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• Meaning of Energy Audit:
Energy audit is an official scientific study of energy
consumption of an organization/process/plant/equipment
aimed at reduction of energy consumption and energy costs
without affecting productivity and comforts and suggesting
the methods for energy saving and reduction in energy cost.
Energy audit is carried out in planned, official manner by
every energy intensive organization/plant management.

i. Familarisation with the energy inlets and outlets, of energy.
ii. Data acquisition, measurements.
iii. Study of advanced, modern processes and plants for similar
activities under audit.
iv. Formulating energy equations and software.
v. Economic evaluation of energy consumption in the
sector/organisation/plant under audit.
ADVERTISEMENTS:

vi. Analysis of energy consuming sub-processes.
vii. Suggest energy conservation processes along with alternatives,
necessary investments, payback periods, economic benefits etc.
viii. Suggest steps to be taken for reducing energy consumption
without sacrificing productivity.
The energy audit identifies the cost of energy and where and how it is
used. It will identify the amount of energy expended in a process with
the help of mass and energy balance for each proc
The energy flow diagram is then prepared showing the quantity, form,
source and quality (i.e., temperature) of the energy required for
various processes. Next step is to make a critical analysis for energy
used and energy wasted. This is followed by identification of potential
areas for energy saving.

Objectives of Energy Audit:
The main purpose of energy audit is to establish quickly and reliably,
the basic relative costs of the various forms of energy purchased their
main use and to identify mam locations where losses, wastages or
inefficiency occurs.
In simple language we can say that, energy audit helps to understand
more about the ways different energy sources are used in the industry
and helps to identify areas where waste can occur and where scope for
improvement may be possible. Thus, energy audit is one of the concepts used in the energy management and it involves methodological
examination and comprehensive review of energy use in industries

Types of Energy Audit:
The energy audit can be of following two types:
1. Preliminary audit.
2. Detailed audit.

Preliminary audit:
Preliminary audit is carried out in the limited time say within 10 days
and it highlights the energy cost and wastages in the major equipment’s
and processes. It also gives the major energy supplies and demanding
accounting. The questionnaire containing the industrial details of
energy consumption process carried out, energy need to unit product;
load data etc. must be completed before the pre-audit visit.
The pre-audit visit is done, by the audit team/audit consultant, in the
plant area with the attention focused on the energy inputs, spots of
wastage and available energy conservation opportunities. The items for
waste recycling opportunities are identified. The data regarding energy
inputs and outputs are collected for use during preliminary audit.
During the visit, discussions with line supervisors and line technicians
and joint brainstorming may be necessary to acquire creative ideas

and to know the practical difficulties in carrying out the proposed
energy conservation measures (ECMs).
After the pre-audit visit, the work of energy audit is undertaken. In the
preliminary audit, low tech recommendations are preferred. High tech
solutions are given under detailed energy audit. Some of the low cost
recommendations may be: Switching off lights when not required,
replace incandescent lamps by the fluorescent lamps, automatic
thermostat control, use of solar water heating panels etc.
The preliminary audit spots energy waste spots and recommend short,
intermediate and long term solutions. It should adopt step by step and
cautious approach for improvements and new techniques of energy
management and control system.

Detailed (Comprehensive) Energy Audit:
Detailed energy audit, also known as comprehensive energy audit
includes engineering recommendations and well defined projects with
priorities. It account for the total energy utilised in plants. It involves
detailed engineering for options to reduce energy consumption and also
reduce cost. The duration of such studies is generally from 1 to 10 weeks.
The action plan in divided into short term, medium term and long term
actions.
The short term action plan requires no capital investment or least
investment to avoid energy wastages and minimising non-essential
energy uses and improving the system efficiency through improved
maintenance programme.
The medium term action plan requires a little investment to achieve
efficiency improvement through modifications of existing equipment’s
and other operations.

Detailed Energy analysis
The long term action plan is aimed to achieve economy through latest
energy saving techniques and innovations. The capital investments are
required to be studied thoroughly while finalising the long term actionplan.
The comprehensive (detailed) energy audit is a thorough and extensive
energy audit that analyses and quantifies the amount of energy
consumption in each sub system of the plant and compares the same
with the target energy consumption. Target per unit energy
consumption is the optimum energy consumption per unit product.

The comprehensive audit is quite exhaustive, and it is
convenient to split it into following sub parts:
1. Overall system audit:
This accounts for energy leakage/loss through the total system to the
atmosphere. The energy conservation measures to eliminate such leakages/loss are recommended.
2. Functional audit:
It identifies the energy conservation measures in operation and
maintenance of each main plant and its subsystems and suggests ECOs
is operation and maintenance.
3. Utility Audit:
It identifies yearly/monthly/daily consumption of commercial secondary energy (electricity/petroleum products/fuel etc.) and suggests
ECOs.
4. Modernization audit:
It recommends major changes in the process requiring retrofitting.

What is an energy audit?
According to the definition in the ISO 50002 standard, an energy audit is a systematic analysis
of energy use and energy consumption within a defined energy audit scope, in order to identify,
quantify and report on the opportunities for improved energy performance
Therefore, an energy audit is an energy assessment. This evaluation analyses energy flows in a
building, process or system to reduce the amount of energy input into the system whilst
maintaining or improving human comfort, health and safety. The level of detail of this evaluation
determines the type of audit.

Report of Energy Audit:
The comprehensive energy audit report generally converts
the following:
(i) Energy conservation opportunities (ECOs)
(ii) Energy conservation measures (ECMs)
(iii) Projected investments for ECMs.
(iv) Projected annual savings of ECMs and pay-back period.
(v) Feasibility studies for retrofitting/modification work.

Types of energy audit
Basically there are three types of energy audit:
Walk-Through Audit (WTA): as the name suggests, this audit consists of a walk-through
inspection of a facility to identify maintenance, operational or deficient equipment issues and
also to identify areas that need further evaluation.
The results of a Walk-Through Audit include an identification of energy saving opportunities, a
qualitative analysis of the implementation of energy saving measures and an estimation of its
potential energy saving. The final audit report is usually accompanied by basic comments on a
project’s feasibility.

• Energy Diagnosis: this audit includes performing economic calculations and may include using
some metering devices to identify actual energy consumption and losses.
The results of an Energy Diagnosis include an energy balance (energy uses breakdown) and a list
of energy efficiency measures derived from performance or building facility. The results also
include financial analysis for each of the identified measures in order to categorize and prioritize
the implementation of these measures.

Investment Grade Audit (IGA): this audit is a detailed account of energy use, including a
quantitative study of the implementation with detailed investments and operational and
maintenance

costs

and

an

analysis

of

the

investment

model.

The results of an Investment Grade Audit include the real energy demand and an energy balance.
Likewise, the audit suggests a number of energy saving measures, including the calculation of
energy savings and the investment needed to carry them out.This audit proposes bundled
measures, with a financing plan as well as implementation and savings verification plans.

How do I know which energy audit is right for me?
It depends on the purpose of the energy audit. If you want to identify potential savings in order
to prioritize further studies, you need a Walk-Through Audit.
If you intend to invest a large amount of money in energy efficiency measures, you need an
Investment Grade Audit.
An excellent option is the Energy Diagnosis, because you can obtain enough information about
your facility to start working on energy efficiency, with a very good quality-to-price ratio.
So, depending on the funding available for the audit, the cost and potential of the energy
management opportunity and the required accuracy for the audit information, you can choose
the most suitable type of energy audit for your needs.

Laws of Thermodynamics
• First Law of Thermodynamics
• Second Law of Thermodynamics
(a). Kelvin Plank statement
(b). Clausius statement

First Law of thermodynamics
• CLOSED SYSTEM
(a).System follows a cycle
(b). System follows a process
• OPEN SYSTEM
Steady flow Energy Equation

Second law of therodynamics
• Kelvin-Plank statement of second law
• Clausius statement of Second law

• Mass balance or Continuity equation
• Availability

UNIT-II
• Energy audit concepts, Energy audit based on
1st law and 2nd law of thermodynamics, Mass
and Energy balances, Availability analysis,
Evaluation of energy conserving Opportunities,
Economic analysis and life cycle costing. Energy
conservation areas, Energy transmission and
storage, Plant wide energy optimization
Models, Data base for energy management

ENERGY CONSERVING OPPORTUNITIES
ENERGY CONSERVATION AREAS
DIFFERENT PARAMETERS INVOLVED
ENERGY AUDIT INSTRUMENTS

Energy Conservation
Opportunities

Energy Conservation
Energy conservation refers to the reducing of energy
consumption through using less of an energy service.
 Energy conservation differs from efficient energy
use, which mean using less energy for a constant
service
 Even though energy conservation reduces energy
services,
it
can
result
in
increased
environmental
quality,
national
security,
personal
financial
security
and
higher
savings.


Energy tax
Some countries employ energy or carbon
taxes to motivate energy users to reduce
their consumption.
 Carbon taxes can allow consumption to shift
to nuclear power and other alternatives that
carry a different set of environmental side
effects and limitations.
 Meanwhile, taxes on all energy consumption
stand to reduce energy use across the board,
while reducing a broader array of
environmental consequences arising from
energy production.


Energy conservation Opportunities
One of the primary ways to improve energy
conservation is to use an energy audit.
 An energy audit is an inspection and analysis of
energy use and flows for energy conservation in
a building, process or system to reduce the
amount of energy input into the system without
negatively affecting the output.
 This is normally accomplished by trained
professionals and can be part of some of the
national programs discussed above.
 In addition, recent development of smar
tphone apps enable homeowners to complete
relatively
sophisticated
energy
audits
themselves


Energy Consuming Sector


Industries (All types of industries)



Household (Lightening and Comfort purpose)



Transportation (Moving of goods and Public transport etc)

Energy conservation Areas


Buildings



Transportation



Consumer product



Thermal utilities



Electrical utilities

Energy Resources


Non- renewable resources: oil, coal, natural gas, and nuclear power,
etc.



Renewable resources: hydraulic, geothermal and wind power, solar
energy, and biomass, etc.

Current Situation of Energy Conservation
Overview of International Energy Conservation
The amount of energy consumption in the entire world
has been increased, accompanied by economic
development of each country. It is expected that such
amounts will continue to increase by 30% from 1997 to
2030.
 The increase of energy consumption is remarkable
particularly in developing countries centered on Asian
countries and the Asian region excluding Japan, which will
accounts for almost half of future increase of the world’s
energy consumption.
 A reserve-production ratio that has been currently
confirmed by exploration, as of 2004 would be
approximately 40 years for oil, 61 years for natural gas,
and 204 years for coal.


Current Situation……


Although this ratio fluctuates due to excavation of new oil
fields, oil and natural gas as basic resources would be
exhausted within about 60 years in calculation.



Additionally, as a result of mass consumption of fossil
fuels, global warming caused by an increasing amount of
CO2 emissions in the air has been occurring at rapid
speed, which is one of the most crucial global issues.



According to the report by the “Intergovernmental Panel
on Climate Change (IPCC)” announced in 2001, the global
average temperature has increased by 0.6℃ over the 100
years of the 20th century. It is forecasted that increase in
the global average temperature of 5.8℃ at maximum and
the rising water level of 88 cm will occur by 2100.

Current Situation


In addition, if the rising water level in Japan goes over
30 cm, it is estimated that 60% of sandy beaches would
be lost.



Moreover, based on previous statistics, it is clear that
elasticity of GDP to energy demand becomes “1” on a
long-term basis. This value means the amount of
energy consumption will increase at the same
percentage as that of economic growth in the long run.



That is to say, unless countries achieve reduction of
the amount of energy consumption (energy
conservation) at the same percentage as that of
economic growth every year, it will be impossible to
even maintain the current situation.

Measures and policies concerning the
Industrial Sector


ENEGY MANAGER system based on the Energy
Conservation Law.

Voluntary Action Plan on Environment protection
 Subsidy system for adoption and dissemination of
technologies and facilities that contributes to
energy conservation.
 Subsidy system for ESCO in the industrial sector (low
interest loans, preferential tax treatments, and
subsidy systems).
 Activities
for
promotion,
awareness,
and
dissemination of energy conservation


Measures and policies in Household


Improvement of efficiency of equipment through the
Top Runner approach.



Improvement of performance concerning energy
conservation of housings and buildings in accordance
with the Energy Conservation Law.



Subsidy system for adoption and dissemination of
technologies.



Radical reform of lifestyle of citizens



Activities
for
promotion,
awareness,
dissemination of energy conservation

and

Transportation sector


Improvement of gas mileage for vehicles through the Top
Runner approach based on the Energy Conservation Law.



Energy conservation by stopping “idling“ of vehicles



Promotion of dissemination of clean energy vehicles



Improvement of energy consumption of individual
transportation equipment



Technical development by the government



Enhancement of efficiency in logistics and
transportation



Promotion of telework.

Energy Conservation Projects


Waste heat recovery



Increasing overall efficiency of the thermal equipment.



Avoiding heat losses.



Conversion of electrical heating in to Thermal heating.



Use of low cost fuel for same application.



F.O. Emulsification for reducing consumption.



Use of Fuel saving Devices.



Heat repellant coating for furnaces ovens.



Insulating hot surfaces.



Tuning of Burners for their highest combustion efficiency.

Energy conservation: 10 ways to save energy
Last updated 8/26/2020

There are many different ways to reduce your household’s energy use, ranging from simple
behavioral adjustments to extensive home improvements. The two major motives for conserving
energy are to save on utility bills and protect the environment. Here are the ten most common
ways to conserve energy and save electricity in your home, listed from the simplest to the most
intensive methods.

Top 10 ways to conserve energy
1. Adjust your day-to-day behaviors

To reduce energy consumption in your home, you do not necessarily need to go out and purchase
energy efficient products. Energy conservation can be as simple as turning off lights or appliances
when you do not need them. You can also use energy-intensive appliances less by performing
household tasks manually, such as hang-drying your clothes instead of putting them in the dryer,
or washing dishes by hand.
The behavior adjustments that have the highest potential for utility savings are turning down the
heat on your thermostat in the winter and using your air conditioner less in the summer. Heating
and cooling costs constitute nearly half of an average home’s utility bills, so these reductions in
the intensity and frequency of heating and cooling offer the greatest savings.
There are tools you can use to figure out where most of your electricity is going in your home and
which appliances are using the most electricity on a day-to-day basis.
2. Replace your light bulbs

Traditional incandescent light bulbs consume an excessive amount of electricity and must be
replaced more often than their energy efficient alternatives. Halogen incandescent bulbs, compact
fluorescent lights (CFLs), and light-emitting diode bulbs (LEDs) use anywhere from 25-80
percent less electricity and last 3 to 25 times longer than traditional bulbs.
Although energy efficient bulbs are more expensive off the shelf, their efficient energy use and
longer lifetimes mean that they cost less in the long run.

3. Use smart power strips

“Phantom loads,” or the electricity used by electronics when they are turned off or in standby
mode, are a major source of energy waste. In fact, it is estimated that 75% of the energy used to
power household electronics is consumed when they are switched off, which can cost you up to
$200 per year. Smart power strips, also known as advanced power strips, eliminate the problem of
phantom loads by shutting off the power to electronics when they are not in use. Smart power
strips can be set to turn off at an assigned time, during a period of inactivity, through remote
switches, or based on the status of a “master” device.
4. Install a programmable or smart thermostat

A programmable thermostat can be set to automatically turn off or reduce heating and cooling
during the times when you are asleep or away. When you install a programmable thermostat, you
eliminate wasteful energy use from heating and cooling without upgrading your HVAC system.
On average, a programmable thermostat can save you $180 per year. Programmable thermostats
come in different models that can be set to fit your weekly schedule. Additional features of
programmable thermostats can include indicators for when to replace air filters or HVAC system
problems, which also improve the efficiency of your heating and cooling system.
5. Purchase energy efficient appliances

On average, appliances are responsible for roughly 13% of total household energy use. When
purchasing an appliance, you should pay attention to two numbers: the initial purchase price and
the annual operating cost. Although energy efficient appliances might have higher upfront
purchase prices, their operating costs are often 9-25% lower than conventional models.
When purchasing an energy efficient appliance, you should look for appliances with the ENERGY
STAR label, which is a federal guarantee that the appliance will consume less energy during use
and when on standby than standard models. Energy savings differ based on the specific appliance.
For example, ENERGY STAR certified clothes washers consume 25% less energy and 45% less
water than conventional ones, whereas ENERGY STAR refrigerators use only 9% less energy.
6. Reduce your water heating expenses

Water heating is a major contributor to your total energy consumption. Other than purchasing an
energy efficient water heater, there are three methods of reducing your water heating expenses:

you can simply use less hot water, turn down the thermostat on your water heater, or insulate your
water heater and the first six feet of hot and cold water pipes.
If you are considering replacing your water heater with an efficient model, you should keep in
mind two factors: the type of water heater that meets your needs and the type of fuel it will use.
For example, tankless water heaters are energy efficient, but they are also a poor choice for large
families as they cannot handle multiple and simultaneous uses of hot water. Efficient water heaters
can be anywhere between 8% and 300% more energy efficient than a conventional storage water
heater.
7. Install energy efficient windows

Windows are significant source of energy waste - they can add up to 10-25% of your total heating
bill. To prevent heat loss through your windows, you can replace single-pane windows with
double-pane products instead.
For homes in colder regions, gas-filled windows with “low-e” coatings can significantly reduce
your heating expenses. In addition, interior or exterior storm windows can reduce unnecessary heat
loss by 10 to 20 percent. You should especially consider storm windows if your region experiences
frequent extreme weather events.
In warmer climates, heat gain through windows may be a problem. In addition to minimizing heat
loss, low-e coatings on windows can reduce heat gain by reflecting more light and lowering the
amount of thermal energy that enters your home. Depending on where you live, ENERGY STAR
windows can save you $20-$95 each year on your utility bills. Window shades, shutters, screens,
and awnings can also provide an extra layer of insulation between your home and outside
temperatures.
8. Upgrade your HVAC system

An HVAC system is composed of heating, ventilation, and air conditioning equipment. Heating
alone is responsible for more than 40% of home energy use. Because homes in Northern regions
are exposed to much colder temperatures during the year, ENERGY STAR gas furnaces have
different specifications in the northern and southern halves of the United States.
Upgrading to a “U.S. South” ENERGY STAR certification can save you up to 12% on your heating
bill, or an average of $36 per year. ENERGY STAR furnaces in the northern half of the U.S. are
labeled with the standard ENERGY STAR logo and are up to 16% more energy efficient than
baseline models. This translates to average savings of $94 per year on your heating bill in the
Northern U.S.
Air conditioning, by comparison, isn’t a significant contributor to energy bills – on average, it only
makes up six percent of the total energy use of your home. ENERGY STAR central air
conditioning units are eight percent more efficient than conventional models. Air conditioning
systems are usually integrated with heating systems, which means that you should purchase your
new furnace and air conditioner at the same time in order to ensure that the air conditioner performs
at its maximum rated energy efficiency.

Upgrades to the third component of an HVAC system – ventilation – can also improve your energy
efficiency. A ventilation system is composed of a network of ducts, which distributes hot and cold
air throughout your home. If these ducts are not properly sealed or insulated, the resulting energy
waste can add hundreds of dollars to your annual heating and cooling expenses. Proper insulation
and maintenance on your ventilation system can reduce your heating and cooling expenses by up
to 20%.
9. Weatherize your home

Weatherizing, or sealing air leaks around your home, is a great way to reduce your heating and
cooling expenses. The most common sources of air leaks into your home are vents, windows, and
doors. To prevent these leaks, you should ensure that there are no cracks or openings between the
wall and vent, window, or doorframe.
To seal air leaks between stationary objects, such as the wall and window frame, you can apply
caulk. For cracks between moving objects, such as operable windows and doors, you can apply
weather stripping. Weather stripping and caulking are simple air sealing techniques that typically
offer a return on investment in less than a year. Air leaks can also occur through openings in the
wall, floor, and ceiling from plumbing, ducting, or electrical wiring.
Air leaking out of your home is most often from the home interior into your attic through small
openings. Whether it is through ducts, light fixtures, or the attic hatch, hot air will rise and escape
through small openings. As the natural flow of heat is from warmer to cooler areas, these small
openings can make your heating bill even higher if your attic is not sufficiently insulated. To reap
the full amount of savings from weatherization, you should consider fully insulating your home.
10. Insulate your home

Insulation plays a key role in lowering your utility bills through retaining heat during the winter
and keeping heat out of your home during the summer. The recommended level of heat resistance,
or “R-value,” for your insulation depends on where you live. In warmer climates, the
recommended R-value is much lower than for buildings located in colder regions like the
Northeast.
The level of insulation you should install depends on the area of your house. Your attic, walls,
floors, basement, and crawlspace are the five main areas where you should consider adding
insulation. Use the Home Energy Saver tool for recommendations based on the specifications of
your home, or find general regional recommendations on the Department of Energy’s webpage on
insulation.

Energy Management Database
Concept
•

Green Aware developed their Energy Management Database so companies could
manage their energy programmes more effectively and monitor their progress and gain
valuable feedback from the staff.

•

The database has a wide variety of uses, allowing companies to manage their energy
meetings, maintain their facilities and give their staff a platform to raise energy ideas.

Benefits of Green Aware Energy Management Database
(EMD)
•

It cannot be over stated how much a well planned energy programme requires the
backing from senior management to the staff on the floor.

•

EMD enables companies to monitor/track and drive their energy programme.

•

Giving energy managers the ability to manage their energy team meetings creates a
close loop process. Meaning no task is missed and all meeting minutes are recorded at
the touch of a button.

•

By giving staff the opportunity to raise energy ideas, a company will see its energy
programme grow from strength to strength as staff feel part of the company energy
programme.

•

By empowering staff to raise energy ideas they will continue to raise more ideas, as staff
will see a result for their efforts.

•

Making energy awareness instinctive in a company.

•

EMD is a WEB based system, which means it is accessible to all either in the "home" or
at "work"

How does it work?
•

Access to our Energy Management Database is via our website.

•

Organisations must nominate a manager who will have full control over the system.

•

The manager will have permissions to provide access to employees (per licence
agreement).

•

Managers have the ability to create meetings (agenda, minutes and tasks).

•

Employees have the ability to view meetings and raise energy ideas against the
manager.

Applications Areas
•

•

There are many areas the Green Aware Energy Management Database can be applied.
o

Energy Meetings

o

Energy Ideas

o

Facilities Management

Most company's energy programmes vary and the system can be tailored to suit
individual criteria.

Unique System Application
•

We believe that the best available practices are sometimes overlooked by companies.

•

Organisations using our Energy Management Database will be able to learn from other
organisations across different spectrums of businesses/organisation

Reporting applications
•

Company energy managers will have the ability to export their company ideas & meeting
tasks into excel at a click of a button.

DATA BASE MANAGEMENT SYSTEM
Database Management System or DBMS in short refers to the technology of storing and
retrieving
users' data with
utmost
efficiency
along
with
appropriate
security
measures. DBMS allows its users to create their own databases as per their requirement.
These databases are highly configurable and offer a bunch of options.

A database is an organized collection of data, generally stored and accessed electronically from
a computer system. ... The database management system (DBMS) is the software that
interacts with end users, applications, and the database itself to capture and analyze the data.

Four Types of DBMS systems are:
•
•
•
•

Hierarchical database.
Network database.
Relational database.
Object-Oriented database.
The ten functions in the DBMS are: data dictionary management, data storage management, data
transformation and presentation, security management, multiuser access control, backup and
recovery management, data integrity management, database access languages and application
programming interfaces, database communication .
A Database Management Software (DBMS) is used for storing, manipulating, and managing
data, such as format, names of fields, and record and file structures in a database. Users can
construct their own databases using a DBMS to satisfy their business requirements.

What is Life Cycle Cost Analysis?
Life Cycle Costing (LCC) is an important economic analysis used in the selection of
alternatives that impact both pending and future costs. It compares initial investment options and
identifies the least cost alternatives for a twenty year period.

Life cycle cost analysis (LCCA) is an approach used to assess the total cost of owning a facility
or running a project. LCCA considers all the costs associated with obtaining, owning, and
disposing of an investment.

Life cycle cost analysis is especially useful where a project comes with multiple alternatives and
all of them meet performance necessities, but they differ with regards to the initial, as well as the
operating, cost. In this case, the alternatives are compared to find one that can maximize savings.
For example, LCCA helps to determine which of the two alternatives will raise the initial cost
but will reduce the operating cost. However, LCCA should not be used for the purpose of budget
allocation.

Understanding Life Cycle Cost Analysis
Life cycle cost analysis is ideal for estimating the overall cost of a project’s alternatives. It is also
used to choose the right design to ensure that the chosen alternative will offer a lower overall
ownership cost that is consistent with function and quality.
LCCA needs to be performed during the initial stages of the design process, as there is room to
make changes and refinements that will ensure that the life cycle cost is reduced. The first step
when performing an LCCA is determining the economic impact of the alternatives available. The
effects are then quantified and expressed in monetary terms.

Costs
Various costs arise when procuring, operating, or disposing of a project. Project-related costs can
be classified into initial costs, fuel costs, replacement costs, operation and maintenance
costs, finance charges, and residual values.
Only relevant and significant costs in each of the categories above can be used to make investmentrelated decisions. Costs are considered significant when they are substantial enough to cause a
dependable impact on a project’s LCC.
All the costs involved are treated as base year values equivalent to present-day dollar amounts;
LCCA transforms all dollar values into future year occurrence equivalents and then discounts all
the values to their base dates. In such a way, it’s easy to find their present value.

Life Cycle Cost Analysis for Infrastructure
Life cycle cost analysis can be used to assess different infrastructural sectors such as rail and urban
transport, airports, highways, and ITS, as well as ports and industrial infrastructure. Such kinds of

projects make use of capital expenditure, which is the initial cost involved when constructing or
delivering an infrastructural asset. Simply put, it is the cost of construction for the infrastructure
of choice.
The other thing that is important in infrastructural development is operating expense, which
consists of a number of costs, including utility, manpower, insurance, equipment, health, and
routine and planned repairs.
Replacement costs are incurred every cycle based on the predefined age of replacement for
different assets and the manufacturer’s preference.
Probably another important element of LCCA is disposal cost. When the disposal cost is
incorporated, it is possible to offset any additional cost incurred during a particular year.

LCCA and Value Engineering
Rigorous modeling based on LCCA incorporates value engineering so that a project’s cost outline
can lower expenditures by a huge margin. The procedures are done through a series of tests on the
cost of operation.
Modeling using LCCA requires a lot of flexibility when adjusting the types of costs associated
with materials and assets used in a project over its lifetime. That way, a developer can access all
the information relating to the financial impact connected with choosing a combination of project
options.

LCCA and the Choice of Materials or Assets
Value engineering offers the potential to assist developers in choosing the right material and assets.
Since a material or asset may come with a unique specification with regards to maintenance and
the cost of acquisition, their overall characteristics will not be the same.
For example, the most expensive asset may provide superior performance and quality but will
require a significant amount of maintenance. On the other hand, a cheaper material or asset may
require less regular maintenance, but its overall cost is significantly lower.
Further simulation can be carried out to ascertain the timing of financial responsibilities in the
different phases of an asset’s useful life. Using LCCA in the right way can help users identify
development groupings that can lead to favorable timing of financial exposure.
By using LCCA when carrying out tests, comparisons, and analyses, a user can work out enhanced
development arrangements for infrastructural projects that offer a favorable financial experience
and cost profile.

Final Word
Life cycle cost analysis offers a general framework that can be used to assess the need for
additional costs during a project’s useful life. With such knowledge in mind, it is possible to
regulate cash outflows by forecasting requirements of a project.

Life-Cycle Cost Analysis (LCCA)
Life-cycle cost analysis (LCCA) is a method for assessing the total cost of facility
ownership. It takes into account all costs of acquiring, owning, and disposing of a building
or building system. LCCA is especially useful when project alternatives that fulfill the same
performance requirements, but differ with respect to initial costs and operating costs, have
to be compared in order to select the one that maximizes net savings. For example, LCCA
will help determine whether the incorporation of a high-performance HVAC or glazing
system, which may increase initial cost but result in dramatically reduced operating and
maintenance costs, is cost-effective or not. LCCA is not useful for budget allocation.
Lowest life-cycle cost (LCC) is the most straightforward and easy-to-interpret measure of
economic evaluation. Some other commonly used measures are Net Savings (or Net
Benefits), Savings-to-Investment Ratio (or Savings Benefit-to-Cost Ratio), Internal Rate
of Return, and Payback Period. They are consistent with the Lowest LCC measure of
evaluation if they use the same parameters and length of study period. Building
economists, certified value specialists, cost engineers, architects, quantity surveyors,
operations researchers, and others might use any or several of these techniques to
evaluate a project. The approach to making cost-effective choices for building-related
projects can be quite similar whether it is called cost estimating, value engineering,
or economic analysis.

DESCRIPTION
A. Life-Cycle Cost Analysis (LCCA) Method
The purpose of an LCCA is to estimate the overall costs of project alternatives and to
select the design that ensures the facility will provide the lowest overall cost of ownership
consistent with its quality and function. The LCCA should be performed early in the design
process while there is still a chance to refine the design to ensure a reduction in life-cycle
costs (LCC).
The first and most challenging task of an LCCA, or any economic evaluation method, is
to determine the economic effects of alternative designs of buildings and building systems
and to quantify these effects and express them in dollar amounts.

Viewed over a 30 year period, initial building costs account for approximately just 2% of the total, while
operations and maintenance costs equal 6%, and personnel costs equal 92%.

B. Costs
There are numerous costs associated with acquiring, operating, maintaining, and
disposing of a building or building system. Building-related costs usually fall into the
following categories:
•
•
•
•
•
•
•

Initial Costs—Purchase, Acquisition, Construction Costs
Fuel Costs
Operation, Maintenance, and Repair Costs
Replacement Costs
Residual Values—Resale or Salvage Values or Disposal Costs
Finance Charges—Loan Interest Payments
Non-Monetary Benefits or Costs

Only those costs within each category that are relevant to the decision and significant in
amount are needed to make a valid investment decision. Costs are relevant when they
are different for one alternative compared with another; costs are significant when they
are large enough to make a credible difference in the LCC of a project alternative. All
costs are entered as base-year amounts in today's dollars; the LCCA method escalates
all amounts to their future year of occurrence and discounts them back to the base date
to convert them to present values.

INITIAL COSTS
Initial costs may include capital investment costs for land acquisition, construction, or
renovation and for the equipment needed to operate a facility.
Land acquisition costs need to be included in the initial cost estimate if they differ among
design alternatives. This would be the case, for example, when comparing the cost of
renovating an existing facility with new construction on purchased land.
Construction costs: Detailed estimates of construction costs are not necessary for
preliminary economic analyses of alternative building designs or systems. Such estimates

are usually not available until the design is quite advanced and the opportunity for costreducing design changes has been missed. LCCA can be repeated throughout the design
process if more detailed cost information becomes available. Initially, construction costs
are estimated by reference to historical data from similar facilities. Alternately, they can
be determined from government or private-sector cost estimating guides and databases.
The Tri-Services Parametric Estimating System (TPES) developed models of different
facility types by determining the critical cost parameters (i.e., number of floors, area and
volume, perimeter length) and relating these values through algebraic formulas to predict
costs of a wide range of building systems, subsystems, and assemblies.
Detailed cost estimates are prepared at the submittal stages of design (typically at 30%,
60%, and 90%) based on quantity take-off calculations. These estimates rely on cost
databases such as the Commercial Unit Price Book (C-UPB) or the R. S. Means Building
Construction Cost Database.
Testing organizations such as ASTM International and trade organizations have
reference data for materials and products they test or represent.

ENERGY AND WATER COSTS
Operational expenses for energy, water, and other utilities are based on consumption,
current rates, and price projections. Because energy, and to some extent water
consumption, and building configuration and building envelope are interdependent,
energy and water costs are usually assessed for the building as a whole rather than for
individual building systems or components.
Energy usage: Energy costs are often difficult to predict accurately in the design phase
of a project. Assumptions must be made about use profiles, occupancy rates, and
schedules, all of which impact energy consumption. At the initial design stage, data on
the amount of energy consumption for a building can come from engineering analysis or
from a computer program such as eQuest. EnergyPlus™ (DOE) and DOE-2 require
more detailed input not usually available until later in the design process. Other software
packages, such as the proprietary programs TRACE (Trane), ESPRE (EPRI), and HAP
(Carrier) have been developed to assist in mechanical equipment selection and sizing
and are often distributed by manufacturers.
When selecting a program, it is important to consider whether you need annual, monthly,
or hourly energy consumption figures and whether the program adequately tracks savings
in energy consumption when design changes or different efficiency levels are simulated.
Energy prices: Quotes of current energy prices from local suppliers should take into
account the rate type, the rate structure, summer and winter differentials, block rates, and
demand charges to obtain an estimate as close as possible to the actual energy cost.
Energy price projections: Energy prices are assumed to increase or decrease at a rate
different from general price inflation. This differential energy price escalation needs to be
taken into account when estimating future energy costs. Energy price projections can be
obtained either from the supplier or from energy price escalation rates published annually
on April 1 by DOE in Discount Factors for Life-Cycle Cost Analysis, Annual Supplement
to NIST Handbook 135.
Water Costs: Water costs should be handled much like energy costs. There are usually
two types of water costs: water usage costs and water disposal costs. DOE does not
publish water price projections.

OPERATION, MAINTENANCE, AND REPAIR COSTS

Courtesy of Washington State Department of General Administration

Non-fuel operating costs, and maintenance and repair (OM&R) costs are often more
difficult to estimate than other building expenditures. Operating schedules and standards
of maintenance vary from building to building; there is great variation in these costs even
for buildings of the same type and age. It is therefore especially important to use
engineering judgment when estimating these costs.
Supplier quotes and published estimating guides sometimes provide information on
maintenance and repair costs. Some of the data estimation guides derive cost data
from statistical relationships of historical data (Means, BOMA) and report, for example,
average owning and operating costs per square foot, by age of building, geographic
location, number of stories, and number of square feet in the building. The Whitestone
Research Facility Maintenance and Repair Cost Reference gives annualized costs for
building systems and elements as well as service life estimates for specific building
components. The U.S. Army Corps of Engineers, Huntsville Division, provides access to
a customized OM&R database for military construction.

REPLACEMENT COSTS
The number and timing of capital replacements of building systems depend on the
estimated life of the system and the length of the study period. Use the same sources
that provide cost estimates for initial investments to obtain estimates of replacement
costs and expected useful lives. A good starting point for estimating future replacement
costs is to use their cost as of the base date. The LCCA method will escalate base-year
amounts to their future time of occurrence.

RESIDUAL VALUES
The residual value of a system (or component) is its remaining value at the end of the
study period, or at the time it is replaced during the study period. Residual values can
be based on value in place, resale value, salvage value, or scrap value, net of any
selling, conversion, or disposal costs. As a rule of thumb, the residual value of a system
with remaining useful life in place can be calculated by linearly prorating its initial costs.
For example, for a system with an expected useful life of 15 years, which was installed

5 years before the end of the study period, the residual value would be approximately
2/3 (=(15-10)/15) of its initial cost.

OTHER COSTS
Finance charges and taxes: For federal projects, finance charges are usually not relevant.
Finance charges and other payments apply, however, if a project is financed through
an Energy Savings Performance Contract (ESPC) or Utility Energy Services Contract
(UESC). The finance charges are usually included in the contract payments negotiated
with the Energy Service Company (ESCO) or the utility.
Non-monetary benefits or costs: Non-monetary benefits or costs are project-related
effects for which there is no objective way of assigning a dollar value. Examples of nonmonetary effects may be the benefit derived from a particularly quiet HVAC system or
from an expected, but hard-to-quantify productivity gain due to improved lighting. By their
nature, these effects are external to the LCCA, but if they are significant they should be
considered in the final investment decision and included in the project documentation.
See Cost-Effective—Consider Non-Monetary Benefits Such as Aesthetics, Historic
Preservation, Security, and Safety.
To formalize the inclusion of non-monetary costs or benefits in your decision making, you
can use the analytical hierarchy process (AHP), which is one of a set of multi-attribute
decision analysis (MADA) methods that consider non-monetary attributes (qualitative and
quantitative) in addition to common economic evaluation measures when evaluating
project alternatives. ASTM E 1765 Standard Practice for Applying Analytical Hierarchy
Process (AHP) to Multiattribute Decision Analysis of Investments Related to Projects,
Products, and Processes published by ASTM International presents a procedure for
calculating and interpreting AHP scores of a project's total overall desirability when
making building-related capital investment decisions. A source of information for
estimating productivity costs, for example, is the WBDG Productive Branch.

C. Parameters for Present-Value Analysis
DISCOUNT RATE
In order to be able to add and compare cash flows that are incurred at different times
during the life cycle of a project, they have to be made time-equivalent. To make cash
flows time-equivalent, the LCC method converts them to present values by discounting
them to a common point in time, usually the base date. The interest rate used for
discounting is a rate that reflects an investor's opportunity cost of money over time,
meaning that an investor wants to achieve a return at least as high as that of her next
best investment. Hence, the discount rate represents the investor's minimum acceptable
rate of return.
The discount rate for federal energy and water conservation projects is determined
annually by FEMP; for other federal projects, those not primarily concerned with energy
or water conservation, the discount rate is determined by The Office of Management
Budget. These discount rates are real discount rates, not including the general rate of
inflation.

COST PERIOD(S)
Length of study period: The study period begins with the base date, the date to which all
cash flows are discounted. The study period includes any
planning/construction/implementation period and the service or occupancy period. The
study period has to be the same for all alternatives considered.
Service period: The service period begins when the completed building is occupied or
when a system is taken into service. This is the period over which operational costs and
benefits are evaluated. In FEMP analyses, the service period is limited to 40 years.
Contract period: The contract period in ESPC and UESC projects lies within the study
period. It starts when the project is formally accepted, energy savings begin to accrue,
and contract payments begin to be due. The contract period generally ends when the
loan is paid off.

DISCOUNTING CONVENTION
In OMB and FEMP studies, all annually recurring cash flows (e.g., operational costs)
are discounted from the end of the year in which they are incurred; in MILCON studies
they are discounted from the middle of the year. All single amounts (e.g., replacement
costs, residual values) are discounted from their dates of occurrence.

TREATMENT OF INFLATION
An LCCA can be performed in constant dollars or current dollars. Constant-dollar
analyses exclude the rate of general inflation, and current-dollar analyses include the
rate of general inflation in all dollar amounts, discount rates, and price escalation rates.
Both types of calculation result in identical present-value life-cycle costs.
Constant-dollar analysis is recommended for all federal projects, except for projects
financed by the private sector (ESPC, UESC). The constant-dollar method has the
advantage of not requiring an estimate of the rate of inflation for the years in the study
period. Alternative financing studies are usually performed in current dollars if the
analyst wants to compare contract payments with actual operational or energy cost
savings from year to year.

D. Life-Cycle Cost Calculation
After identifying all costs by year and amount and discounting them to present value,
they are added to arrive at total life-cycle costs for each alternative:
LCC = I + Repl — Res + E + W + OM&R + O
LCC = Total LCC in present-value (PV) dollars of a given alternative
I = PV investment costs (if incurred at base date, they need not be discounted)
Repl = PV capital replacement costs
Res = PV residual value (resale value, salvage value) less disposal costs
E = PV of energy costs
W = PV of water costs

OM&R = PV of non-fuel operating, maintenance and repair costs
O = PV of other costs (e.g., contract costs for ESPCs or UESCs)

E. Supplementary Measures
Supplementary measures of economic evaluation are Net Savings (NS), Savings-toInvestment Ratio (SIR), Adjusted Internal Rate of Return (AIRR), and Simple Payback
(SPB) or Discounted Payback (DPB). They are sometimes needed to meet specific
regulatory requirements. For example, the FEMP LCC rules (10 C.F.R. § 436, Subpart A)
require the use of either the SIR or AIRR for ranking independent projects competing for
limited funding. Some federal programs require a Payback Period to be computed as a
screening measure in project evaluation. NS, SIR, and AIRR are consistent with the
lowest LCC of an alternative if computed and applied correctly, with the same timeadjusted input values and assumptions. Payback measures, either SPB or DPB, are only
consistent with LCCA if they are calculated over the entire study period, not only for the
years of the payback period.
All supplementary measures are relative measures, i.e., they are computed for an
alternative relative to a base case.
NS = Net Savings: operational savings less difference in capital investment costs
SIR = Savings-to-Investment Ratio: ratio of operational savings to difference in
capital
investment
costs
AIRR = Adjusted Internal Rate of Return: annual yield from an alternative over the
study period, taking into account reinvestment of interim returns at the discount rate
SPB = Simple Payback: time required for the cumulative savings from an alternative
to recover its initial investment cost and other accrued costs, without taking into
account
the
time
value
of
money
DPB = Discounted Payback: time required for the cumulative savings from an
alternative to recover its initial investment cost and other accrued costs, taking into
account the time value of money

F. Evaluation Criteria
Lowest LCC (for determining cost-effectiveness)
NS > 0 (for determining cost-effectiveness)
SIR > 1 (for ranking projects)
AIRR > discount rate (for ranking projects)
SPB, DPB < than study period (for screening projects)

G. Uncertainty Assessment In Life-Cycle Cost Analysis
Decisions about building-related investments typically involve a great deal of uncertainty
about their costs and potential savings. Performing an LCCA greatly increases the
likelihood of choosing a project that saves money in the long run. Yet, there may still be
some uncertainty associated with the LCC results. LCCAs are usually performed early in
the design process when only estimates of costs and savings are available, rather than

certain dollar amounts. Uncertainty in input values means that actual outcomes may differ
from estimated outcomes.
There are techniques for estimating the cost of choosing the "wrong" project alternative.
Deterministic techniques, such as sensitivity analysis or breakeven analysis, are easily
done without requiring additional resources or information. They produce a single-point
estimate of how uncertain input data affect the analysis outcome. Probabilistic
techniques, on the other hand, quantify risk exposure by deriving probabilities of
achieving different values of economic worth from probability distributions for input values
that are uncertain. However, they have greater informational and technical requirements
than do deterministic techniques. Whether one or the other technique is chosen depends
on factors such as the size of the project, its importance, and the resources available.
Since sensitivity analysis and break-even analysis are two approaches that are simple to
perform, they should be part of every LCCA.

SENSITIVITY ANALYSIS
Sensitivity analysis is the technique recommended for energy and water conservation
projects by FEMP. Sensitivity analysis is useful for:
•
•
•

identifying which of a number of uncertain input values has the greatest impact
on a specific measure of economic evaluation,
determining how variability in the input value affects the range of a measure of
economic evaluation, and
testing different scenarios to answer "what if" questions.

To identify critical parameters, arrive at estimates of upper and lower bounds, or answer
"what if" questions, simply change the value of each input up or down, holding all others
constant, and recalculate the economic measure to be tested.

BREAK-EVEN ANALYSIS
Decision-makers sometimes want to know the maximum cost of an input that will allow
the project to still break even, or conversely, what minimum benefit a project can produce
and still cover the cost of the investment.
To perform a break-even analysis, benefits and costs are set equal, all variables are
specified, and the break-even variable is solved algebraically.
Sensitivity analysis and break-even analysis, and a number of other approaches to risk
and uncertainty assessment, both deterministic and probabilistic, are described in detail
in Techniques for Treating Uncertainty and Risk in the Economic Evaluation of Building
Investments , by Harold Marshall, NIST Special Publication 757, September 1988.

H. Design And Analysis Tools
The use of computer programs can considerably reduce the time and effort spent on
formulating the LCCA, performing the computations, and documenting the study. Listed
below are several LCCA-related software programs:

•

Building Life-Cycle Cost (BLCC) Program—Economic analysis tool developed by
the National Institute of Standards and Technology for the U.S. Department of
Energy Federal Energy Management Program (FEMP).

APPLICATION
LCCA can be applied to any capital investment decision in which relatively higher initial
costs are traded for reduced future cost obligations. It is particularly suitable for the
evaluation of building design alternatives that satisfy a required level of building
performance but may have different initial investment costs, different operating and
maintenance and repair costs, and possibly different lives. LCCA provides a significantly
better assessment of the long-term cost-effectiveness of a project than alternative
economic methods that focus only on first costs or on operating-related costs in the short
run.

LCCA was among the many design and analysis tools used to transform this turn of the
century building located in downtown Tacoma, WA into an energy efficient showcase
building.Courtesy of Washington State Department of General Administration
LCCA can be performed at various levels of complexity. Its scope might vary from a "backof-the-envelope" study to a detailed analysis with thoroughly researched input data,
supplementary measures of economic evaluation, complex uncertainty assessment, and
extensive documentation. The extensiveness of the effort should be tailored to the needs
of the project.
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