash Flow Diagrams

A convenient way to display the revenues (savings) and costs associated with an investment is a

tio

cash flow diagram. By using a cash flow diagram, the timing of the cash flows is clear and the
chances of properly applying time value of money concepts are increased.
The economic life establishes the time frame over which the cash flows occur first. This

lu

establishes the horizontal scale of the cash flow diagram. This scale is divided into time periods
which are frequently, but not always, years. Individual outlays or receipts are indicated by

so

drawing vertical lines appropriately placed along the time scale.
Upward directed lines indicate cash inflow (revenues or savings) while downward directed lines

vt
u

Indicate cash outflows
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Depreciation

Depreciation refers to two aspects of the same concept:

lu

1. the decrease in value of assets (fair value depreciation), and

2. The allocation of the cost of assets to periods in which the assets are used (depreciation

so

with the matching principle).

The former affects the balance sheet of a business or entity, and the latter affects the net income
that they report. Generally the cost is allocated, as depreciation expense, among the periods in

vt
u

which the asset is expected to be used. This expense is recognized by businesses for financial
reporting and tax purposes. Methods of computing depreciation, and the periods over which
assets are depreciated, may vary between asset types within the same business and may vary for
tax purposes. These may be specified by law or accounting standards, which may vary by
country. There are several standard methods of computing depreciation expense, including fixed
percentage, straight line, and declining balance methods. Depreciation expense generally begins
when the asset is placed in service. For example, a depreciation expense of 100 per year for 5
years may be recognized for an asset costing 500
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Methods of depreciation
Here are several methods for calculating depreciation, generally based on either the passage of
time or the level of activity (or use) of the asset. Straight-line depreciation
Straight-line depreciation is the simplest and most often used method. In this method, the
company estimates the salvage value (scrap value) of the asset at the end of the period during
which it will be used to generate revenues (useful life). (The salvage value is an estimate of the

in

value of the asset at the time it will be sold or disposed of; it may be zero or even negative.
Salvage value is also known as scrap value or residual value.) The company will then charge the
reduced from the original cost to the salvage value.

tio

Straight-line method:

n.

same amount to depreciation each year over that period, until the value shown for the asset has

For example, a vehicle that depreciates over 5 years is purchased at a cost of $17,000, and

lu

will have a salvage value of $2000. Then this vehicle will depreciate at $3,000 per year, i.e.
(17-2)/5 = 3. This table illustrates the straight-line method of depreciation. Book value at the
beginning of the first year of depreciation is the original cost of the asset. At any time book

so

value equals original cost minus accumulated depreciation.
book value = original cost − accumulated depreciation Book value at the end of year
becomes book value at the beginning of next year. The asset is depreciated until the book

vt
u

value equals scrap value.
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Book value
at year-end

$3,000

$14,000

3,000

6,000

11,000

3,000

9,000

8,000

3,000

12,000

3,000

15,000

(scrap value) 2,000

tio

in

$3,000

n.

(original cost) 17,000

5,000

lu

If the vehicle was to be sold and the sales price exceeded the depreciated value (net book
value) then the excess would be considered a gain and subject to depreciation recapture. In

so

addition, this gain above the depreciated value would be recognized as ordinary income by
the tax office. If the sales price is ever less than the book value, the resulting capital loss is
tax deductible. If the sale price were ever more than the original book value, then the gain

vt
u

above the original book value is recognized as a capital gain.
If a company chooses to depreciate an asset at a different rate from that used by the tax office
then this generates a timing difference in the income statement due to the difference (at a
point in time) between the taxation department's and company's view of the profit.
Declining Balance Method
Suppose a business has an asset with $1,000 original cost, $100 salvage value, and 5 years of
useful life. First, the straight-line depreciation rate would be 1/5, i.e. 20% per year. Under the
double-declining-balance method, double that rate, i.e. 40% depreciation rate would be used.
The table below illustrates this:
Department of EEE, Vtusolution.in

Page 31

Vtusolution.in

Vtusolution.in

ENERGY AUDITING & DEMAND SIDE MANAGEMENT

Depreciation Depreciation Accumulated
rate
expense
depreciation
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Book value at
end of year

400.00

400.00

600.00

240.00

640.00

40%

144.00

784.00

40%

86.40

870.40

129.60 - 100.00

29.60

360.00
216.00

tio

40%

n.

40%

in

original cost 1,000.00

900.00

129.60

scrap value 100.00

lu

When using the double-declining-balance method, the salvage value is not considered in
determining the annual depreciation, but the book value of the asset being depreciated is

so

never brought below its salvage value, regardless of the method used. Depreciation ceases
when either the salvage value or the end of the asset's useful life is reached.
Since double-declining-balance depreciation does not always depreciate an asset fully by its

vt
u

end of life, some methods also compute a straight-line depreciation each year, and apply the
greater of the two. This has the effect of converting from declining-balance depreciation to
straight-line depreciation at a midpoint in the asset's life.
With the declining balance method, one can find the depreciation rate that would allow
exactly for full depreciation by the end of the period, using the formula:

, where N is the estimated life of

the asset (for example, in years).
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Annuity depreciation
Annuity depreciation methods are not based on time, but on a level of Annuity. This could be
miles driven for a vehicle, or a cycle count for a machine. When the asset is acquired, its life
is estimated in terms of this level of activity. Assume the vehicle above is estimated to go
50,000 miles in its lifetime. The per-mile depreciation rate is calculated as: ($17,000 cost $2,000 salvage) / 50,000 miles = $0.30 per mile. Each year, the depreciation expense is then
calculated by multiplying the number of miles driven by the per-mile depreciation rate.

in

Sum-of-years-digits method

Sum-of-years-digits is a depreciation method that results in a more accelerated write-off than

n.

the straight line method, and typically also more accelerated than the declining balance
method. Under this method the annual depreciation is determined by multiplying the

tio

depreciable cost by a schedule of fractions.
depreciable cost = original cost − salvage value

book value = original cost − accumulated depreciation

lu

Example: If an asset has original cost of $1000, a useful life of 5 years and a salvage value of
$100, compute its depreciation schedule.

4, 3, 2, and 1.

so

First, determine years' digits. Since the asset has useful life of 5 years, the years' digits are: 5,

Next, calculate the sum of the digits: 5+4+3+2+1=15

vt
u

The sum of the digits can also be determined by using the formula (n2+n)/2 where n is equal
to the useful life of the asset in years. The example would be shown as (52+5)/2=15
Depreciation rates are as follows:
5/15 for the 1st year, 4/15 for the 2nd year, 3/15 for the 3rd year, 2/15 for the 4th year, and
1/15 for the 5th year.
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Accumulated
depreciation

Book value at
end of year

1,000 (original cost)
5/15

300 =(900 x 5/15)

300

700

900

4/15

240 =(900 x 4/15)

540

900

3/15

180 =(900 x 3/15)

900

2/15

120 =(900 x 2/15)

840

160

900

1/15

60 =(900 x 1/15)

900

100 (scrap value)

in

900

n.

460
280

lu

tio

720

Units-of-production depreciation method

so

Under the units-of-production method, useful life of the asset is expressed in terms of the

vt
u

total number of units expected to be produced:

Suppose, an asset has original cost $70,000, salvage value $10,000, and is expected to
produce 6,000 units.
Depreciation per unit = ($70,000−10,000) / 6,000 = $10
10 × actual production will give the depreciation cost of the current year.
The table below illustrates the units-of-production depreciation schedule of the asset.
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Units of Depreciation Depreciation Accumulated
production cost per unit
expense
depreciation

Book value at
end of year
70,000 (original cost)

10

10,000

10,000

60,000

1,100

10

11,000

21,000

1,200

10

12,000

33,000

1,300

10

13,000

46,000

24,000

1,400

10

14,000

60,000

10,000 (scrap value)

in

1,000

49,000

lu

tio

n.

37,000

Depreciation stops when book value is equal to the scrap value of the asset. In the end,

so

the sum of accumulated depreciation and scrap value equals the original cost.
Units of time depreciation

Units of time depreciation is similar to units of production, and is used for depreciation

vt
u

equipment used in mine or natural resource exploration, or cases where the amount the
asset is used is not linear year to year.
A simple example can be given for construction companies, where some equipment is
used only for some specific purpose. Depending on the number of projects, the
equipment will be used and depreciation charged accordingly.
Group depreciation method
Group depreciation method is used for depreciating multiple-asset accounts using
straight-line-depreciation method. Assets must be similar in nature and have
approximately the same useful lives.
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Composite depreciation method
The composite method is applied to a collection of assets that are not similar, and have
different service lives. For example, computers and printers are not similar, but both are
part of the office equipment. Depreciation on all assets is determined by using the
straight-line-depreciation method.

Asset

Historical Salvage Depreciable

Life

Depreciation

value

cost

per year

Computers

$5,500

$500

$5,000

5

$1,000

Printers

$1,000

$100

$ 900

3

$ 300

Total

$ 6,500

$600

$5,900

4.5

$1,300

vt
u

so

lu

tio

n.

in

cost

Department of EEE, Vtusolution.in

Page 36

Vtusolution.in

Vtusolution.in

ENERGY AUDITING & DEMAND SIDE MANAGEMENT

10EE842

UNIT - 3
ENERGY AUDITING
Introduction



Elements of energy audits



Energy use profiles, measurements in energy audits



Presentation of energy audit results

n.

in



Definition & Objectives of Energy Management The fundamental goal of energy management

tio

is to produce goods and provide services with least cost and least environmental effect. The term
energy management means many things to many people. One definition of energy management
is:

lu

"The judicious and effective use of energy to maximize profits (minimize costs) and enhance
competitive positions" (Cape Hart, Turner and Kennedy, Guide to Energy Management Fairmont

so

press Inc. 1997)

Another comprehensive definition is

"The strategy of adjusting and optimizing energy, using systems and procedures so as to reduce

vt
u

energy requirements per unit of output while holding constant or reducing total costs of
producing the output from these systems"
The objective of Energy Management is to achieve and maintain optimum energy procurement
and utilization, throughout the organization and:
• To minimize energy costs / waste without affecting production & quality
• To minimize environmental effects.
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Energy Audit: Types and Methodology
Energy Audit is the key to a systematic approach for decision-making in the area of energy
management. It attempts to balance the total energy inputs with its use, and serves to identify all
the energy streams in a facility. It quantifies energy usage according to its discrete functions.
Industrial energy audit is an effective tool in defining and pursuing comprehensive energy
management programme.

in

Need for Energy Audit

In any industry, the three top operating expenses are often found to be energy (both electrical

n.

and thermal), labor and materials. If one were to relate to the manageability of the cost or
potential cost savings in each of the above components, energy would invariably emerge as a top
ranker, and thus energy management function constitutes a strategic area for cost reduction.

tio

Energy Audit will help to understand more about the ways energy and fuel are used in any
industry, and help in identifying the areas where waste can occur and where scope for
improvement exists. The Energy Audit would give a positive orientation to the energy cost

lu

reduction, preventive maintenance and quality control programmes which are vital for
production and utility activities. Such an audit programme will help to keep focus on variations
which occur in the energy costs, availability and reliability of supply of energy, decide on

so

appropriate energy mix, identify energy conservation technologies, retrofit for energy
conservation equipment etc. In general, Energy Audit is the translation of conservation ideas into
realities, by lending technically feasible solutions with economic and other organizational

vt
u

considerations within a specified time frame. The primary objective of Energy Audit is to
determine ways to reduce energy consumption per unit of product output or to lower operating
costs. Energy Audit provides a ―
bench-mark" (Reference point) for managing energy in the
organization and also provides the basis for planning a more effective use of energy throughout
the organization.

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 following two types. i) Preliminary Audit ii) Detailed Audit
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Preliminary Energy Audit Methodology
Preliminary energy audit is a relatively quick exercise to: • Establish energy consumption in the
organization • Estimate the scope for saving • Identify the most likely (and the easiest areas for
attention • Identify immediate (especially no-/low-cost) improvements/ savings • Set a 'reference
point' • Identify areas for more detailed study/measurement • Preliminary energy audit uses
existing, or easily obtained data

in

Detailed Energy Audit Methodology

A comprehensive audit provides a detailed energy project implementation plan for a facility,

n.

since it evaluates all major energy using systems. This type of audit offers the most accurate
estimate of energy savings and cost. It considers the interactive effects of all projects, accounts
for the energy use of all major equipment, and includes detailed energy cost saving calculations

tio

and project cost. In a comprehensive audit, one of the key elements is the energy balance. This is
based on an inventory of energy using systems, assumptions of current operating conditions and
calculations of energy use. This estimated use is then compared to utility bill charges. Detailed

Phase I - Pre Audit Phase

so

Phase II - Audit Phase

lu

energy auditing is carried out in three phases: Phase I, II and III.

Phase III - Post Audit Phase

vt
u

A Guide for Conducting Energy Audit at a Glance Industry-to-industry, the methodology of
Energy Audits needs to be flexible. A comprehensive ten-step methodology for conduct of
Energy Audit at field level is presented below. Energy Manager and Energy Auditor may follow
these steps to start with and add/change as per their needs and industry types.
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Phase I -Pre Audit Phase Activities
A structured methodology to carry out an energy audit is necessary for efficient working. An
initial study of the site should always be carried out, as the planning of the procedures necessary
for an audit is most important. Initial Site Visit and Preparation Required for Detailed Auditing
An initial site visit may take one day and gives the Energy Auditor/Engineer an opportunity to
meet the personnel concerned, to familiarize him with the site and to assess the procedures
necessary to carry out the energy audit. During the initial site visit the Energy Auditor/Engineer

in

should carry out the following actions: -

n.

• Discuss with the site's senior management the aims of the energy audit.

• Discuss economic guidelines associated with the recommendations of the audit.

tio

• Analyze the major energy consumption data with the relevant personnel.

• Obtain site drawings where available - building layout, steam distribution, compressed air
distribution, electricity distribution etc.

lu

• Tour the site accompanied by engineering/production

so

The main aims of this visit are: -

• To finalize Energy Audit team

vt
u

• To identify the main energy consuming areas/plant items to be surveyed during the audit.
• To identify any existing instrumentation/ additional metering required.
• To decide whether any meters will have to be installed prior to the audit eg. kWh, steam,

oil or gas meters.

• To identify the instrumentation required for carrying out the audit.
• To plan with time frame
• To collect macro data on plant energy resources, major energy consuming centers
• To create awareness through meetings/ programme
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Phase II- Detailed Energy Audit Activities
Depending on the nature and complexity of the site, a comprehensive audit can take from several
weeks to several months to complete. Detailed studies to establish, and investigate, energy and
material balances for specific plant departments or items of process equipment are carried out.
Whenever possible, checks of plant operations are carried out over extended periods of lime, at
nights and at weekends as well as during normal daytime working hours, to ensure that nothing
is overlooked. The audit report will include a description of energy inputs and product outputs by

in

major department or by major processing function, and will evaluate the efficiency of each step
of the manufacturing process. Means of improving these efficiencies will be listed, and at least a

n.

preliminary assessment of the cost of the improvements will be made to indicate the expected
pay-back on any capital investment needed. The audit report should conclude with specific
recommendations for detailed engineering studies and feasibility analyses, which must then be

tio

per-formed to justify the implementation of those conservation measures that require
investments.

lu

The information to be collected during the detailed audit includes: 1. Energy consumption by type of energy, by department, by major items of process equipment,

so

by end-use

2. Material balance data (raw materials, intermediate and final products, recycled materials, use
of scrap or waste products, production of by-products for re-use in other industries, etc.)

vt
u

3. Energy cost and tariff data

4. Process and material flow diagrams
5. Generation and distribution of site services (eg. compressed air, steam).
6. Sources of energy supply (e.g. electricity from the grid or self-generation)
7. Potential for fuel substitution, process modifications, and the use of co-generation systems
(combined heat and power generation).
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Identification of Energy Conservation Opportunities
Fuel substitution: Identifying the appropriate fuel for efficient energy conversion Energy
generation: Identifying Efficiency opportunities in energy conversion equipment/utility such as
captive power generation, steam generation in boilers, thermic fluid heating, optimal loading of
DG sets, minimum excess air combustion with boilers/thermic fluid heating, optimizing existing
efficiencies, efficient energy conversion equipment, biomass gasifies, Cogeneration, high
efficiency DG sets, etc. Energy distribution: Identifying Efficiency opportunities network such as

in

transformers, cables, switchgears and power factor improvement in electrical systems and chilled
water, cooling water, hot water, compressed air, Etc. Energy usage by processes: This is where

n.

the major opportunity for improvement and many of them are hidden. Process analysis is useful
tool for process integration measures.

tio

Technical and Economic feasibility

The technical feasibility should address the following issues

lu

• Technology availability, space, skilled manpower, reliability, service etc
• The impact of energy efficiency measure on safety, quality, production or process.

so

• The maintenance requirements and spares availability
The Economic viability often becomes the key parameter for the management acceptance. The
economic analysis can be conducted by using a variety of methods. Example: Pay back method,

vt
u

Internal Rate of Return method, Net Present Value method etc. For low investment short
duration measures, which have attractive economic viability, simplest of the methods, payback is
usually sufficient. A sample worksheet for assessing economic feasibility is provided below:
Energy Management procedures and energy awareness training programs within the
establishment. Existing baseline information and reports are useful to get consumption pattern,
production cost and productivity levels in terms of product per raw material inputs.
The audit team should collect the following baseline data:
• Technology, processes used and equipment details
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• Capacity utilization
• Amount & type of input materials used - Water consumption - Fuel Consumption - Electrical
energy consumption - Steam consumption - Other inputs such as compressed air, cooling water
• Quantity & type of wastes generated
• Percentage rejection / reprocessing

lu

tio

n.

in

• Efficiencies / yield

so

Energy audit reporting format

After successfully carried out energy audit energy manager/energy auditor should report to the
top management for effective communication and implementation. A typical energy audit

vt
u

reporting contents and format are given below. The following format is applicable for most of
the industries. However the format can be suitably modified for specific requirement applicable
for a particular type of industry.
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Understanding Energy Costs
Understanding energy cost is vital factor for awareness creation and saving calculation. In many
industries sufficient meters may not be available to measure all the energy used. In such cases,
invoices for fuels and electricity will be useful. The annual company balance sheet is the other
sources where fuel cost and power are given with production related information. Energy
invoices can be used for the following purposes:

in

• They provide a record of energy purchased in a given year, which gives a base-line for
future reference

n.

• Energy invoices may indicate the potential for savings when related to production
requirements or to air conditioning requirements/space heating etc.

tio

• When electricity is purchased on the basis of maximum demand tariff
• They can suggest where savings are most likely to be made.

• In later years invoices can be used to quantify the energy and cost savings made through

Fuel Costs

so

lu

energy conservation measures

vt
u

A wide variety of fuels are available for thermal energy supply. Few are listed below:
• Fuel oil

• Low Sulphur Heavy Stock (LSHS)
• Light Diesel Oil (LDO)
• Liquefied Petroleum Gas (LPG)
• COAL • LIGNITE • WOOD ETC.
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ENERGY AUDITING & DEMAND SIDE MANAGEMENT

Understanding fuel cost is fairly simple and it is purchased in Tons or Kiloliters. Availability,

tio

cost and quality are the main three factors that should be considered while purchasing. The
following factors should be taken into account during procurement of fuels for energy efficiency
and economics.

lu

• Price at source, transport charge, type of transport
• Quality of fuel (contaminations, moisture etc)

Power Costs

so

• Energy content (calorific value)

vt
u

Electricity price in India not only varies from State to State, but also city to city and consumer to
consumer though it does the same work everywhere. Many factors are involved in deciding final
cost of purchased electricity such as: • Maximum demand charges, kVA (i.e. How fast the
electricity is used?)

Energy Audit Instruments

The requirement for an energy audit such as identification and quantification of energy
necessitates measurements; these measurements require the use of instruments. These
instruments must be portable, durable, easy to operate and relatively inexpensive. The
parameters generally monitored during energy audit may include the following: Basic Electrical
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Parameters in AC &DC systems - Voltage (V), Current (I), Power factor, Active power (kW),
apparent power (demand) (kVA), Reactive power (kVAr), Energy consumption (kWh),
Frequency (Hz), Harmonics, etc. Parameters of importance other than electrical such as
temperature & heat flow, radiation, air and gas flow, liquid flow, revolutions per minute (RPM),
air velocity, noise and vibration, dust concentration, Total Dissolved Solids (TDS), pH, moisture
content, relative humidity, flue gas analysis - CO2, 02, CO, SO,, NO, combustion efficiency etc.

in

Key instruments for energy audit are listed below.
The operating instructions for all instruments must be understood and staff should familiarize

vt
u

so

lu

tio

n.

themselves with the instruments and their operation prior to actual audit use.
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so

lu

tio

n.

in
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n.
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UNIT – 4



Power triangle



motor horse power



power flow concept



Requirement of Protective Relaying

in

ELECTRICAL SYSTEM OPTIMIZATION

n.

Introduction to Electric Power Supply Systems

Electric power supply system in a country comprises of generating units that produce electricity;

tio

high voltage transmission lines that transport electricity over long distances; distribution lines
that deliver the electricity to consumers; substations that connect the pieces to each other; and
energy control centers to coordinate the operation of the components. The Figure shows a simple

vt
u

so

sources to end-user.

lu

electric supply system with transmission and distribution network and linkages from electricity

The power plants typically produce 50 cycle/second Hertz), alternating-current (AC) electricity
with voltages between 11kV and 33kV. At the power plant site, the 3-phase voltage is stepped up
to a higher voltage for transmission on cables strung on cross-country towers. High voltage (HV)
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and extra high voltage (EHV) transmission is the next stage from power plant to transport A.C.
power over long distances at voltages like; 220 kV & 400 kV. Where transmission is over 1000
km, high voltage direct current transmission is also favored to minimize the losses. Subtransmission network at 132 kV, 110 kV, 66 kV or 33 kV constitutes the next link towards the
end user. Distribution at 11 kV / 6.6 kV / 3.3 kV constitutes the last link to the consumer, who is
connected directly or through transformers depending upon the drawl level of service. The
transmission and distribution network include sub-stations, lines and distribution transformers.

in

High voltage transmission is used so that smaller, more economical wire sizes can be employed
to carry the lower current and to reduce losses. Sub-stations, containing step-down transformers,
reduce the voltage for distribution to industrial users. The voltage is further reduced for

n.

commercial facilities. Electricity must be generated, as and when it is needed since electricity
cannot be stored virtually in the system.

tio

There is no difference between a transmission line and a distribution line except for the voltage
level and power handling capability. Transmission lines are usually capable of transmitting large
quantities of electric energy over great distances. They operate at high voltages. Distribution
lines carry limited quantities of power over shorter distances. Voltage drops in line are in relation

lu

to the resistance and reactance of line, length and the current drawn. For the same quantity of
power handled, lower the voltage, higher the current drawn and higher the voltage drop. The
handled.

so

current drawn is inversely proportional to the voltage level for the same quantity of power
The power loss in line is proportional to resistance and square of current. (i.e. PLOSS=I2R).

vt
u

Higher voltage transmission and distribution thus would help to minimize line voltage drop in
the ratio of voltages, and the line power loss in the ratio of square of voltages. For instance, if
distribution of power is raised from 11 kV to 33 kV, the voltage drop would be lower by a factor
1/3 and the line loss would be lower by a factor (1/3)2 i.e., 1/9. Lower voltage transmission and
distribution also calls for bigger size conductor on account of current handling capacity needed.
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so

lu

The Power Triangle

The advantages of PF improvement by capacitor addition
a) Reactive component of the network is reduced and so also the total current in the system from
the source end.

b) I2R power losses are reduced in the system because of reduction in current.
c) Voltage level at the load end is increased.
d) KVA loading on the source generators as also on the transformers and lines up to the
capacitors reduces giving capacity relief. A high power factor can help in utilizing the full
capacity of your electrical system.
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Cost benefits of PF improvement
While costs of PF improvement are in terms of investment needs for capacitor addition the
benefits to be quantified for feasibility analysis are:
a) Reduced kVA (Maximum demand) charges in utility bill
b) Reduced distribution losses (KWH) within the plant network
c) Better voltage at motor terminals and improved performance of motors
d) A high power factor eliminates penalty charges imposed when operating with a low power

in

factor

e) Investment on system facilities such as transformers, cables, switchgears etc for delivering
load is reduced.

n.

Selection and location of capacitors
Direct relation for capacitor sizing.

tio

kVAr Rating = kW [tan φ1 – tan φ2]

Where kVAr rating is the size of the capacitor needed, kW is the average power drawn, tan φ1
is the trigonometric ratio for the present power factor, and tan φ2 is the trigonometric ratio for
the desired PF.

lu

φ1 = Existing (Cos-1 PF1) and φ2 = Improved (Cos-1 PF2)
Example:

so

The utility bill shows an average power factor of 0.72 with an average KW of 627. How much
kVAr is required to improve the power factor to .95 ?
Using formula

vt
u

Cos Φ1 = 0.72 , tan Φ1 = 0.963
Cos Φ2 = 0.95 , tan Φ2 = 0.329

kVAr required = P ( tanφ1 - tanφ2 ) = 627 (0.964 – 0.329)
= 398 kVAr

Location of Capacitors
The primary purpose of capacitors is to reduce the maximum demand. Additional benefits are
derived by capacitor location. The Figure 1.9 indicates typical capacitor locations. Maximum
benefit of capacitors is derived by locating them as close as possible to the load. At this location,
its kVAr are confined to the smallest possible segment, decreasing the load current. This,
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in turn, will reduce power losses of the system substantially. Power losses are proportional to the
square of the current. When power losses are reduced, voltage at the motor increases; thus, motor
performance also increases. Locations C1A, C1B and C1C of Figure indicate three different
arrangements at the load. Note that in all three locations extra switches are not required, since the
capacitor is either switched with the motor starter or the breaker before the starter. Case
C1A is recommended for new installation, since the maximum benefit is derived and the size of
the motor thermal protector is reduced. In Case C1B, as in Case C1A, the capacitor is energized

in

only when the motor is in operation. Case C1B is recommended in cases where the installation
already exists and the thermal protector does not need to be re-sized. In position C1C, the
capacitor is permanently connected to the circuit but does not require a separate switch, since

n.

capacitor can be disconnected by the breaker before the starter.

It should be noted that the rating of the capacitor should not be greater than the no-load

tio

magnetizing kVAr of the motor. If this condition exists, damaging over voltage or transient
torques can occur. This is why most motor manufacturers specify maximum capacitor ratings to
be applied to specific motors.

The next preference for capacitor locations as illustrated by Figure 1.9 is at locations C2 and C3.

lu

In these locations, a breaker or switch will be required. Location C4 requires a high voltage
breaker. The advantage of locating capacitors at power centers or feeders is that they can be

so

grouped together. When several motors are running intermittently, the capacitors are permitted
to be on line all the time, reducing the total power regardless of load.From energy efficiency
point of view, capacitor location at receiving substation only helps the utility in loss reduction.

vt
u

Locating capacitors at tail end will help to reduce loss reduction within the plants distribution
network as well and directly benefit the user by reduced consumption. Reduction in the
distribution loss % in kWh when tail end power factor is raised from PF1 to a new power factor
PF2.

System Distribution Losses
In an electrical system often the constant no load losses and the variable load losses are to be
assessed alongside, over long reference duration, towards energy loss estimation. Identifying and
calculating the sum of the individual contributing loss components is a challenging one,
requiring extensive experience and knowledge of all the factors impacting the operating
efficiencies of each of these components.
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For example the cable losses in any industrial plant will be up to 6 percent depending on the size
and complexity of the distribution system. Note that all of these are current dependent, and can
be readily mitigated by any technique that reduces facility current load. Various losses in
distribution equipment is given in the Table
In system distribution loss optimization, the various options available include:
■ Relocating transformers and sub-stations near to load centers
■ Re-routing and re-conduct ring such feeders and lines where the losses / voltage drops are

in

higher.

■ Power factor improvement by incorporating capacitors at load end.
■ Optimum loading of transformers in the system.

n.

■ Opting for lower resistance All Aluminum Alloy Conductors (AAAC) in place of
conventional Aluminum Cored Steel Reinforced (ACSR) lines

tio

■ Minimizing losses due to weak links in distribution network such as jumpers, loose

vt
u

so

lu

contacts, old brittle conductors.
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UNIT 5 & 6
ELECTRICAL EQUIPMENT AND POWER FACTOR
 correction & location of capacitors
 energy efficient motors,

in

 lighting basics, electrical tariff

n.

 Concept of ABT.

What is Power Factor?

tio

Power factor is the percentage of electricity that is being used to do useful work It is defined as
the ratio of 'active or actual power' used in the maul measured in watts or kilowatts ( or KW to
the 'apparent power expressed in volt-amperes or kilo Va-amperes (VA or KVA)

lu

Active Power W Power factor = or Apparent Power VA

The apparent power also referred to as total power delivered by utility company has. °
Components
Kw (kilowatts)

so

1) Productive Power' that powers the equipment and performs the useful work It is measured in
2) 'Reactive Power' that generates magnetic fields to produce field necessary for the operation of

vt
u

induction devices (AC motors, transformer, inductive furnaces, ovens etc ) It is measured in KV.
(Kilovolt-Ampere-Reactance) Reactive power produces no productive work An inductive motor
with power applied and no load on rms shaft should draw almost nil productive power, same no

output work is being accomplished until a load is applied The current associated with no-load
motor readings is almost entirely "Reactive" Power As a load is applied to shaft of the motor, the
'Reactive" Power requirement will change only a small amount The 'Productive Power' is the
power that is transferred from electrical energy to some other form of energy (such as heat
energy or mechanical energy) The apparent power is always in always in excess of the productive
power for inductive loads and is dependent on the type of machine in use The working power
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(KM a. reactive power (KV.), together make up apparent power which is measured in kilovolt-

n.

in

amperes (KVA) Graphically it can be represented as

Understanding Power Factor

tio

The cosine of the phase angle 0 between the KVA and the 1,KW components represents the
power factor of the load. KVAR represents the non-productive reactive power and 0 is lagging
KVA2= KW2 + KVAR2

lu

phase angle. The Relationship between KVA KW and KVAR is non-linear and is expressed

A power factor of 0.72 would mean that only 72% of your power is being used to do useful work.

so

Perfect power factor is 1.0. (Unity); meaning 100% of the power is being used for useful work.
Any industrial process using electric motors (to drive pumps. fans, conveyors. refrigeration plant
etc.) introduces inefficiencies into the electricity supply network by drawing additional currents,

vt
u

called "inductive reactive currents".

Although these currents produce no useful power they increase the load on the supplier's
switchgear & distribution network and on the consumer's switchgear & cabling. The inefficiency
is expressed as the ratio of useful power to total power (KW/KVA) known as Power Factor.

Typical uncorrected industrial power factor is 0.8. This means that a 1MVA transformer can only
supply 800KW or that a consumer can only draw 80 useful Amps from a 100Amp supply. To put
it the other way, a 3-phase 100KW load would draw 172A per phase instead of the 139A
expected. For inherently low power factor equipment, the utility company has to generate much
more current than is theoretically required. This excess current flows through generators, cables,
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and transformers in the same manner as the useful current. If steps are not taken to improve the
power factor of the load, all the equipment from the power station to the installation sub-circuit
wiring, has to be larger than necessary. This results in increased capital expenditure and higher
transmission and distribution losses throughout the whole network.
To discourage these inefficiencies the electricity companies charge for this wasted power. These
charges appear on electricity bills as "reactive power charges", "KVA maximum demand" or
"KVA availability charges". For instance known information taken from billing about electrical

in

system:
KVA = 1000, KW = 800, KVAR = 600, PF = .80

n.

Disadvantages of low power factor

Many engineers are oblivious to the effects of low power factor. They view it only as a direct
the utility company and must be paid for.
Direct costs of low power factor

tio

charge on their electrical bill, and only when stated as such. Low power factor is a direct cost to

lu

Power factor may be billed as one of or combination of, the following:
1) A penalty for power factor below and a credit for power factor above a predetermined
value,

so

2) An increasing penalty for decreasing power factor,
3) A charge on monthly KVAR Hours,

4) KVA demand: A straight charge is made for the maximum value of KVA used during the

vt
u

month. Included in this charge is a charge for KVAR since KVAR increase the amount of
KVA.

Indirect costs of low power factor
Loss in efficiency of the equipment: When an installation operates with a low power factor, the
amount of useful power available inside the installation at the distribution transformers is
considerably reduced due to the amount of reactive energy that the transformers have to carry.
The figure below indicates the available actual power of distribution equipment designed to
supply 1000KW
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Benefits of Power Factor Correction
Benefit 1 - Reduce Utility Power Bills
In areas where a KVA demand clause or some other form of low power factor penalty is
incorporated in the electric utility's power rate structure, removing system KVAR improves the
power factor reduce power bills by reducing the KVA. Most utility bills are influenced by KVAR
usage.

in

Benefit 2 – Increase System Capacity
The power factor improvement releases system capacity and permits additional loads (motors,
lighting, etc.) to be added without overloading the system. In a typical system with a 0.80 PF,

n.

only 800 KW of productive power is available out of 1000 KVA installed. By correcting the
system to unity (1.0 PF), the KW = KVA. Now the corrected system will support 1000 KW,
versus the 800 KW at the .80 PF uncorrected condition; an increase of 200 KW of productive

tio

power. This is achieved by adding capacitors which furnish the necessary magnetizing current for
induction motors and transformers. Capacitors reduce the current drawn from the power supply;
less current means lesser load on transformers and feeder.

lu

Benefit 3 - Improve System Operating Characteristics (Gain Voltage)
A good power factor (0.95) provides a "stiffer" voltage, typically a 1-2% voltage rise can be

so

expected when power factor is brought to +\-0.95. Excessive voltage drops can make your motors
sluggish, and cause them to overheat. Low voltage also interferes with lighting, the proper
application of motor controls and electrical and electronic instruments. Motor performance is

vt
u

improved and so is production. An estimate of voltage rise from the improved power factor with
the installation of power capacitors can be made using following equation:
Benefit 4 - Improve System Operating Characteristics (Reduce Line Losses)

Improving power factor at the load points shall relieve the system of transmitting reactive
current. Less current shall mean lower losses in the distribution system of the facility since losses
are proportional to the square of the current (I2R). Therefore, fewer kilowatt-hours need to be
purchased from the utility. An estimate of reduction of power losses can be made using following
equation:
Equipment Creating Poor Power Factor
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It is useful to have an idea of the value of the power factor of commonly used electrical
equipment. This will give an idea as to the amount of reactive energy that the network will have
to carry. Find below is the summary of power factor of commonly used electrical equipment.

Lighting
Incandescent Lamps: The power factor is equal to unity.

in

Fluorescent Lamps: Usually have a low power factor, for example, 50% power factor would not
be unusual. They are sometimes supplied with a compensation device to correct low power
factor.
but the lamps are often supplied with correction devices.

tio

Distribution Transformer

n.

Mercury Vapor Lamps: The power factor of the lamp is low; it can vary between 40% to 60%,

The power factor varies considerably as a function of the load and the design of the transformer.
Electrical Motors

lu

A completely unloaded transformer would be very inductive and have a very low power factor.

Induction Motors: The power factor varies in accordance with the load. Unloaded or lightly

so

loaded motors exhibit a low power factor. The variation can be 30% to 90%. Synchronous
Motors: Very good power factor when the excitation is properly adjusted.
Synchronous motors can be over excited to exhibit a leading power factor and can be used to

vt
u

compensate a low power system.
Industrial Heating

With resistance, as in ovens or dryers, the power factor is often closed to 100%. Welding Electric
arc welders generally have a low power factor, around 60%. Other types of machinery or
equipment those are likely to have a low power factor include:
Power Factor Correction
Power factor correction can be made in two ways:
1) Reduce the amount of reactive energy
2) Compensate artificially for the consumption of reactive energy with power factor capacitors.
In practice, two type of equipment are available for power factor correction:
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Rotary Equipment:
Phase advancers, synchronous motors and synchronous condensers. Where auto-synchronous
motors are employed the power factor correction may be a secondary function.

Capacitors:
Power factor correction is achieved by the addition of capacitors in parallel with the connected

in

motor circuits and can be applied at the starter, or applied at the switchboard or distribution
panel.

Capacitors connected at each starter and controlled by each starter is known as "Static Power

n.

Factor Correction" while capacitors connected at a distribution board and controlled
independently from the individual starters is known as "Bulk Correction".

tio

When installing equipment, the following points are normally considered:
Reliability of the equipment to be installed



Probable life of such equipment



Capital cost



Maintenance cost



Running cost



Space required and ease of installation

so

lu



Generally the cost of rotating machinery, both synchronous and phase advancing, makes its use

vt
u

uneconomical, except where one is using rotating plant for a dual function – drive and power
factor correction. In addition the wear and tear inherent in all rotating machines involves
additional expense for upkeep and maintenance. Capacitors have none of these disadvantages.
Compared with other forms of correction, the initial cost is very low, upkeep costs are minimal
and they can be used with the same high efficiency on all sizes of installation. They are compact,
reliable, highly efficient & convenient to install and lend themselves to individual, group or
automatic method of correction. These facts indicate that generally speaking, power factor
correction by means of capacitors is the most satisfactory and economical methods. The static
capacitor owing to its low losses, simplicity and high efficiency is now used almost universally
for power factor correction.
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Synchronous condensers
In

electrical

engineering

synchronous

condensers

(sometimes synchronous

capacitor or synchronous compensator) is a device identical to a synchronous motor, whose
shaft is not connected to anything but spin freely. Its purpose is not to convert electric power to
mechanical power or vice versa, but to adjust conditions on the electric power transmission grid.
Its field is controlled by a voltage regulator to either generate or absorb reactive power as needed
to adjust the grid's voltage, or to improve power factor. The condenser‘s installation and

in

operation are identical to large electric motors.

Increasing the device's field excitation results in its furnishing magnetizing power (kvars) to the

n.

system. Its principal advantage is the ease with which the amount of correction can be adjusted.
The energy stored in the rotor of the machine can also help stabilize a power system during short

tio

circuits or rapidly fluctuating loads such as electric arc furnaces. Large installations of
synchronous condensers are sometimes used in association with high-voltage direct
current converter stations to supply reactive power.

lu

Unlike a capacitor bank, the value of reactive power from a synchronous condenser can be
continuously adjusted. In addition, reactive power from a capacitor bank decreases with voltage
decrease, while a synchronous condenser can increase current as voltage decreases. However, it

so

does have higher losses than a static capacitor bank. Most synchronous condensers connected to
electrical grids are rated between 20 Mvar and 200 Mvar and many are hydrogen cooled.
As the load on a synchronous motor increases, the stator current Ia increases regardless of

vt
u

excitation. For under and over excited motors, the power factor (p.f.) tends to approach 1 with
increase in load. The change in power factor is greater than the change in Ia with increase in load.
The magnitude of armature current varies with excitation. The current has large value both for
low and high values of excitation. In between, it has minimum value corresponding to a certain
excitation. The variations of I with excitation are known as V curves because of their shape.
For the same output load, the armature current varies over a wide range and so causes the power
factor also to vary accordingly. When over-excited, the motor runs with leading power factor and
with lagging power factor when under-excited. In between, the power factor is unity. The
minimum armature current corresponds to unity power factor.
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An over-excited synchronous motor has a leading power factor. This makes it useful for power
factor correction of industrial loads. Both transformers and induction motors draw lagging
currents from the line. On light loads, the power drawn by induction motors has a large reactive
component and the power factor has a very low value. The current flowing to supply reactive
power creates losses in the power system. In an industrial plant, synchronous motors can be used
to supply some of the reactive power required by induction motors. This improves the plant
power factor and reduces supply current.

in

A synchronous condenser provides step-less automatic power factor correction with the ability to
produce up to 150% additional Mvars. The system produces no switching transients and is not

n.

affected by system electrical harmonics (some harmonics can even be absorbed by synchronous
condensers). They will not produce excessive voltage levels and are not susceptible to
electrical resonances. Because of the rotating inertia of the condenser, it can provide limited

tio

voltage support during short power outages.

The use of rotating synchronous condensers was common through the 1950s. They remain an
alternative (or a supplement) to capacitors for power factor correction because of problems that

lu

have been experienced with harmonics causing capacitor overheating and catastrophic failures.
Synchronous condensers are also very good for supporting voltage. The reactive power produced

so

by a capacitor bank is in direct proportion to the square of its terminal voltage, where a
synchronous condenser's reactive power declines less rapidly, and can be adjusted to compensate
for falling terminal voltage. This reactive power improves voltage regulation in situations such as
starting large motors, or where power must travel long distances from where it is generated to

vt
u

where it is used, as is the case with power wheeling, the transmission of electric power from one
geographic region through another within a set of interconnected electric power systems.
Synchronous condensers may also be referred to as Dynamic Power Factor Correction systems.
These machines can prove very effective when advanced controls are utilized. APLC based
controller with PF controller and regulator will allow the system to be set to meet a given power
factor or can be set to produce a specified amount of reactive power.
On an electric power system, synchronous condensers can be used to control the voltage on long
transmission lines, especially for lines with relatively high ratio of inductive reactance to
resistance.
Department of EEE, Vtusolution.in

Page 67

Vtusolution.in

Vtusolution.in

ENERGY AUDITING & DEMAND SIDE MANAGEMENT

10EE842

Now-a-days, electrical energy is universally used by all types of consumers. Domestically, it is
used for refrigeration, air-conditioning, TVs and for almost all household appliances. It is used to
small induction motors to lift water to the overhead tanks. Farmers extensively used it for lifting
water through three-phase induction motors for the purpose of agriculture. Industrially, most of
the machines that work in the industry are supplied by electrical energy. The percentage use of

1.

Domestic use: about 12%

2.

Agriculture : about 30%

3.

Industries

in

electrical energy by various types of consumers in our country is approximately as follows:

n.

: about 58%

tio

The electrical power may be supplied to the consumers either by a private company or public
supply. In most of the developed countries, the supply of electrical energy is privatized, but in
our country. It is through public supply. A.C electrical energy is extensively used as its voltage
can be easily stepped up or stepped down and cannot be stored. It has to be generated at a voltage

lu

(11 kV) and transmitted at a higher voltage (220 kV or 400 kV) and distributed to the consumers
at a lower voltage (400 V or 230 V). As the voltage of D.C electrical energy cannot be decreased

so

or increased greatly, it is used only for some special application. However, it can be stored in
small quantities in the form of cells and batteries.
The supplying agency has to change the consumers supplying electrical energy. The supply of

vt
u

electrical energy cost money and hence, it is necessary to recover these costs from the uses. This
recovery must be such that, all the costs involved in generation, transmission and distribution of
electrical energy is recovered along with a reasonable margin of profit. The supplying authorities
evolve a scheme for fixing these charges, which is known as tariff.

Tariff:
Tariff is the rate of payment of schedule of rates on the energy bill of the consumer is prepared.
There are different methods of charging different types of consumers depending on the type of
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load (domestic, commercial or industrial), maximum demand, time at which load is required,
power factor of the load and the amount of energy consumed.

Aims and objectives of tariff
The aims and objectives of tariff are:
i) The rates charged by the supplying agency must conform with the energy received by the

in

consumers.
ii) The recovery from the different types of consumers should be equitably distributed among
them, except in some cases where special concession have to be given to special type of

n.

consumers such as farmers, small scale industries, cottage industries etc.

iii) While framing the tariff, the supplying agencies should take into account all the costs

tio

involved from the point of generation to the point of the consumption. In addition to
generation, transmission and distribution costs, of metering, meter reading, billing, bill

Classification of costs

lu

collection and annual charges on capital investment should also be considered.

as:

so

The cost of generating electrical energy, its transmission and distribution can broadly classified
a. Fixed costs or standing costs

vt
u

b. Running costs or variable costs or operating costs

a) Fixed costs: The fixed costs are those costs which do not vary with the operation of the

generating plant and the connected equipment‘s which generate electrical energy. These costs are
independent of the number of units of electrical energy generated. This consists of
i)Interest on capital investment: fixed costs are necessary to purchase of machinery and

equipment and replacement of worn out and obsolete equipment‘s. The interest on this capital
investment is one of important components of the fixed charges.
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ii) Depreciation: when the building machinery and equipment are used for a number of years.
Their value gradually decreases and hence provision must be made to take into account
depreciation as a component of fixed charges.
iii) Various taxes levied by the government both state and central, insurance costs also form a
component of fixed cost.
iv) Salaries and wages of management people and workers.

in

v) Small portion of fuel cost and maintenance costs.

b) Running costs vary with the operation of the plant. They depend upon the number of kWhs

n.

generated and hence on the amount of fuel spent and other related charges. The running costs
comprise of

tio

i) Fuel costs: The plant requires fuel for its operation such as steam, oil or water. Hence fuel cost
is one of the main components of running costs.

ii) Small part of salaries and wages: supervisors and operators are required to handle the
requited to do certain operation.

lu

operations and a small part of that is considered as running cost as temporary staff has to be
iii) Maintenance costs: these costs of cooling water, lubricating oil and the cost of maintenance

so

and repairs to be done as and when required.

iv)Administration costs: these costs relate to promotion, legal aspects, engineering aspects and

vt
u

accounting charges.

Before finalizing a particular tariff, all the costs have to be considered in detail before fixing up
the costs for the various components of the tariff.
Factors governing a tariff:
Determination of the various costs incurred to generate electrical energy is not so difficult but
distributing these costs equitably to all the types of consumers is difficult. It requires good
engineering judgment and ultimately the tariff produced is a huge compromise as it is not
possible to satisfy all types if consumers. The following factors are considered in framing a tariff
in order to satisfy all types of consumers.
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i) Maximum or peak demand (M.D): The maximum demand of an installation is the greatest
of the demands that have occurred during a given period of one month or one year which is
expressed either in kilowatts (KW) or kilovolt (KVA). It is not the greatest instantaneous
demand. It is greatest average KW or KVA demand during a specified period of 1 minute, 5
minutes, 15 minutes, 30 minutes or any suitably relatively small period of time in a month or
year. The maximum demand determines KVA or KW capacity of the plant and hence, determines
maximum demand for short duration, without any adverse effects.

in

the capital investment cost of the plant. The generator and all the connected apparatus with

n.

ii) Demand factor: The demand factor of a plant system defined as the ratio of the maximum
demand in KW or KVA to the total load connected to the system.

------------------------------------------

lu

.‘. Demand factor =

tio

Maximum demand in KW or KVA

so

Total load in KW or KVA

For ex. Let the maximum demand over the specified period = 1.200 kW and total connected load
be 1,500 kW. Then, Demand factor =1,200

-------- =0.8 or 80%.

If the demand factor is more, then the maximum demand on the plant is more and the fixed

vt
u

charges increase. Hence, the demand factor must be low keep down these charges. Low demand
factor also reduces running charges. Lighting loads have almost constant demand factors, as their
rating is fixed. However, the industrial loads change abruptly and the demand factor also
changes.

iii) Diversity factor (D.F):
Diversity factor is defined when different types of loads such as domestic, power and industrial
loads are connected to a station which is supplying electricity to a particular locality. There is
diversification of loads and different types of loads are ON during different of intervals of time.
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Diversity factor is defined as the ratio of the sum of all the individual maximum demands of the
loads to the simultaneous maximum demand of all the loads.
Sum of all the consumer‘s maximum demands
D.F=

-------------------------------------------------------- =

ECMD
--------MD

in

Station maximum demands

ECMD

n.

Or M.D = ---------D.F

tio

Diversity factors is always greater then unity. The greater is the diversity factor, less will be the
station capital costs and hence less will be the fixed charges on the consumers.
For Ex. Consider a station having different types of loads such as lighting load =10 kW,

lu

Power load=20 kW, industrial load =50 kW.
Then, E C.M.D. = 50+20+10=80kW

so

But at any point of time, let the maximum power drawn is not more than 50 kW,
The diversity factor is given by
80

vt
u

E CMD
D.F= --------- =
MD

----- =1.6
50

iv) Load factor (L.F):

No consumer switches ON all his simultaneously. He switches them ON only for the duration he
requires them. If we draw a graph of the load power demand in kW required at every instant
during a certain time interval we get a curve known as the ‗load duration curve‘
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This curve is drawn for a day i.e.24 hours of a day. Hence, it is called as ‗daily load curve‘. The
area under the curve gives the energy consumed by the load in kWhs per day. In a similar way
‗monthly load curve‘ and ‗annual load curve‘ also can be drawn.
BEFGHIJ is the regular daily load curve. A rectangular curve MCDO is drawn such that the area
under the curve BEFGHIJD is equal to the area rectangle MCDO. Then the height OM represents
the average demand in kW which is given by
Total energy drawn in kWhs

in

Average demand in kW= ----------------------------------

n.

Duration in hours

.‗. A.D = ----------------------------------Duration in hours

tio

Area under the curve MCDO

For the daily load curve, the duration is 24 hours. The load factor is defined as the ratio of the

lu

average demand in kW to the maximum demand in kW.
A.D in kW
-------------

so

.‘. L.F =

M.D in kW

The load factors calculated for a day is ‗daily load factor‘. If it is calculated for a month, it is

vt
u

known as ‗monthly load factor‘ and if it is calculated for a year, it is known as ‗annual load
factor‘.

Average demand per day in kW

Daily load factor = ---------------------------------------------Maximum demand during the day in kW

Average demand per month in kW
Monthly load factor = ------------------------------------------------Maximum demand during the month in kW
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Average demand per year in kW
Annual load factor = --------------------------------------------------Maximum demand during the year in kW

The load factor helps in fixing the running charges i.e. charge per kWh of energy consumed by

in

the consumer.

Cost per kWh = -------------------------------

tio

Number of kWhs supplied

n.

Net running costs

Total kWhs supplied per year = average demand in kW * 8,760 hours

lu

= A.D * 8,760 kWhs

so

= L.F * M.D * 8,760 kWhs (as per equation 4.2)

Net running cost

.‘. Cost per kWh = -----------------------

vt
u

L.F * M.D * 8,760

Form equation (4.3), we find that the cost per unit decreases by raising the maximum demand.
Maximum demand can be increased by increasing the L.F.

From equation (4.3), we also find that the running charges can be decreased by raising the
maximum demand. Maximum demand can be increased by increasing the consumers, maximum
demand, which can be done by suitably staggering the load supply to different types of
consumers.
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v) Power factor (P.F): we know that power factor is given by the ratio of the true power to the
apparent power.
kW = kVA * cos$ true power
When the power drawn remains constant, if the p.f of the system is low, and then kVA of the
generating plant has to be increased. If the generated voltage remains constant, then to maintain
constant power, the current drawn by the load increases. This increase in current increases the
copper loss (i^R loss) and the voltage drop in the line also increases. Therefore, the consumers

in

must be encouraged to improve the p.fs of loads. This can be done by making the fixed charges

n.

on the basis of maximum kVA demand instead of maximum kW demand.

vi) Utilization factor (U.F): The utilization factor is defined as the ratio of the maximum

tio

demand on the generating station on the installed capacity of the plant.

Max. demand on the generating station

-----------------------------------------------

lu

U.F =

so

Installed capacity of the plant

The U.F is low; it means that the plant has been installed much in advance need. A high value
indicates that the plant is more efficient. If its value exceeds unity, it means that the plant is

vt
u

overloaded. For reducing energy costs, the U.F must be very close to unity.

vii) Plant capacity factor: plant capacity factor is the ratio of actual energy produced to the
maximum possible energy that the plant is capable of producing during the same period. It can be
also be defined as the ratio of the rated capacity of the plant.

Total kWhs generating the a period

Average demand

Plant capacity factor = ---------------------------------------------- = -------------------Installed capacity * hours in the period
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Max. demand

= ----------------------- * -----------------Maximum demand

Rated capacity

= Load factor * utilization factor

viii)

in

For reducing energy charges, the plant use factor must be more.

Plant use factor: It is the ratio of the actual enerage generated during

plant is actually in operation.
Total kWhs generated

n.

given period of time to the product of the capacity of the plant and number of hours for which the

tio

Plant use factor = -------------------------------------------------------------------------

Requirements of good tariff

lu

Rated capacity of the plant in kW * No. of ours the plant is operation

The requirements of a good tariff are:

so

i) The tariff should be fair for both supplies and consumers. It should correspond to the actual
cost of supplying energy with a marginal profit

vt
u

ii) It should be impartial, uniform and must be supplied with same conditions to all the
consumers of the same type.

iii) A good tariff must take into account both the fixed charges and the running charges and keep
them as minimum as possible. This can be achieved by having diversity factor, due to which the
fixed charges are minimized.

iv) The load factor must be more which reduces the running costs.
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v) A good tariff must be simple so that, the consumer is able to understand it and the can be
easily prepared.
vi) It should encourage the consumer to work their loads at high power factors, which reduces the
fixed costs on maximum kVA demand.
vii) The metering equipment must be simple and cheap.
viii) There should be separate charges for H.T supply and L.T supply. It should be lower for H.T
consumers than L.T consumers, because in the case of H.T consumers, the authorities are relived

in

of the investment cost on the sub-station equipment cost and its maintenance.

ix) A good tariff should promote the cause of socialism, such as supplying energy at reduced

n.

rates to poorer and backward sections of the society than the richer sections.

tio

Components of a tariff

Different supplying agencies have proposed different tariffs from time to time. However, all of
them have a general formula as given below:

lu

C = Ax + By + D

Where, C= Total charges for a certain period (say one month)

so

X = Maximum demand during that period ( kW or kVA)
Y = Total energy consumed during that period
A = Cost per kW or kVA of maximum demand. This charge takes care

vt
u

Of the fixed charges

B = Cost per kWh of energy consumed. This charge takes care of
The running charges

D = Fixed charge during each billing period. This charge takes care of
Service charges, surcharge, tax or any other charge which is
Independent of maximum kW or kVA demand and energy charges
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Types of tariffs
Some of the important types of the tariff are described as follows:
i) Flat demand rate tariff: The flat demand rate tariff is expressed in the form C=Ax. The bill
depends on only the maximum demand and is independent of the energy consumed. This type of
tariff is used when the hours of use of loads are know in advance such as street lighting, single
system, sign lighting etc. the charge is based on the number of lamps installed or on the basis of
the total connected load. Metering is not required in this type of tariff.

in

ii) Flat rate tariff: This type of tariff is given by the relation C = By. The bill depends only on
the amount of energy consumed. Charges are made as a simple flat-rate per kWh. Different types

n.

of loads are charged at different rates. Hence, separate energy meters are to be installed for
different types of loads such as lighting, power loads (heaters, geysers, boilers etc). The main
advantage of this method is that, it is very simple and he consumer does not waste any energy.

tio

The disadvantages is that, if the consumer does not use energy for a particular period, he need not
pay any charges and the fixed charges incurred by the supplying agency is not recovered from the
consumer.

lu

iii) Step rate tariff: In this type of tariff, the energy consumption is divided into different blocks
and different charges are fixed for different blocks. Earlier, when the electrical energy was

so

available in plenty, to encourage the consumers to use more energy, the rate per unit for the first
block of units is the highest and it decreases for the succeeding blocks. This type of tariff does
not encourage conservation of energy. Now-a-days, when there is energy crisis, the rate per unit

vt
u

for the first block is the lowest and increases for the succeeding blocks.

For Ex: The first 100 units are charged at Rs.1.50 per unit. The next

100 units at Rs.2.00 per units and the additional units may be Charged at Rs.3.00 per unit.
This type of tariff is normally used for domestic and commercial Consumers.

iv) Power factor tariffs: In this type of tariff, the charges are divided into two components. The
first component is the fixed charges which depend on the maximum kW or kVA demand. The
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second component is the running charge which depends on the energy consumed. The tariff is
expressed as C = Ax + By, where
A = charge per kW or kVA maximum demand
X = kW or kVA maximum demand
B = charge per kWh of energy consumed
The maximum demand can be taken as a certain fraction of the connected load or measured by a

in

maximum demand indicator. The consumer is not happy about this type of tariff, because he has
to pay the fixed charges, even if he does not consume any energy. This type of tariff is normally
used for industrial consumers. For such consumers, the fixed charges are charged on the basis of

n.

maximum kVA demand rater than maximum kW demand,

Because kVA =----and the consumer tries to maintain a good p.f of his load by installing Cos $ a

tio

p.f improvement device in order to reduce fixed charges.

v) Power factors tariff: If the consumer loads have poor p.f , the kVA demand increases for a

lu

constant kW supplied. The supplier has to increase. Due to low p.f, more current flows through
the system, which increases the copper loss and transmission efficiency decreases. Thus
consumers, who operate their loads at low p.fs ‗power factor tariff‘ is offered to them, which

so

forces the consumers to improve the p.f of their loads or pay a penalty for operating their loads at
low p.fs. The following are three different types of power factor tariffs offered.

vt
u

a) KVA maximum demand tariff: In this type of tariff, the fixed charge is based

on

maximum kVA demand instead of maximum kW demand. If the p.f of consumer load is poor, for
a given kW load, the kVA demand increases and hence the consumer has to pay more. On the
other hand, the consumer tries to improve the p.f of his load by installing a p.f improvement
device, which will be more economical.

b) KWh and kVARh tariff: in this type of tariff, the consumer not only

pays for the real

energy consumed i.e.kWhs but also the reactive energy kVARh. If the p.f is low, consumer has to
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pay more for kVARh. Hence, he tries to improve the p.f by installing a p.f improvement device
due to which the reactive energy kVARh decreases

c) P.f penalty or bonus tariff: in this type of tariff, a certain p.f says 0.9 lagging is taken as the
reference p.f. If the load p.f is less than this, the consumer is penalized. On the other hand, of the
p.f is more than 0.9, he will be rewarded with a bonus. Normally, the p.f penalty or bonus will be
a certain amount per month for every decrease or increase of p.f by 0.01. This is one form of

in

surcharge levied on the customer.

n.

vi) Three-part tariff: This is the only tariff which truly passes on all types of costs incurred by
the company to the consumer under all conditions of load. In this type of tariff, the changes are

tio

divided into three components and is expressed as
C = Ax + By + D

And all these components are explained in section 4.6. the constant A takes care of the charges
for kW or kVA maximum demand i.e. fixed charges. The constant B takes care of the charges for

lu

the actual energy consumed i.e. running charges. The constant D takes care of the services
charges.

so

charges, surcharges, tax or any other charge except maximum demand charges and energy

Vii) Welding tariff: in resistance welding and arc welding. Very large currents are drawn from

vt
u

the supply for short duration of time. In spot welding, the welding time is usually less then a
second or even may last less than one cycle. The voltage regulation of the system is affected by
this and the neighboring loads are affected. The short welding currents may not be recorded and
the p.f is also low. Therefore any type of tariff described will not take into account this
instantaneous maximum current demand. In such cases, the tariff is modified to levy extra
charges on the rated kVA of the welding equipment. The rate may be increased for higher kVA
ratings, depending on the number of welding sets used.

Department of EEE, Vtusolution.in

Page 80

Vtusolution.in

Vtusolution.in

ENERGY AUDITING & DEMAND SIDE MANAGEMENT

10EE842

UNIT - 7 & 8
DEMAND SIDE MANAGEMENT
 Introduction to DSM, concept of DSM, benefits of DSM
 different techniques of DSM – time of day pricing

in

 multi-utility power exchange model, time of day models for planning
 load management, load priority technique, peak clipping, peak shifting, valley filling

n.

 strategic conservation
 energy efficient equipment

tio

 Management and Organization of Energy Conservation awareness Programs
Introduction to DSM

lu

Demand Side Management (DSM) means managing of the demand for power, by utilities /
Distribution companies, among some or all its customers to meet current or future needs. DSM
programs result in energy and / or demand reduction. For example, under this process, the

so

demand can be shifted from peak to off peak hours thereby reducing the need for buying
expensive imported power during peak hours. DSM also enables end-users to better manage their
load curve and thus improves the profitability. Potential energy saving through DSM is treated

vt
u

same as new additions on the supply side in MWs. DSM can reduce the capital needs for power
capacity expansion.

A pilot study undertaken by BEE has indicated energy saving potential of 40% by replacement
of inefficient pumps with Star rated pump sets. BEE has prepared an Agricultural DSM (Ag.
DSM) programme in which pump set efficiency up gradation could be carried out by an Energy
Service Company (ESCOs) or Distribution Company. The implementation for replacement of
inefficient pumps with Star rated pump sets will be done through the ESCO/Utility who would
invest in energy efficiency measures on a rural pump set feeder on which supply quality
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enhancements (such as feeder segregation & High Voltage Direct Supply (HVDS) have already
been carried out.
Almost all municipal bodies depend on government support to meet their development and
operating expenses. Government of India, through the Bureau of Energy Efficiency has initiated
a municipality DSM programme to cover 175 municipalities in the country by conducting
investment grade energy

in

Energy demand management, also known as demand side management (DSM), is the
modification of consumer demand for energy through various methods such as financial
incentives and education. Usually, the goal of demand side management is to encourage the

n.

consumer to use less energy during peak hours, or to move the time of energy use to off-peak
times such as nighttime and weekends.[1] Peak demand management does not necessarily

tio

decrease total energy consumption, but could be expected to reduce the need for investments in
networks and/or power plants.
Concept of DSM

lu

The concept of demand-side management (DSM) has been introduced in the USA, more
specifically in the electricity industry, in the mid-eighties. It has been originally defined as the

so

planning, implementation and monitoring of a set of programmes and actions carried out by
electric utilities to influence energy demand in order to modify electric load curves in a way
which is advantageous to the utilities. Changes in load curves must decrease electric systems
running costs - both production and delivery costs -, and also allow for deferring or even

vt
u

avoiding some investments in supply-side capacity expansion. Thus, DSM has been driven by
strict economic reasons. Energy efficiency was a privileged instrument for DSM implementation,
as will be seen. Hence, in societal terms, this was a typical win-win situation, as consumers
would also benefit from cheaper energy services, as overall efficiency would increase.
DSM has been a major breakthrough that led to a great deal of innovation, both at business
management and at technological development, and also to huge environmental benefits. Yet, a
great number of DSM tools already existed previously to the concept, and had been in use by
many utilities, namely those tools related to remote load control, known as load management
(LM). But LM aims predominantly at influencing power use - the amount of energy used by unit
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of time, at specific times. Energy efficiency was actually a newcomer to the business, brought by
DSM to the portfolio of utility management options.
There are six main objectives defined in the context of DSM, known as: peak clipping, valley
filling, load shifting, flexible load curve, strategic conservation and strategic load growth.
Apart from strategic load growth (SLG), all other options require that the utility's system is under
pressure and requires either capacity expansion or load relief. Cost-benefit analysis will dictate

in

which options to adopt. In many cases utilities have opted for DSM in order to avoid or postpone
important financial stresses.

n.

In general, DSM implementation options may be classified into several different broad
categories: customer education, direct customer contact, trade ally co-operation, advertising and
promotion, alternative pricing, direct incentives. Some measures pin-pointed in the text below

tio

are examples of some of them.

Different techniques of DSM – time of day pricing

lu

Cost of supply is not constant for any type of energy delivery, be it electricity, gas or heated
water. Variations of demand per unit time within a given period of time cause variable operating
conditions that correspond to variable system running cost. The causes for variations are

so

different among energy forms but variations always exist. Tariff systems with multi rate structure
are, in general, an adequate response to variable costs of supply, as they correspond to pass on to
consumers an approximate image of supply cost variations -- they are usually based on long term

vt
u

previsions of marginal cost of delivery. In the electricity business multi rate tariffs are already
traditional, at least to certain customer classes. The same does not apply with the same extension
to other utilities, mainly because of technical and management difficulties. The alternative is the
so-called flat rate, meaning a constant price, independent of cost of supply variations.
Multi rate tariffs potentially lead to a reaction of demand that depends on its actual elasticity with
price, which is in principle beneficial to both sides -- supplier and consumers. These tend to see
positively the possibility of controlling more effectively their bills. Indirectly, demand reaction
will induce variations on the level of emissions. Theoretically there is a reciprocal influence
between prices and demand level, depending on elasticity, which corresponds in general to an
efficient use of supply resources.
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Dynamic pricing schemes require adequate technology that harmoniously suits also telemetering
needs. Hence, if telemetering in itself is attractive enough for utilities, dynamic prices represent
only a marginal technological demand. In point of fact, the bi-directional communication
capability of telemetering systems is adequate for broadcasting the price signal associated to
dynamic pricing. The additional requirement is due to the fact that the consumer must have some
means of responding automatically to price signal levels. Terminal metering equipment must
then have two additional functions: appropriate interactivity for setting parameters and power

in

interfaces for connecting and disconnecting loads / consuming devices according to the
parameters and the price value -- configuring the well-known "smart meters".

n.

With a much smaller penetration than telemetering equipment, smart meters have though a field
application history of more than ten years, which turn them into a viable option for price induced
consumer behavioral changes.Telemetering in itself has the accrued advantage of allowing an

tio

accurate assessment of price elasticity of demand, whatever the final energy form considered.
Adequate tariff rate adjustments are thus possible, for the benefit of suppliers and consumers,
who both may use available resources more rationally and, hence, for the benefit of society at

lu

large.

For example, multi rate tariff options presently available in the Portuguese tariff system of

so

electricity allow an acceptable approach to price induced DSM, although not so efficient as
dynamic pricing. The possibility may be considered of conveying new contracts of electricity
supply to low-voltage consumers with small contractual power, by default to a two-block rate

vt
u

option, unless the consumer explicitly prefers the flat rate option. This approach demands that
consumers can be well informed, requiring adequately prepared utility personnel for interfacing
with clients. The lack of tradition of multi block rates for the other forms of energy is surely a
barrier to implementation of similar approaches. However, if integrated telemetering will be
available, it will be possible to assess their feasibility after some time.
It

is obvious that flat rate options are attractive to utilities especially in situations of franchise

market, privately owned supplier companies and enough available capacity in view of present
and forecast demand levels. They are the best option for the supplier that wishes to rapidly
recover its investment on assets but are certainly in opposition to DSM and to emissions
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containment. Hence, price induced DSM success depends heavily on suppliers' attitudes towards
this issue, ultimately on regulatory frameworks.
Energy storage
The existence of a DHC system at the EXPO'98 site apparently would discourage the adoption of
energy storage systems (ESS) in buildings, as heat and cold will be constantly available
everywhere. Nevertheless, the expected good thermal inertia of buildings designed according to

in

the terms of reference turns them into good candidates to the inclusion of thermal energy storage.
This opens the possibility of competition between the DHC network operator and equipment
manufacturers/suppliers that manage to install efficient enough ESS to be competitive. Presently,

n.

electricity being the only energy source with foreseeable multi block rates, represents the most
apparent candidate for feeding ESS in buildings. Combining energy storage with efficient

tio

equipment options may lead to the use of reversible heat pump as the heat or cold source to
storage containers. The possible combination with solar active systems will be referred later.
The advantages of ESS at end-users' premises for the electric distribution utility in EXPO'98

lu

may not be evident, at least in the short-term, because there are no constraints of supply capacity
that could otherwise make the utility welcome a demand reduction during on-peak hours, thence

so

stimulating final users to adopt ESS.

Multi-utility power exchange model, time of day models for planning
Time-of-Day Modeling Procedures: State-of-the-Practice, State-of-the-Art

vt
u

Standard Approaches

The purpose of time-of-day travel demand models is to produce traffic assignment results that
more accurately reflect the capacity restraining impact of the highway network on traffic
volumes and speeds. In highly congested areas, particularly large urban areas, the finite amount
of physical highway capacity results in the spreading of the peak periods. While it is not possible
for a roadway to carry an hourly volume of traffic that is greater than its theoretical maximum
capacity, the highway assignment algorithms commonly used can produce traffic volumes on
roadways that exceed the capacity. In these cases, the volume of traffic assigned during the peak
periods must be constrained and change as the capacity of the highway system is reached. This
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can be done by using a simulation-based or dynamic assignment procedure or by increasing the
time period over which the volume can be assigned. Several methods have been developed that
account for this spreading out of the peak volumes.
In most smaller to medium-sized urban areas the peak periods have not spread to the same extent
as those in the larger areas. In these areas, while there are capacity restraints at some localized
points in the highway system, the overall highway system has not reached capacity during the

in

peak period, and traditional assignment procedures can adequately reflect highway capacity.
Rather than shifting to another time period, the vehicles shift to alternative routes that are
uncongested. For these smaller to medium-sized areas (and even for some large areas),

n.

historically the method for obtaining daily capacity restrained traffic assignments has been to
multiply the hourly capacity by a constant factor, say 10, to reflect the "daily" highway capacity.
This is based on the assumption that the peak hour traffic represents about 10 percent of the daily

tio

volumes.

Most microcomputer transportation demand modeling software programs contain parameters
with this simplistic approach:

This type of factoring does not account for the differences in peaking characteristics

so



lu

which are used to adjust for daily capacity constrained assignments. There are several problems

among different locations in the network; and


The directional imbalance of traffic volumes during the a.m. and p.m. peak periods is not

vt
u

considered.

Trips occur at different rates at different times of the day. Typically, there are one or more peaks
in daily travel. The dominant weekday peak periods are in the morning (a.m. peak period) and in
the late afternoon (p.m. peak period). A peak period can be characterized by its maximum trip
rate (in trips per unit time). The peak hour is the hour during which the maximum traffic occurs.
The portions of the peak before and after the peak hour are called the "shoulders of the peak."
The choice of which peak period(s) to model must be made taking in account such
considerations as the availability of count data, previous modeling efforts, local conditions, and
the applications for which the model is intended. Air quality problems may point to a need for
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information about a particular peak period. For example, the a.m. peak is most critical for ozone
purposes, since morning emissions of volatile organic compounds (VOC) and nitrous oxide
(NOx) have a longer time to react to light than do pollutants emitted in the p.m. peak. As a result,
ozone (O3) concentrations typically peak during the late-morning or early-afternoon hours. On
the other hand, areawide traffic volumes and congestion are typically higher during the afternoon
peak than at other times of day; CO concentrations are also typically higher in the afternoon and
evening hours. Hence an area with a CO problem may need to devote modeling resources to the

in

p.m. peak.

The length of peak periods to be represented in the models also must be decided. While it is

n.

common to specify a one-hour peak period, many metropolitan areas have some facilities
experiencing congestion for several hours a day, and so have defined peak periods that are at
least two or three hours long. Network capacities are defined for the entire peak period,

tio

effectively allowing for "peak spreading" within the peak period. An implicit modeling
assumption here is that most trips can be completed within the peak period.

lu

The time-of-day factor (TODF) is the ratio of vehicle trips made in a peak period (or peak hour)
to vehicle trips in some given base period, usually a day. Time-of-day factors are most
commonly specified as exogenous values that are fixed and independent of congestion levels. If

so

applied prior to trip assignment these time-of-day factors are usually determined from household
activity/travel survey data and from transit on-board and auto intercept surveys, with a separate
TODF for each trip purpose. If applied after assignment, the peaks' timing and duration are

vt
u

generally estimated from traffic data (e.g., 24-hour machine counts on streets and highways,
transit counts, or truck counts), perhaps interpreted and adjusted based on data from special
studies (e.g., travel surveys of workplaces and customer-serving businesses in a particular area or
driveway counts at major activity centers). Occasionally, time-of-day factors are borrowed from

other areas and adjusted during the model calibration process. However, this practice has severe
limitations because TODFs are highly dependent on each area's characteristics such as facility
design and capacity, types of employment, and local custom and business practices.
Peaking also has been estimated by extrapolation from work trip data, in applications that model
only work trip models. In these cases, the peak period work trip table is expanded to represent
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trips for all purposes during the peak period (or for the entire day), with the expansion factors
derived from full runs of the regional model system (if a subarea application), from survey data,
or even from national sources. Although this approach is fairly common in subregional planning
and design applications, it is not a substitute for having and using a complete set of work and
non-work travel demand models, and is not recommended as the primary means of conducting
major transportation analyses.

in

There are several commonly employed methods for accounting for time-of-day of travel in the
four-step process. To proceed from the initial daily trip generation estimates to the volume
estimates by time period, average daily travel estimates must be converted to trips by time

After trip assignment;



Between mode choice and trip assignment;



Between trip distribution and mode choice; and



Between trip generation and trip distribution.

lu

tio



n.

period. This can happen at four places in the modeling process:

Description

so

Time-of-Day Modeling After Trip Assignment

In this method, the assigned daily link volumes are factored to produce volume estimates by
time-of-day. This method is the simplest and probably the most commonly used. The postassignment static technique uses a daily traffic assignment as a basis. In its simplest form, peak

vt
u

hour factors (usually in the range of 8 to 12 percent) are used to reflect peak period link-level
travel demand. Describes the process of time-of-day modeling after trip assignment. The daily
assigned volumes are multiplied by the peak period factor to estimate peak period demands. The
technique can be refined to reflect different peak period percentages as shown in Link capacities
should also be varied by area type and facility type to ensure consistency between the "supply"
represented to the assignment and the final volume estimates. A directional split percentage (e.g.,
60 percent), derived from observed traffic conditions, is applied to obtain link-level peak
volumes.
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Applicability
This procedure does not allow consideration of time-of-day related level of service
characteristics in the travel demand models. In addition, equilibrium assignment on a daily basis
is much less meaningful than assignment for shorter, more homogeneous periods where concepts
such as capacity have more meaning.
This procedure yields only a rough approximation of link- or corridor-level peaking, though it

in

may suffice for smaller MPOs where the duration and intensity of congestion are limited. In
general, there is little reason to expect specific facilities to exhibit the same peaking patterns or
characteristics as "regional averages," and application of a fixed TODF may be a significant

n.

source of error.

This post-assignment TOD factoring technique is useful for smaller urbanized areas where the

tio

peak periods have not spread to the extent of those in larger urban areas. However, this technique
is a static approach that does not account for localized effects of changes in demand, nor does it
fully account for the impacts of assigned traffic volumes exceeding capacities on links. The

lu

impact of the localized effects can be demonstrated by the following example. Suppose a
suburban cross-town arterial is bounded by vacant land in a base-year assignment. If the factors
presented in are used, 8.5 percent of the daily volume would occur in the peak period. However,

so

suppose that the vacant land is developed into a major suburban office park in the future. In such
a case, it is likely that the future peak hour percentage for the arterial in the proximity of the
office park would be greater than 8.5 percent. The post-assignment static technique would not

vt
u

reflect this change.

Another limitation is a lack of consistency in the modeling process. Trip generation, trip
distribution, and mode choice are performed using daily trips. Some "consistency" can be
provided by performing trip distribution and mode choice for home-based work trips using peak
period travel impedances, with off-peak period impedances used for other trip purposes.
Time-of-Day Modeling between Mode Choice and Trip Assignment
Description
A second procedure for accounting for time-of-day travel is time-of-day modeling between mode
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choice and trip assignment, or diurnal-direction split factoring. This widely used procedure
factors the purpose – and mode-specific, daily trip tables produced by the mode choice model.
These trip tables are then used as inputs to time period-specific trip assignments. For example,
three time periods may be used: morning peak, afternoon peak, and off-peak. Peak hours, rather
than peak periods, are modeled in some regions. Daily traffic volumes are produced by adding
up the results of the morning, afternoon, and off-peak period traffic assignments. An example of

in

this procedure is shown in for auto and transit trips, respectively.
Directional splits (e.g., home to work vs. work to home) must be determined as part of this
process. If peak period to peak hour conversions are also done at this point, some level of service

n.

or trip characteristics can be considered in the development of factors. For example, trip length
and congested travel time can be a consideration in determining whether peak period auto trips

tio

occur during the peak hour.

The process for preparing peak hour directional trip tables requires the factoring of the person or
vehicle production-attraction formatted trip tables to peak hour (or period) origin-destination

lu

formatted vehicle trip tables. The data required include an hourly distribution of trips across the
day. These should be by trip purpose, usually grouped into home-based work, home-based nonwork, and non-home-based. From this diurnal distribution of trips, factors are developed which

so

represent the percentages of the trips (by purpose) during each hour and for each direction,
production-to-attraction or attraction-to-production. The hourly distribution is developed from
local travel survey data. The production-attraction formatted trip tables are multiplied by the

vt
u

appropriate factors and transposed where necessary to produce balanced origin-destination trip
tables.

The diurnal factors are best derived from household travel survey data. Person-trips by time-ofday and by trip purpose are required for diurnal factor derivation. Also, a good estimate of auto
occupancy rates by purpose and time-of-day is also required. If the region is using a mode choice
model to produce the auto vehicle trips then the model results should be compared with observed
auto occupancy rates.
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so

lu

tio

n.

in

Energy efficient equipment
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ENERGY AUDITING & DEMAND SIDE MANAGEMENT

Burning fossil fuels -- and the subsequent release of carbon dioxide -- is the primary cause of
global warming and climate change. Burning fossil fuels, including burning them to generate
purchased electricity, is also the primary source of GHG emissions at colleges and universities. It
follows, then, that the first and foremost campus GHG emissions mitigation strategy is energy
conservation and energy efficiency improvements to reduce the use of fossil fuels.
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The Power of End-Use Energy Conservation
**Nothing is cleaner than the BTU or kilowatt hour of energy that you don‘t need, don‘t
consume, and therefore that doesn‘t need to be produced or generated. **
Energy production and consumption have social and environmental impacts. Energy
conservation avoids these impacts. Prevention is better than a cure.

in

End-use energy conservation has great power because units of energy saved at the point of use
can save many times that amount of energy when the inefficiencies of energy production and

n.

distribution are taken into account. As this illustration below (redrawn from an illustration from
Rocky Mountain Institute) shows, turning off a pump that produces work equal to 9.5 units of
energy saves 100 units of input energy at the power plant -- and it saves even more energy than

vt
u

so

lu

tio

that if we consider the energy it takes to produce and deliver fuel to that power plant.

Suppose we need that pump to run but not at full speed. If we reduce the flow/speed of the pump
by only 21%, the work the pump does decreases by 50% (i.e. 4.75 units of work energy output).
This slight reduction can save 50 units of energy at the power plant! Since the pump in this
illustration is running on electricity generated by burning coal, this example of end use
conservation produces substantial reductions in carbon dioxide emissions – thus helping to put
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the brakes on climate change. Imagine the impact of turning off or turning down all those pumps,
fans, lights, and other energy-using appliances on campus that don‘t need to be on right now.
Energy savings of this magnitude are wildly exciting to contemplate
Energy Conservation Program Elements
Here are key components of an effective campus energy conservation program to reduce energy

in

use and GHG emissions from campus operations:
Strong Program Leadership

n.

An energy officer to develop energy conservation measures and projects and catalyze the
entire effort.Full support from facilities leadership, the chief business officer, and the president
Enhanced Energy Awareness Aggressive Energy Conservation Policies which address:
Heating and cooling season temperature settings



Building HVAC and fan operating schedules



Computer operations and "green computing"



Ban on all incandescent bulbs and halogen torchiere lamps (the latter is also a
safety issue)

lu

tio



Energy purchasing (including buying green power)



Energy efficiency purchasing standards for various types of equipment -- hopefully

so



going beyond Energy Star compliance


Improved space utilization to avoid new construction or heating/cooling of

vt
u

underused space



Energy efficiency standards for new construction



Restrictions on the use of portable space heaters



Energy practices in on-campus residence halls and student apartments



Residential appliance policies (e.g. load limits per room, ban refrigerators, TVs,
microwaves, etc.)



Curtailment periods when campus use is minimal and energy shutdowns can be
implemented
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Engaged Facilities Operations
An active facilities energy conservation committee which meets regularly and is encouraged
and empowered by the physical plant director (and campus leadership) to push the envelope
and aggressively pursue all conservation opportunities
Comprehensive implementation of no cost/low cost operational measures – e.g. temperature
set-points, equipment run-times and building occupancy hours, etc. -- that push the envelope,
i.e. risk complaints

in

Adequate facilities staffing levels – especially HVAC controls technicians, heating and power
plant operators, mechanics, and electricians -- to operate the campus efficiently and readily
implement energy conservation measures and projects in-house

n.

Periodic re-commissioning of all existing buildings to optimize energy efficiency

Facilities staff performance appraisals that evaluate staff on commitment to energy

tio

conservation

Empowerment of highly motivated staff who are anxious to implement energy conservation
measures

Rewarding of staff who identify conservation opportunities and implement conservation

lu

measures

Reconsideration of the timing of the academic calendar to better align it with periods of least

so

energy cost operation, e.g. in cold regions this might involve shifting academic activity and
campus occupancy away from the coldest months and implementing a partial campus
shutdown during that period

vt
u

Energy Smart Capital Improvement Program
Tough energy efficiency standards for all renovations and capital improvement programs
Prioritization of projects which conserve energy and improve efficiency

Deliberate Targeting of Worst Offenders
Specific, aggressive, comprehensive targeting of the most energy intensive and energy
wasteful buildings and energy systems, e.g.:Electric heating
Large outside air ventilation systems (e.g. in lab buildings)
Fan systems which operate at full capacity when actual occupancy is mostly a lot less


Heating and power plants



Super-computers
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Energy Performance Contracting



Maximizing the scope, effectiveness, and benefits of performance contracting, i.e. large
comprehensive, self-financed projects involving energy service companies (ESCOs). (See
detail in the "Performance Contracting" section)



Green Computing



Purchase of ENERGY STAR computers and monitors.



Requirement that computers have power management features engaged and are shut off

in

when offices are closed. US EPA ENERGY STAR offers free software and technical
assistance to help universities activate power management features across a network


n.

Operation of computer labs to match operating computers to customer load

Full cooperation of campus IT departments in the design and operation of networked and
campus-wide computer systems

Highest standards of efficient design for super-computers

Incentives for Energy Conservation

Innovative strategies to assign energy costs to campus energy users or cost centers to

lu



tio



provide real dollar incentives for energy conservation for campus building occupants


Elimination of ―
split incentives‖ that discourage full cooperation with the energy



so

conservation program

In multi-school college and university systems, a policy which allows all or part of the

vt
u

energy conservation dollar savings to remain with the school that achieved them


Super Energy Efficient Planning and Green Design for New Construction



Avoid new construction or only build the most energy efficient buildings to eliminate or
minimize future energy conservation retrofitting

Documentation of Savings


Keep a log to document conservation projects and savings



Publicize, publicize, publicize!
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For campus energy conservation program examples, see the Energy section of AASHE's
resource center. This webpage includes links to numerous campus energy websites, energy plans
and energy policies.
Energy Awareness
It is essential that everyone on campus pitch in. This can be accomplished by an effective energy

in

awareness program or campaign that encourages individual and group action. Here are some
energy awareness program considerations and ideas:

n.

You are striving for culture change – a real shift in the way members of the campus community
think about energy and their role in and responsibility for saving energy on campus
You are competing against a lot of other interests and activities on campus so you need to be

tio

both creative and persistent in getting the message out

Use environmental themes to motivate -- especially climate change; explain that:
Climate change is real

lu

Its happening right now and faster than we previously thought
The consequences will be dire if we do not act
Let‘s act now before it‘s too late!

so

Take into account that not everyone on campus can do a lot to save energy – so target various
constituencies with appropriate messages and aggressively target those who can do the most,
namely:

vt
u

 Facilities management
 Resident students

 Building managers

 Computer lab operators
 Top leadership

Develop a multi-faceted campaign using as many media as possible


Campus actions and events



Newspaper articles and columns
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Classroom presentations (target large classes)



Websites



E-mail blasts



Creative signage



Contests and competitions



Facebook groups, instant messaging



Mascots



Crazy

in



10EE842

Make sure your facilities department is not overheating or overcooling buildings or allowing

n.

outdoor light fixtures to burn during the day, etc. because no one will pay attention to your
energy conservation appeals if they see visible instances of energy waste on campus and don‘t
think facilities is doing its job

tio

Be sure that you have vigorous recycling and other environmental programs because green
programs reinforce each other, and the campus community is much more likely to participate in
energy conservation if they can also easily recycle, use 100% post consumer recycled paper,

lu

bicycle to campus, sit on pesticide free grounds, go for a hike in preserved green space,
etc.Expand your awareness program through a building ―
conservation contacts network‖ with an
environmental liaison in every office or department or an eco-reps program for on-campus

so

residence halls and apartments

Encourage conserving behavior at home as well as on campus since these behaviors will
reinforce each other

vt
u

How much can you accomplish via awareness raising? A great deal if it gets facilities staff to use
the tools at their disposal to save energy. An awful lot if you inspire your school‘s president to
set an example and let others know he/she expects others to follow his/her lead.
But what about the general campus population? An effective energy awareness program might
reduce energy consumption on campus by 5 or 10 % or more. A great student research project
would be to take one or more buildings, launch an energy awareness campaign and measure
energy use before and after, and determine from that experiment how to do energy awareness
raising with maximum success and how much energy saving is possible with various methods.
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Energy Conservation Measures
Standard techniques for conserving energy and improving energy efficiency in commercial or
institutional buildings are well known to the vast majority of campus facilities managers. These
strategies can be found in many places including in publications available through


Building Technologies Program Commercial Buildings website



Energy Star's Building Upgrade Manual

in

Here is a list of some of some energy conservation measures that can be used in campus

n.

buildings:
Building envelope improvement



Weather/infiltration sealing



Increased insulation



High performance window replacement



Low emissivity reflective window film (to reduce unwanted solar gain in the summer and

tio



lu

increase the R-value of windows in the winter)
Lighting



―
Delamping,‖ i.e. permanently turning off/disconnecting unneeded light fixtures



―
Relamping,‖ i.e. replacing inefficient light fixtures or lamps with high efficiency

so



fixtures/lamps

Convert T-12 fixtures/lamps to T-8 or T-5



Relamp 32 watt T-8 lamps with 28 watt T-8



Eliminate incandescent bulbs



Convert all exit lighting to LEDs or switch to photo luminescent signs that require no

vt
u



electricity



Beware of retrofitting with indirect lighting – while classy looking it may require more

fixtures and more wattage


Increase reliance on task lighting in order to decrease general illumination without
adversely affecting productivity



Improve lighting controls
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Occupancy sensors



Timers (stand alone or energy management system/EMS-interfaced)



Daylight harvesting sensors and controls including simple photocells



Convert outdoor lighting to high pressure sodium



Eliminate/reduce outdoor decorative lighting



Consider LEDs for general indoor and outdoor illumination (the technology is almost
there)
Consider outdoor solar powered-LED light fixtures (this technology is also almost there)



Require white or off-white wall paints for maximum light reflectivity -- so adequate

in



n.

lighting levels can be achieved with minimum lighting wattage

When renovating spaces, design new lighting for less than 1.0 watts per square foot



Boilers



Replace old boilers with new high efficiency boilers



Do not oversize replacement boilers



Retrofit boilers with variable flame burners



Consider multiple high efficiency modular boilers to improve efficiency by better

lu

tio



matching hot water heating loads

Consider replacing boilers with cogenerates (which also produce electricity)



Control boiler output water temperature with outside air temp reset so boiler does not

so



need to heat water hotter than necessary
Retrofit boilers with flue gas/stack heat recovery



Chillers



Replace old chillers with new high efficiency chillers whose efficiency curve best

vt
u



matches your load profile



Do not over-size replacement chillers



Operate at peak efficiency (by adjusting water flow, load, condenser/evaporator water
temps, etc.)



Replace old cooling towers with new high efficiency towers



Air conditioning



Replace older AC equipment with maximum efficiency models
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Discontinue use of inefficient window units



Reduce AC operating hours



Turn off reheats and stop controlling humidity levels during the cooling season



Clean cooling coils on a regular basis



Maximize use of ―
free cooling‖ with economizer cycle



Use open windows and passive cooling when mechanical air conditioning is not needed



Close windows when air conditioning is in operation



In dry climates consider evaporative cooling



In humid areas consider desiccant cooling



Temperature control



Reduce temperature settings in winter



Increase temperature settings in summer



Maximize night, weekend and holiday temperature setbacks



Install tamper proof or remote thermostats



Control space temp remotely by EMS



If occupant controlled thermostats are required, then limit range of adjustment to ensure

lu

tio

n.

in



campus temperature policy compliance
Motors, fans and pumps



Adjust operating schedule to minimize run hours (review and update periodically)



Replace old motors, pumps, and air handling units with high efficiency



Control motors serving fans and pumps with variable speed drives (VSDs)

vt
u

so





Operate VSDs at maximum acceptable turn-down; vary by time of day and occupancy;
also vary by season



Convert constant volume fan system to variable air volume



Reduce outside air volume during morning warm-up cycle and where/whenever possible
through damper settings and demand control ventilation



Reduce needless pumping by eliminating three-way by-pass valves



Laboratory Ventilation and Fume Hoods



Switch to a ―
green chemistry‖ teaching program that doesn‘t require fume hoods
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Turn off 100% outside air ventilating systems whenever possible, e.g. in teaching labs
whenever classes are not in session; shut down or slow down related supply fans



Decommission/remove unneeded fume hoods and reduce fan system outside air volume



Eliminate unneeded fume hoods by using ventilated storage cabinets instead of hoods for
chemical storage
Retrofit constant volume fume hood ventilation systems to variable air volume



Retrofit conventional fume hoods with low-flow hoods and reduce outside air volumes



Retrofit these systems with heat recovery



Heat recovery



Run around loops



Heat wheels



Heat pipes



Desiccant wheels



Air-to-air heat exchangers



Swimming pools/natatoriums



Pool covers (these significantly reduce the evaporation of pool water -- reducing pool

lu

tio

n.

in



heating boiler load as well as outside air ventilation and space heating requirements; they

so

save chemical water treatment too)


High efficiency boilers for pool water heating



Limit natatorium ventilation to that required to meet code



If code ventilation requirements seem excessive in a particular application, consider

vt
u

applying for a code variance to reduce ventilation consistent with safety and proper
humidity control



Install heat recovery



Energy Management Systems (EMS)



Switch to direct digital control (DDC) systems



Purchase EMS systems which are easy to program (so programming capabilities will be
fully utilized by facilities staff)
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Key Role of Facilities Management in Energy Conservation
Energy conservation on campus is everyone‘s responsibility and a good program will get the
whole campus community involved. Nonetheless, facilities management plays a key energy
conservation role since maintenance staff control those pieces of equipment that use and can save
the most energy. For this reason, effective energy conservation on campus requires a 100%
commitment by facilities management.

in

Not only can facilities staff do the most to save energy, they need to set a solid example or others
on campus will never get on the conservation bandwagon and help out where they can. An

n.

inspired facilities organization will inspire others. A lackluster facilities organization will turn
everyone off.

tio

To do their job, facilities management needs adequate resources and staffing including an energy
officer whose job is to identify and carry out projects, get others to do the same, and generally
catalyze as much energy conservation activity as possible.

lu

While the role of facilities in achieving energy savings is highlighted here, it is also true that
facilities managers and staff are essential for achieving other types of GHG emissions reductions

so

including those which result from the installation of on-site renewables, green power purchasing,
and energy efficient green design for new construction.
Facilities staff cannot do their job unless they are supported and empowered by top campus

vt
u

leadership. Without that support, they will be constantly looking over their shoulders anticipating
criticism if they go too far in saving energy and cause someone to be inconvenienced. For
example, when faculty, staff or students complain that a space previously overheated beyond the
policy is no longer as comfortable; facilities staff must be supported for having remedied a
wasteful practice. Exceptions to the rule must be rare and based on unusual and valid
circumstances. Obviously, campus leadership also must set an example and not ask to be an
exception to the policy.
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Evaluating Energy Conservation Projects
As we consider deep conservation we must address barriers that stand in the way. Among these
are inadequate leadership, funding, expertise, and organizational capacity as well as reliance on
project evaluative tools and standards that emphasize short paybacks while dismissing longer
payback measures. Deciding what evaluative tools, standards, and methods to use is important
since your comparative evaluation of projects will help you decide which projects to do and

in

when to schedule them. Deep cuts in GHG emissions require a different approach to project
evaluation. (See the chapter on "Project Evaluation and Ranking" for more discussion of this

n.

topic)
Problems with Simple Payback

Prospective energy conservation projects are typically evaluated in terms of simple payback, i.e.

tio

installed cost divided by the annual savings -- where paybacks of 4 or 5 years are often
considered attractive and acceptable. The simple payback approach is perhaps too simple and
may rule out desirable projects that have longer simple paybacks or other benefits. These

lu

projects are essential to meeting your emissions reduction goals.

so

Simple payback analysis *fails *to consider:

Energy price inflation -- thus it under-estimates the cost savings potential of projects; moreover,
as carbon taxes and peak oil kick in, the price of conventional energy resources will rise even

vt
u

quicker – thus magnifying the inadequacy of simple payback
The lifespan of a project -- thus it does not take into consideration the fact that projects which
last longer will produce more savings after paying for themselves
Other costs and benefits that are relevant to sound decision-making, e.g. maintenance saving or
costs, impact on health or comfort, pedagogic value, etc.
How can problems with simple payback be remedied? One possibility is switching from simple
payback to slightly more sophisticated payback calculations that factor in anticipated energy
price inflation. Some ―
crystal-balling‖ is required here but reasonable assumptions about future
energy prices can be made. Another possibility is extending your acceptable payback threshold
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to 10, 15 or 20 years – taking care not to extend it past the lifetime of proposed energy measures
or projects. A more sophisticated approach is life cycle cost analysis.

5.1 Energy Conservation and Efficiency

5. Greenhouse Gas Mitigation Strategies

vt
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so
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.2 Appropriate Heating or Power Plant Fuel Choices
5.3 Install Renewable Energy Technologies on Campus
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