Unit 2 Energy management and auditing

2.1 Objectives

· Concept of energy management programme, Energy auditing services; basic components of an Energy audit, types of energy audit, Industrial, commercial and residential audit planning.
· Understanding energy costs, bench marking, energy performance index

· Understanding energy used pattern, system efficiencies, input energy requirements optimization

· Fuel & energy substitution  

· Energy conservation act and its features  

· Duties and responsibilities of energy managers and auditors 

· Energy audit instruments/ tools

2.2 Introduction 



In the present scenario, where there is crisis of energy with rising concerns due to diminishing stock of fossil fuel reserves, climate change and pollution, it becomes imperative for mankind to keep a check on how the energy resources are utilized. At the current situation of affairs on the energy availability front, every possible way of conserving energy has been looked into.  The energy consumption therefore has to be therefore properly planned and managed at all levels of utilization, i.e. at households, public utilities and industries, so that energy wastage is totally avoided and the benefits can be enjoyed with optimum energy usage. This efficient utilization of energy also brings in financial benefits, considering the high cost of all forms of energy at present.  Herein comes the concept of energy management and auditing, which is the need of the hour at hand.
2.3 Concept of energy management programme, Energy auditing services; basic components of an Energy audit, types of energy audit, Industrial, commercial and residential audit planning.

2.3.1 Concept of Energy Management Programme


Energy management can be defined as -"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 Press Inc. 1997). The concept evolved in the 1970’s due to substantial increase in oil prices. By 1980’s it gained momentum as it maximized profits of the industry.
Objectives of Energy Management Program-
1. Improving energy efficiency and reducing energy use, thereby reducing costs
2. Cultivating good understanding on energy matters

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

4. Finding new and better ways to increase returns from energy investments through research and development

5. Minimising environmental effects 
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Fig 2.1: Relationship of cost with energy management
(BEE guide book , Guide to energy management)
Need for Energy Management Program:
i. Increase in fuel price

ii. Competitive electricity purchase rate

iii. Choice of appropriate rate schedule 

iv. Optimization of utility parameters (eg. Power, demand, rate of chart, time of use, etc.)
Function of Energy Management Program:

i. Energy auditing

ii. Energy and economic analysis

iii. Reduce energy consumption

iv. Reduce energy service expenditure         

v. Generating and sharing the service

vi. Improving energy efficiencies and productivity

vii. Environment protection.

(Energy management handbook)
2.3.2 Energy auditing services

An energy audit can be simply defined as a process to evaluate where a building or plant uses energy, and identify opportunities to reduce consumption. As per the Energy Conservation Act, 2001, Energy Audit is defined as "the verification, monitoring and analysis of use of energy including submission of technical report containing recommendations for improving energy efficiency with cost benefit analysis and an action plan to reduce energy consumption". It is one of the first tasks to be performed in the accomplishment of an effective energy cost control program.
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Fig 2.2: Purpose of energy auditing    

Need for Energy Audit

The primary objective of Energy Audit is to determine ways to reduce energy consumption per unit of product output or to lower operating costs. In any industry, energy is one of the top operating expenses. Energy Audit will help to understand more about the ways of utilization and consumption of energy in any industry, and help in identifying the areas where waste can occur providing scope of minimizing the same, if possible. 










(BEE guide book)

The goals of the audit are:


• To identify the types and costs of energy use

• To understand how that energy is being used or wasted,


• To identify and analyze alternatives such as improved operational techniques and/or 
new equipment that could substantially reduce energy costs, and


• To perform an economic analysis on those alternatives and determine which ones are

cost-effective for the business or industry involved.

(Handbook of Energy Audits)

Energy auditing services


Energy audits are performed by different agencies. Residential energy auditors 
analyze the monthly bills, inspect the construction, and inspect all the energy-
consuming appliances. Ceiling and wall insulation is measured, ducts are inspected, 
appliances such as heaters, air conditioners, water heaters, refrigerators, and freezers 
are examined, and the lighting system is checked. Some utilities also perform audits 
for their industrial and commercial customers. They have professional engineers on 
their staff to perform the detailed audits needed by companies with complex process 
equipment and operations. Other companies may hire an energy manager or set up an 
energy management team to conduct periodic audits and to keep up with the available 
energy efficiency technology. 



In India, energy audits can be conducted by the Bureau of Energy Efficiency 
(BEE), established under the Energy Conservation Act 2001, or state level energy 
regulatory body recognized auditors for residential, commercial buildings and 
industrial units. 
(Energy management handbook)
2.3.3 Basic components of an energy audit
1. Collection of information: It is the first process in the audit process in which information is collected about the facility’s operation and about its past record of utility bills.

2. Analysis of data obtained: It is done to get a picture of the energy usage, wastage, if any, and also identify areas which have to be examined to reduce energy costs. 

3. Identification of ECOs: Specific changes called Energy Conservation Opportunities (ECOs) are identified and evaluated to determine their benefits and cost-effectiveness. The ECOs are assessed in terms of their cost and benefits and an economic comparison is made to rank the various ECOs.

4.  Action Plan: Finally, an Action Plan is created where certain ECOs are selected for implementation and the actual process of cost and energy saving.
(Handbook of Energy management)
	Table 2.1: Energy auditing methodology

	Step No.
	Plan of action
	Purpose/Results

	Phase I: Pre-audit

	I
	· Plan and organize

· Walk-through audit

· Informal discussion with energy manager/ plant operating manager
	· Establish the energy audit team

· Organize instruments and time frame

· Secondary data collection

· Understanding/familiarization of process

	II
	· Conducting meeting/awareness programme
	· Section-wise questionnaire for each department

· Orientation to the audit

	Phase II: Audit

	III
	· Primary data collection, process flow diagram and energy utility diagram
	· Historic data analysis, baseline data collection

· Preparation of process flow charts

· Utility diagram for all the services

· Annual energy bill and consumption pattern analysis

	IV
	· Survey and monitoring
	· Measurements of parameters of all equipments

· Compare with design data

	V
	· Conduct of detailed trial/experiment for select energy gadgets
	· Trial/experiments-

· 24 hour monitoring

· Load variation 

· Boiler efficiency trials

· Furnace efficiency trials

	VI
	· Analyse the data
	· Material and energy balance

· Waste analysis

· Sankey diagrams

	VII
	· Develop the energy conservation opportunities
	· Identify and consolidate the measures

· Refine all these

· Review previous ideas

· Value analysis

	VIII
	· Cost benefit analysis
	· Economic analysis of implementation

· List most promising opportunities

· Prioritize by low, medium and long term measures

	IX
	· Reporting
	· Documentation/presentation to the top management

	Phase III: Post-audit

	X
	· Implementation and follow up
	· Action plan and schedule for implementation

· Periodic follow-up











(BEE guide book)
2.3.4 Types of energy audit





There are three basic types or levels of energy audit in order of increasing complexity. 
Level 1—Walk-Through Audit
· It is a tour of the facility to visually inspect each of the energy using systems.
· It includes an evaluation of energy consumption to analyze quantity and patterns of energy usage. 
· It provides comparison to industry averages for similar facilities. 
· It is the least costly audit but can yield a preliminary estimate of the potential savings.
· It offers improvements in operational and maintenance practices to lower the cost.

· The level one audit is also an opportunity to collect information for a more detailed audit later on if the preliminary savings potential appears to warrant an expanded scope of auditing activity.
Level 2—Standard Audit

· It quantifies energy uses and losses through a more detailed review and analysis of equipment, systems, and operational characteristics. 
· It includes some on-site measurement and testing to quantify energy use and efficiency of various systems. 
· Standard energy engineering calculations are used to analyze efficiencies and calculate energy and costs savings based on improvements and changes to each system. 
· It also includes an economic analysis of recommended conservation measures.

Level 3—Computer Simulation

· It includes more details of energy use by function and a more comprehensive evaluation of energy use patterns. This is accomplished through use of computer simulation software. 
· The auditor develops a computer simulation of building systems that will account for weather and other variables and predict year-round energy use. He builds a base for comparison that is consistent with the actual energy consumption of the facility. The auditor will then make changes to improve efficiency of various systems and measure the effects compared to the baseline. 
· This method also accounts for interactions between systems to help prevent overestimation of savings. Because of the time involved in collecting detailed equipment information, operational data, and setting up an accurate computer model, 
· This is the most expensive level of energy audit because of the time involved in collecting data, but may be warranted if the facility or systems are more complex in nature.















(Handbook of Energy Audits)
2.3.5 Industrial audit planning
Industrial audits are some of the most complex and most interesting audits because of the variety of equipment found in these facilities.  Large chillers, boilers, ventilating fans, water heaters, coolers and freezers, extensive lighting systems, small cogeneration systems and highly specialized equipments are often found in the industries. 

Audit Services



Industrial firms often hire specialized consulting engineers to examine their 
processes and recommend operational and equipment changes that result in greater 
energy productivity. A few electric and gas utilities are large and well-enough staffed, 
that they can offer industrial audits to their customers. They have a trained staff of 
engineers and process specialists with extensive experience who can recommend 
operational changes or new equipment to reduce the energy costs in a particular 
production environment. 


Industrial Energy Rate Structures


Except for the smallest industries, facilities will be billed for energy services 
through a large commercial or industrial rate category. It is important to get this rate 
structure information for all sources of energy. 
· Gas, oil and coal are usually billed on a straight cost per unit basis. 

· Electricity and steam most often have complex rate structures with components for a fixed customer charge, a demand charge, and an energy charge. 

Auditing Process 

1. For the industrial audit, it is critical to get in advance as much information as possible on the specialized process equipment so that study and research can be performed to understand the processes being used, and what improvements in operation or technology are available. There are various technology data sources for the same.
	Table 2.2: List of agencies providing information on latest technologies

	1. Electric Power Research Institute (EPRI)

	2. Gas Research Institute (GRI) 

	3. U.S. DOE (Department of Energy) Industrial Division

	4. State Energy Offices


2. The energy auditor should start by collecting data on energy use, power demand and cost for at least the previous 12 months, if any. The data is put into tabular and graphic form to see what kind of patterns or anomalies appear from the tables or graphs. Analysis of this data helps in the identification Energy Conservation Opportunities (ECOs) during the actual site visit to the facility.

3. The auditor must gather information on the physical and operational data for the facility. Factors like geographic location, weather data, facility layout and construction, operating hours, and equipment can all affect energy use in the facility.
4. The next step involves conducting on-site auditing wherein the detailed data on facility equipments and operations is acquired that will lead to identifying the significant Energy Conservation Opportunities (ECOs) that may be appropriate for this facility. Necessary safety measures should be taken into consideration during the process.  






(Energy Management Handbook)
	Table 2.3: List of equipments for auditing

	EQUIPMENT
	AUDIT PLAN
	RECOMMENDATIONS

	Lighting


	· .A complete inventory of all lighting should be taken including outside lighting for parking and for storage areas
· Hours of operation of lights should be recorded
	· Timers, Energy Management Systems, and occupancy sensors should be used to ensure lights that are not needed are not turned on

	Electric Motors


	· Complete inventory of all motors over 1 hp should be taken.
· Data on how long each motor operates during a day should be recorded.
	· Motors with substantial usage times should be replaced with  high-efficiency models.

· Standard drive belts should be replaced with synchronous belts which transmit the motor energy more efficiently

	Boilers
	· All boilers should be checked for efficient operation using a stack gas combustion analyzer. 

· Boiler specifications on Btu per hour ratings, pressures and temperatures should be recorded. 

· The boiler should be varied between low-fire, normal-fire, and high-fire, with combustion gas and temperature readings taken at each level. 
	· Boiler tune-up should be done.

	Air Compressors


	· Air compressors should be examined for size, operating pressures, and type (reciprocating or screw), and whether they use outside cool air for intake. 


	· Air leaks are a major source of energy loss in many facilities, and should be corrected by maintenance action. 

· Nearly 90% of the energy used by an air compressor shows up as waste heat, so this is a large source of low temperature waste heat for heating input air to a heater

	HVAC Systems

.


	· An inventory of all space heaters and air conditioners should be taken.

· Btu per hour ratings, usage  and efficiencies of all units should be recorded.

· For the conditioned areas, the construction of the facility should be noted—how much insulation, what are the walls and ceilings made of, how high are the ceilings.
	· Adding additional insulation might be a cost effective ECO

· Ventilating fans should be operated in production floors rather than air-conditioners. These are good candidates for high efficiency motor replacements. Timers or an Energy Management System might be used to turn off these ventilating fans when the plant is shut down.

	Specialized Equipment


	Most of the remaining equipment encountered during the industrial audit will be the highly specialized process production equipment and machines. This equipment should all be examined and operational data taken, as well as noting hours and periods of use.


	


2.3.6 Commercial audit planning


Commercial audits span the range from very simple audits for small offices to very complex audits for multistoried office buildings or large shopping centers. Office buildings, shopping centers and malls all have complex building envelopes that should be examined and evaluated.

Structures for Auditing:

· Building materials, insulation levels, door and window construction, skylights, and many other envelope features must be considered in order to identify candidate ECOs.

· Large capacity equipment, such as chillers, space heaters, water heaters, refrigerators, heaters, cookers, and office equipment such as computers and copy machines. 
· Small cogeneration systems found in commercial facilities and institutions such as schools and hospitals. 

Commercial Audit Services



Electric and gas utilities, and engineering consulting firms, perform audits for 
commercial facilities. Some utilities offer free walk-through audits for commercial 
customers, and also offer financial incentives for customers who change to more 
energy efficient equipment. Schools, hospitals and some other government institutions 
can qualify for free audits under the ICP (Institutional Conservation Program) 
program. 

Commercial Energy Rate Structures



Small commercial customers are usually billed for energy on a per energy unit 
basis, while large commercial customers are billed under complex rate structures 
containing components related to energy, rate of energy use (power), time of day or 
season of year, power factor, and numerous other elements. 

Conducting the Audit



One of the first steps in a commercial audit is to obtain the rate structures for 
all sources of energy, and to analyze at least one to two year’s worth of energy bills. 
Lighting in commercial facilities is one of the largest energy costs—sometimes 
accounting for half or more of the entire electric bill. Retail sales operations want 
higher light levels than standard office values. Quality of light in terms of color is also 
a big concern in retail sales, so finding acceptable ECOs for reducing lighting costs is 
for retail facilities. New T8 and T10 fluorescent lamps, and metal halide lamp 
replacements for mercury vapor lamps allow high light levels and warm color while 
reducing the wattage required offer these features, and usually represent cost-effective 
ECOs.
2.3.7 Residential audit planning



Audits for single family residences: These audits are generally very simple and basically consider the thermal envelop features.

Conducting the audit 
· Analysis of past energy bills to determine any patterns or anomalies. 

· Examination of the residence to determine levels of insulation, the condition of seals for windows and doors and integrity of the ducts.
· Recording of equipment model numbers, age, size, and efficiencies of common home appliances- air conditioner, water heater etc., and also determines “plug loads”.

Post-audit analysis 
· Evaluation of  potential ECOs Energy Conservation Opportunities (ECOs) such as adding insulation, adding double pane windows, window shading or insulated doors, and changing to higher efficiency heaters, air conditioners, and water heaters. 
· Calculation of costs, benefits, and Simple Payback Periods.


 A simple audit report—often in the form of a computer printout is given to the owner 
or occupant.

(Handbook of Energy management)
2.4 Understanding energy costs, bench marking, energy performance index
2.4.1. Understanding energy costs



One of the primary objectives of energy management is to monitor energy consumption and control energy costs. In order to control energy use and costs it is essential to understand how energy is billed. Energy managers should understand energy rates, rate schedules or billing procedures, metering methods, and characteristics of the various fuels used in each facility. This unit aids in understanding the rate schedules of electricity, gas, fuel, oil, coal and steamed/chilled water.





(Handbook of energy audits, guide to energy Management)


A. Electric Rate Charges


Each utility has different rate structures or tariffs for different classes of 
customers. These classes vary in complexity of energy use, amount of consumption, 
and priority of need. The different categories include residential, small commercial, 
large commercial, industrial, farm, irrigation and outdoor lighting. The state regulatory 
agencies and utilities develop different rate schedules for each customer class. There 
may also be different schedules within each of these user groups depending on 
capacity, time of day use, or other variables.
· Flat Rate

A flat rate, as the name implies, is a single rate which does not vary. Each kWh costs 
the same, regardless of how much electricity is used or when.

· Seasonal Rates


Seasonal rates vary according to the time of year, typically with one rate for summer 
and another for winter. 

· Tiered or Block Rates


Energy charges may be the same rate for all energy used, or it may be different for 
different “blocks” of energy. For example, the first 20,000 kWh may be charged at one 
rate and all additional kWh may be charged at a higher or lower rate. 

· Time of Use Rates


Time of use rates help utilities to manage demand for electricity by rewarding off-peak 
use with lower rates and penalizing peak electric use with higher rates. This means one 
could have multiple meters measuring energy and demand for various periods 
throughout the day. 
· Other Rate Options

 
Real-time pricing- It involves use of interactive computer technology to vary rates 
over time, based on the utility’s cost of generation. 
Green rates- It enables customers with environmental concerns to pay a somewhat 
higher rate to support generation of electricity via solar energy or other 
environmentally friendly methods.

Electricity charge
· Service Charge



This fixed monthly charge, sometimes called the basic or customer charge, 
pays for fixed utility costs and are included with every billing. These fixed costs are 
independent of energy consumption and help cover a portion of the ongoing costs of 
service, such as operation and maintenance of the distribution systems, and 
administrative costs for metering, billing and collections.

· Energy Charge



The standard billing unit for electricity is the kilowatt hour or kWh. It is a 
measure of the intensity or rate of energy use multiplied by the length of time it is 
used, (kW x hours = kWh). Most all rate schedules include an energy charge per kWh 
for electricity consumption. Energy charges may be the same rate for all energy used, 
while others charge different rates for different “blocks” of energy. For example, the 
first 20,000 kWh may be charged at one rate and all additional kWh may be charged at 
a higher or lower rate. The charge may also vary by season depending on the utility’s 
energy resources and peak loads.

· Power or Fuel Cost Adjustment



This adjustment corrects for differences between your utility’s budgeted and 
actual energy costs. This allows the utility to adjust for uncertainties, such as rapidly 
changing fuel costs and availability of generation and supply resources, and pass these 
extra costs directly through to consumers.
· Demand Charge



Electric utilities also charge commercial customers based on the peak demand 
(kW) for each month. Demand is a charge based on the maximum or peak rate of using 
energy. This is needed because some facilities may require high amounts of power for 
short periods of time while others may require a constant supply of power at a lower 
level. The former requires a higher generating capacity.


In addition to these typical charges, other charges may apply:

· Ratchet Clause



Some utilities may have clauses in their rate schedules that base demand 
charges on a specified percentage of the highest kW usage during the preceding 11 
months. A customer will not necessarily be charged for the actual large kilowatt 
demand for a given month. Instead the customer will be charged a percentage of the 
largest kW value during the last 11 months, or the current month’s demand, whichever 
is higher. 
· Power Factor Charge



Utilities generally charge a penalty for low “power factor” to some larger 
commercial and industrial customers. The reason is that not all of the power used 
registers on the energy and demand meters. In addition to energy and demand, 
“reactive power” ( measured in kvar” or kilovolt-amps reactive) is used by induction 
motors and transformers to excite magnetic fields and causes electrical current to flow 
partially out of phase resulting in some additional current usage. This “power factor” 
may be billed.


B. Understanding other Energy Costs



Electricity has a major share in energy usage in different facilities. However 
there are other energy forms which are consumed and are charged by the utilities. 
They are:

· Natural Gas Rates:


Natural gas rate schedules are similar in structure to electric rate schedules, but 
they are often much simpler.  As in electric rate schedules, the costs include energy 
charge, demand charge etc., with flat, seasonal and other rates. Due to the 
unpredictable nature of peak problems, the customers are placed into interruptible 
priority classes. A customer with a high priority will not be curtailed or interrupted 
unless absolutely necessary. A customer with the lowest priority, however, will be 
curtailed or interrupted whenever a shortage exists. Most gas utilities have three or 
four priority levels. Some utilities allow customers to choose their own rate schedule, 
while others strictly limit the choice.

· Fuel oils: 


Billing schedules for fuel oils vary widely among geographical areas of a country. The prices are set by market conditions (supply vs. demand), but within any geographical area they are fairly consistent.

· Steam and chilled water: 

In some countries, customers can purchase steam and chilled water directly instead of buying the fuel and generating their own. In the case of both steam and chilled water, it is normal to charge for the energy itself (pounds of steam or ton-hours of chilled water) and the demand (pounds of steam per hour or tons of chilled water). 

· Water and Waste Water


The rate structure for water is much simpler than electricity charges and 
depends on the usage. Wastewater charges are usually based on some proportion of the 
metered water use since the wastewater solids are difficult to meter.
2.4.2. Benchmarking


Benchmarking of energy consumption is a powerful tool to compare energy performances and formulate possible avenues for improvement. It is a useful tool for energy management because it helps in measuring energy performances, tracking changes in performance over time and giving priority to areas to focus for improvements.
Benchmarking can be done in variety of ways. 
· Compare energy performance to baselines

· Compare performance against established goals for: environmental performance and financial savings

· Compare energy performance to peers and competitors to establish a relative understanding of where performance ranks
Facility or organizational performance may be benchmarked to:

· Past performance 
-A comparison of current versus historical performance.

· Industry average
- Recognized average performance of a similar group.

· Best in class 

-The best facilities in the industry.

· Best Practices
 
-A qualitative comparison against certain, established practices 
considered to be the best in the industry.


Key steps in benchmarking 

• Determine the level of benchmarking (for example -equipment, process line, facility 
or organizational).


• Develop metrics.


• Conduct comparisons.


• Track performance over time.

Parameters for Benchmarking 

1. Gross-production related

- For e.g. kWh/MT of cement production in a cement plant, Million Cal/ MT of urea or ammonia production in a fertilizer plant. 

2. Equipment related

-For e.g. kWh/ton of refrigeration in an AC plant, % of thermal efficiency of a boiler plant. 
2.4.3 Energy performance index



Energy performance is a calculated parameter over which buildings are rated for their energy efficiency. It indicates the specific energy usage of a building by providing the ratio of total energy used in a year to the total built-up area in units of kWh/sq. m/year. In India, the Bureau of Energy Efficiency is the governing body for the programme of such building ratings since 2009 under the name Energy Conservation Building Code (ECBC). This programme rates the buildings on a 1-5 Star scale with 5 Star labelled buildings being the most energy efficient.


This programme targets office, hotel, hospital and retail mall buildings in the following 3 climatic zones: i) Warm and humid, ii) Composite and iii) Hot and Dry. Also buildings are categorized on basis of air conditioning facilities as i) having air conditioned area greater than 50% of their built up area and ii) having air conditioned area lesser than 50% of their built up area. For example, a building in a composite climatic zone like New Delhi and having air conditioned area greater than 50% of their built up area, the prescribed EPI range is between 90-190 kWh/sq.m/year. Here the building would get a 5-Star rating if its EPI falls below 90 kWh/sq.m/year and 1 Star if it is between 165-190 kWh/sq.m/year. Similarly, the same building in a warm and humid climate zone like Chennai, the EPI range lies between 100-200 kWh/sq.m/year and it would get a 5-Star rating if its calculated EPI lies below 100 kWh/sq m/year and 1 Star if it is between 175-200 kWh/sq.m/year.






(Source: http://www.sustainable-buildings.org)

2.5 Understanding energy used pattern, system efficiencies, input energy requirements optimization

2.5.1 Understanding energy used pattern



At the onset of an energy audit, it is essential for the auditor to identify energy consumption patterns to determine: (a) where energy is used; (b) how energy is used; (c) what forms of energy are used; (d) how much energy is used; and (e) when energy is used. In order to make a detailed report on energy usage pattern, the auditor has to be provided with energy consumption history of the utility. After assessment of the records, the auditor will be able to point out the loop-holes in the energy usage pattern locating points of energy wastage and inefficient utilization of energy. On identifying such points, corrective measures by maintenance and management can be formulated and implemented. Some examples of corrective measures at points of energy inefficiency are:

i. Eliminate throttling of a pump by impeller trimming, resizing pump, installing variable speed drives.

ii. Eliminate damper operations in fans by impeller trimming, installing variable speed drives, pulley diameter modification for belt drives, fan resizing for better efficiency.

iii. Moderation of chilled water temperature for process chilling needs.

iv. Recovery of energy lost in control valve pressure drops by back pressure/turbine adoption.

v. Adoption of task lighting in place of less effective area lighting.

2.5.2 System efficiencies



The energy usage pattern being correctly matched, it is then essential to ensure energy efficiency at end-points of the usage, i.e. the equipments. Optimum operating conditions, periodic maintenance and technology upgradation are important to keep system efficiencies at their maximum. Some examples which can be cited in this context are:

i. High energy consuming equipments such as pumps, boilers, compressors, heaters, etc. must be replaced whenever there is a significant margin over typical consumption.

ii. Controlled combustion furnaces should be used to regulate combustion as per requirement.

iii. Flue gas lines and steam lines in boiler should be checked periodically for leakages and deposition.

iv. Maximize condensate recovery to reduce make-up water intake and treatment.

2.5.3 Input energy requirements optimization



Consequent upon fine-tuning the energy use practices, attention is accorded to considerations for minimizing energy input requirements. The range of measures could include:

i. Shuffling of compressors to match needs.

ii. Periodic review of insulation thickness.

iii. Identify potential for heat exchanger networking and process integration.

iv. Optimisation of transformer operation with respect to load.







(Source: BEE guide book)
2.6 Fuel and energy substitution

With increase in global development, the demand for energy has been ever increasing. This has resulted in depletion of the conventional energy sources. There are two ways to reduce energy dependency; energy conservation and substitution.
Fuel substitution: 

Fuel substitution means moving away from the traditional use of fossil fuels to 

· more efficient use of biomass i.e. by means of efficient end use appliances and technologies such as improved stoves

· less costlier fuels

· less polluting fuel such as natural gas, biogas and locally available agro-residues

· use of modern fuels or energy sources (e.g., LPG, electricity, solar PV, etc) 



Fuel substitution has taken place in all the major sectors of the Indian economy. Kerosene and Liquefied Petroleum Gas (LPG) have substituted soft coke in residential use. 
Need for fuel substitution

· Depletion of resources

· Environmental degradation
· Health impacts of pollution e.g. conjunctivitis, respiratory illness
Few examples of fuel substitution

· Natural gas is increasingly the fuel of choice as fuel and feedstock in the fertilizer, petro chemicals, power and sponge iron industries.

· Replacement of coal by coconut shells, rice husk etc.

· Replacement of LDO by LSHS
Few examples of energy substitution

· Replacement of electric heaters by steam heaters

· Replacement of steam based hot water by solar systems










(Source BEE guide book)
2.7. Energy Conservation Act and its Features 


 The Government of India enacted the Energy Conservation Act- 2001with the aim to tap energy saving potential, reap its benefits and bridge the gap between demand and supply, in environment friendly ways. It provides the legal framework and institutional arrangement for increasing energy efficiency.


Under the provisions of the Act, Bureau of Energy Efficiency has been established with effect from 1st March 2002 by merging erstwhile Energy Management Centre of Ministry of Power. The Bureau would be responsible for implementation of policy programmes and coordination of implementation of energy conservation activities.








(Source: BEE guide book)

Salient features of the Energy Conservation Act 2001 


The Act empowers the Central Government for the following.
· Standards and labeling-

· To specify energy consumption standards and labelling for notified equipment and appliances; 
·  To direct mandatory display of label on notified equipment and appliances; 
· To prohibit manufacture, sale, purchase and import of notified equipment and appliances not conforming to energy consumption standards;

· To disseminate information to the consumers

· Designate consumers
· To notify energy intensive industries, establishments, and commercial buildings as designated consumers; 
· To establish and prescribe energy consumption norms and standards for designated consumers; 
· To prescribe energy conservation building codes for efficient use of energy and its conservation in new commercial buildings having a connected load of 500 kW or a contract demand of 600 kVA and above; 
· Certification of Energy Managers and Accreditation of Energy Auditing Firms. The main activities in this regard as envisaged in the Act are- a cadre of professionally qualified energy managers and auditors with expertise in policy analysis, project management, financing and implementation of energy efficiency projects will be selected on the basis of national levels exams.
· Direct designated consumers to - 

· designate or appoint certified energy manager in charge of activities for efficient use of energy and its conservation; 

· get an energy audit conducted by an accredited energy auditor in the specified manner and interval of time; 

· furnish information with regard to energy consumed and action taken on the recommendation of the accredited energy auditor to the designed agency; 

· comply with energy consumption norms and standards; 

· prepare and implement schemes for efficient use of energy and its conservation if the prescribed energy consumption norms and standards are not fulfilled; 

· get energy audit of the building conducted by an accredited energy auditor in this specified manner and intervals of time; 
· State Governments may – 

· amend the energy conservation building codes prepared by the Central Government to suit regional and local climatic conditions; 

· direct every owners or occupier of a new commercial building or building complex being a designated consumer to comply with the provisions of energy conservation building codes; 

·  direct, if considered necessary for efficient use of energy and its conservation, any designated consumer to get energy audit conducted by an accredited energy auditor in such manner and at such intervals of time as may be specified.
(www.energymanagertraining.com)
2.8 Duties and responsibilities of energy managers and auditors 

2.8.1 Energy Manager: Responsibilities and Duties to be assigned Under the Energy Conservation Act, 2001.
Responsibilities

• To prepare an annual activity plan and present financially attractive investments to the management to reduce energy costs.
• To establish an energy conservation cell within the firm with management's consent.
• To initiate activities to improve monitoring and process control to reduce energy costs.

• To analyze equipment performance with respect to energy efficiency.

• To ensure proper functioning and calibration of instrumentation required to assess level of energy consumption directly or indirectly.

• To prepare information material and conduct internal workshops about the topic for other staff and develop training programme for energy efficiency at operating levels.
• To establish a methodology how to accurately calculate the specific energy consumption of various products/services or activity of the firm.
• To create knowledge on sectoral, national and inter-national development on energy efficiency technology and management system and information denomination

• To develop integrated system of energy efficiency and environmental up gradation.

• To co-ordinate implementation of energy audit/efficiency improvement projects through external agencies.

• To establish and/or participate in information exchange with other energy managers of the same sector through association


Duties

•To report to BEE and State level Designated Agency once a year the information with regard to the energy consumed and action taken on the recommendation of the accredited energy auditor, as per BEE Format.

• Establish an improved data recording, collection and analysis system to keep track of energy consumption.

• Provide support to Accredited Energy Audit Firm retained by the company for the conduct of energy audit

• Provide information to BEE as demanded in the Act, and with respect to the tasks given by a mandate, and the job description.

• Prepare a scheme for efficient use of energy and its conservation and implement such scheme keeping in view of the economic stability of the investment in such form and manner as may be provided in the regulations of the Energy Conservation Act.

2.8.2 Energy Auditors: Responsibilities and duties of Energy Auditors


Responsibilities
· To conduct audit in a facility taking note of all operational parameters
· Recommend necessary changes to improve energy status.

Duties
· Submit copy of reports to Energy Manager with recommendation on action 

· Keep record of calibration status of all energy measurement instruments/devices 

· Maintain portable tools/instruments required for audit 

· Keep abreast of all Codes of practices for energy efficiency testing 

· Training of measurement staff on use of instruments and codes 

(Source: www.bee-india.com)
2.9 Energy Audit Instruments



In order to execute an energy audit for a successful energy cost control program, the auditor must make some measurements during visit. Various instruments should be used to make these measurements. These instruments must be portable, durable, easy to operate and relatively inexpensive.
Parameters monitored during energy audit are-

· Basic Electrical 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. 

· Temperature & heat flow
· Radiation
· Air and gas flow 

· Liquid flow
· Air velocity 

· Noise and vibration
· Dust concentration
· Total Dissolved Solids (TDS)
· pH
· Moisture content
· Relative humidity
· Flue gas analysis - CO2, O2, CO, SOx, NOx

· Combustion efficiency 

· Revolutions per minute (RPM)

	Table 2.4: Key instruments for energy audit

	Instrument
	Utility

	Tape measures
	To measure dimensions of buildings, instruments, etc.

	Electrical measuring instruments: 
· Voltmeter
· Clamp-on Ammeter

· Wattmeter
	These are instruments for measuring major electrical parameters such as kVA, kW, PF, Hertz, kVAr, Amps and Volts

	Luxmeter
	Measures illumination levels

	Contact thermometer
	 Measures flue gas, hot air, hot water temperatures by insertion of probe into the stream.

	Infrared thermometer
	Non-contact type which when directed at a heat source directly gives the temperature read out.

	Infrared camera
	Used to find overheated electrical wires, connections, neutrals, circuit breakers, transformers, motors, wet insulation, missing insulation, roof leaks, and cold spots.

	Combustion analyzer

	Has in-built chemical cells which measure various gases such as O2, CO, NOX and SOX.

	Velometer/Anemometer/Airflow hood 
	Measures air flow from heating, air conditioning or ventilating ducts, or from other sources.

	Smoke Generator

	Detects air infiltration and leakage around doors, windows, ducts and other structural features 

	Leak Detectors
	Ultrasonic instruments used to detect leaks of compressed air and other gases which are normally not possible to detect.

	Miniature data logger 

	Small electronic instruments that record measurements of temperature, relative humidity, light intensity, light on/off, and motor on/off.

	Tachometer 
	contact type instrument to measure rotational speed of shaft or disc

	Stroboscopes
	Non-contact type instrument to measure rpm

	Fyrite
	Used for flue gas, O2 and CO2 measurement

	Fuel Efficiency Monitor

	Measures oxygen and temperature of the flue gas and calculates

the combustion efficiency

	Pitot Tube and manometer
	Air velocity in ducts can be measured using a pitot tube and inclined manometer for further calculation of flows

	Water flow meter

	A non-contact flow measuring device that measures water and other fluid flows using Doppler effect / Ultra sonic principle.


2.10 Summary

The key learning points from this chapter can be summarised as follows:

1. Energy management aims at minimizing costs and developing strategies for wise energy usage, and at the same time minimizing environmental effects
2. Energy auditing involves analysis of past data, examining savings potential and implementing attractive energy cost-savings projects

3. Understanding energy costs is essential to monitor energy consumption and control energy costs

4. Benchmarking provides a yardstick for evaluating improvement opportunity going by the trends in energy use

5. Energy performance index is a yardstick for measuring energy efficiency of buildings

6. The energy audit demands a proper understanding of the energy consumption pathways in the utilities

7. Fuel substitution implies replacement of conventional fuels by cheap, renewable and cleaner fuels

8. Energy Conservation Act 2001 provides the legal framework and institutional arrangement for increasing energy efficiency.
9. The Energy Conservation Act demarcates the duties and responsibilities of energy managers and auditors

10. Energy auditing involves the usage of a variety of equipments to measure various physical and operational parameters
2.11 Recommended readings

1. BEE guide books for energy manager and auditor, http://www.beeindia.in
2. Turner WC. Energy Management Handbook, 5th Edition, (The Fairmont Press, 2005)
3. Capehart, Turner, Kennedy. Guide to Energy Management. Fifth Ed. (The 
Fairmount Press,   2006).
4. Thumann, Younger. Handbook of Energy Audit. Sixth Ed.  (The Fairmount Press, 
2003).
5. Thumann, Mehta. Handbook of Energy Engineering. Fifth Ed. (The Fairmount 
Press, 2001
2.11 Exercise questions
1. What are the objectives of energy management?

2. What are the different types of energy audits?

3. Write short notes on:

i. Audit planning

ii. Bench marking

iii. Energy performance index

4. Explain why it is imperative for the auditor to understand the energy consumption pattern of the utility.
5. Explain the meaning of fuel substitution with examples.

6. What was the purpose of enactment of the Energy Conservation Act? What are the salient features of the act?

7. Choose the correct answer:

i. The Energy Conservation Act was passed by the Govt. of India in the year
a)1999


b)2001


c)2003


d)2005

ii. The basic type of an energy audit is called _________ audit
a) Walk in

b) Walk out

c) Walk through
d) Walker
iii. The non-contact type of thermometer is called __________ thermometer.
a) Infrared

b) Thermocouple
c) Ultraviolet

d) Mercury
iv. Luxmeter is used to measure


a) Water level

b) Illumination
c) Luxury

d) Heat

v. Which of the following is not a duty of an energy auditor

a) Provide energy efficient equipments to different industries

b) Analyze energy consumption pattern of utilities

c) Identify points of energy wastage

d) Formulate corrective measures to prevent energy wastage 
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