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~ INTRODUCTION 

This report represents the completion by INTRAG, I~c., 

of an assessment of industrial energy conservation in 

Pakist? 1. This assessment was being carried out for the 

Director General of Energy Resources (DGER) in the Ministry 

of Petroleum and Natural Resources. The assessment was 

being funded by the United Nations Industrial Development 

Organization (UNIDO). To provide a pe~spective for 

the results to date, in this introductory chapter the 

background and objectives of the study as described in the 

terms of reference and the INTRAG proposal are reviewed, 

then the Final Report organization is outlined. 

BACKGROUND 

The sharp rise in oil prices over the past decade has had 

a serious and sometimes devastating effect on the 2conomies 

of most oil-importing countries of the world. Although 

Pakistan has recently discovered indigenous resources of 

crude oil, it is currently dependent on imports for over 

80 percent of its petroleum requirements. The cost of 

' 



INTRODUCTION 2 

this imported petroleum represents a large drain on 

Pakistan's foreign currency reserves, and thus constrains 

its capacity to fund its internal development programs. 

The Planning Commission of the Government of Pakistan 

developed a National Energy Plan as part of the Sixth 

Five-Year Plan. A major objective of this Plan is to 

overcome energy shortages through energy conservation, 

more efficient use of energy, and fuel switching. Sine~ 

Pakistan industry currently consumes 40-50 percent of 

Pakistan's energy supply, the success of an industrial 

energy conservation program is crucial to meeting the 

energy goals of the overall Plan. 

Currently, oil and gas are the major fuels consumed by 

Pakistan -- constituting three-quarters of its total 

primary fuel consumption. While Pakistan currently 

produces enough natural gas to support its use, energy 

forecasts through 1990 indicate that natural gas produc

tion will begin to decline bv that point, and a natural 

gas shortage could occur. Table 1 shows the current 

trends in primary energy consumption. 

Given the importance of minimizing the use of oil and 

gas, the Government of Pakistan has given significant 

emphasis to energy conservation, and to development of 
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Table 1 

~RIMARY ENERGY CONSUMPTION 

Oil (excluding 
bunkers and 
non-energy usei 

of which: 
Domestic 

Gas (excluding 
feedstock) 

Coal 

Hydro 

LPG 

Nuclear 

Total 

* The share wi 11 

1982-83 

Energy 
Consumption 

MTOE 

5. 8 :i 

( 0. 65) 

5.81 

0.76 

2.49 

0.07 

0.02 

15.00 

Percent 
Share 

of Total 

39.0 

( 4. 3) 

38.7 

5. l 

16.b 

0.5 

0. l 

100.0 

increase ;;ignificantly in 

Estimated 1987-88 

Energy 
Consumption 

MTC'E 

10.01 

( 1. 04) 

8.32 

1.16 

4.01 

0.22 

0.02 

23.74 

later years 

Percent 
Share 

of Total 

42.2 

( 4. 4) 

35.0 

4.9* 

16.9 

0.9 

0. l 

100.0 

as a result 
investments stimulated by the Sixth Five-Year Plan. 

3 

Annual 
Growth 

Rate 

1:. 3 

9.9 

7. 4 

8.8 

10.0 

25.7 

9.6 

of 

SOURCE: "The Sixth Five-Year Plan, 1983-88 (Draft," Planning Commission, 
Government of Pakistan, May 1983, p. 210. 



INTRODUCTION 

non-conventional sources of energy. As specified in the 

terms of reference provided by the OGER, the Government 

is interested in developing an integrated program in 

energy conservation, with special attention to national 

policy measures, institutional development, and plant-

level assistance. This will call for a mix o: legisla-

tive, technological, and financial measures to be 

instituted by th€ Government of Pakistan. 

Recognizing this need in the late 1970a, the Government 

of Pakistan held a National Symposium on Energy Con-

servation in February 1980. During the six sessions of 

the Symposium, recommendations were formulated for: 

• Energy conservation policy 

• Energy conservation in the transport sector 

• Energy conservation a'."1d cascading in industry 

• Energy conservation in the domestic and commercial 
sectors 

• Role of renewable resources of energy. 

The recommendations of thi~ Symposium were carried 

forward in further initiatives. One of these is this 

assessment. As called for by the OGER, the specific 

objectives of the assessment were: 

1. Survey 30 industrial plants in the textile, metal-

mechanic, and paper and chipboard industries to 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



INTRODUCTION 

identify opportunities for energy conservation and 

improved efficiency, without reducing industrial 

output. 

2. Analyze the plant-level energy data and assess the 

potential for energy conservation. 

3. Identify opportunities for fuel substitution. 

4. Aggregate the data on energy conservation measures 

and provide recommendations for industrial energy 

savings. 

With the concurrence of the OGER, UNIDO commissioned 

Intrag, Inc., to carry out the study, assisted by Zelin 

Limited. At the commencement of the study an intitial 

work plan was agreed to that included the following major 

steps: 

a. Carry out background data analyses, and conduct 
eight test surveys. 

b. Order specific energy-use diagnostic equipment to 
support the specific survey requirements 

c. Prepare an Interim Report oased on the first eight 
plant surveys. 

d. Carry out 22 additional surveys. 

e. Prepare and submit a Draft Report. 

f. Prepare and submit a Final Report. 



INTRODUCTION 

FINAL REPORT 

This Final Report completes the above steps, and provides 

a substantial amount of information and data in response 

to the study objectives. There are particularly detailed 

analyses of industrial energy savings in the findings 

chapter. 

Given the limitation of one day with the team at each 

site, there was a special effort made to validate the 

data by comparing it with process data in the United 

States. This check showed that 3/4 of the data obtained 

could be meaningfully compared to similar process data 

from the U.S. Based on this, the team believes the 

findings are solid, and the recommendations, if enacted, 

can lead to substantial energy savings. 

The reader should be cautioned, however, on the general 

limitations of the data. It is not sufficient to make 

final conclusions about the equipment configurations or 

economic viability of specific equipment investments at 

any of the plants. This would require a much more exten

sive and detailed energy audit and technical and economic 

feasibility analysis for each plant, consisting of 1··2 

pe~son-weeks of effort per plant. To avoid any mis

representation of the detail and final accuracy of the 
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data, energy input and output values were not attached to 

the process flow diagrams (see Appendix A), although "check 

energy balance indi~at~rs" were examined for each of the 

plants surveyed. Detailed energy balances, using the data 

as is, would not be meaningful. However, a great amount 

of the useful data that would come from energy balances is 

presented by plant function in Exhibits 3. 13 - 3.26, and 

for the plants overall in Exhibits B.1 - B.30. 

Based on the plant surveys and followup analyses, it was 

concluded that energy conservation improvements of 15-40%, 

depending on the plant, were achievable, a conclusion that 

conf irrns the significance of energy conservation to 

Pakistan, and its importance in supporting Pakistan's 

national energy goals. 

In the three remaining chapters of this report, the work 

carried out by the INTRAG team is described in detail, as 

follows: 

Chapter 2 -- Characteristics of and Approaches 
to Industries Analyzed 

Chapter 3 -- Energy Conservation Findings and 
Opportunities 

Chapter 4 -- Targeted Energy Conservation Actions: 
A Framework for an Industrial Energy 
Conservation Plan 



.----- --------

IN'i'RO'!UC'f l:Of' 

____ ___,_.._____ ~-----------------------------------------------------

Exhibits .~u, ~0~t!ng these chapters are provided in a 

sepa:ate ~e< :on, and the following six appendixes are 

.... s :i e :-i cl•-:. s ~ rl : 

Ar; ... ~nc' :· I -· Manufacturing Process Flow Diagrams 
hy Plant 

- r?e;1dix 8 ~etail.:d Energy Use and Costs by Plant 

A~~ ..:nd.i..x r Energy Audit Data Sheet Format 
'-

Ap)enciix D Introduction Letter and Example Acceptance 
Form 

Appendix E :1ethodology for Estimating Energy Savings 

Appendix F individual Plant Summaries 
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2 CHARACTERISTICS OF AND 
APPROACHES TO INDUSTRIES ANALYZED 

The Director General of Energy Resources (OGER} initially 

provided INTRAG a list of 33 industrial plants for energy 

surveys (Exhibit 2.1), from which 30 were to be selected 

for energy surveys. 

The plants identified covered three i~dustry sectors: 

textiles, metal-wechanic, and pape~ and chipboard products. 

The list consisted of seventeen textile, three paper and 

chipboard, and thirteen metal-mechanic plants. Twenty 

three (23) of these plants are located in the Punjab 

Provinc9, SlA (6) in the Sind Province, and four (4) in 

the North West Frontier Province (NWFP). During efforts 

to schedule Energy Audit Surveys (EASs), it was discovered 

that at least 13 industrial plants listed in the original 

list were not available for surveys. Some had closed (or 

had essentially gone out of business}, and some simply did 

not respond to our correspondence or calls. Some new 

textile and metal-mechanic plants were substituted for the 

ones not in operation, after consulting with the DGER's 

office. 



CHARACTERISTICS OF AND APFROACH TO INDUSTRIES ANALYZED 

In accord;.nce with the work plan finalized and approved at 

the start of the study, this Final Report is based on 

30 Energy Audit Surveys (listed in Exhibit 2.2). In this 

chapter, the energy use and cost data for the plants 

surveyed are presented, and the approach to th~ survey and 

data collection is described. 

2.1 ENERGY USAGE AND COSTS 

As expected, the energy usage characteristics of these 

industries vary considerably in accordance with their 

specific manufacturing processes, size, and production 

capacity. Manufacturing process flow diagrams for each of 

these industries are shown in Appendix A. Energy inputs 

at each processing stage are shown as inputs by fuel 

type. 

Exhibit 2.3 shows the average annual energy consump-

tion by specific energy source for each of the plants 

audited. The data is based on the average mon~hly fuel 

bills that were made available by the industry management. 

In some cases records for the last five years were avail

able, while in others only the last one or two years data 

were available. The minimum record of data obtained was 
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CHARACTERISTICS OF AND APPROACH TO INDUSTRIES ANALYZED ~l 

for at least one year. Appendix B contains a detailed 

record of monthly energy use and costs for each plant. 

Exhibit 2.4 is a profile of average monthly consumption 

for all the industries audited. The monthly consumption 

reflects the overall pattern in energy usage and does not 

take into account factors s~ch as size, production capacity, 

and advantages or disadvantages of operating procedures of 

a particular industry over the other. Several factors 

account for the variations injicated in the monthly 

consumption pattern. These include, but are not limited 

to: operati11g procedures; market conditions; seasonal 

trends; financial state of the industry; size; and forced 

outages such as electric load shedding, equipment failure, 

etc. 

Exhibit 2.5 shows the breakdown of energy consumption by 

source. In the plants audited so far natural gas and 

electricity are the primary source of energy supply. 

Natural ges accounts for about 80 percent of the total 

energy consumption, electricity about 13 percent, and oil 

about 7 percent. 

' 



CHARACTERISTICS OF AND APPROACH TO INDUSTRIES ANALYZED 

2.2 APPROACH TO THE 
ENERGY AUDIT SURVEYS 

The EASs were carried out in accordance with the following 

steps: 

Step 1: Develop first draft of an energy audir. data 
sheet (EADS}. 

Step 2: Develop equipment list, prepare specif ica
tions, and order equipment to be used for 
EASs.* 

Step 3: Select, schedule, ar.d conduct a test energy 
aucit survey at one 9lant. 

Step ~= Revise/modify first draft of EADS, coritact 
plants, and schedule EASs for eight plan~s. 

Step 5: Conduct EASs at eight plants. 

Step 6: Prepare an Ir.terim Report. 

After obtaining DGER's/UNIDO's comments and guidance 0n 

the Ihterim Report, the rest of the EASs were carried 

out in the following steps: 

Step 7: Complete delivery of energy auditing 
equipment and van to the project area. 

Step 8· Develop fi,cl draft of EADS and modify 
procedures/analysis to reflect DGER/UNIDO's 
guidance. 

* Due to the fact that inviting quotations from various 
manufacturers of energy auditing equipment, placement 
of orders, deliv?ry period, and governmental procedures 
for clearance required considerable time, it was decided 
that the first eight energy audit surveys would be 
conducted using INTRAG's and Zelin's existing equipment 
in order to obtain some early results. 
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CHARACTERISTICS OF AND APPROACH TO INDUSTRIES A~ALYZED 

Step 9: Contact and schedule EASs with 
22 plants. 

Step 1 0: Conduct 

Step 11 : Prepare 

Step 1 2: Prepare 

2.3 DATA COLLECTION 
AND RECORDING 

EASs at 22 plants. 

Draft Report 

Fi.nal Report 

the remaining 

Each EAS was conducted during a 0ne-day visit after 

careful advance planning and scheduling. The draft survey 

forms used for the EASs are shown in Appendix C. The 

information OP- the EADs has been organized into th~ 

following categories: 

• General 

• Purchase of Utilities 

• Operating Informat:on 

• Ancilliary Equipment 

• Production Costs 

• Economic Data 

• Plant and Machinery 

• Energy Inputs 

• Energy Outputs 

• Summary Sheet 

• Manufacturing Process Des~ription 

• Monthly Energy Cost Data (Electricity, Natural Gas, 
and Other Fuel Costs) 



CHARACTERISTICS OF AND APPROACH TO INDUSTRIES ANALYZED 

• General State of the plant 

• Boiler Data Sheets 

• Comments/proposed energy conservation measures/ 
Identification of losses by manufacturers and 
details of investments in energy conservation. 

The categories listed above are quite comprehensive, the 

objective being to obtain as much base information as 

possible, even though the surveys were not intended to 

be complete, detailed audits. 

In addition to the information recorded on the EADS, oral 

interviews with the plant managers were conducted, and 

s~lectively tape recorded. 

2.4 EQUIPMENT USED 
FOR ENERGY AUDITS 

The energy audit equipment used to carry out the audits is 

listed in Exhibit 2.6. The environ~ental and operating 

conditions of the first eight plants surveyed were eval-

uated in preparing specifications for the equipment. 

These conditions included expected operating temperatures, 

robustness, allowance for maximum ranges of voltage, 

current, power, process steam flow rate, flue gas velocity, 

pressure, and emissivity ranges of different parts in the 

plants. 
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CHARACTERISTICS OF AND APPROACH TO INDUSTRIES ANALYZED 

The energy auditing equipment package included an Energy 

Mobile Diagnostic Unit (EMO) as well as the energy auditing 

instruments. The EMO unit was used for transportation of 

personnel and equipment from one plant to anot 11er. It was 

decided in consultations with the DGER/UNIDO to procure a 

VW van for use as an EMD Unit. 

Specifications for the instruments were developed and 

approved by DGER/UNIDO. Quotations were solicited 

and received from various suppliers for the equipment, 

and delivery of the equipment to Pakistan was completed 

in April 1985 for the instruments, and May 1985 for 

the VW van. 

2.5 SURVEY PROCEDURE 
AND APPROACH 

Using an introductory letter and an acceptance form 

(Appendix D), team members visited (or phoned) different 

plants ~o explain the objectives of the project to manage-

ment and obtain their acceptance. 

This approacn resulted in an additional effort but was 

pref~rred over a simple dispatch of letters and acceptance 

forms, because INTRAG felt that a verbal explanation of the 

project would prompt a quicker and more positive response. 



CHARACTERISTICS OF AND APPROACH TO INDUSTRIES ANALYZED i ,~ 

Team members explained the procedure to management and 

obtained agreements for an energy survey at a mutually

agreed date and time. 

The survey team consisted of two-three staff members from 

INTRAG, two from Zelin, and staff member(s) from the 

DGER's office. The INTRAG team was headed by a senior 

industrial and instrumentation engineer, one support 

engineer to record data, and one management analyst/ 

economist to collect economic and management-related data 

and to conduct oral interviews with plant managers. Zelin 

provided two engineers, one expert in industrial procF .ses 

~nd the other expert in plant measurements and data 

recording. 

Initially, a manufacturing process flow diagram was 

developed and points for taking readings identified. This 

was followed by on-the-spot measurements and recording of 

data. Areas of major energy usage and losses were 

identified on the spot. While some team members conducted 

the energy survey in the plant, one er two other team 

members conducted interviews with the plant management 

regarding the general state of the industry, energy usage 

and conservation opportunities, and other relevant issues 

facing the industry. 
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3 ENERGY CONSERVATION 
FINDINGS AND OPPORTUNITIES 

Based on the findings of the 30 plants surveyed, ~nergy 

savings of 15 to 40 percent, depending on the plant, could 

be achieved through a range of actions. The specific 

survey results leading to this conclusion are discussed in 

the following sections of this chapter: 

3.1 Energy Losses and Inefficiencies 

3.2 Improvement Opportunities. 

The first section describes the various types of losses 

and inefficiencies identified during the energy audit 

surveys and discusses their causes. The second section 

outlines the improvement opportunities that can be imple-

mented in the plants, ranging from simple low-cost energy 

conservation measures such as "good housekeeping pra~tices" 

to major investments such as installing or retrofitting 

new energy-conserving equipment. A description of tech-

nically suitable energy conservation opportunities based 

on recoverable potential is given. A summary and ranking 

oc energy conservation opportunities based on recoverable 

potential is also presented. 
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3.1 ENERGY LOSSES 
AND INEFFICIENCIES 

Th~ type and magnitude of the energy losses and inef fi-

ciencies in the 30 plants surveyed vary by manuf actur-

ing process, size, plant age, product type, financial 

circumstances, and general state of the industry. The 

following types of losses and ineffiencies were identified: 

• Boiler losses 

• Steam system losses 

• Waste heat losses 

• Hot water losses 

• Electric power losses 

• Furnace/metal-mechanic process losses 

• Inappropriate equipment design and layout 

• Inefficient energy supply and conversion 

• Management/administrative inefficiencies. 

Exhibit 3.1 shows the presence of these losses by industry 

sector, and Exhibit 3.2 provides plant specific presence 

of these losses. Most areas of loss or inefficiency 

offer potential for improvement. 

3.1. 1 Boiler Losses 

Boilers are used in all three industry sectors. Their use 

is much more extensive in the textile and paper/chipboard 
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plants than in the metal-mechanic industry. In the plants 

surveyed, only one metal-mechanic plant was using a boiler 

for process heat generation. Exhibit 3.3 shows the energy 

used in boilers as a percentage of total energy input for 

all industries, as well as for textile and paper/chipboard 

plants. On average the energy used in boilers accounts 

for about 41 percent of total input energy in all plants 

surveyed: 43 percent of total input energy in the textile 

and 40 percent of total input energy in the paper/chipboard 

industries. Therefore, boiler operations offer one of the 

largest potential opportunities for energy savings. 

Processes using process steam from the boiler are, in 

descending order of magnitude, heating setting (stenters), 

jet dyeing, wet finishing processes and drying. See 

Appendix A for manufacturing process flow diagrams of 

plant showing the stages of process steam utilization. 

The boilers in plants surveyed are of different types, 

sizes, ages and capacities. Most of the boilers were 

procured second hand at low cost and employ outdated 

equipment for steam generation. Exhibit 3.4 shows the 

different types of boilers installed in the plants surveyed, 

their ages, capacities and average operating efficiencies. 

' 
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The average operating efficiencies were calculated using 

graphical appro~ch for efficiency determination, and the 

heat loss method.* In the graphical approach graphs based 

on specific fuel compositions and ambient conditions were 

used to determine the efficiencies. While this may not 

represent an absolute measure of efficiency due to varia-

tions in loading conditions, fuel composition and ambient 

conditions for a specific plant, it is a fairly accurate 

approach because the fuel composition of natural gas/ 

furnace oil and ambient conditions of the plants surveyed 

are almost the same and do n~t differ greatly. 

The average operating efficiency of all boilers installed 

ranges from a low of 45 percent (Government Textile Weaving 

and Finishing Center) to a high of 83 percent (Kohinoor 

Textile Mills). The average for all plants is 67.5 

percent, well below the normal industry range of 80-85 

per~ent; this indicates a substantial potential for 

energy savings in this area. 

* Heat loss method accounts for energy loss in the stuck 
flue gas and evaluates boiler efficiency. This method 
was used for plants where instrument readings of 
prevalent conditions on the site were out of range of 
the parameters used in the graphical approach. Appendix 
E gives the details of these calculation procedures for 
all plants with boilers. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 



ENERGY CONSERVATION FINDINGS AND OPPORTUNITIES 

The causes for the lG~er boiler operating efficiencies 

are: 

• Inadequate or no insulation 

• No condensate re:urn system 

• No feedwater preheating 

• No preheating of combustion air 

• No burner tuning/improper Air/Fuel ratios 

• High idling losses 

• Excessive unburned gases 

• Excessive stack gas heat loss, including lack of 
flue-gas dampers 

• No heat recovery from blow-down water 

• Inadequate cleaning and maintenance procedures 
(fouling and scaling) 

• Improper location of boiler house, causins excessive 
pressure drops in pipes 

• Lack of professionally qualified manpower and instru
mentation. 

Exhibit 3.2 shows the plant-specific presence of these 

problems. 

Quantitative assessments of energy savings potential in 

terms of energy usage and costs per year due to improvements 

in boiler efficiency in each of the plants surveyed are 

presented in Section 3.2.1a of this report. 
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3.1.2 Steam System Losses 

There were excessive steam system losses in virtually all 

plants. The causes are: 

• Poor insulation 

• Defective steam traps 

• Leakages 

• Inefficient steam distribution network. 

The quality of insulation is extremely poor, with lagging 

often hanging loosely from the steam distribution network; 

several spaces along the path of the distribution network 

have no insulation at all. The piping shows rust and 

excessive corrosion caused by prolonged operation without 

adequate maintenance (carbon dioxide and oxygen in the 

steam cause corrosion in any piping network and require 

continuous maintenance). 

Steam trap failures are quite frequent; in some cases, 

steam bypass systems had been installed permanently 

without any effort to rectify the defective steam trap. 

This results in excessive use of steam in subsequent 

processing stages due to the high content of condensation 

and air in the steam. 
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Steam leakage is evident at several spots, particularly at 

the joints. The INTRAG/Zelin team recorded the velocity, 

pressure, temperature, and quantity of heat lost at selected 

leakage spots. Exhibit 3.5 shows the relationship between 

size of leakage and annual heat loss. For several leakages 

the total loss can be very high resulting in excessive 

costs. 

Unnecessary piping in the distribution network exists in 

some plants. Additions and new equipment were installed 

in the existing plant without planning for an overall 

optimal piping layout, with the result that steam still 

travels through pipes connected to machinery no longer in 

use. Furthermore, loads have been added or dropped 

without any consideration for original design of the 

network, this results in disproportionate pressure drops 

in the distribution network causing excessive heat lr,sses 

in the distribution system. 

The amount of heat lost through the entire steam distri

bution system caused by factors such as poor insulation, 

d0~ective steam traps, leakages, and an inefficient 

distribution network, is too great to measure in a one-day 

energy survey. However, data available from energy audit 
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surveys of other industries suggests that 20 to 30 per

cent of input fuel used could be saved by improving the 

quality of insulation on the piping network, rectifying 

faulty steam traps, preventing leakages through proper 

maintenance, optimizing the steam distribution network, 

and avoiding unnecessary piping. Quantitative assessments 

on estimated savings due to corrective/prever.tive measures 

to improve steam system losses in the plants surveyed are 

presented in section 3.2.ld. 

3.1.3 Waste Heat Losses 

Waste heat losses include heat carried away by flue gases 

and heat wasted in the process stage. Although some 

portion of heat is lost during the process stage, flue 

gas waste heat is by far the more significant problem. 

Bxhibit 3.6 shows flue gas analysis from boilers in the 

plants audited. Flue gas temperatures ranged from 107°C 

to 521°C, and excessive amounts of unburned gases (due 

to incomplete and inefficient utilization of input fuel) 

were present. The levels of oxygen and carbon dioxide 

are far above the industrial average reported in other 

countries. This percentage of excess air supplied to 
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ensure complete combustion is extremely high (nearly 200 

percent in one instance). Exhibit 3.7 shows the relation

ship betwetn excess air and total heat loss. Inadequate 

supply results in incomplete combustion and fuel wastage; 

excess air supply causes heat loss through stack without 

any use. An optimum air supply should be maintained for 

efficient combustion. In general, for natural gas an 

efficient boiler would use about 15 percent excess air. 

In the plants surveyed, the industry average is 85.2 

percent, which is way too high and indicates excessive 

wastage. 

The above mentioned losses are significant and provide a 

great oppo~tunity for heat recovery and efficient energy 

utilization. This waste heat could be recovered and used 

in pre-heating boiler feedwater and combustion air ensuring 

substantial fuel savings. Exhibit 3.8 shows the relation

ship between combustion air temperature and fuel savings 

in boilers. It is clear from the exhibit that preheating 

could save significant amounts of input fuel. Quantitative 

estimates on actual recoverable potential of waste heat 

(and subsequent fuel cost savings) for each of the plants 

surveyed is given in section 3.2.lc. 
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3.1.4 Hot Water Losses 

At several processing stages there is excessive waste of 

water at high temperatures. In particular, wet processing 

stages, such as jet dyeing in the textile industries, 

require extensive use of hot water for washing and preparing 

raw cloth for printing and finishing. Used wash water at 

high temperatures is allowed to drain without any meas·Jres 

to recover the wasted heat. For example, in one plant 

100°C water was being simply drained through a pipe into 

waste dumps around the plant. Idling of jet dyeing 

machines and excessive usage result in significant amounts 

of wasted heat that could be recovered. 

Plants using steam in their processes invariably have hot 

water as condensate. In the plants audited there is no 

means of recovering this heat with the exception of a few. 

Water at high temperature could be used to recover wasted 

heat for use in several processing stages as well as for 

recycling. This offers substantial potential for con

servation of h~at energy being wasted. There exist several 

process specific heat exchangers that could utilize heat 

from hot water waste. Plant specific applications warrant 

detailed engineering studies which is beyond the scope of 
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the present study. Exhibit 3.2 summarizes plants in 

which excessive hot water losses were identified. 

3.1.5 Electric Power Losses 

Energy losses in electric power include: 

• Poor power f actocs 

• Poor maintenance of moving parts 

• Idling 

• Improper matching of motors with load 

• Excessive fan power usage for drying 

• Poor lighting 

• Poor distribution network 

• Frequent voltage variations. 

Poor power factor is a direct indication of inefficient 

elPctric power utilization. The industry average is 0.75. 

Keeping in mind the operating constraints and typical 

practices followed by industry in Pakistan, this could 

still be improved to a minimum of 0.85, ensuring efficient 

utilization of electric power. 

Most of the electric energy supplied is consumed by motors 

used to drive moving parts such as rollers or cylinders, 

which are generally poorly maintained. The parts are 
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neither properly nor frequently greased; they offer high 

friction, thereby overloading the motors. Energy efficiency 

measures concerning motors are summarized in Exhibit 3.9. 

On existing motors not much can be done ~egarding efficiency 

improvements in design (changes without rewinding the 

motor or purchasing a new one); therefore, emphasis must be 

given to efficient operational procedures. Running motors 

at low load wastes energy and lowers power factor. Motors 

should be operated as close to fully loaded conditions as 

possible. This improves efficiency and power factor. 

Beside losses in motors and distribution wiring, low power 

factors can overload transformers, cause poor voltage 

regulation and excessive voltage drops. 

Power factor correction is generally achieved by installing 

capacitors. There are two approaches to cap~citor instal

lation: at the load or at the switch board or distribution 

panel. The first is convenient because capacitors are 

switched on and off with load and reactive currents are 

reduced. The second method requires that larger (therefore 

cheaper unit cost) capacitors can be used, but the savings 

Ln branch circuits are not obtained. This approach 

primarily leads to savings in the primary feeders and main 

transformer, but not on the load side of the distribution. 
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Idling of moving par~s causes a waste of electric power. 

In several instances, machines were running without any 

use. In one particular instance yarn was being spun on a 

warping machine to form four cones, whereas the machine 

has the capacity to spin sixty-eight cones; all other 

winders were being driven by the motor without any yarn. 

Machine operators rarely turn off the machine's moving 

parts when no processing of materials or cloth is being 

carried out. 

Most of the motors installed are not properly matched to 

their load, which results in overloads on motors and 

inefficient operation. Drying in textile industries 

employs extensive use of fans to blow air. There are no 

controls to optimize drying times, and fabrics are in 

general over-dryed because of excessive use of fan power. 

In most of the plants surveyed, the quality of lighting is 

very poor. Excessive deposits of dirt on lamps and 

f lourescent tubes results in excessive power usage due to 

extra lighting loads and higher temperatures. Some of the 

measures to reduce energy comsumption are: improving 

color and reflectivity of walls, ceilings, and floors to 

reduce lighting energy needs and train personnel to turn 

lights off when not needed (employee energy awareness and 

motivation programs.) 
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In distribution networks, wires and cables have poor 

insulation, as well as improper conductor sizes and 

ratings for their requisite loads. Variations in supply 

voltage are common, resulting in efficient operation and 

reduced equipment life. This has been further aggravated 

by frequent load sheddings by the electric utili~y, Water 

and Power Development Authority (WAPDA). 

3.1.6 Furnace/Metal-Mechanic Process Losses 

Furnaces are used in the metal-mechanic/steel industries 

primdrily for melting scrap and in some industries for 

pre-heating intermediate products. Majority of them are 

scrap based-electric furnaces employing low frequency 

electric or gas heating. In general, melting consumes 

almost 90 percent of input energy. In almost all the 

plants surveyed the quality of insulation is extremely 

poor resulting in unnecessary losses. There has been no 

effort to improve the quality of insulation, in some 

instances furnace doors have been completely burnt out, no 

replacement was made resulting in permanent heat loss. 

Most of the furnaces are not very well designed for the 

specific applications in which they are being used. The 

designs are old, having little or no consideration for 
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energy conservation and in most cases, fabrication is done 

locally. Major losses are due to: 

• poor insulation 

• poor design 

• high idling 

• poor temperature and pressure controls; and 

• inadequate cleaning and maintenance procedures. 

Most of the energy conservation meaasures in plants using 

furnaces warrant process specific considerations since the 

productioo stages are quite diversified depending on the 

final product. Furthermore, the size and produc~ion 

capacities of these plants is very small, this limits the 

use of any capital intensive energy conservation measures. 

However, under existing conditions considerable savings 

could be achieved by: 

• improving inter process delivery/transportation 
conditions 

• improving q~ality of input scrap material 

• pre-heating scrap by waste heat 

• improved furnace insulation 

• higher speed rolling 

• reducing melting times by using Ultra High Power 
(UHP) furnaces; and 

• better monitoring of temperatures in processing stages. 
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Production stages in the metal-mechanic/steel plants 

require intermittent heating and cooling. A bottleneck at 

a specific stage can result in significant energy losses, 

therefore steps should be taken to ensure continuity of 

processes and improving interprocess deli•rery/transporta

tion conditions. The total energy used depends highly on 

the quality of scrap material, in some cases difference in 

scrap quality can result in twice the amount of energy 

used with poor quality scrap. This is an important factor 

in energy savings and steps should be taken to procure 

scrap material that requires less energy for melting. 

Pre-heating of scrap material with process waste heat 

could result in substantial savings. In all the plants 

surveyed, no waste heat preheating is used. Improvement 

in furnace insulation is required in almost all the plants 

surveyed. 

High speed rolling uses less energy than slow speed rolling. 

Steps should be taken to increase rolling speeds. 

Ultra high power furnaces (UHPFs) reduce melting times and 

use less energy but in general require higher transformer 

capacity, specifically, 600 to 800 KVA as compared to more 

conventional types which require about 250 to 300 KvA. 

Experience in similar plants has indicated that use of 
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UHPFs can save up to 10 percent of current energy usage in 

furnaces. 

The discharging temperatures at each production stage 

should be monitored so as to minimize losses in inter-

process handling and efforts be made to conserve and 

utilize as much heat as possible in the product for 

subsequent processes that require preheating. Quantita-

tive assessments due to the above losses in plants surveyed 

are presented in Section 3.2.1b. 

3.1.7 Inappropriate Equipment Design 

The equipment installed is, in general, outdated and dces 

not employ any state-of-the-art processing techniques or 

heat recovery systems. The machinery installed was 

typically procured second-hand, and any additions or 

modifications to the process were done without planning 

I for optimum layout and without using any of the modern 

energy-efficient monitoring techniques (such as computer-

I ized process control automation) or process technologies 

t 
(such as microwave drying in the textile industry). 

However, it must be recognized that these second-hand 

' 
installations probably cost a fraction of new equipment 

costs. Therefore, what was an energy inefficient option 
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may have been the lowest cost option. Another reason is 

that wherever there was a conflict between efficient energy 

utilization and plant expansion, the latter was almost 

invariably preferred resulting in inappropriate equipment 

layout and energy intensive design changes/modifications. 

3. 1.8 High Cost Energy Supply 
and Inefficient Conversion 

In the plants audited, the primary sources of energy are 

natural gas, electric power, and furnace oil. The cost 

per Gigajoule or million Btus is high, ar.d the efficiencies 

of conversion of these fuels are poor. Exhibit 3.10 shows 

the cost per energy unit for the textile, paper/chipboard 

and metal-mechanic steel industries. With achievable 

energy conservation, the cost per unit of energy could be 

reduced by 15 to 40 percent. 

Natural gas is often used, when, for some reasonable 

investment, coal or some biomass or waste product could be 

used. Further, because of inefficiencies in combustion 

and processing stages, the use of this high-value fuel is 

excessive. Exhibit 3.11 shows the energy use per unit of 

output in the plants audited. On average, the energy use 

is higher by 20 to 30 percent than that in similar 

industries in other countries. For 6-8 of the plants 
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surveyed, the comparison of these ratios suggests that 

the energy use data is in error, or the process was r1ot 

actually run as described to the Intrag/Zelin team. 

3. 1 • 9 Management and 
Administrative Inefficiencies 

Several areas in the management and acministration of 

these plants could be improved; these include: 

• Production planning 

• Operator knowledge 

• Employee incentives 

• Recordkeeping. 

3. 1. 9a Production Planning 

In almost all cases in which production is carried 

out on a day-to-day basis, large and small orders are 

run without sufficient planning. This results in under-

utilization of facilities and energy lost per unit of 

output. In one extreme instance, production planning was 

so inadequate as to override the case for any energy con-

servation measure. In other words, measures for energy 

conservation would not have resulted in ~ny potential 

savings. In this plant, time is allocated to various 

customers for processing raw cloth. When plant time is 

-
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promised, the whole plant is started up in anticipation 

of use: customers often do not show up as scheduled, and 

the plant has to be shut down after having run idle 

for several hours. In such cases, measures to conserve 

energy are of little consequence in the absence of proper 

production schedules. 

3. 1.9b Operator Knowledge 

Most of the operators employed have insufficient 

initial training or up-to-date knowledge of technology. 

Operator know-how is learned directly on the machine, 

without formal classroom instructions. 

In the absence of any specific fault, operators tend to 

assume that the plant is functioning properly. Plant 

managers and supervisors concentrate on production, and 

spend little time checking energy losses. 

There are two training institutes for textile operators 

in Pakistan. Op€rators who have had formal instruc-

tion at these institutions have a better. understanding of 

processing technology and trouble-shooting, and tend to 

operate the plant on a basis that keeps energy losses 

down, compared to those directly employed without any 

formal training. Though the institutes offer better and 
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proper direction for training, much needs to be done to 

improve the courses taught. 

3. 1 • 9c Employee Incentives 

From comments fuade during interviews, it appears 

that, in addition to the lack of awareness of employees 

and managers, there is no particular incentive for 

employees to minimize energy usage. Benefit programs and 

rewards for better performance are practically non

existent, except i~ a few industries. In many cases the 

organizational structure of the plants and their operating 

practices do not include employee incentives. There is 

considerable uncertainty in terms of joL security for the 

employees, and many of them seemed uninterested in what 

they were doing. 

3. 1 • 9d Recordkeeping 

With the exception of fuel bills, plant management 

does not maintain records on machine performance, mainten-

ance, and energy usage. Records on breakdowns, repairs, 

and other maintenance are not of any consequence to 

industry management. Plants managers usually pay the 

bills on energy consumption without making any effort 

to ensure better production through efficient energy 

utilization. 
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3.2 IMPROVEMENT 
OPPORTUNITIES 

There are several improvement opportunities that can lead 

to substantial savings in energy. Improvement opportuni-

ties are of three types (see Exhibit 3.12): 

• Improvements or modifications in the existing plant 

• Plant design 

• Management and administration. 

3. 2. 1 Improvements 
or Modifications 
in Existing Plant 

There is a wide range of improvements or modifications 

that can be implemented in existing plants, ranging from 

simple "good housekeeping practices" to retrofitting new 

energy conservation equipment to fuel substitution. Plant 

modifications and improvement opportunities are of eight 

types: 

• Improvements in boiler efficiency 

• Improvements in furnace efficiency 

• Utilization of flue gas waste heat 

• Reduction of steam system losses 

• Reduction of hot water losses 

• Reduction of electric power losses 

• Utilization of process waste heat. 

• Identification of fuel substitution opportunities 
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3. 2. la Improvements in 
Boiler Efficiency 

The average operating efficiency of the boilers in 

the plants audited is 67.5 percent, which is below what is 

expected in similar industries. By employing different 

energy conservation measures, similar industries have 

attained boiler efficiencies higher than 85 percent. 

Despite the operating constraints and other problems in 

operating practices in Pakistan, a conservative target for 

improving boiler efficiency could be set at 80 perce~t. 

Exhibit 3.13 shows the recoverable potential in energy 

savings by impr0ving boiler efficiency to a base minimum 

of 80 percent for each of the plants audited. The total 

savings for the three industries are 437 x 103GJ of energy, 

amounting to Rs 6.6 million per annum. 

The above savings could be realized through very simple 

measures on existing plants without any substantial 

capital outlay. The estimated savings computations are 

based on conservative estimates and one time efficiency 

measurements on site, in contrast to monitoring of plant 

specific boiler operating characteristics over a period of 

time which would take into account variations with loading 

conditions, idling, temperature of feedwater and other day 
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to day plant specific operating conditions. All these 

would tend to increase the above estimated energy savings 

potential, leading to higher savings than those estimated 

above. 

Most of the savings could be realized in the textile and 

paper/chipboard industries since boilers are primarily 

used in these industries with the exception of on2 metal-

mechanic plant that uses boiler for process heat. The 

three paper/chipboard plants account for 44.7 percent of 

total savings, in contrast to 53.8 percent in twelve 

textile plants. This is primarily due to larger boilers 

in the paper industry and the smaller size of the textile 

plants. Also, relatively large boilers in the textile 

plants were found to be operating at higher efficiencies. 

Higher efficiencies can be attained in the plants surveyed 

by: 

• Improving combustion efficiency through burner 
tuning 

• Recovering waste heat and using it for prP~eating 
feedwater or combustion air 

• Improving burner design 

• Recovering boiler blow-down 

• Utilizing boiler condensate return 
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• Pretreatment of feedwater 

• Iffiproving maintenance and cleaning 

• Improving insulation. 

3.2.laa ·Combustion efficiency/burner tuning. 

Exhibit 3.14 shows the chemical composition of 

natural gas as supplied to the industries audited; 

it consists mainly (94.42 percent) of methane (CH4). 

Ignoring the other constituents, the complete 

combustion of methane is given by the following 

chemical equation: 

The mas~ balance of this equation and the theoretical 

air requirements for complete combustion can also be 

computed (see Appendix E); however, in actual 

practice, complete combustion rarely occurs, and 

unburned gases with excessive air leave through the 

stack. This is usually detected through flue-gas 

analysis using a combustion analyzer. One indication 

of incomplete combustion is the formation of carbon 

monoxide, as shown by the following chemical 

equation: 

c + 1/2 02 ~~~-> CO (incomplete combustion) 

In practice, excess air is supplied to ensure complete 

combustion. An efficient boiler comparable to sizes 
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in the plants surveyed requires about 10 to 15 

percent excess air. With few exceptions the plants 

had very high values of excess air (in some cases as 

high as 180 percent), with stack flue gas temperatures 

in the range of 200°C to 400°C. Optimal values are 

in the range of 120-140°C. This indicates inefficient 

combustion and excessive heat loss. 

Experience with similar industries has shown that, 

with flue gas temperatures as low as 120°C, savings 

up to 10 to 15 percent in input fuel can be achieved 

by utilizing this waste heat. Industrywide estimated 

savings in plants audited are given in Section 3.2. le 

"Utilization of Flue-Gas waste Heat." 

Combustion efficiency can be improved by optimizing 

the air-fuel ratio during combustion. Some of the 

common means of doing this are controlled air flow 

and proper burner tuning to adjust with pressure, 

temperature, and loading. Several commercially 

available means are available to achieve this. The 

latest form is an automatic combustion control 

system (APCS) that automatically adjusts air flow 
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and burner settings to optimize the air-fuel ratio 

with changes in loading condition3, pressure, and 

temperature. A periodic spot check of combustion 

measuring temperature, excess oxygen and CO is 

also an effective way. A step by step boiler tuning 

procedure can be followed and a boiler log be maintained 

for variations under different operating conditions 

for long term plant specific adjustments. 

3.2.1ab B0iler waste heat recovery. Excess waste 

heat can be recovered from flue gases and used to 

preheat tt1c boiler feedwater or comb.1st ion air. 

Specific techniques employed are discussed in 

Section 3.2. 1c below. Using recovered waste heat to 

preheat the boiler feedwater results in fuel savings 

because the boiler feedwater requires less heat for 

steam formation. 

3.2.1ac Burner design. Burner design can be 

improved for specific installations to adjust flame 

geometry and suit specific fuel type. Some burner 

designs employ preheating of combustion air. Modifi

cations in burner design require investment and have 

been ignored by the industry primarily because of lack 
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of awareness on its energy savings potential and 

importance in improving overall efficiency. Existing 

plant measures requiring little or no capital expendi-

ture to improve combustion efficiency through burner 

timing adjustments can be implemented by ensuring the 

following: 

• Cleanliness of gas/oil injection traps 

• Cleanliness of filter and moisture traps 

• Cleanliness and proper movement of fuel valves 
(correct for jamming or excessive play) 

• Adequate pressure to all pressure regulators. 

3.2.1ad Boiler blow-down. Boiler blow-down can be 

recovered for use in preheating feedwater or combus-

tion air. There are two types of boiler blow-down 

recovery systems, intermittent and continuous. Of 

the two types, continuous systems are more popular 

and offer more efficient heat recovery. Utilization 

of boiler blow-down in general tends to increase the 

equipment life as well. In plants surveyed, none 

employed any methcd of heat recovery from boiler 

blow-down. 

3.2.1ae Boiler condensate return/pretreatment 

of feedwater. Condensate is usually higher quality 
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and purer water with fewer corrosive elements in it; 

it requires less heat than ordinary water to form 

steam. Installation of a condensate recovery system 

can reduce the total fuel requirement for steam 

formation. Pretreatment of boiler feedwater ensures 

rapid evaporation and less build-up of corrosive 

elements in the boiler. 

There are several factors involved in feedwater 

treatment that are relevant to the cost and ease of 

treatment, and consequences of improper treatment. 

1. The higher the pressure and temperature of the 

boiler, the greater the corrosion and stress

induced damage to the boiler. Generally, 

above 600 psig/800°F boiler conditions, a 

demineralizer capital investment is warranted 

to maintain consistently high feedwater 

quality. The cost of chemicals and feedwater 

treatment procedures is significantly higher 

for 900 psig and higher pressures than for 

600 psig and lower pressures. 

2. The ease and cost of feedwater treatment for 

boilers below 600 psig/800°F are manageable 

with a minimum of chemical treatment and 

manual feedwater quality monitoring. The key 

' 
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to good plant performance and mininurn component 

corrosion is strict regularity of feedwater 

quality control. For a small but regular 

maintenance effort and cost, a major cost from 

boiler downtime and repairs can be avoided. 

3. With the lower press~re/temperature boilers in 

use in most of the plants surveyed (and in 

many smaller Pakistan industrial plants), the 

training of semi-skilled labor can provide the 

in-house expertise necessary to keep feedwater 

quality under control. Training courses, and 

even in-house review of boiler and feedwater 

manuals can quickly provide the expertise 

needed to maintain the boiler and f eedwater 

systems in a high state of performance, with 

minimum corrosion. 

Exhibit 3.15 shows the estimated annual energy 

savings with a condensate return system in plants 

surveyed. The total energy savings are estimated to 

be 131.7 x 103 GJ, amounting to Rs 2.7 million per 

year. In general, larger plants are equipped with 

condensate return systems and savings were also 

computed for improvements in existing condensate 

return systems. Improvements/modifications are 

primarily those related to provision of high quality, 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 



ENERGY CONSERVATION FINDINGS AND OPPORTUNITIES 

high temperature condensate to ensure rapid steam 

formation. 

3.2.1af Maintenance and cleaning. Over time, the 

shell and tube of the boiler get deposits of variou3 

salts present in the feedwater mixtures and air. 

These salt deposits reduce surface conductivity and 

thus increase heat transmission losses. Although 

frequency of maintenance and cleaning is specific to 

each industry, depending on factors such as feedwater 

quality and operating environment conditions, 

routine maintenance and cleaning should be carried 

out 3 times per year. Regular cleaning of boiler 

shell and tubes would improve heat transmission and 

thus reduce fuel requirements. 

Comparing fuel bills in plants audited before and 

after cleaning indicated an average saving of 

approximately 7 percent in input fuel. This differ-

ence suggests the savings potential to be realized 

with proper maintenance and cleaning procedures. 

If the frequency of maintenance and cleaning is 

increased to, for example, 3 times per year, savings 

of about 20 percent* in input fuel could be attained. 

* The savings 
over time. 
approximate 

would follow an exponential decay function 
The number has been rounded to give an 
average with continued operation. 



ENERGY CONSERVATION FINDINGS AND OPPORTUNITIES 

Exhibit 3.16 shows estimated savings with improved 

cleaning and maintenance procedures in the plants 

surveyed. The total savings are 184.8 x 103 GJ of 

energy, amounting to Rs 4.1 million per year. 

Savings from pre-treatment of feedwater are in

cluded in these estimates. It was observed during 

the surveys that 80 percent of the plants are using 

raw water without any pretreatment. Those that 

did pretreatment were confronted with difficulties in 

obtaining good quality chemicals. These chemicals 

are priced very high, partly due to import duties 

imposed by the government. The quality of watPr in 

terms of its hardness and thermal conductivity showed 

regional variations so no one standard pretreatment 

procedure could be applied. Detailed plant specific 

water quality evaluation and pre~reatment procedures 

are required to reduce scaling. Exhibit 3.17 shows 

that the potential savings from feedwater pretreatment 

are 65614 GJ, amounting to Rs 1.25 million annually. 

3.2.1ag Insulation. Exhibit 3.18 shows the quality 

of insulation on boilers in the plants audited and 

heat losses through radiation. The estimated 

savings based on using good insulation were determined 

by measuring surface radiation losses from the 
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boilers using an infrared scanner. The total annual 

savings in energy are estimated at 88855.2 mwh, and 

amount to Rs 594532 per year. Most of the plants have 

poor to fair quality insulation. The primary factor 

determining the effectiveness of insulation is the 

quality of insulation material used. 

3.2.1b Improvements in 
Furnace Efficiency 

Exhibit 3.19 shows the quality of insulation and 

estimated heat loss on furnaces in plants surveyed. 

The quality of furnace insulation varies from fair 

to none at all and in most of the plants, furnaces 

are poorly insulated. Exhibit 3.20 shows the estimated 

average annual savings in the metal-mechanic plants due 

to improved furnace efficiency. 

The total estimated savings are 42. 1 x 103 GJ ?er year, 

amounting to Rs 3.6 million per year. Among tr:e most s1gn1-

ficant measures for improving furnace efficiency are: 

• improved insulation 

• better design 

• usage of ultra high power furnaces. 

3.2.1c Utilization of 
Flue-Gas Waste Heat 

In all the plants audited, t~e heat carried away by 

the flue gases is excessive. This waste heat could, if 

' 
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recovered, be used in attractive energy-conserving applica

tions such as preheating feedwater or combustion air, or 

as process air, etc. The overall effect would be more 

efficient use of energy and more productive operation 

of the plant. 

Exhibit 3.21 sho~a the temperature, volume, and quantity 

of heat carried away by the flue gases in the pla~ts 

audited. The temperatures of flue gases are high (up to 

521°C), and the heat carried away is excessive. Experience 

in similar industries overseas has shown that typical 

values of stack temperatures range from 120°C tc 140°C. 

Experience with flue gas heat recovery indicates that, 

with stack temperatures as low as 120°C, 10 to 15 percent 

savings in input fuel can be attained. 

The total heat lost accounts for 15 percent of total 

input energy in the plants audited. Exhibit 3.22 shows 

the estimated savings for these plants with flue gas waste 

heat utilization. The total would save 255 x 103 GJ per 

year of input energy amounting to Rs 13. 1 million per year. 

There are several techniques for recovering wast~ heat in 

flue gases; some applications are industry-specific and 

are not applicable to all industries. Some potentially 

suitable technologies that can be implemented in the 

plants audited to recover waste heat are: 
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• Economizers 

• Recuperators 

• Rotating regenerators 

• Heat pipe heat exchangers 

• Run-around coil heat exchangers 

• Gas-coupled indirect heat exchangers. 

3.2.1d Reduction of 
Steam System Losses 

Exhibit 3.23 shows the typical conditisn of steam 

distribution piping in the plants audited. Leakages are 

present at various points along the piping, particularly 

at joints; pipes are rusted, badly insulated, and :heir 

overall layout indicates an inefficient distribution 

system. 

Steam system losses can be reduced by: 

• Improving piping insulat~on 

• Eliminating steam traps 

• Eliminating leakages 

• Improving the layout of the steam distribution 
network. 

No data or layout plan was available on total piping for 

the steam system, so it was not possible to take complete 

measurements. Steam traps and leakages were spotted at 
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many points, and readings of heat losses were obtained at 

those specific points. While exact calculations could 

not be performed, a conservative estimate based on approxi-

mations indicates that a total of 18 percent of savings in 

input fuel could be attained by providing good quality 

insulation, detection and proper elimination of steam 

traps, elimination of leakages, and improving the layout 

of the steam distribution network. Exhibit 3.24 shows 

average annual industry-wide savings resulting from 

improved steam distribution system. ~he total savings 

are 403 x 103 GJ of energy, amounting to a savings of 

Rs 10.7 million per year. 

3.2.1e Reduction of 
Hot Water Losses 

In the plants surveyed, there is excessive waste ot 

hot water at high temperatures. Hot water losses could 

be reduced by: 

• Condensate return 

• Efficient use of wash water. 

3.2.1ea Condensate return. Substantial savings in 

fuel used for steam raising could be achieved by 

using condensate return to the boiler feedwater. 
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The condensate from steam is generally high-quality 

water that requires little or no pre-treatment; it 

rapidly evaporates, and because it is at a higher 

temperature, less fuel is required to form steam. 

It is generally considered that retrofitting a 

condensate return system in a plant yields about 10 

to 30 percent savings in fuel used to raise steam. 

Referring back to Exhibit 3. 15, it shows recoverable 

heat from condensate return for the plants surveyed. 

The calculation assumes no heat loss in additional 

piping required for retrofitting a condensat~ return 

system. The total for the plants surveyed amounts to 

131.7 x 103 GJ per year, amounting t,, Rs 2.7 million 

per annum. 

3.2.1eb Wash water. Processes such as jet dyeing 

that use hot water can reduce waste by: 

• Using taps that automatically shut off when no 
water is required 

• Insulating storage tanks 

• Reducing temperature of the wash water by a 
few degrees 

• Avoiding excessive use. 

' 
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In addition to the basic measures suggested above, 

specific h~?at-recovery systems could be installed to 

recover the heat in high-temperature water for use 

in other processing stages within the plant. This 

type of analysis requires detailed, industry-specific 

engineering feasibility studies and cannot be 

evaluated on one-day energy audits. Heat recovery 

can lead to significant savings in energy and 

overall improvement in plant efficiency. Some of 

the heat-recovery systems and their potential for 

energy savings are discussed in Section 3.2.1g below 

(Utilization of Process Waste Heat). 

3.2.1f Reduction of 
Electric Power Losses 

Electric power losses can be reducect by: 

• Improving power factor of the plant 

• Correct matching of motors 

• Voltage stabilization 

• Improving maintenance and operating 
practices of moving parts. 

The industry average of recorded power factors is 0.75. 

If the power factor is improved to 0.80 by installing 

capacitors and ensuring correct matching of load, a total 

of 21437 Mwh (amounting to Rs 1.6 million per year) could be 
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saved in the plants surveyed. Industry-specific savings 

are shown in Exhibit 3.25. The total potential for saving 

is about 12 percent of current electricity consumption in 

the plants surveyed. 

Most of the electric energy is used in motors to drive 

moving parts. Matching of motors to load and proper 

lubrication of moving parts would save electric ~ower. 

Standard procedures for maintenance of all moving parts 

should be set. Another important factor is voltage 

stabilization. Voltage variations are very common and, 

because of frequent load shedding by WAPDA, it is even 

more important to install voltage stabilizing devices. 

Volt2ge stabilization would improve the operating eff i-

ciency of all electric equipment and increase equipment 

life. 

3.2. 1g Utilization of Process 
waste Heat 

There is excessive waste heat in almost all processes 

in the plants audited. Several techniques involving 

moderate to substantial capital outlay can be used to 

reduce and utilize process waste heat. Since most of 

these techniques involve retrofitting and design changes, 
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they are discussed in detail in the section describing 

improvement opportunities in design. In this section, 

potential savings through modifications and changes in 

existing practices are discussed. 

Another important energy-intensive process is that of 

drying in textile plants. Current operating practices 

do not employ any set procedures for optimizing drying 

times; in general, fabrics are overdryed. Overdrying 

results in excessive energy usage. If the drying times 

are optimized using process controls, savings of about 

20 percent in input energy can be achieved. Industry-

specific savings are given in Exhibit 3.26. The total 

savings for the fifteen plants using drying processes are 

105.7 x 103 GJ amounting to total savings of Rs 3.0 

million per year. 

3.2.1h Identification of Fuel 
Substitution Opportunities 

The study called for identification of fuel substi-

tution oportunities. These were identified through 

management discussions at each plant and INTRAG's analysis 

of plant size and operating requirements. Short of an 

indepth examination of all fuel options in a detailed 

energy audit, the fuel substitution thought most practic-

able and valuable to Pakistan is a mixtur~ of coal and 
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oil. Four plants were identified as having the potential 

for a coal-oil mixture, based on the plant size and type 

of operations: 

• Pakistan Paper Mills in Charsada. 

• Adamjee Paper Mills in Nowshera. 

• Colony Textile Mills in Multan. 

• Bannu Woolen Mills in Bannu. 

The technology for using coal-oil mixtures is established, 

and receiving increasing attention in many countries. 

Part of the task of achieving the use of coal-oil mixtures 

in Pakistan lies in providing the necessary technolog~' 

transfer from these other countries. Such technology 

transfer will be part of a large program now being 

implemented by Enercon, a recently established Pakistan 

organization receiving its initial funding from the 

U.S. Agency fr: International Development. 

In addition to the coal-oil mixtures that could be substi-

tuted in the above plants, other actions described in this 

report also ~isplace primary fuels and are a form of fuel 

substitution. Refer to the sections on: 

• Utilization of process waste heat. 

• Installation of new types of equipment. 

• Installation of cogeneration equipment. 

• Utilization of flue gas waste heat. 

• Microwave heati~g. 
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3.2.2 Design 

Modifications and improvement opportunities in design 

generally require higher capital outlays and offer the 

greatest potential for energy conservation. This implies 

that any implementation or modifications in the design 

must be analyzed in terms of its economic attractiveness. 

In this section, different energy-conserving techniques 

and their applicability to the plants audited are discussed. 

Improvement opportunities in design are of two general 

types: 

• Upgrading/retrofitting in existing equipment 

• Replacement with new equipment. 

3.2.2a Existing Equipment 

Design rnodif isations in an existing system can 

range from small changes to a majoc overhaul of existing 

processes. A wide range of modifications have been sue-

cessfully employed and, because many of them are process

specific, it is not possible to generalize the merits of 

one successful implementation to entire industry sectors. 

Several constraints and industry-specific problems 

restrain general applications of design changes. For 

instan··~, the plant layout of a particular industry may 

not permit application of a new system that has been 

successfully used in other plants. However, for the 
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purposes of the present analysis and based on the findings 

of the plants audited, the design modifications described 

below can generally be implemented in the industries. 

The proposed design modifications on existing plants are 

of two types: 

• Automatic process control systems 

• Waste heat recovery systems. 

3.2.2aa Automatic process control systems (APCS). 

The most attractive application for APCSs are in 

the areas of combustion and drying. Both of these 

processes are energy-intensive and consume maximum 

energy. 

Combustion APCS opti~izes the air-fuel ratio by 

a~tomacically adjusting :n any changes in loading, 

temperature, pressure, inlet air, exhaust, and 

humidity. Several versions of APCSs are commercially 

available for installation at boilers, dryers, and 

furnaces. Modern APCSs offer automatic burner-tuning 

facilities and automatic control of isolators on 

chimneys. Isolators are devices that automatically 

close and do not allow heat to escape when a boiler 

or a furnace is not in operation. The most modern 

ones have reported savings on the order of 35 to 
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40 percent of input fuel through optimization of 

air-fuel ratios for boilers or furnaces. 

APCSs on dryers optimize drying times through constant 

on-line monitoring and control of humidity. There are 

several APCSs available for use on dryers. An industry

wide survey of applications indicates that installing 

APCSs on dryers would result in an average potential 

savings of about 24 percent. Exhibit 3.26 shows the 

industry-wide savings in terms of energy and Rupees per 

annum that could be achieved by optimizing drying times. 

3.2.2ab Waste heat recovery systems. In the plants 

surveyed, excessive waste heat is lost in many 

processes, and there exists no system to recover and 

utilize it. In fact, this area offers the second 

highest enecgy savings potential among the plants 

surveyed. Waste heat recovered from various processes 

has many attractive energy-savings opportunities: 

for example, preheating feedwater; preheating boiler 

air; and preheating air or gas in the same process 

rejecting heating. 

There are many waste heat recovery systems com

mercially available. Each system has its own 

advantages and potential for en~rgy conservation, 

depending on design, ratings, and suitability to a 
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specific process. It is beyond the scope of this 

study tQ investigate optimal plant-specific designs 

and carry out analysis of savings accruing from 

each one. However, some waste heat recovery systems 

potentially applicable to the plants audited are 

summarized in Exhibit 3.27. Typically, such systems 

can save 10-20 percent of total plant energy use. 

Specific installations would require a detailed 

engineering and economic study for each system, and 

some ca~es may also require design modifications to 

suit pr0cess-specific needs. 

3.2.2b New Equipment 

Some of the machinery in the plants audited is out

dated and warrants replacement. This section describes 

modern and state-of-the-art equipment. Investments in 

these are substantial but of fer a very high energy-savings 

potential. 

3.2.2ba Microwave heating. In many toxtile manufac

turing processes, particularly drying, microwave 

heating techniques could be used. This would 

completely eliminate the use cf steam heating. Some 

of the advantages of microwave heating are: uniform 

and rapid heating, thereby reducing drying times; control 
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of moisture content; on-off switching, which avoids 

idling; simple operation; and clean atmosphere. 

Such a system would yield savings of half or more of 

the total cost of drying. 

3.2.3 Management and 
Administration 

Management and administrative procedures play 3 vital 

role in energy consumed per unit of output and, in some 

instances, improvements in these can have a greater 

impact in overall plant energy usage than investments in 

technologies for energy conservation. Areas that need 

improvement are as follows: 

• Production planning 

• Operating procedures 

• Maintenance procedures and recordkeeping 

• Training and incentives. 

3.2.3u Production 
Planning 

In almost all the plants audited so far, managers 

are unfamiliar with planning procedures. Orders are 
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often handled in complete disarray without any one giving 

consideration to an optimal plan for routing responsibili-

ties. Inventory control is carried out very informally, 

and orders are often delayed. Mismanagement in handling 

orders and responsiblities leads to machines being started 

up only to stand idle, which results in increased energy 

used per output item. 

The training institutes should include courses in 

proper production planning and teach the techniques to 

implement it. 

3.2.3b Operating 
Procedures 

In most of the plants audited, the operators did not 

monitor and operate the plant on a routine, regular basis 

to keep energy losses down. 

Operating procedures need to be modified by incorporating: 

• Routine audit checks 

• Idle time monitoring. 

Routine energy audit checks should be performed to ensure 

efficient operation of all plants. These audits need not 

be done with the help of outside consultants or experts, 

but could be accomplished by good recordkeeping practices 
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and monitoring properly installed ~nergy data-recording 

instruments by industry staff. These data, if recorded 

on routine basis, would be of immense help in evaluating 

overall plant operation and considering future investments. 

Many processing stages operate in batches, and the idle 

time between product processing tends to waste energy. 

This idle time should be efficiently utilized without 

losing any useful energy content in the product. Some 

of the plants audited operate without any regard to idling 

of machines; many machines are underutilized, resulting 

in highEr energy usage per output item. Operating times 

to meet certain fixed demands should be properly scheduled 

in order to minimize idle running time of machines. Where 

facilities are rented out to outside customers on time-

charge basis for processing cloth or other products, 

penalties or charges to cover energy cost should be 

recovered in case of no-shows. In general, idle time 

monitoring is a serious problem in almost all the plants 

audited so far. 

3.2.Jc Maintenance 
and Recordkeeping 

In general, little or no information is available 

on maintenance, machine operation, repairs, or breakdowns. 
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No records were made available on machines, and INTRAG 

teams recorded information available only on nameplates 

or on the machines. Maintenance records receive very 

little attention by plant management. Proper equipment 

records, along with analysis of performance such as trend 

graphs, would provide an excellent basis for comparing 

machine and plant performance with regard to operation 

and efficiency. Such records would also be useful in 

directly identifying problem areas and taking necessary 

improvement actions. 

3.2.3d Training and 
Employee Incentives 

Most of the operators and managers lack initial 

training or up-to-date knowledge of technology, which 

leads to poor and inefficient operation. Some of the 

smaller plants do not employ a single graduate engineer. 

Operating knowledge is passed on to newcomers by directly 

introducing them to the on-off type machine operations. 

Little attention or concern is given to energy conservation 

by either managers or operators. The training institutes 

should revise their curriculum to bring them up to date 

on present practices~ courses on energy conservation 
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should be taught in order to develop an understanding of 

plant energy usage. 

3.2.4 Energy 
Conservation Findings 

Based on average annual use of energy in the eight plants 

audited, the achievable energy conservation per plant 

ranges from 15 to 40 percent. Major opportunities exist 

in: 

• Improving boiler efficiency and operation 

e Improvements in r~rnace insulation 

• Flue gas heat recovery and utilization 

• Improving steam distribution systems 

• Power factor improvement 

• Optimizing drying times/Usin~ process 
controls on dryers. 

Exhibit 3.28 summarizes the estimated energy and financial 

savings from implementing actions for each of the above 

opportunities. Exhibits 3. 13-3.26 provide a detailed 

breakdown of energy and f inanci31 savings by plant for each 

of the improvement opportunities. The following assumptions 

and factors must be understood to appreciate Exhibit 3.28: 
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• The estimated savings discussed earlier for improvement 
in boiler cleaning and maintenance, boiler insulation, 
condensate return, and feedwater pre-treatment are not 
included in the exhibit, because they would partly 
"double count" the savings shown for improved boiler 
efficiency. However, because they would undoubted~y 
improve the boiler-related savings, the enclosed 
exhibit does not fully reflect the boiler-related 
opportunities. 

• A value of 3.6 million joules/kWh is assumed for 
the energy content of on-site electric power use. 
In fact, the actual primary energy saved would 
be closer to 15-20 million joules/kWh, as actually 
experienced by the electric utility power plants 
supplying the power. It is for this reason, and 
the higher relative price per energy unit of elec
tricity, that the energy savings from improved 
power factor are disproportionately lower than 
the financial savings. 

• The energy and financial savings vary among plants, 
which fall within a range of 15-40 percent. Exhibits 
3.13-3.26 show the plant-specific savings. 

The power factor improvement and flue gas heat recovery 

opportunities are clearly the most significant, accounting 

for 3u% and 25%, respectively, of the total available 

energy savings estimated. 

This chapter described the findings on conservation 

potential and improvement opportunities, providing a basis 

for evaluating and ranking available improvement opportuni-

ties for purposes of an energy conservation action plan. 

Chapter 4 addresses these next steps. 

' 



4 TARGETED ENERGY CONSERVATION ACTIONS: 
A FRAMEWORK FOR AN INDUSTRIAL ENERGY 
CONSERVATION PLAN 

Determining energy losses and inefficiencies and identi-

fying general improvement opportunities, as described in 

Chapter 3, are only two steps -- although critical ones --

towards achieving real energy savings in Pakistan. Just 

as important is the formulation of specific improvement 

actions that are technically, financially, and institu-

tionally feasible. That is, the financial payoff of the 

actions and equipment investments must be attractive, the 

plants must have available to them in Pakistan conservation 

technologies and equipment relevant to their needs, 

they must have access to capital, they must have the 

technical resources to select and install th~ equipment, 

and they must have the capability for ongoing maintenance 

and operation of the equipment so that the energy savings 

are achieved year after year. 

Therefore, the improvement opportunities, numerous 

as they appear to be, must be carefully analyzed for 

their economic attractiveness and implementation feasi-

bility. This Draft Report addresses these requirements, 



TARGETED ENERGY CONSERVATION ACTIONS 

based on completion of 30 energy surveys. The sections of 

Chapter 4 cover: 

4.1. Energy use trends und the role of energy conservation 

4.2. Economic evaluation of industrial conservation 
improvement actions 

4.3. Barriers to implementation of needed actions 

4.4. Framework for an overall industrial energy conservation 
plan. 

Each of these sections is discussed below. 

4.1 ENERGY USE TRENDS AND 
THE ROLE OF CONSERVATION* 

In April, 1985, members of the governmental Working Group 

on Energy Conservation reviewed Pakistan's energy situation 

and the related need for conservation. The following 

discussion is extracted from materials prepared by the 

Working Group; it provides a clear and concise backdrop 

for setting energy conservation objectives, and formulating 

an action plan. 

Pakistan's total primary energy consumption in 1983/1984 

was estimated at 24.5 million tons of oil equivalent 

* The discussion in this section was extracted from 
materials prepared in April, 1985, by the governmental 
Working Group on Enecgy Conservation. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

' 



TARGETED ENERGY CONSERVATION ACTIONS 

(TOE), of which 16.5 million TOE or 67 percent was com

mercial energy. Over the Fifth Five-Year Plan period, 

which ended in 1983, primary energy consumption grew at 

8.5 percent per year. In Pakistan, energy consumption 

is growing at a rate 35 to 40 percent greater than the 

Gross National Product (GNP), whereas in industrialized 

countries annual energy consumption is incr2asing at only 

half the rate of th2 GNP. Even in the newly industrializ

ing countries of Southeast Asia and the Far East, the 

energy consumption elasticity has been less than 1.0 in 

recent years. Pakistan must reduce its energy/GNP ratio 

if it wants to sustain economic growth and social 

development. 

Moreover, as an oil importing developing country, Pakistan 

faces major economic and financial challenges. World oil 

price increases and a relatively high rate of domestic 

economic growth has pushed the cost of oil impr cts from 

$50 million in 1972 to about $1.6 billion for the fiscal 

year 1984/1985. The continuing need for rapid economic 

development, together with a 3 percent annual population 

growth rate (the highest in Asia), is creating a demand 

for energy that strains Pakistan's physical, financial, 

and human resources. Although the country has valuable 

coal, gas, oil, lydropower, and renewable energy resources, 

' 



TARGETED ENERGY CONSERVATION ACTIONS 

the generally long lead times and/or high investment costs 

required to develop them will require continued increases 

in oil imports in the short and medium term. 

The extent to which these increases are kept economically 

and politically manageable will depend on how efficiently 

energy is used and how effectively the institutions in the 

public ~nd private sectors are mobilized to execute a 

comprehensive national program of energy conservation. 

4 • 1 • 1 Pakistan's Energy Imbalance 

Over the past 10 years, Pakistan's energy supply/ 

demand imbalance has increased as demand i1~s outpaced 

domestic production and imports. As a result, electricity 

and n~tural gas shortages, which first occurred in the 

early eighties, ure expected to continue into the foresee-

able future.* 

The adverse effect of Pakistan's energy imbalance on 

foreign exchange, economic output, debt and resource 

* The most recent estimate projects the electric power 
capacity deficit for WAPDA at 995 MW in 1987/1988, 
approximately 20 percent of peak demand, and at more 
than 3, 100 MW, or almost 40 percent of peak demand, 
iD 1992/1993. The natural gas deficit is projected to 
remain as high as 18 percent of peak load demand in 
1987/1988, and 11 percent in 1992/1993. 
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mobilization imperils its ability to provide a satis

factory quality of life for its people and attain 

its desired self-reliance and progress. 

Pakistan's options for correcting its energy imbalance 

include measures to increase supply and moderate the rate 

of energy consumption. However, even if vigorously 

pursued, many of these measures will not be effective or 

practical in the short run. 

With respect to supply, the expansion of domestic oil and 

gas production, although extremely important, will not be 

enough to keep pace with demand. Increases in refinery 

and electrical capacity cannot resolve the problem because 

of the time needed to bring new capacity on line. The 

Sixth Five-Year Plan's capacity targets have already 

fallen behind schedule in the power sector and less than 

one-half the originally projected capacity additions ~~11 

be realized by the end of 1985. The high levels of oil 

imports will continue, but this alone cannot ~e relied 

upon to meet demand because of other urgent demand~ of 

foreign exchange and the limited ability of the installed 

refining and distribution system to handle a higher level 

oi ..._mports. 
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With respect to demand, additional load shedding, factory 

rescheduling and shutdowns, and other severe demand 

reduction measures are becoming politically and economically 

more painful. Even if major short-term price adjustments 

beyond those already contemplated are .ilade, producers ai1d 

consumers would need ~ime tn adjust. Although such 

adjustments are critical to solving Pakistan's energy 

problems in the long run, they a~e not likely to have an 

immediate and majcr effect on the energy balance without 

causing sharp dislocations and other problems in production 

and employment. In the short term, therefore, Pakistan's 

options for improving the energy situation lie in energy 

demand management and conservation activities. These 

activities include increasing the efficiency of energy use 

in existing power generation, reducing energy waste in all 

sectors of the economy and, where feasible, switching from 

expensive and unreliable fuels to cheaper and more reliable 

energy sources such as domestic coal. 

4. 1 • 2 Sixth Five-Year Plan and Conservation 

The Sixth Five-Year plan, whose prime objectives in 

the energy sector are to provide additional energy supplies 

to support economic growth, and to prevent current shortages 

in supply from re-emerging at a later date, has set targets 
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for reducing the elasticity of energy demand from 1.4 

(over the Fifth Five-Year Plan period) to 1.15 by 1988 and 

to less than 1.0 during the Seventh Five-Year Plan period. 

The plan has allocated some Rs. 116.5 billion for the 

overall energy program. Of this amount, the Government of 

Pakistan (GOP) intends to allocate Rs. 350 million, or 0.3 

percent of the budget, for energy conservation. 

The main focus of the conservation strategy OLltlined in 

the plan is on energy pricing that will bring Pakistan's 

energy prices in line with international prices within a 

socially acceptable time frame. The plan also contains 

proposals for spurring conservation by actions in several 

key areas: providing incentives for the purchase of 

energy-efficient equipment; conducting an energy conserva

tion awareness c2mpaign; labeling equipment and appliances 

with energy efficiency information; improving the level of 

fuel substitution; and setting minimum standards for energy

efficient equipment and banning equipment that does not 

meet those standards. The plan also encourages certain 

basic changes in life style, such as u~ing public transport 

instead of personal vehicles, decreasing the use of 

household electrical appliances and improving architectural 

design standards to reduce building heating and cooling 
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requirements. The Sixth Five-Year Plan's consecvation-

related proposals are both valid and appropriate; however, 

most of them have not so far been implemented. 

4.2 EVALUATION OF INDUSTRIAL CONSERVATION 
IMPROVEMENT ACTIONS 

4.2.1 Improve or Modify Existing Plant 

In Chapter 3, a range of industrial energy conservation 

actions were identified, based on the plant surveys and 

management interviews. As shown in Exhibit 3. 12, the 

types of improvement opportunities were almost universally 

applicable. It is important to note that, for each plant, 

each of the specific improvements listed was determined to 

have achievable energy savings potential. 

These opportunities must be translated into specific 

improvement actions through economic analyses and positive 

decisions by plant management. To facilitate an understand-

ing of the economic attractiveness of such actions, 

Exhibit 4. 1 summarizes the economic evaluation of actions 

to: (1) improve or modify the existing plant configuration, 

(2) make design changes to the plant configuration, and 

(3) carry out management and administrative actions. For 
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each of the specific actions shown, the nature of the 

improvement action is evaluated -- equipment investment 

requirement, operating and maintenance action, or the ease 

and financial attractiveness of the management and admini

strative actions. The types of energy conservation 

improvement actions evaluated are discussed below. 

1 • Imrrc?e boiler/furnace efficiency. Because 40i of the 

energy used in the plants surveyed is boiler fuel, the 

energy savings opportunities from improving boiler/furnace 

efficiency are significant. In Chapter 3, the energy 

savings opportunities from boiler and furnace efficiency 

improvements were discussed and quantified. When the range 

of investment costs and paybacks are considered for these 

types of boiler/furnace efficiency improvements, the range 

of payback periods is less than one to as much as three 

years. In virtually all cases, this would provide an 

acceptable return to management, l!_ a proper engineeri:1g 

feasibility study could be done, capital were available, 

and management and operating expertise were sufficient. 

In several cases (combustion efficiency, temperature/ 

pressure conlrol improvements, and maintenance and clear.ing) 

immediate actions can be taken at virtually no cost to 

s~ve energy. 
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2. Utilize flue gas waste heat. Experience in all 

industrial countries indicates that, with few exceptions, 

utilizing flue gas waste heat through the installment 

of recuperators or other heat transfer mechanisms proves 

economically worthwhile. Typical uses of flue gas waste 

heat are for feedwater preheating and process air preheat

ing. It is not uncommon for a two-year payback or better 

to be provided by such investments. 

3. Reduce steam systen losses. Steam system losses occur 

in a variety of ways, including inadequate insulation of 

steam pipes, leaky steam traps, and other steam system 

leaks. To better insulate steam piping and to repair the 

majority of steam system leaks, a minor cost (relative to 

other energy conservation investments) is necessary. 

Typical paybacks for such investments a~e usually less 

than t',ree years, and often less than one year. Further, 

minor repairs of steam traps require little or no capital, 

and can provide imwediate and economic energy savings. 

4. Reduce hot water losses. Hot water losses, as with 

sleam system losses, can occur in a variety of ways. 

One example -- heat loss in hot wash water -- is shown. 

As opposed to actirns to reduce steam system losses, 

investments to reduce hot water losses typically have a 
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longer payback. It may be, given the payback of other 

actions, that hot water losses may not be economic enough 

to address in many plants. 

5. Reduce electric power losses. Low cost actions to 

adjust the power factor, stabilize voltage or better 

maintain moving parts can quickly reduce electric power 

loss~s, and generally provide paybacks of less than three 

years. Correctly sizing motors to the particular loads 

involves new motor investments, and the payback is 

typically longer for such i~vestments, perhaps four 

years. Some actions -- certain power factor adjustments 

and moving parts maintenance -- can be taken with virtually 

no capital, and can provide immediate energy s2v1ngs. 

6. Utilize process waste heat. Like flue gas heat 

recovery, certain processes emit concentrated streams of 

capturable waste heat. Depending on the location of this 

waste heat, it can be routed through dryers or through 

spaces requiring heating, thus reducing primary fuel usage. 

Such actions typically have a 4-5 payback, and may not 

prove economic when ranked against other actions. 

4. 2. 2 Make Design Changes 

The above actions can largely be taken as modifications c)r 

enhancements to an existing plant. In some cases, it may 

' 
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be economic to replace existing equipment with newer 

design, more efficient equipment. Actions that appear 

worthwhile at most plants are discussed below. 

1. Replace existing equipment. In many plants, there 

were existing waste heat recovery systems or process 

control systems that were simply of an older design, end 

which posed technical limits on the amount of energy 

savings possible. By replacing this equipment with newer 

design systems, significant additional energy savings 

could occur. Typically, the investment required for new 

waste heat recovery systems are significant, while the 

cost of new design process control systems are lower. The 

latter, incorporating emerging microprocessor systems, are 

becoming cheaper and more effective all the time. The 

payback period for the above types of investments is 

roughly 2-3 years. 

2. Install new types of equipment. Technology devel~pment 

over the past decade or more has produced new types cf 

equipment not available twenty years ago. One good 

example is microwave or R.F. heating and drying syst2ms. 

While these systems involve a relatively siJnificant co~t, 

when compared to other actions, the payback can oft 1~n be 

two years or less. 
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3. Install cogeneration equipment. In a number of plants 

where a significant and relatively steady steam demand 

exists, the technical opportunity to install a cogeneration 

system exists.* In cases where cogeneration makes technical 

sense, primary energy savings of 10-40% of primary fuel 

use can occur. Furthermore, cogeneration may offer the 

opportunity for substitution of coal or renewable fuels 

for oil or natural gas. And importantly, the on-site 

production of electric power along with steam makes a 

direct contribution to one of Pakistan's worst energy 

problems -- inadequate electric power capacity. For any 

plant where cogeneration equipment is installed, the 

availablity of electric power is increased, and the 

effects of load-shedding from the electric power system 

are greatly reduced. 

However, there is a key issuE affecting the attractiveness 

of cogeneration -- subsidized electric power rates. 

Usually, the major economic benefit from cogeneration is 

the savings in electric power costs paid by the industrial 

plant. The lower the electric power tariff to the plant, 

the lower the savings for a given amount of electric power 

displacement. This can have the effect of making a 

* Coqeneration is defined as the production of both 
electric power and useful thermal energy in an efficient, 
sequential manner from a single p0wer plant. 
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cogeneration plant less economic, while the overall energy 

and cost savings for the nation are significant. Even so, 

for plants with a year-round and fairly steady demand for 

steam and electric power, the payback from investment 

in cogeneration equipment is expected to be 2-3 years. 

For cogeneration configurations where electric power in 

excess of the industrial plant need is produced, at least 

during parts of the day or year, a second economic and 

institutional barrier can exist. The electric power 

company (WAPDA or KESC) may not readily agree to a long 

term power purchase rate, which is necessary for the 

investment to take place. Typically, in many of other 

countries where cogeneration has been tried or is actively 

under consideration, there is a reluctance of the govern

mental or regulated utilities to accept privately owned 

power. Depending on the rate that would be paid for 

excess power from WAPDA or KESC, the payback could range 

from 2-5 years. 

Cogeneration applications were not analyzed for any of the 

plants surveyed because of the ne~d ~o gather hourly steam 

and electric power data, and ascertair1 with WAPDA or KESC 

that such on-site power generation would be technically 

and economically workable. 
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4.2.3 Carry Out Management and Administrative Actions 

As shown in Exhibit 4.1, page 2, there are a range of 

management and administrative actions that can reduce 

energy use. Many of these can be taken through an immed

ia:~e change in plant procedures, with relatively minor 

costs and almost always paybacks of less than one year. 

For several of the actions, however, changes cannot be 

made without some additional, external training, or 

through technology transfer activities not currently in 

place. These external support requirements are shown in 

Exhibit 4.1 in order of their ease and immediacy of 

implementation of the actions. 

Regardless of the ease of implementing the actions, none 

requires significant investments, and all can provide 

paybacks that make the actions worthwhile. 
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4.3 ANALYZE BARRIERS TO IMPLEMENTING 
CONSERVATION ACTIONS 

While there are a broad range of energy conservation 

actions that could provide significant energy savings, 

not all of them are likely to be economic enough to 

warrant investment or management time. Further, there 

are substantial non-economic barriers to their imple-

mentation. These barriers must be understood and 

addressed by a national energy conservation plan if 

any significant conservation benefit is to be achieved 

in Pakistan industry. 

As part of the Intrag/Zelin surveys, management interviews 

were conducted, and barriers to conservation investments 

and actions were identified and discussed. The results 

of these interviews are discussed in this section. It is 

important to note that, in the abser.ce of solid economic 

analysis, sometimes the technical barriers are perceived 

as economic barriers, and vice versa. Nevertheless, it 

is instructive to note the barriers identified by indus-

trial plant managers. In Exhibit 4.2, the reasons for 

taking no conservation action are summarized in terms of 

the percent of managers citing each reason. The barriers 

are technical, economic, financial, management or adminis-

trative, and governmental policies. 
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Virtually all of the managers cited the lack of technically 

suitable or overly expensive equipment as a barrier. 

While this may seem partly an economic barrier, the lack 

of ready availability of certain types of equipment (e.g., 

small recuperators) is a technical availability barrier 

that becomes an economic barrier if individual components 

are imported on a low volume-high price basis from other 

countries. 

20-30 percent of the managers cited inadequate savings 

or too long a payback period as a reason not to make 

conservation investments. While these barriers seem 

clearly economic, it may be that the best technical/ 

economic alternative was not considered by plant 

management. Given the limited total interview time, 

the team was unable to ascertain this. 

A great majority of the managers cited lack of capital as 

a reason for not making otherwise economic investments. 

This is a typical and critical barrier to conservation 

investments in countries with rapid economic growth. 

More than 3/4 of the managers cited staff resistance 

to new practices and lack of suitably trained staff 

as reasons that energy conservation actions could not 
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be implemented. The team believes that nddressing this 

barrier could yield great dividends at a limited cost 

through training and special technology t~ansfer activities. 

An important barrier affecting the economics is the 

subsidized cost of energy, and the lack of other 

governmental incentives to offset it. While, for the 

nation as a whole, certain energy conservation actions 

would be economic, only a part of the savings is seen by 

the industrial facility. If, on the basis of his portion 

of the savings, the investment is not worthwhile, it is not 

made. T~is institutional barrier must be addressed in an 

energy conservation plan, if the potential energy savings 

is to be achieved. 

A final barrier ("more important problems facing tl1e 

company") was cited by over half of the managers. These 

more important problems covered a range of factors. and 

is not surprising. However, with better information 

availablity through good technology transfer, and better 

staff training and awareness of energy conservation 

options, the management time required to evaluate and 

make conservation decisions is reduced. In this case, 

the "more important problems" would likely be less of 

a barrier. 
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4.4 FORMULATE OVERALL 
INDUSTRIAL ENERGY CONSERVATION PLAN 

4.4.1 Conservation Plan Perspective 

An effective industrial energy conservation plan is one 

that facilitates and directly assists the private indus-

tries' management practice: and investment decision 

processes. While some management practices are easy to 

implement (e.g., housekeeping improvements), the process 

for evaluating and decid~ng upon the more significant 

and complicated conservation equipment investments must 

be clearly understood. This investment decision process 

is illustrated in Exhibit 4.3. Based on the results in 

this report, a majority of the industrial companies will 

need external technical and financial assistance to 

supplement their internal capabilities in evaluating, 

making, and implementing major conservation decisions. 

In light of the above, a joint industry-government con-

servation effort will be needed to achieve the maximum 

fuel savings potential in the nation. A broad range of 

actions at the plant level and governmentaJ level must 

be iden~ified, such as: 

• l'ldnt equipment investment actions -- by type and 
cost 

• Economic incentives needed that are not now ~resent 
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• Regulatory actions that may be needed to remove 
barriers or, in some cases, require certain plant 
practices 

• Technical assistance or technology information 
transfer across industrial ~ectors or from other 
relevant national governmental efforts 

• Training programs at the national and plant level 

• Incentives for the private engineering and construc
tion infrastructure needed to support the detailed 
audits and the conservation investments decisions. 

Once this broader set of actions i~ identified, a set of 

evaluation criteria must also be formulated to determine 

which actions are worthwhile. These criteria would 

include: 

• Direct financial payoff for the plants 

• Fuel savings for the nation as a whole 

• Increased use of internal Pakistani energy resources 
(e.g., coal) 

• Ove~all implementation feasibility from an industrial 
sector point of view 

• New jobs and other economic ben~fits. 

Given this perspective, a framework for a national 

industrial conservation plan ~s provided in the following 

section. 
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4.4.2 Framework for an Industrial 
Energy Conservation Plan 

A well-prepared National Industrial Energy Conservation 

Plan is essential because of the ccordination required 

among the end-users, the Government of Pakistan, and 

the technical, financial, and other support services 

required to achieve the energy conservation. 

A number of er.ergy conservation studies, assessments, 

and audits, with a particular focus in industrial plants, 

have already been carried out. This work has revealed 

areas offering significant energy conservation opportuni-

ties, and must serve as a point of departure to expand 

and build up energy conservation activities in Pakistan. 

Before one can develop a complete and coherent Plan, 

there are prerequisites to be accomplished -- the 

analysis of issues and the concurrent setting of energy 

conservation objectives -- which then allow a plan to 

be developerl. The prerequisites to th0 Plan and the 

framew0:k for the Plan are discussed in th~ following 

two sections. 

' 
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4.4.2a Prerequisites 

There are several steps to be carried out prior to 

developing the Plan: 

1. Review energy conservation assessments and work 

already done; synthesize the issues. There are a 

number of important governmental documents and 

periodic reports to be carefully reviewed and 

understood prior to discussions on objectives with 

cognizant government officials. For instance, the 

most recent five-year plan objectives, and the 

preparation activities associated with the next 

five-year plan, must be carefully understood. 

Further, special studies and forecasts of energy 

supply and dem~nd should be reviewed -- the Power 

Market Survey by the planning deparment of the 

Power Wing of lhe Water and Power Development 

Authority (WAPDA). Finally, there are annual or 

other periodic reports provided on energy use in 

Pakistan. One example is the E~ergy Yearbook 

publisbed by the Mjnistry of Fetrolum and Natural 

Resources. Other examples are the regular editions 

of Power Systems Statistics published by WAPDA. 
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2. Interview and gain commitment from governmental 

officials regarding specific energy conservation 

objectives and priorities among these objectives. 

Different ministries have different responsi

bilities, and insights to provide that must be 

understood immediately. Discussions with these 

governmental officials, as well as key industrial 

sector leaders, will ensure that the Plan is 

developed on a realistic basis and addresses all 

of the industrial conservation needs of Pakistan. 

3. Evaluate key issues, and se~ up action plans to 

resolve or address them. Some issues (e.g., 

capital co;1straints) may have a solution through 

such vehicles as the recently instituted US AID 

Energy Commodities and Equipment Program. Other 

issues (e.g., subsidized power prices) involve a 

range of social and economic considerations beyond 

the scope of an energy conservation plan. While 

there may be ways tc work with governmental officials 

to resolve these to some extent to stimulate energ1 

conservation, there likely will be no immed1 te 

resolution and further an3lysis and coordiantion 

actions to deal with these issues must be built 

into the long-term energy conservation plan. 
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With a clear understanding of Pakistan's objectives, 

a meaningful Plan can be developed, as outlined in the 

framework below. 

4.4.2b Framework for the Plan 

Introduction and Objectives. The Introduction should 

provide a discussion of the overall energy situation in 

Pakistan, the need to take action in the areas of energy 

supply, energy demand and conservation, and the legislative 

and pricing actions that can affect or constrain certain 

supplies and uses of energy. 

In the light of the overall energy picture, the broad 

objectives of the Plan can be laid out in terms of: 

a. Reduction of energy waste 

b. Increases in the efficiency of energy use. 

The above broad objectives must be achieved for a given 

level of economic output, since cutting back in econon1ic 

output to save energy may be self-defeating. Within the 

context of the above broad objectives, fuel substitution 

opportunities should be examined. 

The major obstacles to be overcome in achieving energy 

conservation must be clearly identified. To reinforce 

the discussion in Section 4.3, these obstacles include: 
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• Lack of awa~eness on the part of industry sector 

managers on actions they can take and equipment 

investment opportunities that could save them 

money. 

• Technology constraints requiring selected applied 

research, demonstration projects, or other commer

cialization activities. 

• Constraints in the capacity of the technical, 

financial, and other services' infrastructure that 

must be addressed before the objectives can be 

fully achieved. 

• Legislative or regulatory obstacles to more eff i

cient use of energy, e.g., energy prices, tax 

factors. 

With the objectives and obstacles to be addressed well

understood, the plan will then discuss the specifics in 

the following parts. 

End-Use Sectors to be Addressed. Energy use patterns, 

technologies relevant to energy use, a~d management and 

administrative practices vary significantly across different 

industrial sectors. Industrial sectors to be evaluated 

at the plant level as well as in total include: 

' 



TARGETED ENERGY CONSERVATION ACTIONS 

• Textiles 

• Metal/mechanic 

• Paper and chipbodrd 

• Refining 

• Fertilizer and chemicals 

• Cement 

• Iron and steel 

The different processes in the above and other industries 

require different audit procedures, different areas of 

technical expertise for evaluation, and must be diffenti

ated in terms of meaningful energy conservation actions. 

Types of Conservation Actions to be Considered. Different 

types of conservation actions are appropriate for different 

needs. For each of the sectors to be evaluated, the 

following types of actions should be considered: 

1. Develop better awareness of energy conservation 

opportunities. This can be accompJ ~shed through 

publications, special mailings to key organizations 

and companies in the different sectors, and th~ough 

special conferences or seminars that allow face-to

face information contact. To increase enccgy 

conservation awareness, a program for technology 

information and expertise transfer may be set up. 
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TARGETED ENERGY CONSERYATION ACTIONS 

2. Carry out audits and develop related implementa-

tion plans. It is important to note that tre 

basis for achieving benefits in any sector i~ the 

plant-level survey and evalua:ion of energy use, 

and the implementation of specific actions to 

reduce waste and increase the efficiency of use. 

3. Establish selected applied research and commerci

alization support activities. There may be 

technol~gical constraints that prevent certain 

energy conservation act ions without some c .. -01.ge i ri 

electrical, 2lectronic, or mechanical equipment 

capabilities. 

4. Reduce energy-intensive'1ess of manufactured 

products. The main opportunities for reducin0 

energy use in certain end-use sectors may rest 

in the use or more efficient equipment -- e.g., 

cerLain types of electric motvrs. Therefore, 

selected actions affecting Pakistani manufacturing 

requirements or types of equipment allowed for 

import, coul~ be conside~ed. 

5. Initiate new national policies and legislatio~. 

There may be certain actions not under the control 

of plant managers that could result in significant 

' 



TARGETED ENERGY CONSERVATION ACTIONS 

energy conservation. These actions could be a mix 

of incentives (e.g., energy pricing and tax incen

tives) and absolute requirements for energy-use 

efficiency (e.g., efficiency targets and periodic 

reports). The need for and effect of such actions 

m· 3t be evaluated and weighed against any broader 

social and other effects that could occur from 

them. 

Infrastructural Support. The organizational structure and 

capacity needed within Pakistan to support and allow the 

energy conservation actions to be implementec is critical. 

Some of the main components of this energy conservation 

infrastructure could be: 

a. A permanently staffed conservation planning 

coordination center. 

b. Establishment of ~nergy conservation cells or 

organizational units in each governmental agency 

with responsibility for interface with the 

industrial sectors. 

c. Training support and development of additional 

capacity in key areas ~f expertise needed to 

audit, ~ngineer, and assist in energy conservation 
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TARGETED ENERGY CONSERVATION ACTIONS 

for all sectors. This could include the establish

ment of certain conservation training centers or 

schools not now available, and involve certifica

tions of energy auditors and other specialties. 

d. Capital support. While the US AID Energy Commodities 

and Equipment Pro9rarn recently established is one 

vehicle for financing support, a permanent vehicle(s) 

with enough capacity to support those equipment 

financing requirements that are proven economic 

must be put in place. 

e. User-oriented organizations at the regional or 

national level who can effectively support, at the 

grassroots level, the awareness and technology 

transfer activities that will likely be needced. 

One possible example is a Pakistan Energy Manage

ment Association (PEMA~. 

With the analysis of key energy conservation issues and 

the identification of overall, multi-year workload 

requirements for supporting Pakistani technical, finan

cial, and other services, nther infrastructural and 

organizational requirements should be identified, and 

directly addressed as part of the Plan. 
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Detailed Implementation Plan. The benefits of an energy 

conservation plan are tied as much to the quality of 

detailed implementation plans as they are the identifica

tion of meaningful opportunities in the first instance. 

The content of an implementation plan is straightforward, 

and involves four components, each of which is absolutely 

necessary if plans are to work: 

1. Detailed breakdowns of ~he actions and supporting 

step~. These should be developed in enough detail 

thAt the expected output of a particular action 

step is clear and achievable within a relatively 

short time frame. If this is not the case, the 

action plan has not been detailed out enough, and 

will not likely work within any reasonable schedule. 

2. The result or end product expected from each 

detailed action step. It is the definition of the 

expected result or end product that is the real 

test of whether an action step is meaningful. 

Therefore, the inclusion of this component for each 

step in the action plan is critical. 

3. Identification of the organization and person 

responsible for each action step. There are two 

levels of responsibility for each action. One is 
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TARGETED ENERGY CONSERVATION ACTIONS 

the overall management responsibility -- i.e., who 

will see chat the action is carried out in the 

face of problems that arise. The second set of 

responsibilities is for persons who must assist 

in carrying out a particular action. Key organi

zations or persons who will assist in implementing 

each action must be identified. 

4. Resources required. The amount of human resources 

required in terms of man-Qonths or man-years must 

be identified, so that meaningful budgets and 

commitments can be provided by the parties involved 

in implementation. Further, any equipment, 

computer support, and other non-labor resources 

required, must be identified if they are significant. 

Where appropriate, a budget •:r financial commitment 

sufficient to provide the resources must be established. 

In the final analysis, both the private-sector management 

commitmer.t as well as budget commitments by certain 

governmental agencies for support activities are required 

for a successful Plan. 

A final feature of a workable implementation plan is a 

process for updating the plan. In reality, no plan is 

ever complete enough for pure implementation over any 
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period of time. There is a constant staging of further 

planning and further implementation on a continuing 

basis. The likely mechanism required for the Plan will 

be a quarterly monitoring and updating of 2ctions and 

reassignment of resources, with a more formal revision 

and review of the Plan en an annual basis. 
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Exhibit 2.1 

LIST OF INDUSTRIAL PLANTS 
AS PROVIDED BY THE OGER 

No. 

1. 

2. 

3. 

4. 

5. 

Industry 

Chenab Steel 
Mills 

Sunshine Group 
of Industries 

Oriental Engg. 
Works 

Rajwa Metal 
Industries 

Bombay Brass 
Works 

6. Lahore Engg. 
and Foundry 
Workshop 

7. Industrial Corp. 

8. Abdul Rahim 
Allah Ditta 

9. Sialkot Foundry 

10. Metropolitan 
Corp., Ltd. 

11. Dada Steel 
Mills 

Type 

Metal
mechan ic 

Metal
mechan ic 

Metal
mechan ic 

Metal
mechanic 

Metal
mechanic 

Metal
mechanic 

Metal
mechan ic 

Metal
mechanic 

Metal
mechanic 

Metal
mechanic 

Metal
mechan ic 

Location 

Faisalabad 
(Punjab) 

Lahore 
(Punjab) 

Gujranwala 
(Punjab) 

Gujranwala 
(Punjab) 

Lahore 
(Punjab) 

Lahore 
(Punjab) 

Lahore 
(Punjab) 

Lahore 
(Punjab) 

Burewala 
(Punjab) 

Karachi 
(Sind) 

Karachi 
(Sind) 

Products 

M.S. bars 
Centrifugal 
pumps 

Bicycles 

Copper wire 

Metal wire 

Utensils 

Annual 
Production 
Capacity 

6,000 tons 

60,000 nos. 

236 tons 

30 tons 

250 tons 

Pig iron 24,000 tons 
Electric fans 
Road rollers 
Machine tools 
Agr. implements 
Centrifugal 
pumps 

D~ums 159,500 nos. 

Crankshafts 500 nos. 

Foundry Rs.1.35 lacs 
products 

M.S. bars 9,000 tons 

M.S. bars 11,000 tons 
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Exhibit 2.1 (continued) 

LIST OF INDUS~RIAL PLANTS 
AS PROVIDED BY .CHE OGER 

No. Industry Type 

12. General Steel Metal-
Co. mechanic 

13. Khalil Metal Metal-
Works and mechanic 
Rolling Mills 

1 4. Adamjee Paper Paper and 
and Board Mills chipboard 

15. Pakistan Paper Paper and 
Mills chipboard 

16. Pakistan Paper and 
Chipboard chipboard 

17. Dost Mohammad Textile 
Cotton Mills, Ltd. 

18. Mohammad Farooq Textile 
Textile Mills 

19. The Parncha Textile 
Textile Mills, (Sind) 
Ltd. 

20. Government Tex- Textile 
tile Weaving and 
Finishing Center 

21. Kohinoor Textile Textile 
Mills, Ltd. 

22. Zeenat Textile '1'ex·;.- ile 
Mills, Ltd. 

23. Che nab Textile Textile 
Mills, Ltd. 

Location 

Gujranwala 
(Punjab) 

Gujranwala 
(Punjab) 

~owsher2 

(N.W.F.P) 

Charsadda 
(N .W .F .P) 

Jhelum 
(Punjab) 

Karachi 
(Sind) 

Karachi 
(Sind) 

Karachi 

Lahore 
(Punjab) 

Rawalpindi 
(Punjab) 

Faisalabad 
(Punjab) 

Multan 
(Punjab) 

Products 

Utensils 

Utensils 

Paperboard 

Paper 

Chipboard 

Yarn 
Cloth 

Yarn 
Cloth 

Tow~ls 

Cloth 

Towels 
Bedsheets 

Cloth 

Cloth 
Yarn 

Cloth 

Annual 
Production 
Capacity 

220 tons 

200 tons 

3,000 MT 

2 



Exhibit 2.1 (continued) 

LIST OF INDUSTRIAL PLANTS 
AS PROVIDED BY THE OGER 

No. Indus try Type 

24. Colony Textile Tex ti le 
Mills I Ltd. 

25. Alahwasaya Tex- Tex ti le 
tile and Finishing 
Mills, L~d. 

26. Bannu Woolen Tex ti le 
Mills 

27. Lawrencepur Tex- Textile 
tile Mills, Ltd. 

28. Chand Cloth Textile 
Printing Mills 

29. Kashmir Art Tex ti le 
Industries 

30. Modern Weaving Textile 
Factory 

31 • Habib Textile Textile 
Industries 

32. Rehrnania Si2k Tex ti le 
Mills 

33. Karim Silk Tex ti le 
Mills, Ltd. 

Location 

Multan 
(Punjab) 

Multan 
(Punjab) 

Bannu 
(N.W.F.P) 

Lawrencepur 

Gujranwala 
(Punjab) 

Lahore 
(Punjab) 

Lahore 
(Punjab) 

Gujranwala 
(Punjab) 

Swat 
(N.W.F.P) 

Karachi 
(Sind) 

Products 

Pr·'.nted 
cloth 

Printed 
cloth 

Cloth 

Cloth 

Dyeing screen 
Printing 

Art silk 
Fabrics 

Cloth 

Art silk 

Annual 
Protluction 
Capacity 

5,425,000 

3,252,215 

2,194,560 

1,828,800 

546,806 

2,194,560 
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Exhibit 2.2 

FINAL LIST OF THIRTY INDUSTRIAL PLANTS AUDITED 

Textile Location 

Abid Industries Karachi 
(Sind) 

Allawasaya Textile & Finishing Multan 
(Punjab) 

Bannu Woolen Mills Ban nu 
(N .W. F. P.) 

CeeBee Textile Industries Lahore 
(Punjab) 

Chenab Textile Mills Lahore 
(Punjab) 

Colony Textile Mills Multan 
(Punjab) 

Farooq Textile Mills Karachi 
(Sind) 

Government Textile Weaving Lahore 
(Punjab) 

Karim Silk Mills Karachi 
(Sind) 

Kohinoor Textile Mills Rawalpindi 
(Punjab) 

Lawrencepur Woolen & Textile Mills Lawrencepur 
(Punjab) 

I National Dyeing & Finishing Center Gujranwala 
(Sind) 

I Paracha Textile Karachi 
(Sind) 

I 
Shaheen Calico Printing Works Gujranwala 

(Sind) 

Sunshine Cotton Lahore 

I (Punjab) 

Sunshine Jute Lahore 

I (Punjab) 
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Exhibit 2.2 Page 2 I 
• 

Paper and Chipboard Location I 
-----

Adamjee Paper & Board Mills No•'lshera I (N. w. F. P) 

Pakistan lhipboard Ltd. Jhelum 

I (Punjab) 

Pakistan Paper Corp. Ltd. Charsadda 

I (N. W. F. P) 

Metal-Mechanic/Steel I 
Ashraf Engineering Works Lahore 

(Punjab) I 
General Steel Tools Company Gujranwala 

(Punjab) 

I International Metal Industries Gujranwala 
(Punjab) 

I Kamran Steel Re-Rolling Mills Lahore 
(Punjab) 

' I Khalil Metal Works Gujranwala 
(Punjab) 

Metropolitan Steel Karachi I (Sind) 

Ravi Stee~ & Re-Rolling Mills Lahore I (Punjab) 

Sh. Abdur Rahim A. Ditta Steel Lahore I (Punjab) 

Shakir Metal Industries Gujranwala 

I (Punjab) 

United Iron & Steel Lahore 

I (Punjab) 

Yazdani & Co. Ltd. Lahore 
(Punjab) I 

I 
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Exhibtt 2. 3 

AV::PAGE UINUAL ENERGY CONSlTMPrION OF 

NPTURAL GPS, OIL AND ELECTRICITY FOR 
INDUSTRIAL PLAtnS AUDITED 

I.1dustry Electrl-=ity 
(MWH) 

Natural Gas 
(HM3} 

Oil 
(Lttres) 

-------------- ~ ---------------------------------- --~ 

Textile 

Abid Industries 1125 

Alla~asaya Textll• & Finishing 8242 

Ban nu Woolen Mi 11 · 

re~fi~e Textile Industries 

Chenah Texti!e Mills 

Colony Textile Mills 

Faroo-1 Textile Mills 

Governm~nt Textile W'°:'a·11ng 

Karim Sil~ Mills 

Kohinoor Textile Mills 

Lawr~ncep•Jr Wool~n & 

Textile Mills 

Nat10r1al Dyeing & 
Finishing Center 

Paracha Textile 

Shah~er1 ~alico Printing Works 

Sunshi.ne Cotton 

Sun:;h ine ,J11te 

Adamj~P Paper & Board Mills 

Metal-MPchanic/Steel - - - - - - - --- ---

Genr>ral StPel Tool;-; Com~~ny 

Int~rnational Metal Industries 

Kamran Ste~l Re-Rolling Mills 

Khalll M•tal Works 

Metropolitan St~el 

Ravl St••l ' RP-Railing Mill• 

Sh . .l\hrliJr Ranim A. Ditt.::1 St"~l 

Sh~~1r MP.t~l Inrlustri~5 

Unit~d Irrm r. Stl-!~l 

'fazd"lni ; Co. Ltri. 

886 

1120 

5981 

23133 

12521 

96 

14 JS 

9993 

3664 

4C3 

1350 

JJS 

11 2 )8 

2805 

25 755 

764 

36148 

5217 

176 

10934 

804 

10758 

2 18 

21 J 

88 J 

6421 

JOO< 

551] 

958202 

22990 

144207 

27011 

1063 

37042 

21556 

21567 

11496 

20734 

17102 

510l1 ~ 

14 2186 760 Jli05 

1J12 

711 

26096 

269) 

90226 

428 2 

4770 



Exhibit 2.4 

Average Monthly Energy Consumption 
in .he Plants Surveyed 

Gigajoules 
(thousands) 
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Exhibit 2.5 

Percentage of Natural Gas, Oil and Electricity 
Consumed in the Thirty Industries Surveyed 

Natural Gas 
(80%) ' 



Exhibit 2.6 

LIST OF EQUIPMENT USED I~ 

ENERGY AUDIT SURVEYS 

Equipment 

Infrared 
Pyrometer 

Combustion 
Zfficiency 
Analyzer 

pH Meter 

Exergen Heat 
Radiation 
Scanner 

Type 

- Microprocessor 
Accuracy 

- Five modes of 
operation 

- Digital Emissivity 
Adjustment 

- Spectral Filtering 
- Automatic Power Off 
- Rugged Housing 

- 3 digit display 
- 5 preprogrammed 

fuels 

- LED digital display 
- Portable 
- Batteries/AC Adapter 
- Sturdy case 

- Heat/temp display 
- Range display 
- Low Battery indicator 
- Range switcher 
- Sun switch 
- Photo button & flash 

charge switch 
- Viewfinder 
- Battery slot 
- Date & time module 

* P.P.M. = Parts per million. 

Parameters 

Direct readout 
of temperature 
including self 
calibration 

- Oxygen and 
carbon 
monoxide test 

- Efficiency test 
- Smoke test 
- Draft test 

- Measurement of 
pH potentials 

- Measure 
radiation heat 

Operating Range/ 
Specifications 

-20° to 2500F 0 

- Low range 0-999 p.p.m.* 
- high range 1000-4000 p.p.m. 

0 to 14 pH 
Arcuracy ~ 0.05 pH 
Drift + 0.01 pH/8 hrs 

- Heat sensor - 30° 
- Heat sensor spectral/ 

response 0.5 to 50 micron 
- Heat sensor time constant 

.06 second 
- Total radiation accuracy 

+1% 
- 'Net' radiation accuracy 

+1% 
- T/C accuracy ~1% 
- Ambient temp. range 

40 to 120°F. 
- Range/scale factor 

accuracy _:!:"_ 5% 

--- ------------------ ------
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Exhibit 2.6 (continued) 

LIST OF EQUIPMENT USED IN 
ENERGY AUDIT SURVEYS 

Equipment 

Air Flow 
Meter with 
Temperature 
Indicator 

Multimeter 

Power Factor 
Meter 

Micro Scanner 

Psychrometer 

Thermometer 

Cassette 
Recorder 

Pressure gauges 
Mechanics tool 
set 

Type 

Portable 

Clamp-on 

Portable 
Infrared Wave 

- 'Pistol' with 
wet & dry sensor 

- aspiration fan 
- wick & water supply 
- measurement 

circuitry 
- rechargeable 

batteries 
- digital readout 

- Digital 

Portable 
Battery operated 

Parameters 

Air flow 
velocity 
tempetature 

Voltage, 
currer.t 
resistant 
conductivity 

- Plant power 
factor 

- Motor efficiency 
- Motor loads 

Temperature 

- dry bulb temp. 
- difference 

between dry & 
wet bulb temp. 

Temperature 

Oral interview 

Operating Range/ 
Specifications 

- Accuracy ±_1 % 
- 0.2 m/s 35 m/s 

minus 30°C-200°C 

- 0-730 VAC 
0-200m, 160 amps 
Accuracy +0.07% 

30% - 100% on 100-500 VAC 
900 AC 50 HZ 

Accuracy + 1% 
Temp. 1000-2000°C 

Fixed output slope 
1.0 mv/°C 
Total system 
current 40 ma 

o-9oo•c 

=========================-:=::-=-==-=-===-=-----=-~----=:c:-_-__ -=--====== 



Exhibit 3. 1 

PRESENCE OF IDENTIFIED LOSSES AND INEFFICIENCIES BY INDUSTRY 

Boiler losses 

Steam system losses 

waste heat losses 

Electric power losses 

Furnace losses 

Inefficient equipment 
design and layout 

Inefficient energy 
supply and conversion 

~anagement/administrative 

inefficiencies 

'l'extiles 

x 

x 

x 

x 

x 

x 

x 

Paper & 

Chipboard 

x 

x 

x 

x 

x 

x 

x 
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Metal-Mechanic/ 

I Steel 
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E•n1b1t 3.2 LUSSES ~D J,'£FFICI£'US IN PlJ¥!1TS SURVfYED 
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Losses .ino 
r~tt1c1enc1e-s 

Bot le." Losses 
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Poor c:ean1nq •rill 1'1.11nt• ... nce 

~1gn 1al1ng losses 

E•C'e'SSl "' 1Jn~ur...o gases 

~ tl1..:.e gas oa•~ 

-.:, '1e•t recc. ... ery fr.::>e Olc.Jown 

Gds consu•:-ng ~lllot fl.af!IP§ 
1nste.aa of electr1cai ignition 

Iilorooer !ocattol"I of bo1li!'t"' !"touw 

Alna 9.1""° 
lndustr?!'S WOolen 

11t1l ls 

ciu.stl'lg ex.:~s1v@ ore-ssure droo'5. 1n 01pes 

'....cic~ of Jrofess1on.allv cu•llhed 
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Exhibit 3.3 

Energy Used in Boilers as Percent of 
Total Input Energy 

Other 
59.6% 

Energy 
Used in 
Boilers 
40.4% 

ALL PLANTS 

\ 
Other 
56.79% I 

TEXTILE 

Energy 
Used in 
Boilers 
43.21% 

) 

Other 
59.5% 

Energy 
Us~d in 
Boilers 
40.5% 

PAPER/CHIPBOARD 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Exhibit 3.4 

BOILER TYPES, Cl\PllCITY, llGES, AND 
A0JEP.AGE OPERATING EFFICIENCIES IN PLANTS SURVEYED 

Industry 

Textile 

llbid Industries 

Allawasaya Textile & Finishing• 

Bannu Woolen Mills 

Cee8ee Textile Industries 

Chena~ ?extile Mills 

Colony Textile Mills 

Farooq Textile Mills 

Go'Jerr.ment Textile Weaving 

Karim Silk Mills 

Kohinoor Textile Mills 

Lawrencepur Woolen & Textile Mills 

National Dyeing & Finishing Center 

Paracha Textile 

Shaheen Calico Printing Works 

llrlamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp. Ltd. 

Metal-Mechanic/Steel -- ----- ~---~------

Sh. llbdur Rahim A. Ditta Steel 

Boiler 
Type 

Quantity 
:,--;ta lled 

Fire-tube 
Loos:Gunzenhauser 

Vertical 

Scotch Marine 

Water-tube 

2 

2 

Fire-tube (Packaged) 2 
Standard-Kessel 

Cochran, Lancashire 2 

Lancashire 2 

Fire-tube (Packaged) 2 

Water-tube/Fire-tube 
Lancashire 

Scotch Marine 

Fire-tube (Packaged) 

Water-tube 
Babcock, U.K. 

Water-tube 
John Thomson 

Water-tub<' 

Water-tube 

Lancashi c e 

4 

Stpam 
Capacity 
(lbs/hr) 

7000 

2000 

6000 

14T/107 

8000 

2000 

6420/4320 

18000 

17000/ 34000/7 OU 0 

6000 

8640 

3000 

25000/37000 

700 

20T ( 2) I 1 7T ( 2) 

2SOO 

llge 
(Yrs.) 

----------

.n..v~r '3':._~~ 

Op~ra+: lng 

Ef f ic 1ee1cy 
(.) 

--------------~---

17 

32 

20 

20 

16 

15 

15/25 

19 

30 

14 

18 

31/19 

2n 

14 

5 

78.5 

59 

55 

70 

78.7 

45 

64.95 

8 3. 1 

74. 2 

57 

76 

71 

77. 2 

42. 3 

78 

70 

• Allawasaya Textile Mills spinning section and its boilers are not in operation anymore. 
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Annual 
Heat Loss 
(GJ/Year) 

Exhibit 3.5 

Heat Loss from Steam Leaks 
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Exhibit 3. 6 

FLUE GAS ANALYSIS IN PLANTS SURVEYED 

Industry 

Textile 

Abid Industries 
Allawasaya Textile & Finishing 
Bannu Woolen Mills 
CeeBee Textile Industries 
Chenab Textile Mills 
Colony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur Woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Sheheen Calico Printing Works 
Sunshine Cotton 
Sunshine Jute 

Paper & Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Metal-Mechanic/Steel 

Sh. Abd~r Rahim A. Ditta Steel 

02 

(%) 

5.6 

6 
14 

7.5 

0.8 
14 
20.5 
6.9 

4.8 
15 

6.5 

13 

7.8 
18.6 
13.7 

13.7 

Flue Gas Analysis 
CO Excess Air 
PPM 

35 

375 
350 

300 

998 
700 
330 

56 

40 
330 
240 

200 

460 
516 
121 

121 

(%) 

32.36 

35.4 

180 

50 

3.5 
180 
190 
43.33 

26. 35 
50 
40 

145 

52.48 
11 5 
11 0 

11 0 

Temperature 
F(C) 

254 (123) 

970 (521) 

318 (159) 

320 (160) 

370 (188) 
318 (159) 
280 (138) 
317 (158) 

400 (204) 
475 (246) 
225 \107) 

400 (204) 

400 (2G4) 

882 (472) 
300 (149) 

303 ( 151) 



t 
Total 
Heat 
Loss 

Exhibit 3.7 

Relationship Between Percent E"cess Air 
and Stack Heat Loss 

Poor 
combustion 
unburned 
fuel 

Maximum 
efficiency 

'------------·- -

Total Air, Percent Theoretical 

High stack 
loss 

-

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 
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Fuel 
Savings 
(perCf~nt) 

t 

Exhibit 3.8 

Approximate Fuel Savings with Preheated 
Combustion Air in Boilers 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 75 150 225 

Combustion Air Temperature (°C) 
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Exhibit 3.9 

ENERGY EFFICIENCY MEASURES 
FOR ELECTRIC MOTORS 

Type of 
Irr.pr".)vement 
Action 

• Operational 

• Retrofit 

• Design 

Action 

- Supply rated voltage, properly balanced 
between phases 

- Improve controls, avoid idling 
- Schedule regular maintenance 
- Provide regular lubrication 
- Reduce peak demand by rescheduling 

motor operation 

- Improve power factor 
- Improve cooling 
- Replace old inefficient motors with new ones 
- Properly size motors to run at full load 

Purchase more efficient motors based on 
life cycle basis 

- Consider variable speed motors if loads vary 
- Use three phase rather than single phase 

motor3 
- Use higher voltage for motor drives 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 
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Exhibit 3. 10 

ENERGY COSTS IN PLANTS SURVEYED 

Industry 

Textile 

Abid Industries 
Allawasaya Textile & Finishing 
Bannu Woolen Mills 
CeeBee Textile Mills 
Chenab Textile Mills 
Colony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Shaheen Calico Printing Works 
Sunshine Cotton 
Sunshine Jute 

Average (Textile) 

Paper & Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Average (Paper/chipboard) 

Metal-Mechanic/Steel 

Asraf Engineering Works 
General Steel Tools Company 
International Metal Industries 
Kamran Steel Re-Rolling Mills 
Khalil Metal Works 
Metropolitan Steel 
Ravi Steel & Re-Rolling Mills 
Sh. Abdur Rahim A. Ditta Steel 
Shakir Metal Industries 
United Iron & Steel 
Yazdani & Co. Ltd. 

Average (Metal-Mechanic/Steel) 

Cost per GJ 
(Rs/GJ) 

76.39 
176.93 
64.77 
25.23 

139.54 
44.45 

116.42 
33.09 
28. 18 

107.71 
64.89 
27.03 
67.69 
24.20 
97. 19 

250.91 

84.02 

35.50 
82.80 
45.93 

54.74 

212.08 
120.09 
128.97 
79.98 
29.33 
53.39 
51. 72 
24.04 

140.96 
183.28 
212.85 

112.43 

Cost per MBtu 
(Rs/MBtu) 

80.60 
186.68 
68.33 
26.62 

147.23 
46.89 

122.84 
34.92 
29.73 

11 3. 64 
68.47 
28. 52 
71. 42 
25. 53 

102.55 
264.74 

88.66 

37.46 
87. 36 
48.46 

57.76 

223. 77 
126. 71 
136.08 
84.39 
30. 95 
56. 33 
54.57 
25. 36 

148. 72 
193.38 
224.58 

118. 62 
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Ex?>!b!t J. 11 

~~P~HISO~ Of ~.S. PLA~T DATA 
TO PROJ1::CT DATA 

-- ---------- ~-----

lndusu y 'Plant Feedstock 
F1nal 
Prl)d~ct 

--- --------------------------~-·--

Textile 

A.bid Industries Po! yest er Wuven 
Chips Pol yest er 

A!lawas3ya Textile ~ F1n1sh1ng Raw Cot ton 
Cotton Tnredd 

B3nn~ Wo8len M1lls Wool Woolen 
Cloth 

C~eBee ~ext1le Industries Cotton Printed 

Cloth Cloth 

Chenah Textile Mills Raw Cotton 
Cot ton Yarn 

Colony ?ext1le ~ills 

Farooq Textlle Mills 

Government Textlle Weav1ng Cotton Finished 
Yarn Cloth 

Karlm Sll~ Mllls Silk Sllk. 
Yarn Cloth 

Kuh1noor Tex~1~e Mills Ra" Cot ton 

Cotton Clot~i 

Lawr~ncepur ~0olen Mills ka" P.\-•('>len 
Wool Cloth 

N3t1on~1 Dye1n~ & F1n1sh1ng Cot~on F1n1shed 
Cloth Clott1 

~aracha T~xt1le Cot ton F1n1sh..:-d 

Ciuth Clolh 

S~ahee~ 2al1co ?r1nt Works Grdy F1n1sr1ed 

Cot tun Cut tun 
Cloth '2lotr1 

Suns:-. .:. r.~ ._::,_)t ~on 

s _..! ') S '. • '1 ~· . T ; t ~-' "-'" . J ·' ~ t· 

J..J te ~Li l , 

~l--l~-:.i '--''.lris.::.tctnts - August '98S 

- - - - - -

,9H~ Annu<ll 

Production 
Sq. Meters 
l-'er Y~ar 

United State~ Data 
Fuel Power ---------- ----------

BTU'Sq. Meter kWt•/Sq. Meter 
__ _f~---
BT!J/Sq. Meter 

Pakistan Jlant Data 
kat10 to 
U.S. Data 

Power 
kWh/~q. Meter 

kat10 lo 

c.s. Data 

-=====-::.=_-:=_-:.=:::--~~-_:_-=======:=..:....--:::::=:::::==-==~---------- -----

l. 970, 000 ::! , 474 0. 71 9,6H5 3.91 0.57 0. 80 

3,933,193 17. 460 2. 15 No Data 2. 1 o 0.98 

3S7,225 29,520 2.06 93. 159 3. 16 2.48 l. 20 

553, 35~ 16,887 0.35 143,786 8. 51 2.02 5. 71 

1,357,785 17,460 2. 15 Insuff 1c1ent 4.40 2.05 
Oat a 

lnsuff1c1ent Data 

8,326,807 Insuff1c1ent Data 

30,000 11,7S9 1.]) 122,633 10.43 :,.20 2. 41 

1, l 61j, 189 11, 759 1. 33 109,739 9. 33 l. 2 3 o. 92 

12,906,000 5, 3')2 l. 21 5,780 1. OB 0.69 0.57 

1,250,000 29,520 2.06 59. 712 2.02 2.93 1. 42 

6,200,000 16,890 o. J 3 6, 417 0.38 0.075 0.23 

b,750,000 16,BYO o. 33 8,200 0. 4 9 0. 15 o. 4 6 

2,00C,000 16,890 0. 3 J 2~.544 l. 7 5 0. 1 I o. 52 

In~uff 1c1er1t [latd 

~' (•(j.:' OUL; L~ I 3 5 ~ 1. ~ 1 1n~;.1tt l·..:lPnt Ddta 0.40 o. Ji 

- - - - - - - - - -
.I 

- -



£:x~11b1t .L 11 (continued/ 

COMPARISON OF U.S. PLANT DAT!\ 

TO PROJECT DAT.~ 

----- --------------------------- =-====='--=--=========-

!ndustry 

Paper and Chipboard 

Adamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp., Ltd. 

Metal-Mechanic/Steel 

Ashrat Eng1neer1ng Works 

G~neral Steel Tools Company 

!nternationa~ ~etal Industries 

Kamc~n Ste~l Re-Rolling Mills 

Kh.lltl ~etal Works 

~~trupol1t3n Steel 

Ravi St~el ~ Re-Rolling ~ills 

Sh •. .\bdur Rai11:n A. Ditta St~el 

Sh~~tr ~et~l !nd~str1es 

';:i1tt•d !~')n & St~~•~l 

't'-tl,Ltnl ~ 1_::..._J., :_.t,i. 

Feedstock. 

Pulp 

Raw 
Wood 

waste 
Cotton/ 
Waste 
Paper 

Scrdp 

B1 llets 

Scrap 

Scrap 

Flndl 
Product 

Paperboard 

Particle 
Board 

Paper 

B1ll.ets 

Special 
Steel 
Pr ooucts 

Sheets 

Inqots .s, 
I-Shdpes 

No Flow She.-t 

B1ll.ets 

Btllets 

Scrap 

Sr:r.lp 

s~::t dp 

Wlr~ & 
ShJpes 

ShL1pes 

Btllets 

!:Jqt)t'.-:i 

lnq;)t .; 

~u·ir~:t~: D..:ttJ. ',-:'.Jns:1~tants - August 198~:.i 

1984 Annual 
Production ------
Tons/Year 

21. 450 

5,000 

24,500 

7. 221 

840 

400 

15,000 

1,080 

74,701 

2,400 

2,400 

450 

s, n6 

~, 0 ') s 

_I! 

United States Data 
Fuel Power 

BT'.J/Ton kWh/Ton 

13.4 x106 731 

1.46x106 280 

16. 6 x106 1248 

500 

4.03x106 150 

4. 03x106 150 

4.03x106 578 

4.03xl06 12H 

4.0Jx106 78 

s.16x106 40 

'illi) 

5UO 

Pakistan Plant Data 
F•Jel 

BTU/Ton 

30.6 x106 

4.43x106 

30.9 x106 

5.4 x106 

6.2x106 

6.02xl06 

4.18x106 

6.17xlo6 

6.88xl06 

Ratio to 
U.S. Data 

2.28 

3.03 

1. 86 

1. H 

1. 53 

1. 49 

1. 04 

1. 53 

1. 28 

Ins1Jff1c1ent Data 

Power 
kWh/Ton 

1200 

191 

14 75 

722 

210 

220 

729 

144 

99 

888 

1173 

11 30 

Ratio to 
U.S. Data 

1. 64 

0.68 

1. 18 

1. 44 

1. 40 

1. 4 7 

1. 26 

1 • 1 3 

1. 27 

0.22 

2. 34 

2.26 
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Exh1b1t 3.12 

IMPROVE.~E:-1'!' OPPORTUNITIES IN PLANTS AUDITED 
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Exh1b1t J. 12 (continued) 

IMPROVEMENT OP!'ORTUNITIES IN PLANTS AUDITED 

l1crovNent 
:Ja0Yrturnt1es 

Ada•1!'t' 

PiCt!r & 

Boore 

Pak1!itari ~aM1~tan Ashraf G@Mral !nterndt!on•l ~a..-ar1 ~halll 
Chto~rci Paper Coro. Enq1neerinq Steei Tools ll'etal Steel ~tal 

:..t:::I. ltd. '..iorks C:C. !nclustr1etJ. Re--~odina wor.,'S 

•etroooi1tan •a•1 Ste.i Sn. Aoour Shakir Un1teo Yazaan1 
Steel i;e-i(oli1nqRint•H. ""UJ fron! & Co. Ltd. 

~Ills Ditta !r<Jus1r1PS Ste.I 
==========:-.-==--==================~=============================!;:::;=:::.=::::::;:;:;;::::::::===========~-=-============--::::::=.:::===;::;=::;:::==== 

! 1orove OI"" ~ l fv 
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Exh1b1t 3.12 (continued) 

IMPROVF_'!E~T OPPORTUNITIES IN PLANTS AUDITED 
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Ext.1b1t ). 12 (continued) 

IMPROVEME~T OPPORTUNITIES IN PLANTS AUDITED 
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Exhibit 3.13 

ESTIMATED AVERAGE ANNUAL Sl\VIN\;S 
WITH IMPROVED BOILER EFFICIENCY 

Industry 

Textile 

Abid Industries 

Bannu Woolen Mills 

CeeBee Textile Industries 

Colony Textile Mills 

Farooq Textile Mills 

Government Textile Weaving 

Karim Silk Mills 

Kohinoor Textile Mills 

Lawrencepur Woolen & Textile Mills 

National Dyeing & Finishing Center 

Paracha Tex ti le 

Shaheen Calico Printing Works 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp. Ltd. 

Subtotal (Paper/chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

TOTAL 

• 85 percent target used for analysis. 

Average 
Operating 
Efficiency 

l'l 

78 

~9 

55 

70 

78. 7 

45 

64.95 

83. 1 

74.2 

57 

76 

71 

77.2 

42.3 

78 

70 

Current 
Average 
Annual 
Energy 
Consumption 
(103G.J) 

10.871 

35. 114 

45.332 

315.946 

59.179 

2.329 

81. 156 

47.227 

47.252 

25. 187 

45.427 

37.469 

752.489 

463.987 

16.831 

718.708 

1199.525 

10.451 

1962.465 

Estimated 
Annual 
Energy 
C.:msumpt ion 
at 80\ 
Boiler 
Efficiency 
(10 3G.J) 

10. 599 

25.897 

31.166 

276.453 

58. 217 

1.310 

65. 888 

46. 111 • 

43.826 

17.946 

43. 155 

33.254 

653.882 

447.747 

8.899 

700.740 

1153.38f 

9. 145 

1818. 41 3 

Estimated 
Annual 
Savings in 
Energy 
Used 
( 103G.J) 

0.271 

9.217 

14.166 

39.493 

0.961 

1.019 

15.267 

1. 055 

3.426 

7.241 

2.271 

4.215 

98.602 

16.239 

7.'132 

17.967 

42. 1 38 

1. 306 

142.046 

Estimated 
Annual 
Savings 
(Rs/Yr) 

37 34 

273781 

156092 

600415 

15980 

11754 

153589 

16313 

52968 

98787 

34689 

40899 

1459002 

189928 

260 7 5 7 

301187 

751872 

20672 

2231546 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 



I 

I 

I 

Exhibit 3.14 

CHEMICAL COMPOSITION OF NATURAL GAS 
SUPPLIED TO PLANTS AUDITED 

Processed Gas 

Methane 

Ethane 

Propane 

I-Butane 

N-Butane 

I-Pentane 

Nitrogen 

Carbon dioxide 

Oxygen 

Total 

M01(%) 

94.42 

1. 08 

0.25 

0.06 

0.06 

0.03 

3.80 

0.02 

0.17 

100.00 

Source: Sui Northern Gas Pipelines, Ltd. 

' 



Exhibit 3.15 

ESTIMATED AVERAGE ANNUAL SAVINGS 
WITH CONDENSATE RETURN SYSTEM 

Industry 

Textile 

Abid Industries 
Bannu Woolen Mills 
CeeBee Textile Industries 
Colony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur Woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Shaheen ~alico Printing Works 

Subtotal (Textile) 

~per ~ Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Subtotal (Pap~r/Chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim~. Ditta Steel 

TOTAL 

Energy 
Input in 
Absence of 
Condensate 
Return 
(103GJ/yr) 

10. 871 
35. 114 
45.332 

315.946 
59. 179 

2.329 
81. 156 
47.227 
47.252 
25. 187 
45.427 

_ll_d_6~ 

752.489 

463.987 
16.831 

718.708 

1199.526 

10.451 ----
1962.466 

Energy 
Input With 
Condensate 
Return 
(103GJ/yr) 

8. 105 
32.067 
38. 100 

308.034 
57.610 

1. 091 
77. 965 
46. 177 
45.629 
23. 137 
42.883 

--3.5~-6.5.! 

716.452 

423.774 
15.983 

679.936 

1119. 693 

9.630 

1845. 770 

Estimated 
Annual 
Energy 
Savings 
(103GJ/yr) 

2.765 
3.046 
7.231 
7. 911 
1.568 
1. 237 
3. 190 
1. 049 
1. 623 
2.049 
2.543 

_ __Lft_li 

36.027 

40.212 
• 84 7 

38. 771 

79.832 

.820 

116. 679 

Estimated 
Annual 
Savings 
(Rs/yr) 

---------

279455 
154993 
116640 
353418 

38126 
3211 

217856 
61 371 
95478 
41083 
57048 

__1_4222. 

1201454 

687641 
41045 

699055 

1427741 

9549 

2638744 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

' 

I 

I 

I 

Exhibit 3. 16 

ESTIMATED AVERAGE ANNUAL SAVING~ 
WITH IMPROVED CLEANING AND MAINTENANCE 
IN PLANTS SURVEYED 

Industry 

Textile 

Abid Industries 

Bannu Woolen Mills 

CeeBee Textile Industries 

Colony Textile Mills 

Farooq Textile Mills 

Government Textile Weaving 

Karim Silk Mills 

Kohinoor Textile Mills 

Lawrencepur Woolen & Textile Mills 

National Dyeing & Finishing Center 

Paracha Textile 

Shaheen Calico Printing Works 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp. Ltd. 

Subtotal (~aper/chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

I TOTAL 

Average 
Annual 
Energy 
Consumption 
in Boiler 
Cl o3GJ> 

10.781 

35. 114 

45.332 

315.946 

59. 179 

2.329 

81. 156 

47.227 

47.252 

25.187 

45.427 

37.469 

752.489 

463.987 

16.831 

718.708 

119':1.525 

10.451 

1962.465 

Average 
Annual 
Energy 
Consumption 
With 
Improved 
Cleaning & 
Maintenance 
( 103GJ) 

9.566 

29.847 

40.799 

288.023 

57.404 

2.096 

73.040 

43. 432 

43.944 

22.920 

41 • 33 8 

34.846 

687. 255 

445.427 

15.316 

689.960 

1150. 70 3 

9.510 

1847.468 

Estimated 
Annual 
Savings 
(Rs/Yr) 

48929 

229968 

135985 

623800 

72324 

6583 

200027 

86239 

125307 

75772 

153017 

62371 

1820320 

476424 

81479 

1706245 

2264148 

36480 

4120950 



Exhibit 3.17 

ESTIMATED AVERAGE ANNUAL SAVINGS 
WITH FEEDWATER TREATMENT 

Industry 

Textile 

Abid Industries 
Bannu Woolen Mills 
CeeBee Textile Mills 
Colony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur Woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Shaheen Calico Print'~g Works 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Subtotal (Paper & Chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

TOTAL 

Estimated ."wg. 
Annual Energy 

Savings 
( 103GJ) 

1. 130 
.754 

1. 200 
4.349 
1. 060 
.382 

2.190 
2.565 
7.602 

.969 
1. 154 
.655 

24.010 

11. 720 
.201 

29.550 

41.471 

• 125 

65.606 

Annual Savings 
(Rs/yt) 

22896 
32960 
19440 
97200 
25920 

6480 
32400 
58320 

172800 
19440 
25920 

9360 

503136 

20 1600 
9777 

532800 

744177 

2918 

1250231 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

' 
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I 

I 
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Exhibit 3.18 

LOSSES AND SAVINGS RELATED TO BOILER INSULATION 

Industry 

Textile 

Abid Industries 

Bannu Woolen Mills 

CeeBee Textile Industries 

Colony Textile Mills 

Farooq Textile Mills 

Government Textile Weaving 

Karim Silk Mills 

Kohinoor Textile Mills 

Lawrencepur Woolen & Textile Mills 

National Dyeing & Finishing Center 

Paracha Textile 

Shaheen Calico Printing Works 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp. Ltd. 

Subtotal (Paper/chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

TOTAL 

Insulation Quality 

Good Fair Poor None 

x 
x 

x 
x 

x 
x 

x 

x 
x 
x 
x 
x 

x 
x 

x 

x 

Recorded 
Surface 
Losses 
(Watts/m2) 

400.00 

510.00 

350.00 

62. 00 

200. 00 

507.00 

210.00 

150.00 

150.00 

416.00 

403.00 

501. 00 ---

3859.00 

360.00 

423.60 

380.00 

1163.60 

300.00 

532:?.60 

Estimated 
Savings 
With Good 
Insulation 
(Rs./yr) 

4536 

15093 

10702 

80442 

9125 

23425 

9663 

4950 

31628 

15232 

12413 

15865 

233074 

14 2 70 6 

20293 

150071 

313070 

66029 

612174 



Exhibit 3.19 

LOSSES RELATED TO FURNACE 
INSULATION IN PLANTS 

Industry 

Metal-Mechanic/Steel 

Ashraf Engineering Works 

General Steel Tools Company 

Inter.,ational Metal Industries 

Kamran Steel Re-Rolling Mills 

Khalil Metal Works 

Metropolitan Steel 

Ravi Steel & Re-Rolling Mills 

Sh. Abdur Rahim A. Ditta Steel 

Shakir Metal Industries 

United Iron & Steel 

Yazdani & Co. Ltd. 

TOTAL 

Insulation Quality 

Good Fair Poor None 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Estimated 
Average 
Annual 
Losses 
(GJ/yr) 

3757.074 

1247.659 

495.054 

16159.630 

1822.136 

88379.087 

4122.791 

4373.645 

332.169 

4626.976 

2378.450 

127694.670 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 
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'Exhibit 3. 20 

SAVINGS RELATED TO FURNACE INSULATION 

Average 
Annual Estimated 
Consumption Savings 

Average With With Estimated 
Annual Improved Improved Annual 
Consumption Insulation Insulation Savings 

Industry ( 1 o3GJ/yr) (103GJ/yr) (103GJ/yr) Rs/yr 

Metal-Mechanic/Steel 

Ashraf Engineering Works 18.785 18.233 .551 117306 

General Steel Tools Company 5.424 4.301 1. 122 134849 

International Mel al Industries 2.912 2.466 .445 57465 

Kamran Steel Re-Rolling Mills 134.663 124.078 10.585 2300000 

Khalil Metal Works 10. 122 8.483 1. 639 48099 

Metropolitan Steel 368.246 349.370 18.876 420000 

' Ravi Steel & Re-Rolling Mills 16.491 12.780 .371 191923 

Sh. Abdur Rahim A. Ditta Steel 17. 494 13.558 3.936 94609 

Shakir Metal Industries 1. 953 1. 654 .298 42139 

United Iron & Steel 23.134 22.169 .965 177000 

TOTAL 599.224 557.092 38.788 3583390 

I 

I 

I 



I 
Exhibit 3.21 

AVERAGE TEMPERATURE, VOLUME, I 
AND ENERGY CARRIED IN FLUE GASES 

=1 
Total 
Volume Total 

I Average of Exhaust Energy 
Temperature (Boiler & Carried 
of Exhaust Other Equip.) in Exhaust 

Industry F (C) (m3/hr) (GJ/yr) I 
Textile I 
Abid Industries 254 ( 123) 7000 5685.29 

Bannu woolen Mills 970 (521) 3398 12744. 577 I 
CeeBee Textile Industries 318 ( 159) 9126 10138.849 

Colony Textile Mills 320 ( 160) 55000 61617.649 I Farooq Textile Mills 370 ( 188) 9769 16531.134 
• 

Government Textile Weaving 318 ( 159) 3200 1678.822 

I Karim Silk Mills 280 ( 138) 25675 26633.555 

Kohinoor Textile Mills 317 ( 158) 41749 44904.634 

Lawrencepur Woolen & Textile Mills 400 (204) 20700 30061.944 I 
National Dyeing & Finishing Center 475 (246) 7362 13574.508 

' Paracha Textile I 225 ( 107) 46218 31283.208 

Sheheen Calico Printing Works 400 (204) 7297 10899. 975 

Subtotal (Textiles) 236494 265754.483 I 
Paper & Chipboard I 
Adamjee Paper & Board Mills 400 (204) 69056 114614.637 

Pakistan Chipboard Ltd. 882 (472) 2023 8415.093 I 
Pakistan Paper Corp. Ltd. 300 ( 149) 129878 244529.299 

Subtotal (Paper/chipboard) 200957 367559.029 I 
Metal-Mechanic/Steel I 
Sh. Abdur Rahim A. Ditta Steel 303 ( 1 51 ) 5501 4533.358 

TOTAL 442952 637846.870 I 
-=i 

' 
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Exhibit 3.22 

ESTIMATED SAVINGS WITH 
RECOVERING HEAT FROM FLUE GAS 

Industry 

Textile 

Abid Industries 

Bannu Woolen Mills 

CeeBee Textile Industries 

Colony Textile Mills 

Farooq Textile Mills 

Government Textile Weaving 

Karim Silk Mills 

Kohinoor Textile Mills 

Lawrencepur Woolen & Textile Mills 

National Dyeing & Finishing Center 

Paracha Textile 

Shaheen Calico Printing Works 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp. Ltd. 

Subtotal (Pap~r/ch1pboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

TOTAL 

Average 
Annual 
Consumption 

(103GJ) 

24.tfJl 

38.302 

87.983 

609.880 

143.718 

4.227 

1357. 785 

110. 737 

91.946 

43.643 

80.573 

63.654 

2656.629 

785.261 

21. 451 

928. 737 

1735.449 

17.494 

4409. 572 

Average 
Annual 
Recoverable 
Energy 
From Flue 
Gases 
(103G.J) 

2. 274 

5.097 

4.055 

24.647 

6.612 

.671 

10. 653 

17.961 

12.024 

5.429 

12.513 

4.359 

106.295 

45.845 

3.366 

97.811 

147 .022 

1. 813 

255. 1 JO 

Average 
Annual 
Consumption 
With Flue 
Gas Waste 
Heat 
Recovery 
(103GJ) 

21.906 

33.204 

63.927 

585.233 

137. 106 

3.555 

1347. 131 

92.775 

79.921 

38.213 

68.059 

59.294 
----

2550.324 

739.415 

18.085 

830.925 

1588.425 

15.681 

4154.300 

Estimated 
Average 
Annual 
Savings 

(Rs./yr) 

173737 

330162 

102340 

1095456 

769827 

22223 

300211 

1934650 

780341 

146751 

846994 

105512 

6608 21 

1627630 

278 7 1 J 

449241 2 

639875 

43584 

13050553 
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Exhibit 3.23 

Photographs of a Typical Steam Distribution System I 
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Exhibit 3.24 

ESTIMATED ANNUAL SAVINGS WITH IMPROVED 
STEAM DISTRIBUTION NETWORK 

Industry 

Textile 

Abid Industries 
Bannu woolen :Hlls 
CeeBee Textile Industries 
Colony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur Woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Sheheen Calico Printing Works 

Subtotal (Textile) 

Paper & Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Subtotal (Paper/Chipboard) 

Metal-Mechanic/Steel 

Sh. Abdur Rahim A. Ditta Steel 

TOTAL 

Average 
Annual 
Energy 
Used in 
Steam 
Generation 
c 1 o3GJ> 

10.871 
35. 114 
45.332 

315.946 
59.179 

2.329 
81. 156 
47.227 
47.252 
25.187 
45.427 
37.469 

752.489 

463.987 
16.831 

718.708 

1199.525 

10.451 

1962.465 

Estimated 
Annual 
Energy 
Used With 
Improved 
Steam 
Dis tr ib11tion 
(103GJ) 

8.914 
29.847 
37.173 

259.076 
55.628 

1. 910 
58.432 
38.727 
38.746 
20.653 
35.433 
30. 725 

615.263 

361 • 910 
13. 464 

560.592 

935.966 

8.152 

1559.381 

Estimated 
Annual 
Savings 
(Rs ./yr) 

39633 
229968 
132178 

1271012 
86788 

7109 
336045 
193226 
193330 

90926 
224425 

96230 

2900870 

1755623 
162958 

5845529 

7764110 

53505 

10718485 

==================================--------~-----



Exhibit 3.25 

SAVINGS RELATED TO POWER FACTOR 
IMPROVEMENT IN PLANTS SURVEYED 

Industry 

Textile 

Abid Industries 
Allawasaya Textile & Finishing 
Bannu woolen Mills 
CeeBee Textile Industries 
Chenab Textile Mills 
r.olony Textile Mills 
Farooq Textile Mills 
Government Textile Weaving 
Karim Silk Mills 
Kohinoor Textile Mills 
Lawrencepur Woolen & Textile Mills 
National Dyeing & Finishing Center 
Paracha Textile 
Shaheen Calico Printing Works 
Sunshine Cotton 
Sunshine Jute 

Subtotal (Textiles) 

Paper & Chipboard 

Adamjee Paper & Board Mills 
Pakistan Chipboard Ltd. 
Pakistan Paper Corp. Ltd. 

Subtotal (Paper & Chipboard) 

Metal-Mechanic/Steel 

Ashraf Engineering Works 
General Steel Tools Company 
International Metal Industries 
Kamran Steel Re-Rolling Mills 
Khalil Metal Works 
Metropolitan Steel 
Ravi Steel & Re-Rolling Mills 
Sh. Abdur Rahim A. Ditta Steel 
Shakir Metal Industries 
United Iron & Steel 
Yazdani & Co. Ltd. 

Subtctal (Metal-Mechanic/Steel) 

TOTAL 

Recorced 
Valu~ of 
Power 
Factor 

0.8 
0.75 
0.75 
0.7 
0.7 
O.P 
O.BB 
0.75 
o. 7 
0. 77 
0.7B 
0.6B 
0.66 
0.7 
0.7 
0. 75 

a. 75 
a. 77 
0.75 

a. 1 
0. 77 
0.8 
0.75 
0.75 
O.B 
0.67 
0.8 
O.B 
a. 76 
0.8 

Current 
Average 
Annual 
Consumption 
at Measured 
Power 
Factor 
(Kwh/yr) 

1124.763 
B24~ .677 

8B5.570 
1120.405 
5980.615 

23133.120 
12520.535 

96. 058 
1435.417 
8893.310 
3663. 770 

462.516 
1350. 220 

334. 753 
11237.844 
2805.115 

83285. 688 

25754. 750 
76 3. 953 

36148.383 

62667.086 

5216.628 
176. 001 
87. 707 

10933. 767 
80. 364 

10767.800 
237. 511 

21.315 
88.320 

6424.470 
3002.213 

37036. 096 

182988. 870 

------ ----------~------ ---~---------- -- -·----- - - -- ------- - -

Estimated 
Annual 
Savings in 
Electricity 
at 0.9 
Power Factor 
(Kwh/yr) 

90. 192 
1057.408 

113.619 
205.354 

1096. 162 
18~4.988 

182. 544 
12. 324 

263.092 
963.192 
361.586 

95.993 
314.970 

61.355 
2059. 737 

359.896 

9092.411 

3304.336 
82. 740 

4637.839 

8024.915 

956.134 
19.062 
7.033 

1402.803 
10. 311 

863.443 
52. 304 

1. 709 
7.082 

759. 187 
240. 740 

4319.807 

21437.134 

Esti'.Tlated 
Annual 
Sa·1 ings 
(Rs !yr) 

1154 33 
673707 
121572 
157693 
550819 

1229913 
208795 

9504 
358689 

1099039 
423308 

70076 
875616 
119030 
720909 
325182 

7058283 

204%88 
94 324 

2947992 

5091003 

730228 
3'>3 1 8 
142 77 

1097637 
9177 

988598 
121 345 

1214 
13102 

50 1 063 
184526 

3696484 

15845 770 

----- - ·- - -------------- --- - ---
- ----·--·-- --- -·- --· ----- -------. -- -·-
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Exhibit 3.26 

ESTIMATED AVERAGE ANNUAL SAVINGS 

I 
WITH OPTIMIZED DRYING TIMES 

Estimated 
Savings 

Average in Energy 
Annual Input With 
Energy Optimized Estimated 
Used in Drying Annual 
Drying Times Savings 

Industry Cl o3GJ> C1 o3GJ> (Rs/yr) 

Textile 

Abid Industries 9. 672 1. 934 147783 
Bannu Woolen Mills 15.321 3.064 198455 
CeeBee Textile Industries 35.193 7.038 177618 
Colony Textile Mills 243.952 43.790 316853 
Farooq Textile Mills 57.487 2.051 238859 
Government Textile Weaving 1. 690 .338 11192 
Karim Silk Mills 56. 171 6.232 175621 
Kohinoor Textile Mills 44.295 2.360 254200 
Lawrencepur Woolen & Textile Mills 36.778 4.427 287343 
National Dyeing & Finishing Center 17.457 3.491 94364 
Paracha Textile 32.229 1. 826 123604 
Shaheen Calico Printing Works 25.461 5.092 123235 

Subtotal (Textiles) 575.711 86.647 2149127 ' 
Paper & Chipboard 

Adamjee Paper & Board Mills 314.104 9.944 353029 
Pakistan Chipboard Ltd. 8.580 1. 716 142099 
Pakistan Paper Corp. Ltd. 371.494 7.430 341291 ---

Subtotal (Paper/Chipboard) 694.180 19.091 836419 
---

TOTAL 1269.891 105.738 2985546 



Exhibit 3. 27 

POTENTIALLY APPLICABLE WASTE 
HEAT RECOVERY SYSTEMS 

Techniques 

Heat pipe heat 
exchangers 

Run-around coil 
heat exchangers 

Regenerators 

Recuperators 

Economizers 

Applications and 
Operating Characteristics 

• Waste steam reclamation 
• Heat recovery from exhaust 
• Drying 
• Effective recovery up to 50 percent 
• Operating temperatures up to 350°C 

• Waste heat recovery from flue gases 
• Permits transfer of heat to remote 

locations 
• Effective recovery up to 40 percent 

• Waste heat recovery from exhaust 
• Heat-setting heat recovery 

• Waste heat recover 1 from exhaust 
• Heat-setting heat recovery 
• Preheating of combustion air 

• Preheating of boiler f eedwater 
• Waste heat recovery from flue gasses 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ' I 
I 
I 
I 
I 
I 
I 
I 



Exhibit 3.28 

SU!o!MARY OF ESTI~TED ENERGY AND COST SAVINGS 

Estimated Energy Savings (000 GJ) 

Improved 
Improved Improved Flu~ Gas Steam Improved Optimized 
Boiler Furnace Heat Distribution Power Drying 

Industry Efficiency Insulation ~ecover~ ~tem Factor* Tlmes 

Textiles 99 -- 2550 615 33 87 

Paper & Chipboard 42 -- 1588 936 29 19 

Metal-Mechanic 1 128 16 s 15 --
Total 142 128 4154 1 ';59 77 106 

• 1 kWh is assumed to require 3.6 million joules of on-site energy use. This is equivalent to 3412 Btu/kWh. 

Estimated Cost Savinqs (Rs Mi 11 ton) 

Improved 
Improved Improved Flue Gas Steam Imprcved Optimized 
Boiler Furnace !feat Distribut1on Power Drying 

Industrz. Effic1enci' Insulat1on Recovery Sy st<:!" ____ Factor Times 

Textiles 1. 4 -- 6.6 2.9 7.0 2. ~ 

Paper & Ch1pboard 0.7 -- 6.4 7. 7 s. 1 0. 8 

Met.J:l-Mechan1c 0. 1 J.6 0. 1 0. 1 3. 7 ----
Total 2.2 3.6 13. 1 10. 7 1 s. a J.O 

Percent 5\ 7% 2H 22% 3H 6\ 
uf Savings 

"' 

Total 
Energy 
Savings 

3384 

2614 

168 

6166 

Total 
Cost 
!:>avi~-

20. 1 

20. 7 

7.6 

48.4 

100$ 

Total Percent 
Energy Cost 
Costs Savings 

94.7 21' 

72. 3 29i 

43.8 17' 

210.8 23' 
(Overall) 
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Exhibit 4. 1 

ENERGY CONSERVATION IMPROVEMENT OPPORTUNITIES 

I 
-----~-

Eguiement Investments orerating and Maintenance 

Estimat-?d I Lli<ely Cc st Per Lii<Ply 
Major Minor Payhaci< Plant Payback 

Imorovement Actions Cost 1 Cost2 (Yeac s) (Rs 000) \Y~ars) 

Improve or Modi fr Existing Plant I 
Improve Boiler/Furnace Efficiency 

• Combustion efficiency/ x <T Nil Immed I burner tuning 

• Temperature/pressure x 2 Ni 1 Immed 
controls 

• Recover Waste Heat x I 
• Blow-down recov"!ry x 

• Maintenance and Cleaning Ni 1 Immed I • In!'iulat ion x 

Ut i l i 7.f'! Flue Gas Waste Heat 

• Fecdwater pr"?heating x I 
• Process ale preheating x 

Reduce Steam System Losses 

I • Pipe insulation x 

• StF?am ~raps x Ntl Immed 

• st~am leakage x < 1 I 
Reduce Hot Water Losses 

' • H~at loss in hot: wash water x 

I Reduce F.l~ctric Power Losses 

• Paw~r Factor Adjustments x 1-) Nil Irr.med 

• Correct matching of motors x I • Vol tag'? stabi l i.zat ion x 

• Moving parts maint~nanc~ x 1-2 Nl l Irnm<':'d 

I Utilize Process W.:i~te Heat 

• Drying x 4 

• Spac~ Heating x I 
Make_0~2~_n Chang!~ 

Replace Existing Equipment I • Wante heat r ecov~r y 5ystems x 

• Process control systems x 

In~t•ll New Type Equlpment I 
• Microwa'Je/R. F. heating x 

Instal 1 Cogeneration F.qu lpmPnt I • Di ,;place power x 2- J 

• Pr0ducf! excess power x 2-5 

- --~----------~ --------- ---- ------·--. I - -

1several ml 11 lon Rs inve!>tm!'nt likely required. 

2 L~s5 than Ro 2 m1 11 ion inv'C'stmi?n~ Ii \(Ply rP'l'J l r .. ,! . 

' 
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Exhibit 4.1 

ENERGY CONSERVATION IMPROVEMENT OPPORTUNITIES 

(continued) 

Improvement Actions 

Management and AdministLative 

Reduce energy use f rum better 
production scheduling 

Institute p~riodic standard 
~checkl1~~" audits 

formalize routinP maint~nance 
"ch~cklist" ~ctivities 

F''Jrmalize m.J int:'!'nance 
records/trend graphs 

IncurporatP en('rgv ~XF"t tis~ 
criteria into h1r1ng practices 

E~tabl ish in-ho11S':' ~n~rgy 
savings inc~ntive program 

Implement trdining programs 

• Minimum r~·ttJirem~~(5 

done in hntJ5'? 

• J\rld1tL0n.Jl p:or11iit~rn~nt,s 

prov1d~rl ex~~rnally 

~~~~E_a_s_e~and ImmeCTiacy of Implementation 
Can Establish Out-of-Plant Technology 
Immediat~ Trai~ing Transfer 
Change in Plant Required and Assistance 
Procedure Available Required 

x x 

x x 

x 

x x 

x 

x x 

x 

Financial Attractiven('ss 

Estima~ed 

Cost 
IRs) 

<10,000 

( 5,000 

Nil 

( 5,000 

Nil 

<10,000 

Ni 1_ 

< 10, 000 

Lk..,.ly 
Payback 
(Years) 

< 1 

Hiring 

<I 

'1 



Exhibit 4.2 

Barriers Constraining Industrial Energy Conservation in Plants Audited 

Reasons for 
Taking No Action 

Technically Suitable 
Equipment Not Available 
or Too Costly 

Potential Savings 
Considered Small 

Payback Period 
Considered Too Long 

Lack of Capital 

Staff Hesistance 
to New Practices 

Lack of Suitably 
Trained Staff 

Subsidized Ent}rgy Cost 
and Lack of Governmental 
Incentives 

More Important Problems 
Facing Company 

Percent of Pl'ints That Cited Each Reason 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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Exhibit 4.3 

Evaluation/Decision Process for 
Energy Conservation Investments 

SCOPING 

Determine Identify 
energy improvement 
losses actions 

scPt..E\:1:~ci x·:,\1 YSIS 
Contact 
equipment 
vendors 
and/or 
engineering 
firms 

-

Carry out 
detailed 
energy audit 

- and firm up 
site-specific 
economic 
assumptions 

No GO 

Analyze 
general :::: 
economics 

SITE: SF'E::CIF IC ,\>i-\1 YC:i ~ 

Identify and 
evaluate 
non-economic 
factors 

Carry out 
feasibility 

i study 

Select 
engineer 

~·~--~1 or vendor 
(where 
required) 

GO 
decision 

Install 
and 

Identify 
equipment 
alternatives 

Determine 
energy 
savings 
and O&M i 

-----
Obtain 
financing 
and 
procure 
~quipment 

--------1• 1------·~ 

Provide 
for O&M 
and 
commence 
equipment 
operation 

start up 
equipment 

; 

i 
I 

' 

-----.......................................... . 



Appendix A 

MANUFACTURING PROCESS FLOW DIAGRAMS 
BY PLANT 

Textile 

Abid Industries 

Allawasaya Textile 
& Finishing 

Bannu Woolen Mills 

CeeBee Textile 
Industries 

Chenab Textile Mills 

Colony Textile Mills 

Farooq Textile Mills 

Government Textile 
Weaving Center 

Karim Silk Mills 

Exhibit 

A. 1 

A.2 

A.3 

A.4 

A.5 

A.6 

A 7 

A.8 

A.9 

Kohinoor Textile Mills A.10 

Lawrencepur Woolen 
& Textile Mills 

National Pyeing & 
Finishing Center 

Faracha Textile 

Shaheen Calico Printing 
Works 

Sunshine Cotton Mills 

Sunshine Jute Mills 

A. 11 

A.12 

A. 13 

A. 14 

A.15 

A.16 

Paper and Chipboard 

Adamjee Paper & 
Board Mills 

Pakistan Chipboard Ltd. 

Pakistan Paper Corp Ltd. 

Metal-Mechanic/Steel 

Ashraf Engineering Works 

General Steel Tools Company 

International Metal 
industries 

Kamran Steel Re-Rolling 
Mills 

Khalil Metal Works 

Metropolitan Steel 

Ravi Steel & Re-Rolling 
Mills 

Sh. Abdur Rdhim A. Ditta 
Steel 

Shakir Metal Industries 

United Iron & Steel 

~azdani & Co. Ltd. 

Exhibit 

A. 1 7 

A.18 

A.19 

A.20 

A.21 

A.22 

A.23 

A.24 

.'\. 25 

A.26 

A.27 

A.28 

A. 2q 

A.30 



Exhibit A.1 

Manufacturing Process Flow Diagram of 
Abid Industries 
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Exhibit A.2 

Manufacturing Process Flow Diagram of 
Allawasaya Textile and Finishing 

Raw Cotton 

! 
e- Blow room 

•• 

e- Cards 

e- Combers 

• 

e- Simplex 

e- Drawing 

'----

• -- ----
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Exhibit A.3 

Manufacturing Process Flow Diagram of 
Bannu Wollen Mills 

Wool 

j 
Washing & 
drying 

' 
Dyeing 

Garnad 
machines 

Rowing 
machine 

+ ---
Dr yer -s 

--E 

Boiler --w 
-F.011 
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Exhibit A.4 

Manufacturing Process Flow Diagram of 
Cee Bee Textile Industries 

Input Raw Material 

•-W 
Detergents ,___. Cloth preparation 

-E pre-processing 
-s 

Dyes -- -w 
Antifoam Dyeing, 

-E high temp 130 ·c wetting agents -s 
Finishes 

' 
-w 

Washing -E 

-s 

' 

Drying and -NG 

batching -E 

Gums, dyes-
Antioxidents Screen printing 
Stabilizer 

,, 
-NG 

Drying and -s 
batching 

-E 

Dyeing 

Output Finished and Packed 

t ,- Packing 

I 
Embossing 

~'!'"''"' l 
Heating setting 

Printe 
dye fi 

d cloth 
xators 

-E 
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-E 
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Exhibit A.5 

Manufacturing Process Flow Diagram of 
Chenab Textile Mills 

Cotton 
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Exhibit A.6 Flow Diagram of 
Manufacturi~g ~~~sess 
Colony Textile 

Cotton 
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Exhibit A.6 {continued) 

Manufacturing Process Flow Diagram of 
Colony Textile Mills 

! 
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E>hibit A.7 

Manufacturing Process Flow Diagram of 
Farooq Textile Mills 
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Exhibit A.7 (continued) 

Manufacturing Process Flow Diagram of 
Farooq Textile Mills 
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Exhibit A.8 

Manufacturing Process Flow Diagram of 
Government Textile Weaving Center 
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Exhibit A.8 (continued) 

Manufacturing Process Flow Diagram of 
Government Textile Weaving Center 
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Exhibit A.9 

Manufacturing Process Flow D:agram of 
K:uim Silk Mills 
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Exhibit A.10 

Manufacturing Process Flow Diagram of 
Kohinoor Textile Mills 
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Exhibit A.10 ( _ continued) 

Manufactu . ring p Kohin rocess Flo . oor Textile Mills w Diagram of 
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ExhibitA.11 Fl w Diagram of 
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Exhibit A.11 (continued) 

Manufacturing Process Flo~, Diayram of 
Lawrencepur Woolen & Textile Mills 
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Exhibit A.12 

Manufacturing Process Flow Diagram of 
National Dyeing and Finishing Center 
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Exhibit A.l 3 

Manufacturin p Paracha Texti~e rocess Flow Diagram of 
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Exhibit A.14 I 
Manufacturing Process Flow Diagram of 
Shaheen Calico Printing Works I 
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Exhibit A. 15 

Manufacturing Process Flow Diagram of 
Sunshine Cotton Mills 
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Exhibit A. 16 

I Manufacturing Process Fiow Diagram of 
Sunshine Jute Mills 
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Exhibit A.17 

Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 

WASTE PAPER TREATMENT PLANT 

l 
Waste paper 
storage 

E-
'i' 

Belt conveyor/ 
elevator 

E-

Shaking screen 

E-
r 

~ 

Pulper 

f--

Collecting 
chest 

E-

Secondary 
pulper 

E-

Stookoh'"] 

High density 
rs cleane 

Centr ifiner 

Refi ners 

Jonsson screen 

j 
Sand trap 

Colle cting 
chest 

'~~ I~ -E j separator 

Tube 
separator 

Ir 

Thickener 

r--

-E 

--E 

c Stook-:::;I __ E --r-:_j 
Stook ,:,~ .. 1;00 I ~ E 
plant 

----

E - Electricity 

S - Steam 

W - W•tar 

' 



Exhibit A.17 (continued) 

Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 
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Exhibit A.17 (continued) 

Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 

PAPER BOARD MACHINE (continued) 
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Exhibit A. 17 (continued) 

Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 
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Exhibit A.17 (continued I 

Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 

PAPER BOARD MACHINE II (continuedl 
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Exhibit A.17 !continued) I 
Manufacturing Process Flow Diagram of 
Adamjee Paper & Board Mills 

I PAPER BOARD MACHINE II (continued) 

l 
I 
I ·-

E-- M/C head box • 
I l 

i Sheet cutter ----E 

E-- Fourdrinier I 
1 

Sorting & 
--E I packing 

E-- Wet presses I 
~- ,..- ' Despatch section --F. I • 

:=:[ D•v•n] I j 
I : == L c.,..... J 
I -------y-

i E - Electricity 

S - 5•eam 

·-c::~J I 
1- I 

E -[~litt::/,~i:d•J I 
• 

--i ---
I 

ll 



I 
I 
I Exhibit A.18 

Manufacturing Process Flow Diagram of 
Pakistan Chipboard Ltd. 
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Exhibit A. 19 

Manufacturing Process Flow Diagram of 
Pakistan Paper Corp. Ltd. 
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Exhibit A.19 (co111111ued) 

Manufacturing Process Flow Diagram of 
Pakistan Paper Corp. Ltd. 

PAPER BOARD MACHINE II (continued) 
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Exhibit A.19 (cont1nu~d} 

Manufacturing Process Flow Diagram of 
Pakistan Paper Corp. Ltd. 

PAPER BOARD MACHINE II (continued} 
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Exhibit A.20 

Manufacturing Process Flow Diagram of 
Ashraf Engineering Works 
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Exhibit A.21 

Manufacturing Process Flow Diagram of 
General Steel Tools Company 
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Exhibit A.22 

Manufacturing Process Flow Diagram of 
International Metal Industries 
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Exhibit A.23 I Manufacturing Proce~s Flow Diagram of 
Kamran Steel Re-Rolling Mills 
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Exhibit A.24 

Manufacturing Process Flow Diagram of 
Kha1il Metal Works 
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Exhibit A.25 

Manufacturinq Process Flow Diagram of 
Metropolitan Steel 
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I Exhibit A.26 

Manufacturing Process Flow Diagram of 
Ravi Steel & Re-Rolling Mills 
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Exhibit A.27 

Manufacturing Process Flow Diagram of 
Sh. Abdur Rahim A. Ditta Steel 
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Exhibit A.28 

Manufacturing Process Flow Diagram of 
Shakir Metal Industries 
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Exhibit A.29 I 
Manufacturing Process Flow Diagram of 
United Iron & Steel I 
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Exhibit A.JO 

Manufacturing Process Flow Diagram of 
Yazdani & Co. Ltd. 
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Appendix B 
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'iJr. S7(i(.•3. ?? 2'37 410. 4332 l>+d !717 'Ci:1) 11 13~2.065 3·J3~.E .• :ln:. l"! 71./0. "3:3 _,_, .lw.1.L.. I 
~ey !(t71E.3. _, 3£.s 43~.5533 iSC4 187(1 i'373 1371 T1. bt·! 321~(1 • e .. ~.:.s rt.-3~~:: 1 • :,.,.i_: 

... 7"1"'• . --~-,(··-
':•:i ~27 J.:i.~). 33;: . 1 13(: 1::cs 1=~G 122.:.1r. 1~-~ 2:2:~. O:t+: 1-+771 :·1 ~. 1:.3 'j.J/ ... :::. -·~J 

I 
" 

,, ~~j=~- E··~· ~.: 9 4~5. t. ! S:i~: 18C·3 l'~C1 l'k3. 4E.3 ~;~~.2. ~17t, •C' .. _r .. 1 .. :, •• ~=~ I 
•'' .. :(i';.) >J 372 .:+32. s.~.33 17,:.s 2·:i-;a 21~2 1 J·;s~)~. 7-+ 3~451. .:,.S:: 175'?56. :·3: 

·:e:J. ?"3'33. ~.:.:1 4"'" '3 1731:, 2!:·t.9 21&3 12120·~. CC• 
J~·;f ... :2~6 1t . .+1e~ .• i:-:, ·- •. .1..Jl I 

-·- ._ .. 755~3. -~'3 :~.s :.3c .. v.·..:·-' 21JC·? i:-~~.-; 2413 '3S73S.C:S5 -+3.~.; L '+335 1 ... ,~1!Y7. s:s 

:o-.cv. 7SOC15. r- 2s;; 423. 03~.j : 5 ~'.~ 1772 1.971) ·3~3·ja. (•J:: 4 2-23?3. 2763 1c.j2·~t.. C'.: .j'. .·: I 
~-~':. 7Lr(\:E.. t.t, C53 &6:. 2t.E~. 22'3'3 2541 2t.S: '3~7i;3. h% 40"3·>3. ~j~·3 1~::.53. cs~ 

I 
! !2~ 7S3 ~5!3 24!E.'.) 

========~============================================================================================== I 
Key: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 

I 
3. hm3 100 x m3 (cubic meters) 1 Btu = 1055.86 joules 
4. GJ joule x 109 34608.43 Btu/m3 of NG 
5. Rs(NG) = Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) I 
6. Rs (E) = Rupee,, (Electricity) 
7. Total Rs Total Rupees 

Heating value 
of natural gas 980 Btu/ft3 I 

I 
I 
I 

' 



I 
I 

I 

I 

I 

' 

=========================~======~=====~================================================================ 

"?:;J. ~8t·J :":,ta: Tctal 
;"\,~i ·-· ) ~···2 iGcs] ~.?.tu GJ Rs. !Ei Rs. !~Git ~=. 

======================================================================================================= 

6: :"34£.f, ~(:59 0 0 2083 :0""'"' 3898SO. 151 0 389590.151 ... O·!• .,..;:i.l'J 

=e:. 7 .. ~ESS3. 3 2413 0 0 2413 2~45 4503EA.5't2 0 4503bit. 5.:+2 

f"ar. 5e213E,.$ ~ Q':-1 
l ..rl..4 0 0 l'j2J 2027 ~3St4.4C! 0 35hSt4. 41) 1 

~~r. ,;2;1as.s 2345 0 0 2345 2£:74 4377C(1. c;,)i 0 43770(·. Si) 1 

~ay 714213.3 243'3 (: (l 243:3 2572 455(147. 455 0 45::047 ... :.::. 

: lf;. 722570 ~4E7 (I (• ,. 24G7 260~ 4E/:625. 53'3 0 4~0026. 5 3·1 

.... 1..1 ... 53SC:~':; :·1 i• 

~·' .. 
·) (I ·, ..... ~ 

C!!1 22':0 405253. 543 (I 4;:;s2:.~:. 5-t~ 

A:..~. 7S7S)0 2~2·j 0 0 2£20 2764 46·3{:i6l. 7:S 0 4&'jr~·S:. 755 

Se:. 71572•:: C443 () 0 2443 2577 4:;;ti:,1)7. 39'3 (i 4St,,)(i7. 393 

D:t. c1s:20 2~,)3 (l 0 2303 24~E 43i070.0'3'. (l 431070. 0'31 

\c.-.-. 7::{1(1.) 2~~C1 (I tj 2~40 2575 455548.fES (I 455548.£55 

:e:. 7243t/1 2'+74 (I (I 2:+74 2b10 451732.548 (l 461732. 5.:,9 

--------------------------------------------------------------------------------------------------------
-.- ... ., l ' .. ·•,O• 23!c3 (I 0 28!2'3 2357'3 0 5251•.J28 

==============~=~====================================================================================== 

Key: 

1 • kWh 
2. MB tu 
3. hm3 
4. GJ 

5. Rs (i:IG) 

6. Rs (E) 

7. Total Rs 

= Electricity 
Btu x 106 
100 x m3 (cubic meters) 

= joule x 109 
Rupees (Natural Gas) 

= Rupees (Electricity) 
= Total Rupees 

Assumptions: 

kWh 3413 Btu 

1 Btu = 1055.86 joules 
34608.43 Btu/m3 of NG 

MBtu x 1.0551 GJ (Total) 

Heating value 
of natural gas 980 Btu/ft3 

' 



r------~----------~----- -

=========================~========~==================================================================:·= 

J -'•"t·· 

~p~;l 

(Jill 
.··~tal 

~?.t:1 Rs. it) 
Total 
Rs. 

=======================================================~~~============================================= 

.Jor,. ..,- .... -.-. ~:' 993:2.66 34:;0 3711 .3515 81i26.6 153:1(:1). 2i:,6 24C;S2t.. e.ts ,w~v ~u• 

:::;:i. 7'1500 ':!7• 2.9?37.33 3~·32 3353 3~48 85%5 142379.733 ~·27 44~. 7~,3 ~· . 

~ar. 67345 230 2452G0.7 B~i9 8743 9231 ]21)59. "' ,,., 312J2!.13S 4E..+3SO. 2E-t 

A ........ 7?.470 .-,e. E203!.66 2155 24(lf, 2538 78512.9 9'325:). SE66 l 77f~,3. ::s ~·. C.J~ 

-:ray 75:.ss 2:;3 561~2.33 1352 2211 2333 B~~~s.ss 8·~SCi7. 73~.3 171 ~(·~.ts:: 

,_ ~1 (,. s:E·30 224 .:r!270 !434 !SS8 1743 702-38. 3 6602~ 13.S22(:. 3 

]1.,i:. 45:~3.33 17;.:) 3tS[/1. Et. 1274 lit~.'.. 1524 534.:.4, 71E.t, :;r.t57. l·EEiS : iC·~l:':. 7E~-

Au~. 752!0 257 =:·G• f ' - rn.::.: 2'::11 22(17 80474.7 844'j8,ESE5 154~73 • 3,:.£ ....... _, .. .. t.::; 

52:. 77821) 26S ~033"3. 3.3 174'~ 2015 2!2b 83Cb7.4 BG5~2. 93~.3 :5~810.333 

:·:t. 75233.33 ~'57 5(;;)87 20B3 23.+4 2474 804:J'3.5SS~ %13'3. 2 l 7E~38. &:~. 

"··:·v. E~5'3S.33 ~fas 7613(1• 33 2s~~ 2'330 3(i'j2 8545~). 2166 12:8(·8. 533 2112:-d. /J 

:'ec. 8':>?0 2·3~ ii9178 30'38 3J'?•j 3577 91474.3 142684.8 234: 5'3. 1 

~~5570 35313 38314 947SS0 
==============================================~===========================~~==============~============ 

Key: Assumptions: 

1. kWh Electricity kWh 3413 Btu 
2. MB tu = Btu x 106 
3. hm3 100 x m3 (cubic meters) 1 Btu 1055.86 joules 
4. GJ joule x 109 34608. 43 Btu;:n-' 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) = Rupees (Electricity) 
7. Total Rs = Total Rupees 

Heating value 
980 Btu/ft3 of natural gas 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

of NG I 
I 
I 
I 
I 



=====================~====~============================================================================ 

,._ 
''·• 

"'EitiJ 
(E1) (Gasl 

T(·tal 
l"B!:J GJ 

fota! 
Rs. \El Rs. (~.'31 + R;:. 

==================================================================================~==================== 

!ar1. ~3573 321 1505 555j 5875 615'3 72162.7124 54935.4129 167038. 1~5 

:=e:. 5486.3 2'3(1 5268 18232 !3521 13542 65 ! 70. 3•) !(I 3~1ec,1.093 376771. 5·34 

~ar. 55342 333 16(1! 5541 588') 6204 75255.5158 94f,':<8. 8137 1703E'+. 42'3 

HJr. 12a332 i -,.-, 
-t1C. 1'3~15 6804 7rv ~ill 7677 1·)6226. 387 1!62.53.487 22~51~.874 

~ay :Ot2SS 35~. 205'3 7125 7:,55 7901 815?4.92B? :2;7S3.417 2c·J~.s.:.. 3::. 

:\.in. 1.,3535 49') 1701 5837 6377 6729 1 ~ 03 37. i:i(i4 : ()()~ 13. 7"~2 2l(rj51). 7·37 

J11l. t.SS32 2C..f ~ 0""'.',. 
.. utb EH'.. 67lt 7(1[..; 5i)322. E, 125 1 ! C3t5. (:(,b 1S12S~.t:S 

~IJJ. 74·~:0 2SS 1324 4S62 4828 5104 ~7528.570t. 78314.2219 !:i5342.S12 

Se;:i. 8'133'3 28!l 12c6 42.:.3 ·c-., 
't ... 1,,L. 478•) 64754.5771 725!7.64C5 1372E2.3!·? 

2~t. i?237 27(1 !2S7 4731 51)i)t 5277 60846. 81)54 80857. 7t. 2'} 1"1 ?;J~. s~.s 

~~ov. 62684 .... ~-, 1"23 4325 r1 , .... , c• .-.c- 45'303. 51 E.7 84170. 1 ct ~ 1231)73. 5~.7 .:. .. 1 ~ .. "TC .J'+C.J Jd 

D2c. Ef.241 2'34 1~74 5447 5742 6058 E.-5225. 24\)(J 931(•1. 7694 153327. C<1? 

1J-:- '· .... -.J-'t 135'3&54 

=====================================================================================================~= 

Key: Assumptions: 

1 • kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 100 x m3 (cubic meters) 1 Btu 1055.86 joules 
4. GJ = joule x 109 34608.43 Btu/rn3 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total) 
6. Rs (E) = Rupees (Electricity) 
7. Total Rs Total Rupees 

Heating v~lue 
of natural gas 980 Btu/ft3 

of NG 



======================================================================================================= 

~·:·. 

"B';:1 

lt::J 
~Btu fotal 

~Btu GJ Rs. iE) 
fotal 

R= 

==========================~============================================================================ 

Jar .. 543430 1855 0 0 1855 1357 273071.'344 0 273071.944 

Few. ::3466.5 1833 0 0 1889 1933 278115. 33':i 0 278115.333 

Mar. 53534&.6 1842 0 0 1842 1944 271271. 320 0 271271. 33(1 

A~<'. 5EC•540 1913 0 0 1913 201'3 291719.9!8 I) 28171'3.5;8 

~ay 5250.90 1792 0 0 1752 18'31 2&3851. 124 0 263851. 124 

Jun. f,3;j•j(l0 23.58 0 0 23::8 2428 347175.177 0 347175. 177 

'' JIJ!. 
"jt ..,r....,~ 

..H.:.1:.•f.J ~(1,11 (1 0 1•)71 l l.?(1 157721. 24+5 0 15772:. 245 

Aug. 3E4Y30 13.l 0 0 1311 13.93 193(104. (72 0 l '33({i4, 072 

Sea. 422l(J(l 1441 0 0 1441 1520 212J(!3.9d3 0 212103.953 

Oct. . ·=7c-, 
't,)._,, ..:c 13&5 0 0 13&5 14El 203889.162 0 203839. 1E2 

l\.;v. 4'3%!1) 1702 0 0 1702 i7% 250t.50. 528 0 2500:.0. sc·a 

Dec. 542625 1852 (I 0 1852 1954 272667.434 0 272E,E.7. 434 

fotal 0 0 20412 2!537 0 3'})5241 

===============~=========================================~============================================= 

Key: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules 
4. GJ = jc1le x 109 34608.43 Btu/m3 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) = Rupees (Elec tr ici ty) 
7. Total Rs = Total Rupees 

Heating value 
of natural gas 980 Btu/ft3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

of NG I 
I 
I 
I 
I 
I 



I 

I 

==========================~========~=================================================================== 

~o. 

!i!Bt11 

(E:l 
~Btu 

(Gas) 

fotal 
~BttJ GJ Rs. (El 

fotal 
Rs. 

======================~===========================================================~===================== 

Jan. 2165280 7390 14112. 3 48840 ~C:Oit 55323 1435645.5'3 1151693.37 2587338.97 ........ ~ ..... 

;:~J. 214-9000 rn• ~J- 163!0.4 5E.448 EJ77'3 672'33 1424188.4.+ 1331078.53 27~52SS.97 

Mar. 23CS960 794'3 13253. 2 45.388 53837 56803 1544170.34 1 (•82072. 57 262E·242. 92 

i'.br. 2060:60 703: 1544'3.7 53469 60500 63834 1355947. ea 12501337.50 26257S5.38 

i'iav 225528(1 7SCO 12(:.s1. 4 41833 4%32 523E.7 1515209.19 S8E442.923 2501652. 12 

.for .. !555!60 ~ ..... ,' 
~..:, .. 852?.9 2'3521 34H.32 3S751 1031780.76 5%! 18.229 17278'3-S, S3 

Jul. !7:5320 S'jS4 ?€H6. 5 34077 4C072 42279 llE.~492.a:+ 8(l~,::04. 889 l?t.6057.73 

Au~. :&'37440 ms 3174 317:0 3.9226 40332 12s.eos9. 54 748Sa2. 7Ci3 20(15 7 42. 35 

Sep. 1544000 5611 !('657.3 3E..983 42434 44B36 10~0021.32 863733.520 1'359754.'34 

Cct. !749600 5'37! !2'335. 4 44'.!4'.:I 5C912 53717 116(:037.28 ! 059727. '37 2219705.26 

Ni:,v. !781280 E,CSO !2EEO 4~383 43%3 52715 1181042. 07 1034604.52 22!S84E.. £1
) 

De:. : 7;,::540 5009 9115.1 31545 37555 39E.24 1157357.13 743m.g27 1311233.(b 

7aa= 7 !44207 4'33078 578032 6!)?.381 15337953 1l763633 271 OS5.SS 
======================================================================================================= 

Key: Assumptions: 

1 • kWh Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules 
4. GJ = joule x 109 34608.43 Btu;rn3 
5. Rs (NG) = Rupees (Natural Gas) MBtu x 1 • 0 551 GJ (Total) 
6. Rs (E) = Rupees (Electricity) 
7. Total Rs Total Rupees Heating Vdlue 

of natural gas 980 Btu/ft3 

of NG 



=========~====~~======================================================================================= 

~Bt11 i 0tal 
~Btu GJ Rs. (E) 

Tota! 
Rs.(Mj)t Rs. 

======================================================================================================= 

Jari. 1313347 4482 1608.76 6260 10742 11334 l::';(i22i5. 49 16'.434.941 16E3550.43 

Fe:i. BES2S4 2'367 2113. 77 7333 10300 !0.%7 99427"0.249 !3'3!03.8S5 1183374.11 

~ar. '382078 
_..,C'_. 
jj,., 21)40. 63 7tJ02 i•)414 10'388 1123307.E'3 182129.737 1~05437.42 

A~r. !0 1)8222 34~3 3034. '3 10:03 l "".l'' .L'IC lt715 115JB''.i7. 65 270870.045 1424767.71 

1043378 3561 2251 7790 11351 11977 1193423. (;6 200'3(15. bC 1 1334228.68 

:043378 356! ·:1·:·::i 773;) 1!351 11977 11'32423.e6 21)U31~15. 621 13'3it~~8. £3 L..-'"'"" Jun. 

: 1:.43318 3:51 C~Sl 7791) 11351 11977 1193423.(16 2(1(191~15. E21 L::?42~S. Sa 

!i)4337.j 355~ 2251 77'30 11351 11977 1193423. OS 2(i0'3(i5. 521 1394323.tB 

10.+3.378 3551 C.251 7790 11351 11977 1193423. (15 200905.E21 13'3432g, 68 

;.:,4337f 32S: -=·=·~i 77·3(1 l!~l 11977 1!'iii+23.06 2(i(i'31:15. t.21 13343~3. 65 1- ... .J ... 

\cv. 1.:4337& 3551 225~ 7791j 11351 11977 1193'+23. (15 2003•)5. E21 13'3'+3c·9. ES 

1043.37.3 iC:C 1 :i:..=1 7791) 1!3St 11977 1 l 'ii423. OS 2({1'3•)5. 521 133~2C3. &,~ w .... ..J.1. 1--~· 

1252C·S2.5 42732 270! 1 93491 13S214 143719 14321076 2410724 16731&53 

=================~===================================================================================== 

Key: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MBtu B•u x 106 

• 

3. hm3 11)0 x m3 (cubic meters) 1 Btu 1055.86 joules 

4. GJ joule x 109 34608.43 Btu/m3 

5. Rs(NG) ::' Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total) 

6. Rs(E) = Rupe<:!s (Electricity) 
7. Total Rs Total Rupees 

Heating value 
980 Btu/ft3 of natural gas 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

of NG I 
I 
I 
I 
I 
I 



I 

I 

' ==========================~============================================================================ 

~Bt•.t "!Btu T1:1tal ii:stal 
'."!c. .~wh \Eli "":· • 111 ... J (G;;s) ~Btu GJ Rs. !E) Rs. (~G) • F's • 

I =====-====================================================~=========================================~==== 

Jan. '3'3:7 34 77. 53 268 302 31'3 7647.2j670 4801. 328C3 124~.S.S543 

FeJ. :7!~3 53 137.9 477 525 565 13227. 083'3 ,8.53'3. 56083 21767. OS1.)8 

~ar. 7581 26 108.57 376 402 424 5845. a·~ l •14 E.723.59~~3 12~6'3. 43.:,5 

Aor. 5588 -:-·::. ...... 94 1--.c 
.JC..J j;,9 3E7 508•). 1E43! 5S21. 2'331 1(i':.~.·1 • :... : ,;•:' 

~ay 5336 ;:, 50. 7 314 34S 3(.5 11s·;.21 jt.s ~.t.15. ·=~~~5 L:S: : . 1~:_~ ....... 

.. : ~rn. 5841 20 76. 73 2t.: 285 3Ul 450!.t. lJ:~.3 475:. 7J:'i• i:s:. r:.:· -=~ 
! --· ... H. 

:ul. 7101 2if re r 230 254 2EB 5••75 . .... c. t: ·, 41 !.S. ~·s:.c2 :s:.+. ('·:::~ .:-...r • .J i -'J...:C 

Aq. 63i5 i:.i:. 65. '3 229 250 263 4%3. f.48(:5 4(·.a:. 0~2.113 8 ~50. 7 "t6<:~ 

5;;:;. 8766 30 %.5 ~·J""t 354 38:. 6753.672?8 5376. li472 12735.79,77 

- , .. 8373 3'. c;r I 19: 221 224 E':l!'1.2':i5SS 3412.2t8Sl :1~,1~.3~. =~~~ <..;._ '1• ......; .... 

~\(.1V 1 4935 17 B3.7 307 3C'4 342 3805.4?£?4 5453.07125 32'j.~,. :rf.~,: S 

Dec. 35:2 1~ 104.8 .;.i:,~ 375 3}5 2733.0:i244 6431), 12252 922'3. !"'' -_:i.t .:':· ' 
3679 4227 74073 f,5825 !3?838 

=======================================;==============================~================================ 

Key: Assumptions: 

1. kWh Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 = 100 x m3 (.::ubic meters) Btu = 1055.86 joules 
4. GJ = joule x 109 34608.43 Btu/m3 of NG 
5. Rs (NG) = Rupees (Natural Gc.•.s' MB tu x 1.0551 GJ (Total) 
6. Rs (E) Rupees (Electricity i 

Heating value 7. Total Rs Total Rupees of natural gas 980 Btu/ft3 

I 

I 

I 



Exhibit B. c:'· 

=============~=~~===================================================================~==~=~=:===~======~-

M_t:~IJ lf=";ij --t"..,1 •_,=i,_ I-:. 

!"'._.,,: ( ) ~:11~. ' ~i ¥-: .. - ! ..;::: - ·= - . - -~~ •J -
" 
: : 

=======================================~=====================~======================~=~=====~~=~=====: -

Ja~. l I 1 ''' 380 26('-5 ::)15 93?t. ·::3:+ C• ?.:<+. - ;"1 -- : .'!..;'! -. - : ...... - -· -

121 143. 5 4:3 215?. ti 747'1 t:J.:a 8,~22 : ~s: 71~1. ; .. : - - -· ; :; .. -- .__ 

2!84C.S. 5 745 2646. (1:, 915d '33t)~ l·A~~ ~S77':-3. cu .. .;, .. .:..:- ~ r;. -.. -· -

18765! 6 .. 0 ~·j.;, 1 -c ' 14E.1) ~2 ~1)1 !27t.7 :·C:o::'~ • I : 7 -- :.:.. .:.i..: ~: .. -JJ . 1....: ~'...J~·=·· " ·-

12j1?(:0 423 :i8S7. &3 1 3~::2 1:.77~ ' ~·~3 1 f ;~,'~ .: 1\ t.f c .:·1 . - .: : " ·' -· 

;473 .. :) 503 372;). E7 . 2s:11 ! ~ .. _:,:'.) li..! ! 2'>): -;-i ·";, "' E. -. : -. ' -. -

s:.~.u6 2-~5 ".J7r:.·J ·3 ,~~ts s·:1 -~i. I ·~ .. ,: ~ ~ ·~·~·~ ~ ,; = ~ "· = ~' ·-· - -. 

l 1jj·313 -;o:-c 26~5. 3 9:5j ·js:o : (11)~!+ !4 lE.7; I ~4 " '~-
- c -.·..J...J - :.::·-~ = - - ·-

3(1:1c_r) :1 ··~ 2f.(;1 4 Si :.: .Jj 0 ~-1 :· '~8~5 :.:·3~: t. -~ c 
~· 

~ ' .:: ·- 7 
' J_ > L. _, 

7EE~7 c~s ::t.:t.::'.. t. '1 l I ·j~7j ?.j·j~. 11:.J: ij 7 .. _, ! .... ..: ~ - - . -J ' -Cct. 

f.S512 c:~A 30;..2. ) r5~,:1 1 (17t.3 l i ~ s 7 ?:: ~I. JO. " 
.. :~-~ .... -- c -: 

B.~S·j~ .jr)2 ~i\:6. 67 ! 7 ~/J'? 1 77.,,, '. ~~.7:, !~·)?'~~ = ~~' ~ .. !-+: ' -- -- - -· 

==~:=======~~==========~==================~========~=============~===~======·=7-~==~~~===~--

Key: 

1. kWh 
2. MB tu 
3. hm3 
4. GJ = 
5. Rs (NG) = 
6. Rs (E) = 
7. Total Rs 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh :: 3413 Btu 

1 Btu = 1055,86 joules 
34608.43 Btu/ml of NG 

MBtu x 1.0551 :: GJ (Total) 

Heating value 
of natural gas 980 Btu/ft3 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 



I 

I 

' ==========================~============================================================================ 
)!Btu 
(Gasl 

Total 
~Btu GJ Rs. \El 

Total 
Rs. 

======================================================================================================= 

Jar1. 74110'3.2 252'3 17%.31 6217 874& 9228 844864.488 149093. 73 993528.218 

=eo. 741!0'3.2 2529 1795.31 6217 8746 9228 844864.483 14'3093. 73 933958. 21H 

~ar. 74110'3.2 252'3 17%.31 6217 874& 9228 B44864.4E8 149(lg3,73 9'33958.2!8 

A~r'. 741109. 2 252'3 17%.31 E217 8746 9229 844%4.488 149093. 73 93:~35·3.2:8 

May 741!lr3.2 '-'529 1795.31 £217 8746 9228 8448E.4.489 149093. 73 9?3'3~·8. 218 

.Jun. 74!i09.2 :•C':":i 
L. .... 1.. ... 17%.31 £217 6M, 9228 844864. 4S.9 143093. 73 932353. 2:.9 

jul. 741109.2 2529 !7Sb.31 V"~ uC.J./ ms ':228 644%'1,488 14?'.)93. 73 gg:;·::a. 21 e 

Aug. 741'.09.2 2:c9 17%.31 6:•1'7 
k •• 8746 9228 844864.488 1490'33. 73 993'152. 2; 8 

Sep. 741109. 2 2529 17%.3! 6217 8745 9228 844854.483 149093. 73 993958.218 

Cc·t. 741!(19.2 2::2·3 17%.31 6217 874£ 9228 844864.488 143(193.73 9'33'353. 218 

Nov. 74110'3.2 '"C''"',~ 
C..JC. ... 17%.31 6217 8746 9228 8448£4.483 14'M3. 73 9?~.'15.9. 218 

Dec. 741109. 2 2:29 17?6. 31 6217 8746 9228 844864.488 1491)'33. 73 3'l5'358. 218 

-------------------------------------~------------------------------------------~--------------------
Tctal 3'.)353 2!556 74601 104954 ! 10737 1013837'+ 1789125 11927493 

======================================================================================================= 

Key: Assumptions: 

1. kWh Electricity kWh 3413 Btu 
2. MB tu = Btu x 106 
3. hm3 100 x m3 (cubic meters) Btu 1055.86 joules 
4. GJ joule x 109 34608.43 Btu/m3 
5. Rs (NG) = Rupees !Natural Gas) MBtu x 1.0551 = GJ (Total) 
6. Rs (E) Rupees (Electricity) 

Heating value 7. Total Rs Total Rupees 
of natural gas 980 Btu/ft3 

of NG 



======================================================================================================= 
:¥3tfJ 
\Ell hi:13 

1'!Bt1J 
iGasi 

Total 
.. -.. , .... 1.u GJ Rs. (E) Rs. !~Gl t 

fotal 
Rs. 

==========================~=================================================~========================== 

JC.'!. 305314.2 1042 1797. 282 &220 7262 7662 348(!~8. 188 149174. 4(1£ 49723E:. 5'.i4 

c· 
'E!J. 305314.2 !042 1797.232 6220 7262 7662 348058. B9 14917'1. 4(if, 4'37 232. 534 

Mar. 305314.2 1042 1797. 22.2 6220 7262 7562 3~8058. ma 149174.406 497232. 5'14 

A~r. 305314.2 1042 1797.282 6220 7262 7b62 34BO:a. 138 149!74.4% 437232.534 

i"ay 3(1:1314. 2 1<)42 1737.282 622\.! 7262 75S2 348058.188 149174. 4,_;5 497222. 5':+-t 

..'.1Jri. 3(i5314. 2 1(142 17'37. 2B? 622(j 7262 7652 34805.3.1E8 14'3174. 4% 4372~·2. 53.'.t 

Jul. 305314.2 l(1-f2 1737.282 6c20 7;:52 7£&2 3.:.soa 1 ea 1'19174. 4(;6 4?7222.5:0-+ 

Au~. JOS.314.2 !1.:1.+2 17'37. 282 6220 7)0 
~u~ 7662 34ao:a. rna 149174. 4•)5 437232. 5·j.+ 

Sep. 305314. 2 1042 1797.282 6220 7262 7652 348Ci:8. 188 143174.406 4372~.2. 59'+ 

Cc~ 3053~4.2 !1)42 1737.282 £220 7;~t.2 7E62 348058. 188 14317~.4% 457 232. 5·34 

~;c.v. 3(15314. 2 1042 1797.282 6221j 7252 7662 3420:8.183 149174. 4(16 497232.55~ 

Dec. 3053!4.2 1('42 1797.282 6220 7262 7662 348053.188 143174. 4•)E, 4372'.32. 5'34 

---------------------------------------~---------------------------------------------------------------
Total 2£S3770 21:s1 74641 87145 91948 4175638 5%07'31 

=======;=============================================================================================== 

Electricity 
Btu x 106 

Assumptions: 

kWh 

1 Btu 

3413 Btu 

= 1055.86 joules 

Key: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

kWh 
MB tu 
hm3 
GJ 

100 x m3 (cubic meters) 
;oule x 109 = 34608.43 Btu/m3 

Rs (NG) 
Rs (E) 

Total Rs 

Rupees (Natural Gas) 
=Rupees (Electricity) 

Total Rupees 

MBtu x 1.0551 

i;eating value 
of natt.:ral gas 

= GJ (Total) 

= 980 Btu/ft3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 

of NG I 
I 
I 
I 
I 



I 

I 

I 

=============~============7============================================================================ 
:wBtu 
(El) 

ff.Btu 
Was) 

Total 
~Btu 

Tcit:il 
GJ Rs. (El R~. (~Gl+ 

=====================~================================================================================= 

Jan. 38543 132 558 3315 3447 3£37 2813£.%81 70158.5958 9E2S-5. St.40 

F2~. 38543 p~ ...... 958 3315 3447 3537 2813£. %81 70158. 9-358 962'~. ·:S4(i 

Mar". 38543 132 558 3315 3447 3637 2813£.%81 70158. 91'.:.8 5-S255. 5540 

ilor". 385.+3 p:· ...... 958 "J""'1C 
~Ju 3447 3537 28136.%81 70155. 9'358 ?~2·35. S~4(1 

11:.;y. 32.543 132 558 33!5 3447 3f:..37 28125.SbBl 70158. ss:s 56.~SS. ~54(1 

Jun. 38543 E2 ·~53 3315 3447 3t,37 2il13Ei.%ilt 70!~8. 9·3:3 9-~235. S~A:) 

Jul. 38: . .:.3 132 958 3315 3447 3537 2il!36. %8! /(11 ~.a. 5355 ·3,s2·~: .. ':-€,~ 1) 

Aug. 38543 !~) 
•-..'\.. 958 :i315 3447 3637 28136.%81 70 t 58. 3'353 9.32·15. '?S--+O 

Seo. 38543 132 958 3315 3447 3637 2813£. %81 70158.9328 982'?5. 964 1~1 

Get. -uc .., 
~''.JJJ.tj 132 958 7?F ww ... .J 3'-47 3637 28136.968~ 70!~.9. 9~59 9.~.235. ·~~·~l) 

N•:•v. 38S43 1-;·-:. . .. ,._ 958 3315 3447 3537 28136.%81 7i)1:8.'3358 382'35. SS4(\ 

D;,;c. 28543 132 %3 3315 3447 3637 2813E.. %81 7(1158. '3'358 9E235. 5541) 

Total 4E2~!6 !579 114% 3378S 413£4 43S44 337Ei44 8413(!8 117'3552 
======================================================================================================= 

Ke'.t_: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 = 100 x m3 (cubic meters) 1 Btu 1055.86 joules 
4. GJ joule x 109 34608.43 Btu/m3 
5. Rs(NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) Rupees (Electricity) 
7. Total Rs Total Rupees Heating value 

of natural gas 980 Btu/ft3 

' 

of NG 



;;: :·:'.1 i. bi '.:, ?.13 
:_·::. Co.\: c::2;s - P3~~ac~a TEx~i~e ~i l~s ~~-:-:i:L.E) E:-.'::~;JY 

======================================================================================================= 
fotal 

~Btu MBtu fotal 
,._ :\vn (El) hm3 \Gas) ,,Btu GJ Rs. (El Rs. (~.Gl * Rs. 
I 'I,.~. 

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

Jan. 30020 B87 101'3 3527 4414 4b57 722855.6 83558 805413.6 

Fe3. 243890 84'3 1345 4655 5504 5808 631914. 2 1102g;) 80220~.2 

Mar. 174300 555 1827 6323 6'11.S 725'3 484554 143814 634358 

A:ir. 117500 401 20S3 7!40 7541 7356 32t650 15'3165 4'35816 

May '32'1.:'(l 317 17e2 5850 6207 E.5~0 c.:»s:m.s 13'3SEA 3'37831.5 

Jur1. 120:10 410 193'3 S711 71')• .1-! 7513 334072.E. 1533% 43~,(i7i:1 • 5 

1. 114440 391 219'3 iUO 8001 8442 318143. 2 180318 4Seib~. 2 
;IJl, 

Aug. 1rnw 38'3 1728 5'330 536'3 6720 3158ij8, 8 1416% 45.'.l'.:04.8 

~eo. 45430 155 1728 5980 6136 647~ !2EA62. 2 1416% 258!~8.2 

Oct. 22030 75 1728 5980 bC~S 638'3 61243.4 1416% 2t:'2'333. 4 

Nov. 21820 74 1728 5380 6055 6388 6(1659. 6 1416% 202355.5 

D<?c. 18580 64 1728 5980 6044 6377 51930.4 141&% 192-626. -t 

-------------------------------------------------------------------------------------------------------
Total 13~/l220 4508 20734 7! 757 76355 80573 3753612 17tM88 5-i53300 

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

Key: 

1. kWh 
2. MB tu 
3. hm3 
4. GJ 
5. Rs(NG) = 

6. Rs (E) = 

7. Total PS = 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 

Btu 

MBtu x 1.0551 

3413 Btu 

1055.86 joules 
34608.43 Btu/m3 of NG 
GJ (Total) 

Heating value 
of natural gas = 980 Btu/ft3 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 

' I 

' 
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=======~=========~====~====~==~====~==========~~===~=============~==========~==-========~=====~-=-:·-=-= 

Key: Assumptions: 

1. kWh = Electricity kWh = 3413 Rt11 

2. MB tu = Btu x 106 
3. hm3 100 x m3 (cubic meters) 1 Btu = 1055. 86 joules 

4. GJ = joule x 109 = 34608.43 Btu/m3 

5. Rs (NG) = Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 

6. Rs (E) = Rupees (Electricity) 
7. Total Rs Total Rupees 

Heating value 
of natl'.ral gas 980 Btu/ft3 

l 

of NG 



=========================================~============================================================= 

ti'Bt1J 
(Easl 

Total 
!'(5tu GJ Rs. !El Rs. (l\G)+ 

fotal 
R~. 

=-=======~============================================================================================== 

Jan. 882554 3012 3178 305929 

Fe:i. ?:2320 3111 3284 319312 

1':.;r. 8%516 3060 3227 313780 

A Jr. 9!9926 3140 3312 321974 

May l 19!50! 4057 4289 417025 

Jun. 8!2912 2774 2926 284519 

Jul. 1036118 ~535 3730 3EC.&41 

,.1;1g. 936487 3192 3371 327i70 

Sep. 936487 31% 3371 327770 

Cct. 891146 3041 3208 311501 

NC•V. 95~29 :k51 3429 333385 

Dec. 869248 2%7 3129 304237 

fotal 11237344 38350 40454 393"3243 
======================================================================================================= 

Key: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MB tu = Btu x 106 
3. hm3 = 100 x m3 (cubic meters) Btu 1055.86 joules 
4. GJ joule x 109 = 34608.4J Btu/m3 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) Rupees (Electdcity) 
7. Total Rs Total Rupees Heating value 

of natural gas 980 Btu/ft3 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

of NG 

I 
I 
I 
I 

' 



I 
I 

I 

I 

==========================~============================================================================ 

~o. 

l"Etu 
(El) 

!"Bt•1 
(\:asl 

Tohl 
i':Bb 

Total 
6J R::. (Ei -.s. 

======================================================================================================= 

Jan. 17720£ f.05 637 2215(15 

Fe). 1'3S086 633 706 2t}7572 

~ar. 130896 652 687 201833 

hJr". 227533 777 813 2275~J 

~ay 214185 731 771 2287'34 

Jurr. 38C559 12'98 1370 27.3~8t) 

Jul. 240325 820 865 233271) 

Aug. 2~•j44 802 846 2'+')25,) 

Sep. 240%0 822 867 1788!i9 

Oct. 1%200 670 706 ,C'",..J"'I""' 
... Ji:-"tU/ 

l\ov. 23581}0 srie v.J 843 173949 

Dec. 270320 923 973 19088'3 

--~----------------~--------~----------------------~---~------------------------------------------
Total 2805115 9574 10t)95 

======================================================================================================= 

Key: 

1. kWh = 
2. MB tu = 
3. h:n3 
4. GJ = 
5. Rs (NG) 
6. Rs {E) 
7. Total Rs 

Electricity 
Btu Y. 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees {Electricity) 
Total Rupees 

As~umptions: 

kWh 3413 13tu 

1 Btu 1055.86 joules 
= 34608.43 Btu/m3 of NG 

MBtu x 1.0551 GJ (Total) 

Heating value 
of natural gas 980 Btu/ft3 



I 

I 
======================================================================================================= I 

~Btu ll'Bt;i T > • . c. ... a1 'otal 

~(.. .. \;.;i (El) h;-;~3 13asl ~Etu 6J Rs. (El ~s. f~.5)1 ~= 

=====================~====~=====~==========::========================================================== I 
Jar1. 22278(~0 7503 1iC:·J1 61::5.38 68242 72002 13Bl236 11(1(1382.37 24815!'3.~7 

.1.1 .... L..1. • ..J 

Fe::i. 2141400 E·)'3 155G:.3 53£.Si £0'370 6422'3 1327568 973773. 3•~.s 2~1:1 1441. 3:.) I 
~ar. 185824'} 6479 15571. 2'& 56735 65214 68307 1!7691.18. 8 1C5:235.E4 22 4.:7 48. f,4 

A Jr. 2152133. 7345 15(133. EJ ~::.:ao 6283~ 65237 1334322.6~ 1 ('06954. (i2 23.+127~.5.3 
I 

~a; !~2~~!:·6. Ei5E5 1f.S33. "ti' . .., s 7~>:) 
.._, ... L._ E.4147 67t.31 113237:+ • 13 1G~4~!5. iS 22 r; ~·~i:. ~.3 I 

j;~''· 24:~·t.B40 S215 1t.:a1. g C', ... , ... ~ 
.'( j'ji 5:sc~2 532!7 14?22~i), 8 1(·~!~~s. :a CS3~f27. 3·3 

r .. · 
w ...a - • 1·:·!5S53. Ei:C•A !311 :.E4 .+S378 51S32 5474~ 118~ S1:·i5, C5 8234:;.773 2=~ ·::4~t2. 64 I 
A;;. : '33'3226. ESi3 1~.·~::t). 24 4.3::30 ::.aga 57'323 120232\), 53 &75'.1!.482 ~1)7 v4~2 ... ) l 

C:o~ i:.:?G5E53. 7WJ 13432.5 1;£4B8 5!t35S c,...,C'• 142'3257. OS 84:i5?5.1)5.9 2272.S5~. 12 
..J- ,.. •• 

.J!~.J .. I 
Cc::. ? ~ ·::,: .. 91)(} 74~3 1=•Q'· ss 53·112 6!46'3 648St . 12t.201 s 373.+i}+. ;i~jg 234:~20. EO 

..J_ ~ "'t. 

~~O·.', 24(i2363. 8!S3 !7213. i.5 535':0 677'30 7' "'"= 14834£5.25 l i\91264. 54 257(.823. 91 
•--''-~ 

I 
~;ei:. 2255533. 7533 17!)'j1. .~.G 5'3!:2 £5350 70534 13?343'.). £f, 1(1724!3.83 247!8~4. 5•) 

I ' ------------------------------------------~------------~~-------------------------------------------

87?.)1 1s:ss~ t:t.354 7442:15 7252S3 15SST345 1191('604 27d75::4'3 

========~==================================================~=========================================== I 
Key: Assumptions: 

1. kWh Electrici::.y kWh 3413 Btu I 
2. MB tu Btu x 106 

3. hm3 100 x m3 (cubic meters) 1 Btu 1055.86 joules 

4. GJ joule x 109 34608.43 Btu/m3 of NG 

5. Rs(NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
I 

6. Rs (E) Rupees (Electricity) Heating value 
7. Total Rs = Total Rupees 980 Btu/ft3 of natural gas I 

I 
I 
I 

' 



I 

I 

I 

I 

==========================~============================================================~=============== 

~Bt•J !'!Btu Total fota! 
(Ei) Litr£>s (Qi ll ~Btu 6J Rs. (El Rs!01U Rs. 

======================================================================================================= 

Jarr. 5S926.66 205 42:'26 1477 1£32 1775 68384.8 75443.2928 143828.092 

Feb. 73706.66 E:t2 42:.,26 1477 1729 1324 8'1025.6 7'.::443.2323 159'+E·8. 8 32 

111ar. 73840 252 42526 1477 17.:."3 1&25 84177.6 75443.2528 159520.892 

AJr. 6%33.33 233 42525 1477 1715 1810 73.'.+50. 4 75443. 2'928 l'.:A833. 692 

frlay 68266.66 233 4252E. 1477 1710 l.S05 77824 75443.2928 1:13C~.7.21:t2 

J:1r1. 5!513.33 279 42'.::26 1477 1757 1853 33257.2 75443.2323 !S871(1, 432 

J:ji, f.2133.33 2E U26 1477 w:o !783 7(:832 75.+42. 2-325 14~·2 75. 2~2 

H:.i~. 624(;0 213 4JC'':i(. 
L.'-''-'-' 1477 1530 1784 71:36 754-13. 2"328 HE.573. 2'32 

Se;J. 75520 2~3 4252.S 1477 1735 183i 8E-092. 8 75~E2'323 16:536.092 

O:t. 4·)26S. 66 137 42:26 1477 1£15 1704 45304 75443. 2323 12i3..+7. 2·:;2 

ti·:;v. 45326.66 157 42526 1477 lE,34 1724 52356.4 75443.2323 127793. 6'~2 

rec. :041)0 172 42525 i477 1649 174(> 57456 754-'13. 2'328 ! 3289·}. C"32 

Tc~al 26(17 510312 17723 20337 21457 870307 905320 177622& 
================================~====================================================================== 

Key: 

1. kWh 
2. MB tu 
3. hm3 
4. GJ 
5. Rs (NG) = 
6. Rs (E) = 
7. Total Rs = 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 

1 Btu 

MBtu x 1.0551 

Heating value 
of natural gas 

3413 Btu 

1055.86 joules 
34608.43 Btu/m3 of NG 
GJ (Total) 

980 Btu/ft3 

' 



I 
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Key: Assumptions: 

1. kWh Electricity kWh 3413 Btu 
2. r.mtu = Btu x 106 
3. hm3 100 x m3 (cubic meters) 1 Btu 1055.86 joules 

I 
4. G,1 = joule x 1 o9 34608.43 Btu/m3 of NG 
5. Rs (NG) = Rupees (Natural Gas) r.mtu x 1. 0551 GJ (Total) 
6. Rs (E) = Rupees (Elec tr ici ty) 
7. Total Rs = Total Rupees Heating value 

of natural gas 980 Btu/f t3 

I 
I 
I 
I 

' 



I 

I 

I 

I 

I 

I 

I 

======================================================================================================= 

Mo. Kwh (E!J hm3 
Ji!Btu 
(Gas) 

Total 
MBtu GJ Rs. !El Rs. !NG)* 

fotal 
Rs. 

======================================================================================================= 

Jan. 285050 987 1040 334350 

Feb. 4'31580 1678 1770 373713 

Mar. 516120 1762 1858 3438C.'5 

Aor. 423£60 1446 1525 342350 

11\ay 427140 1458 1537 293059 

jun. 452030 1577 1663 316306 

Jul. 4(1/04(1 138'3 1465 250184 

Aug. 433780 1481) 1561 324148 

Sep. 433950 1481 1562 315252 

Oct. 4347!9 1484 1564 332M7 

Nov. 46284(1 1580 1666 32E8'34 

Dec. 434719 1484 1565 332007 

------------------------~-----------------------------------------------------------------------------

Total 5215628 17806 18776 
======================================================================================================= 

Key: 

1. kWh 
2. MB tu 
3. hm3 
4. GJ 
5. Rs (NG) 
6. Rs(E) 
7. Total Rs 

= Electricity 
Btu x 106 
100 x m3 (cubic meters) 

= joule x 109 
= Rupees (Natural Gas) 
= Rupees (Electricity) 

Total Rupees 

Assumptions: 

kWh 3413 Btu 

Btu 1055,86 joules 
= 34608.43 Btu/m3 of NG 

MBtu x 1.0551 = GJ (Total) 

Heating value 
of natural gas = 980 Btu/ft3 



=========================~===========================~================================================= 

~o. Kwh h-.? ,,.., 
MBtu 
!Gas) 

Tor ..il 
rii8t1J GJ Rs. !El Rs. (~G) + 

Total 
Rs. 

========================~==============================================================~=============== 

Jan. lE.018. 66 55 118.3 409 464 490 2%79.3856 2932.s. 4 55017. 78'.:& 

Feb. 1S224.33 c:c: 121. 3333 4.~0 475 501 30060. 4448 30090. 5St.ti 6•.)151.1114 .J.J 

~ar. 15405.33 53 119. 566& 414 46& 492 26543. 0016 2':652.5333 : 18135. 53.t9 

Aor. 18068 64 102.86£6 ~"' -:,._10 420 443 345B8. 07(;4 255!0. 9333 60(l·j·;. (11)37 

~ay 15798.6£ c• 
..J'! 101. 2333 3~10 404 427 2527i. 76% 251 (i5. SEES ':X377. E·2E2 

Jun. 17003. E,E, 58 97. 9 33'3 3'37 419 315()4. 3936 24279.2 5:·753. 53JD 

T • 
..: lj:. 117'37 41) 111. osss 384 4·c C.J 448 21857.48;6 27544. :,333 4'?i 1:1C. OllS 

Aug. 11;5.~·j, 33 36 .95.92333 237 334 352 1%•)5. !56il 2;3,::a. %c6 41114.1.924 

Se~. 13394.33 45 120. 56E5 417 453 488 248!7. 02(18 25500. 533.3 54717.5541 

Cct. 11715. 33 40 110.2 381 421 445 2!705. 15% 27323. 5 4·~r:1J5. 76'~( .. 

Nov, !5770.E5 54 101. 8SEE ~c:~ 

j_1j 405 "29 25213. 8':!12 2:.2£.2. 5323 54Lf~·2. E2~5 

Dec. Li515. 33 4E. 121.06t.5 41'3 455 491 25041. 20% 31/124. 53.:33 :isc:t.s. 7 ~c·j 

----~---------------------------------------------------------------------------------------------------

Total 176001 50! 1312 514! 5424 J2S034 325.343 551443 

============~==================================~======================================================= 

Key: Assumptions: 

1. kWh Electricity kWh = 3413 Btu 
2. MB tu Btu x 106 
3. hm3 100 x m3 (cubic meters) Btu = 1055.86 joules 
4. GJ joule x io9 34608.43 Btu/m3 
5. Rs(NG) Rup>!es (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs(E) Rupees (Electricity) 
7. Total Rs Total Rupees Heating value 

of natural gas 980 Btu/ft3 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 

of NG I 
I 
I 
I 
I 

' 



I 

I 
I ==========================~=========~==========================================================:-======= 

Kwh 
)']tu 

(El) 
MBtiJ 
(Gas) 

Tota! 
MBtu GJ Rs. (E) Rs. (:'IG)I 

Total 
Ps. 

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

Jar .. 8078.656 28 57.'35136 201 228 241 16399.6933 16110.47'19 32510.1732 

Fe'.l. 5774 20 71. 93897 243 2S9 283 11721. 22 199':!'3. 0355 31720.2555 

Mar. 5%8.333 20 63.23345 219 23'3 252 119'33. 9155 175S5.S828 2~589. 43·34 

Aor. 7598.333 r,r £2.09479 215 241 254 15627.6155 172t·2. 3530 32s.s'3. ·3s·~o .:o 

~ay 7090.333 24 60.%219 211 2.35 248 14393.3755 16947.4%2 3'.~.~CI. EEE9 

J:.iv1. 7•::05.333 24 :o. 438.+5 175 198 209 14220.82t5 141)21. 83•)0 2~2:~2. 7!E.S 

Jui. 5740.333 20 59.48381 2•)5 ·:ir,c 
L..:J 233 116:2.8765 ! Es~.a. 1 ms 2E.19!. (14~2 

Aug. s:s~ .. 333 22 :.c). 353~0 174 197 2(:8 1332'3, &~55 13'1'33. 2753 27327.9319 

SEp. 7110 24 :.B. 57425 203 227 233 14433.3 1E283.E544 3(J7: b. 35-+4 

;J~t. 5453 1·3 5.3.14725 184 203 214 1106'3. 59 14774.5350 2~8~4. 52t,9 

Nc•v. 558B.W; 24 ~8.27227 202 225 238 141e5.9932 15193. 59!1) 3(!386. £343 

Dec. 14293.65 43 54.057% 222 27(1 285 29016. 1433 11e/•8. 11s1 4E624. 2:.,ss 

-------------------------------------------------------------------------------------------------------
877(17 293 711 2459 2753 2911 178045 197540 37552..S 

========================================================~===================================~========== 

Key: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

kWh 
MB tu 
hm3 
G0 
Rs (NG) 
Rs (E) 

Total Rs 

Electricity 
= Btu x 106 

100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 3413 Btu 

1 Btu 1055.86 joules 
= 34608.43 Btu/m3 of NG 

MBtu x 1.0551 GJ (Total) 

Heating value 
of natural gas = 980 Btu/ft3 



======================================================================================================= 
i11Btu 

~r). Kwh (Ell hm3 
~Btu 

(Gasl 6J Rs. (El Rs. (~Gl * 
Total 

Rs. 
==:-::==============~==================================================================================== 

Jan. 723600 2470 1548.233 6743 9212 9720 5£6Hl8.05ii 165378.68'3 -.-.• C'",. ...,, c:: 
/jl.Jtit. /Jf,J 

Feb. 10!3666. 3450 2241. 233 7757 11216 11834 793153.62 1·:ic12so. 430 9.33404. 050 

Mar. 921000 3143 2607.5 9024 12168 12838 720645. 66 221341.522 941987. Je.2 

Apr. 1010333. 3448 2457.133 8504 11952 12611 7'30545.42 2•)8577. 424 939122.8'+4 

ti:ay 90(1666. 6 3074 2307. 8 7987 11051 li670 7(14735. 64 19~531) 1. 0'11 50>:63S.681 

jur1. '320000 3141) 124(1.6 42'34 7433 7843 719i:63.2 11)531(1, 17'3 825173.37'3 

Jul. 723001) 2~£.B 2C'f.5. 5 7910 10378 10'350 5&:.718. 58 134016. 561 753725.1 .. 1 

Au;. 5580(1(1 3270 2330.5 8C65 11325 11%0 7435%. 68 197a27. 964 9~7424. 644 

Se~. 938000 3201 2082.05 72(!6 10407 1G'380 733347.48 176737. 91E 910685. 3% 

Ch:t. 91200(' 3113 2391. 4 8276 11389 12016 7126C3. 52 2029'37. 552 %:tiO!. 072 

N•jY, 93.0'5(1(1 3287 2284.5 73(16 11294 11916 775591.55 19392.3. 18£. 37(!'.514. 7~.E, 

Di!c. 921000 3143 !'3!9.3 6642 9786 11i325 720645.66 152322. 6.'+0 B.93'.:,68. 3•>0 

-------------------------------------------------------------------------------------------------------
Totai 10333767 37317 260'36 91)314 127631 134663 2215185 1077li42•i 

=====================~================================================================================= 

Key: 

1. kWh 
2. MB tu = 
3. hm3 = 
4. GJ 
5. Rs (NG) = 
6. Rs (E) 

7. Total Rs 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 

Btu 

MBtu x 1.0551 

Heating value 
of natural gas 

3413 Btu 

1055.86 joules 
34608.43 Btu/m3 of NG 
GJ (Total) 

980 Btu/ft3 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 



Exhibi 7 •. 
~1 

~._"-t 

DtHl!LtD E\~~Gf 'c:-l-_..:. h·~~ cos:s - ;\'HiiJ 1/eti".i Wor~s 

====~================================================================================================== 
~Btu MBtu fotal iota! 

~o. Kwh (Eli hr:13 !Gas) ft'Btu GJ Rs. !El Rs. !J\Gl 1 Rs. 
======================================================================================================= 

Jan. 7595. 5 26 214 741 767 809 6759. 995 17307.52 24ES7.5i5 

Feb. 4'315 17 138.5 473 4% 523 4374. ~"s 11583. 68 15%4.(13 

Mar. 6131 21 246.8 854 875 923 5455.59 2(·652. 224 2S1C18. 814 

Aor. 5330 18 223.3 773 791 81" ..,,J 4743.7 18685. 744 23423.444 

l'i'ay 6455 22 2ES.4 91'3 941 9'":; -'- 5744.95 222(18. 572 27553.£22 

J•Jr1. 7153 24 265.4 919 943 9·35 53f.S.17 22208.572 2,~,574. B~2 

J•1I. 8332 28 ':•C"•:::i ') 
L.,._I_,. L.. 897 9C5 975 74!5.48 2!E2.9. 8SS 231('5.3~6 

Aug. 5200 18 224.4 777 794 838 462.9 18777. 7'92 234 1:is. 7'32 

Seo. 7377 25 238. 2 824 850 8'36 5565.53 13932.57S 2S4SB. 11'6 

Oct. 5810 2(1 2•)0 692 712 751 5170. 9 15736 21 ?·.16. '3 

Nov. 7500 26 !'11.2 652 587 T" CJ 6S75 15933.S!E 22574.S:E 

Dec. 8565 29 227 786 815 850 7622.85 18335.25 2b6:3.2l 

----------------------------------------------------------------------------------------------------·----
To~al B0364 274 2593 932! 95% 10124 71524 225384 

==============================================~=========================~============================== 

Key: Assumptions: 

1. kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 100 x m3 (cubic meters) Btu 1055.86 joules 
4. GJ = joule x 109 34608.43 Btu/m3 of NG 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) Rupees (Electricity) 

Heating value 7. Total Rs = Total Rupees 
of natural gas 980 Btu/ft 3 

I 

I 

I 

I 



==============================================================================~======================== 

IEii hm3 
MBtiJ 
(Easl 

Tdal 
GJ Rs. (El Ss. (Milt 

fotal 
Rs. 

======================================================================================================= 

Jan. 944700 3224 8"-" .J/.J 2%77 32901 34714 1081532.37 t.SEfr:;s. 125 177 2.433. 51
) 

'e~. 1059500 3't' o.c 7E54 ,.rc'i• 
i:.i:....;::.'+ 30HO 31801 1213072. 4•j 522772.0% 133:j51). 5·) 

~ar. 1127500 3848 7329 25365 25213 30822 125Ci'328. 87 ss:.5:.s. s32 182E484.8':i 

f<Jr. 557000 l".l'" ... ~ 72£7 25150 27035 C.8578 E4'3:BS.5'.£ 5':1'.:1:: 17. 8':.{i 12J'J7t)3. 3: 

~a/ :.S7C:OO 1535 Tj75 25524 274:13 2t.972 543!S5.5'.5 5SS233. ~ 1:.1 1 12421;/3. 41 

J11r1. E.~5400 2~: 12S 6' '·' ib1.J 21313 243~4 25S35 1014831. Si) 51: 11.:·:~2. 770 1-1 C' . r-r 
.. : .... }~4-1, t•/ 

' ' ,u •. 7i :1:,i:;.:i 2:..27 72(1.) 24'318 27245 2,~,2:1 81LtC!:8. OC9 :B:··.)72. ~t .. s 12·~~: 3:. ::;-3 

qu~. 1'}(;25~0 3~~2 7358 27155 ~(1517 2;2304 1147?22. 11 U9S42. sn 17 QE.S2~. EB 

Se:i. 10(5550 7'" .,,'!.lb 7Ef.1 25514 25949 31539 1152551. S·j E2C524.3:5 17/C"_/i'~b. 21 

Cc:·t. ·~~3(150 3184 731E. m .. 16 31)5.31 32206 1(1b2.2·33, 73 f,~2255.£04 17115~9. ~.3 

k·Y, 104SSS•j 357(; 741(1 2:.S45 r-,q:,1 C' 
(._ ......... ~ 2:(i824 11975:8.25 5021 ~.~ .. Cr)/ 17'3S5?C:. 2·E· 

Dec. 91040(1 3123 7813 2/(!40 2(1157 3!82'3 104'123(1, 34 f,]4.~85. 864 !E-84 llb. 2 ! 

-------------------------------------------------------------------------------------------------------
3£.75: S'J2C,g 312255 31,·3015 36824t. 1232-9571 

==================~==================================================================================== 

Key: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

kWh 
MB tu 
hm3 
G,J 
Rs (NG) 
Rs (E) 

Total Rs 

Electricity 
Btu x 106 

= 100 x m3 (cubic meters) 
= joule x 109 

Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

£1.ssumptions: 

kWh 

Btu 

MBtu x 1.0551 

Heating value 
of natural gas 

:: 3413 Btu 

1055.86 joules 
34608.43 Btu/m3 of NG 
GJ (Total) 

980 Btu/ft3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 



I 

I 
I 

I 

I 

I 

======================================================================================================= 
~Btu 

Kwh (Ell h:o3 
MBtu 
(G3s) 

Tota! 
1"2t:.J Rs. (El Rs. (~G) t 

fotal 
~~. 

======================================================================================================= 

Jari. 25974 B9 4-:,-; 
L.L. mo 1549 1634 6(1253. 68 25759.44 5C015.12 

Fe~. 23397 80 417 1443 1523 1607 54231. 04 29406.84 8::c:.a1. e3 

Mar. 18489 63 315 1090 11<=~ ;.Jj 1217 42894.48 222:3.8 £51;:3, 28 

A~r. 17339 59 r,1 7 
i:"t...1 841 900 950 402c.s. 4.~ 17136.36 57352.84 

May 24285 83 3.:34 1155 1233 13()7 5Ej41. 2 23'.:·:·3. ES 7%~4. 88 

Jur1. 17303 53 384 1329 !32.8 1465 40i54.5S 27073. 5.g 67234. 2~ 

J1J:. !3:060 47 307 !Of.~ 11 1)':1 ! 17(1 31691. 2 21E49.E4 53~.41\ E~ 

Au;. 2072;) 7: 412 i425 1497 1579 4!3070.4 23(154. 2't 77124. 54 

Sep. 20C.04 69 444 1537 1606 1694 46873.28 313i0.88 79!2q, 16 

Oct. 15354 52 310 1073 1' -.c .ii.:.J 1137 3562!. 2.3 21e;i.2 5742.2. 4,3 

N~v. 1%16 67 330 1142 1209 1276 4550'3, 12 23271. 6 68751), 72 

Dec. 21165 72 364 1260 l'"D J~ .. 14(15 49102.8 2:659.28 74772.(;.g 

--------------------------------------------------------------------------------------------------------
Tctal 237511 011 

"" 15630 16431 55!02b 
=========================================~============================================================= 

Key: Assumptions: 

1 • kWh = Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 100 x m3 (cubic meters) Btu 1055.86 joules 
4. GJ = joule x 109 = 34608.43 Btu/m3 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 GJ (Total) 
6. Rs (E) = Rupees (Electricity) 

Heating value 
7. Total Rs Total Rupees of natural gas 980 Btu/ft3 

of NG 



=============================================================~================================~======== 
Total Tota~ 

(Gas) ~Btu GJ Rs. (E/ 
======================================================================================================= 

Jan. 1545.5 5 400. 75 1387 ,-.q-:r 
J.J ... i.. 1453 1057.85910 340::S. 9373 -c: • C' I C.- _.. / 

j,_11,.;'t ..... Uti"+ 

Fe:i. 12S7 4 33'3. '35 1177 1181 1245 '300.032~55 23830. (>218 2·~1·:c1. c1:A2 

~ar. 14'::0 C" 473. 3 1638 1543 1734 1058.44385 4;:,.:22. S2>t8 4:250. %87 ,J 

A8r. 11'33 4 383.45 1327 1331 1404 851. 727E35 3;:s2s. 7Eaa 33433. s:t.s 

~a; 2069.5 7 3'31). 6 1-r·j 
.6j•·-'L. i353 1434 1470.10035 3~.i':'+. 4:E3 3'1E-~,4. s:e7 

ju,·1. 2341. 5 8 243.25 842 850 837 1562. 31%04 2;)572. 15!2 223~5. 47 1::.~ 

Ju!. 24(i2, 5 3 3'38.2 1373 13E6 1.:.53 ms.E.5131 3~.2~1:1. C'j(1~. 35:·.'.S. ?422 

Au;;. 2238 8 508.4 175'3 1757 1 C" ·-0"1 l:S83.7~587 432('5. 433.+ 4~ 7:5. 22l:i3 

SE:. otC-·C' C" 374.4 12% 13(Jl 1373 1090. 41027 318'.7. 5313 323·:13. !O:t. 1.JJJ .J 

n,.....i. 
\ .. .'L '· • 15~8 5 30S.4 !CEO 1(16S 1125 1135. !6327 2E02S. B.371 27174. (1('(1~ 

N1:1v. 202£..5 7 511.1 175'3 1776 1374 1433.55457 43434. e.579 4487~.442t. 

Dec. 1602. 5 c: 43'3.9 1 c::.:, 1523 1612 l 13B. 359·31 31234. 0.375 3,j::22 I 44 75 ,J .J'-L-

Tota! 21315 73 4770 15S07 1SS80 174'33 15141 405244 
======:================================================~===================================~=~========= 

Key: 

1. kWh 
2. MBtu 
3. hm3 
4. GJ 
5. Rs (NG) 
6. Rs (E) 

7. Total Rs 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 

Btu 

MBtu x 1.0551 

Heating value 
of natural gas 

3413 Btu 

1055.86 joules 
34608.43 Btu/rn3 of NG 
GJ (Total) 

980 Btu/f t3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 



' I 
I 

I 

' 

I 

I 

I 

I 

I 

I 

I 

====~================================================================================================== 

1"3:1.1 
(El) 

J!:Bt1J 
(Gas) 

fotal 
~Btu 

Total 
GJ Rs. !tl ~s. 

~====================================================================================================== 

Jan. E013. 333 'Y7 47. 50E.'35 155 1Q~ 203 14824.S5S5 11301. 7383 Cb7C:S. 405 ._, '"''-

e-e:i. £:38 21 36. 71511 127 148 1 c-• ...... t 11355.3 '3178. 773!6 20534.079! 

Mar. 8310. 556 28 34.28545 11 '3 147 155 15374.7333 8572.36525 2:i3:+ 7. iJYiS 

A8r'. 8773. £55 30 33.00863 1 "" jJ 105 174 16231. 2833 '3752. !5731 cs~,j3. 4412 

f"ay 7823.£56 ""' 33.553:2 118 144 1 "'-· 14473.7832 84.S'3, 7C(•C3 2C'?t3. 5E4l ._, J.:: 

.. .ii.in. 6771.656 23 34.47B23 113 142 150 12527. !:823 8Sl'3. 5571! 2!147.14E 

J1J'.. C'"C'I"" 
..J'.! •. :b 17 34. 378-tE. p· d l~d 145 53:,3, 6 8M.6t:.~.::, !BU~j.21::.S 

A1~;. 72&7.333 """ .... J 30.7043& j(if, 131 138 13444. 5S5S 7576. 0'3125 2112(1. 6573 

Se;;. 7240.5~6 25 31. 16537 108 133 140 13335.2333 7731. 34416 21156. 5775 

Oct. 5S52 24 37.11152 128 l"""' J,, 161 12873.7 9277. 8-31 E.S 22157.53:~ 

~.c"'. 75(11 26 38. '3425E. ES 160 163 13876.85 97j5. b~i)83 2~·512 • 4r:" 1~ 18 

rec. 84E2 2'3 43.15434 170 1'33 210 15E.S4. 7 1228.9. 71 27343.41 

~c'::al E.9320 301 443 1551 1852 1'354 153332 11202'3 
===~=======================================================================~========================~== 

Key: 

1. kWh 
2. MB Lu 
3. hm3 
4. GJ 
5. Rs (NG) 

6. Rs (E) = 
7. Total Rs 

Elec tr ici ty 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Elec tr ici ty) 
Total Rupees 

Assumptions: 

kWh 3413 Btu 

Btu 1055.86 joules 
= 34608.43 Btu/rn3 of NG 

MBtu x 1.0551 G.J (Total) 

Heating value 
of natural gas 980 Btu/ft3 

' 



=========~====================================~======================================================== 

MBtu 
(Gas) 

Tota! 
1".Btu GJ Rs. (El Rs. (~,Gl • 

Total 
F:. 

===============~======================================================================================= 

Jan. 523B53.3 1788 1788 1885 345743.2 345743.2 

FeJ. 537240 1840 1840 1942 355398.4 355393. 4 

Mat. 543440 1855 1855 1957 358570.4 358570,4 

A"" '". 517533. 3 ms 1766 1864 341572 341572 

!¥2y :J7S45. 6 HES 1835 1935 354750.8 354 781). 8 

Jur1. 505453.3 21)70 2070 2184 40025'3.2 40(:25'3. 2 

J:J'.. 454190 1551) 1550 1536 293765.4 23'3765. 4 

Aug. 5224'33.3 1783 1783 1882 344845.5 3.+494S.6 

Sep. 522185.6 1782 1782 1880 344543.2 ~44543.2 

Ge~. 51:;90·13, 3 ms 1733 1833 336001.6 3~.S\)01. 5 

Nov. 588853.3 201(1 2010 2120 388543.2 33EE·43. 2 

De.:. 559585.5 1'310 1'310 2015 369327.2 3&'3327. 2 

--------------------------------------------------------------------------------------------------------
fota! 5424470 2~'327 21'327 23135 4240150 

;================================================================~===================================== 

Key: 

1. kWh 
2. MB tu 
3. hm3 
4. GJ 
5. Rs (NG) 
6. Rs (E) = 
7. Total Rs :: 

Electricity 
Btu x 106 
100 x m3 (cubic meters) 
joule x 109 
Rupees (Natural Gas) 
Rupees (Electricity) 
Total Rupees 

Assumptions: 

kWh 

Btu 

MBtu x 1. 0551 

Heating value 
of natural gas 

3413 Btu 

1055.86 joules 
34608.43 Btu/m3 of NG 
GJ (Total) 

980 Btu/ft3 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 



:::,:~i l:> ~ •. 3. 3J 
DE7AI:..~D ~\i=13Y !.JS':. ~\D cc:-s - YazC2ni & Cci. ~~~. 

=====================================~================================================================= 
!!t]t+J r:Btu fotal Total 

~.J. K~h (El) h:.i3 (6asl ri'Btu GJ Rs. (El Rs. UiG)* Fs. 
======================================================================================================= 

Jan. 2'10560 992 0 0 992 1046 222713.077 0 222713. 077 

Fe~. 242%0 829 0 0 829 875 1861.91. 873 0 1%!81. 8~8 

Mar. 2'11746.6 9% 0 0 996 1051 223&~·2. 653 0 223522. E:r3 

Apr. 239426.6 817 0 0 817 862 183519. :.,g2 0 183519.522 

May 256140 874 0 0 874 922 196330.285 I) 19S32·0. 2E'5 

J•Jn. 211520 722 0 0 722 762 162129. 223 0 E2i23. 223 

T ' .... !Jl, 245040 B3S 0 0 835 882 187822.179 (I 187822.173 

h'Jg. 216440 7-:·~ ,,J, (I 0 733 779 1553:)). 3·34 0 1 E5·300. 3'?~ 

Se::;. 240540 821 0 0 821 8t6 184372.947 0 184372.947 

Get. 281250 %0 (I 0 960 1013 215534.ES4 0 2155-94. t.;4 

~·:•v. 23768•) 811 (I 0 811 855 18218(1, 75'3 0 182180. 763 

:
1ec. 248%0 850 0 0 850 837 130826.944 0 130925. Bq ' ----------------------~-------------------------------------------------------------------------------

fotal 3002213 10247 0 0 10247 10811 230! 185 0 2301165 
=========================================================~===========================================7= 

Key: Assumptions: 

1. kWh Electricity kWh 3413 Btu 
2. MB tu Btu x 106 
3. hm3 100 x m3 (cubic meters) Btu 1055.86 joules 
4. GJ joule x 109 34608.43 Btu/m3 of NG 
5. Rs (NG) Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total) 
6. Rs (E) Rupees (Electricity) 

Heating value 7. Total Rs = Total Rupees 
of natural gas 980 Btu/ft3 

' I 
I 

I 



I 

I 

Appendix C 

ENERGY AUDIT DATA SHEET FORMAT 



I 
C.l 

I 
ENERGY AUDIT RECORD - SHEE.T. 1 I 

NAME OF INOUSTRV --- DATE: I ADDRESS: 

PERSONPROVIJING INFORMATION; 

TITLE/DESIGNATION - TELEPHONE: I 
I. GENERAL 

TYPE OF INDUSTRY I LOCA Tl ON/ ADO RESS 

COVERED AREA 

AGE OF INDUSTRY 

(DATE OF COMMISSIONll\IG) 

I CAPACITY FACTOR (HRS/YR). 

tDESIGN/ACTUALl 

NUMBER OF EMPLOYEES 

PRODUCTS 

I ANNUAL PRODUCTION CAPACITY 

ESTIMATED CAPITAL COST 
(YEAR PURCHASED) 

II. PURCHASE OF IJTILITIES UNITSIYEAR PRICE/UNIT DEMAND CHARGE/ ANNUAL COST I OTHER COST 

ELECTRICITY (VOL TATE 

PROCESS STEAM 

NATURAL GAS I FUEL OIL (TYPE ASA NO. 

COAL (TYPE 

COOLING WATER (TEMP. ----- I ' BOILER FEED WATER 

CHEMICALS 

OTHER 

TOTAL UTILITIES I Ill. OPERATING INFORMATION 

SHIFTS/WEEK 
HOUAS/lfJEEK I FREQUENCY OF MAINTENAN.:E 
AVERAGE DOWNTIME (HAS/MONTH) 

FORCED OUTAGE (HAS/MONTH) 
(including Load Shedd1ny). 

I IV. ANCILLIARY EQUIPMENT QUANTITY RATEDIKW\/UNIT TOTAL KW 

LIGHTING 

AIRCONOITIONING ---- I FANS 

HEATERS 

OTHERS 

TOTAL /\NCILLIAAV EQUIPMENT I 
I 
I 

' 



-

ENERGY AUDIT RECORD SHEET - 2 

NAME OF INDUSTRY ___________________ _ DATE: ___ _ 

V. PRODUCTION COST 

Al UTILITIES 

81 OP~RATINGCOSTS-

LABOUR ANO SUPERVISORS 

MAINTENANCE !MATERIAL LABOUR) 

TOTAL OPERATING COSTS 

Cl CHEMICALS/OTHER MAT~RIALS 

DI OVERHEAD EXPENSES (TAXES. 

DE,RECIATIONS, INSURANCE I. 

TOTAL PRODUCTION COST: 

VI. ECONOMIC DATA: -c.------
YEAR ENERGY COST 

PER YEAR 
ENERGY USED 

PER OUTPUT ITEM 

YEAR 198 ___ . 199___ 198___ 198___ 198 __ _ 

ENERGY INTENSIVENESS 
BY OUTPUT 

~ 

ENERGY INTENSIVENESS 
BY VALUE ADDED 

ENERGY INTENSITY 
EMPLOYEE 

0 

[\) 



VII PLANT ANO MACHINERY 

tt•ouu :...Amr:J IQu.anoty I "• I Su1IJU 
Equipment Type CYn.) ...-,,.. 

l:NtAGY AUOI r Hl:CUHO SHEET - J 

NAME OF INDUSTRY _____________ _ 

func liUft I r,p, ol I -'PPfCWI. I "pproll 
()pcr11ion Opcn1W.1 Ou1.111 

1ttlf~/WkL) Timi 
(Hu/Yrs) 

c.,11.a1 
Con 

Mo1nu t .K n1tt: r 

DATE-------

[MrJY lllpUll 

~ I I I !'"'""·•· El.c. Nuuul Sri.,. 01h1n oi Taul I Rcm11l• 
WI [fttrlY 

tnpur 

i 
I 

r-

-L---
--~-+---+---4 I I I I I I I I I I 

I 
-l 

----1------t----~---~----4-----J------l,.--~---lf--------lf-----+---4-----+-----

_J ___ L_I I I I t- I I L I I I I I 

----- ----t-- t---~ -- ---+------~----t----l--- -i----<-

---

---+--+--+- ----+-----+-- I 

L__ L __ _____ .L ___ L_ 

CJ 

~ 

TOTAL ENFRGYINPUTS l - - _,O'>~"GY':: ' - - - - - - ~ I - '-I .!. u~ - - -

2 .L D • t ., 



c.4 

ENERGY AUO:T RECORD - SHEET 4 - ENERGY INPUTS 

PROCESS EQUIPMENT ____________ _ 

NAME OF INDUSTRY ________________________ ~ 

AMBIENTTEMPEAATUAE ___________ HUMIDITY _______ _ 

ENERGY RATE COST COST 
ITEM PARAMETERS VALUE PER UNIT PER YEAR REMARKS 

KW '!(, (RS/UNIT) (AS/YR ) 

FLOW RATE 

PROCESS 
INLET PRESSURE 

STEAM INLET TEMP. 

INLET DRYNESS 

FRACTION 

INl'UT KW 

PROPORTION OF 

ELECTRIC 
ENERGY 

P('IWER INTO PRODUCT 

POWER ORIVE 

HEATERS 

OTHER 

FLOW RATE 

NATURAL 
TEMPERATURE ' GAS PRESSURE 

HEATING 

VALUE 

' 
! 

FLOW nATE I 
TEMPE RATUAE 

FUEL OIL 
HEATING VALUE IASA NO. ) 
VISCOSITY I 
SOURCE 

I 

TYPE OF COAL 

COAL HEAT: NG VALUE I 

SIZE I 

\, 

c HEMICALS 
' I 
I 
I 
I 

TOTAL 



ITEM 

PRODUCT 

IN 

INLET 

AIR 

USAGE 

C.5 

ENERGY AUDIT - SHEET 4A - ENERGY INPUTS 

PROCESS EQUIPMENT _________ _ 

-
ENERGY RATE COST PER COST PER 

PARAMETERS VALUE UNIT YEAR 
KW ,. IRS/UNITJ (R5.IYRJ 

FLOW RATE 

TEMPERATURE 

FLOW RATE (AIRJ 

TEMPERATURE 
(AMBIENT) 

·-
HUMIDITY (AMBIE, 

.. 
I 

FLOW RATE (WATERJ 

PRESSURE 

TOTAL 

INTERMITTENT 0 CONTINUOUS C:.. 

F AACTIONAL USE TIME 
Pf A/WEEK 

PER/MONTH 

I 

I 
I 
I 
I 

REMARKS I 
I 

I 
I 
I 
I 
I 

I ' 
I 
I 
I 

.__P_E_R_/Y_E_A_R _____ _._ ___________ : I 

I 
I 
I 

' 



c.6 

ENERGY AUDIT RECORD SHEET-S~OiINE CASE HEAT LOSSES 

NAI'£ r7 INDUSTRY 

l'IACHINE l BTU 

I 
TOTAL 

I 
HRS PER RS. PER LOSS 

~SIJ"T SQ.FT. YEAR l'IIL. BTU RS/YEAR 
REl'IARKS 

1 

I I 
I 

' 
I 

REl'IA R~ S -----------------------------------------------
-----------------------------------------------
-----------------------------------------------



I 
C.7 

I 
I 
I 

PROCESS EQUIPMENT: I 
I 
I 
I 
I 

' 
''U" I TOTAL DEG·' 

'10 
RS. PER LOSS 

V~LUE SQ. FT CAYS MIU. ITU R$ . .'YEAR I 
I 

I ' 
- I 

.. I 
. 

I 
RtMAAKS: ------------------------------------------- I 

--------------------~-------- -------------

~· I -------------------------------------------

I 
I 
I 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

c.8 

E~RGY AUCH RECORD S>iEE. -58-HEAT FLUX DATA REOUCTICJI'. 

/\IAll£ OF I/\IQUSTRY : 

TIME DATE SCALE AIR T IND MEI" R AREA SURF T BGND T CONY 
SURF T 

"U" VAL~.rE, 
B11J REMARKS, etc. 

HR SQ IT r I - r 

I 
I I I I 

I 
I 

I 
I 
I 
I ' I 

I I 
I I 

I I 
I 

REl'IARKS ----------------------------------------------



1000 

800 I I 

600 
500 

400 
' I 
i 
I 

300 I 

200 I --~ 
co 
~ 100 
~ 
...... 80 
~ -CD 60 
I 50 

z 40 
0 
j:: 30 
<I: 
c 20 
< cc 
I-

~ 10 ::c 
I- 8 

i 
' 
I 

w 
z 6 

5 

I 

I I 

4 

3 

I 
1 
I 
! 

2 
i 
l 
i 
' 

REl'IARKS 

ENERGY AUDIT RECORD SHEET-SC-THER~AL ANALSIS 

NA~E OF INDUSTRY 

l ' 

I ! 

I I . 
' 

I I ! 
I I I 

I 
I 
' I 
I I 

I 

I 
I 

I I 
. 

I 
I 
I 

I I : I 

I 

I I I i 
I I 

I I I 
I 

I 
I I I 
I I I 

I I 

I 
I 

I . I .. 
"! I 

: f ! 

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

I 

! 
I 

I 
I 

I 

' 

I 

I I 
i 

' I 
' 
I 

I 

I 
I 
I 

I 
I 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 



C. l" 

ENERGY AlllIT RECCRl 9£ET-SO.£XMAUST Cl!T "LOii LOSSES 

NN"E CF INOUSTRY 1 

PROCESS ECUIPllENT : 

f'LCJd RATE RELETillE vtl.IJIE LOSS/YR1 
(f'U£ GAS) 

T£l'F 
HLl'IIDITY BTU/CJll (RS) 

' ' I 
! 

I 

REl'IARKS 

--------------~-----------------------------



• 
C.11 

I 
I 

ENERGY AUDIT RECORD SH-EET·SE°CONDENSATE RET\JRN 

I 
NAME OF INDUSTRY 

PROCESS EQUIPMENT I 
-· 

VOLUME 
. ITU/ LOSSES/ 

NO !PER/l-IRI 
TE-. CMS VRIAS.I I 

- I 
I-

' I I 
----- I I I 

-I 

I 

\ 
I 
I 

I I I I 

I I I I 
\ I 
I I I I 

' 
I I 

c 

I 

I ' 
I 
I 

FIEMARl<S ---------------------------------------------- I 
----------------------------------------------
---------------------------------------------- I 

I 
I 
I 
I 



C.12 

ENERGY AUDIT SUMMARY SHEET - 6 

WORK THROUGHOUT 

STEAM PRESSURE ANO TEMPERATURE 

INITIAL MOISTURE CONTENT OF _____ IN -------------------
FINAL MOISTURE CONTENT OF our __________________ _ 
WEIGHT OF WATER EVAPORATED FROM---------------------
WEIGHT OF WATER EVAPORATED FROM INCOMING AIR 

PLANT HF.AT INPUT 

TOTAL HEAT INPUT FROM STEAM CONSUMPTION-------------------
HEAT INPUT VIA PRODUCT ___________________________ _ 

HEAT INPUT VIA ELECTRIC ENERGY-------------------------
HEAT INPUT VIA NATURAL GAS ENERGY _______________ -------
HEAT INPUT VIA FUEL OIL ENERGY ________________________ _ 

HEATINPUTVIACOALENERGY _________________________ _ 

HEATINPUTVIACHEMICALENERGY _______________________ _ 

HEATINPUTVIAOTHEREN~RGY--------------------------

TOTAL HEAT llllPUT 

FL.OW RATE OF EXHAUST GASES OUT 

VOLUMEOFEXHAUSTGASESOUT-------------------------
TEMPERATUAEOFEXHAUSTGASESOUT ______________________ _ 

EQUIVALENT WEIGHT OF ORY AIR SUPPLIED (AMBIENT TEMP.) 

PLANT HEAT OUTPUTS 

TOTALHEATCONTENTOFEXHAUSTGASES ____________________ _ 

HEATCONTENTOFCONOENSATEAETURN ____________________ _ 

HEAT LOSSES FROM MACHINE CASINGS----------------------
HEAT LOSSES IN PROOUCT OUT _________________________ _ 

TRANSIENT MACHINE HEATING UP AND COOLING LOOSES _____________ _ 

DOWN TIME AVERAGE -----------------------------

TOT AL. HEAT OUTPUT 

HOUSE KEEPING LOSSES - STEAM LEAKS. HOT AIR ESCAPES FROM MACHINE 

UNACCOUNTED LOSSES. 

TOTAL. 

TOTAL. 



C.13 

ENERGY AUDIT RECORD SHEET - 7 

NAME OF INDUSTRY __________ DATE ----

DESCRIPTION OF MANUFACTURING PROCESS ANO STAGES ACCOUNTING FOR 

APPROXIMATELY MORE THAN 80 PER CENT OF PLANT ENERGY USE 

(ATTACH PROCESS FLOW DIAGRAM): 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I ~ 
I 
I 
I 
I 
I 
I 
I 
I 



ENERGY AUDIT RECORD - SHEET - 8 

NAME OF INDUSTRY -------

XIII. COMMENTS/SYNOPSIS 

XIV. PROPOSED ENERGY CONSERVATION MEASURES ION SITEJ. 

XI. IDENTIFICATION OF MAJOR ENERGY LOSSES BY THE MANUFACTURERS. 

XII. WHETHER ANY INVESTMENTS WERE MADE IN THE PAST FOR ENERGY CONSERVATION. IF SO 

PLEASE SPECIFY IF NONE WHY NOT 1 6 



...... -

ENERGY AUDIT RECORD SHEET - 9 

NAME OF INDUSTRY ____ _ DATE:------

ENERGY COSTS DATA RECORDED BY 

EllCTRIC POWER NATURAL GAS FUEL OIL COAl CHEMICALS 

KWH Oilier Ch•r1tt/ R•ll Totol KCUH Olher Chul't/ R•tl Tolol Go\L 11111 Taul TONS R•ll Totil UNIT R•ll Tolfl 
o.m.,.d Ch•'1• R"To" Con O.m..,d Ch•'1• RI/ I Cou RJ/Gll Con Rs/Taft Cott Rl/<•t Cati 

RL ICCUFT RL R1- b R1. 

JAN 

~I II I+-- 111111 I 
MAR 

A~R 

..... v 

Y(o\R 
-
Jo\N 
-
FEB --
MAR 
-
APll 
--
Mo\Y --
JUN 
--+--- -
IUL Y 

AUG 

'lP 

OCT -t 
'o(J\J 

t L>lC I 
- -

-------•---4----~~ I ~I- l--------'-------1--

__ ,_________ _ 

- - - - -

!--------'------ '--------

l----1 ~------1.------

--l------

<------+ ---·-- -

- - - - - -
--i 

c· 

- - -

n 
f-J 

'" 

-



ENERGY AUDIT RECORD SHEET - 10 

NAME OF INDUSTRY------------- DATE 

MONTHLY PLANT ENERGY USE--------- YEARS _______ . 
Data Recorded by : -----------

EUCUIC row[ A 

KWH I ITU/KWH I ITU 

JAN 

HI 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

Sf'T 

OCT 

NOV 

DEC 

JAH 

HB 

MAR 

APR 
----+---------- -----+--~---
M"Y 

IUNl 

fUL' 

A.UC 

I -, 

~EP! -1 OCT 

NOV 

(Jf c 

r---
1 =---- -I 

1-

NATUAAl GAS 

KCUrT I BUT/KCUFT BTU GAl 

fUfl Oil 

BTU/GAl llTU TONS 

.. 

COAL 

BTU/II llTU 
TOT Al 

BTU 

NUMl[A Of 
UNITS 

rAODUCEO 

ITUrU 
UNIT OF 

rAODUCTIDN 

-----+-----1------~-.+~-- - ---J-------
--- -----+- -- -- - -- -·· 

___ __,_ ·-- -------4-~- --+----

-----~-

-------+------!--- ---

----·----- ---1-----

~ 

,., 
f--' 
()' 



C.F 

ENERGY AUDIT RECORD SHEET - 11 

NAME OF INDUSTRY _________ _ 

GENERAL STATE OF INDUSTRY 

NUMBER OF OUALIFIEO ENGINEERS/PLANT MANAGERS 

(LEVEL OF OUALIFICATIONS ANO EXPERIENCE! 

BOILERS !EFFICIENCY} 

0 MAXIMUM 0 MEDIUM 

NON· PRODUCTIVE 

IDLING OF BOl:.ERS 0 HIGH 0 MEDIUM 

SPACE HEATING BY 

BOILERS 
0 YES 

ELIMINATION OF STEAM 0 EXCELLENT 

LEAKS 

INSULATION OF STEAM 0 EXCELLENT 

PIPES 

AVOIDANCE OF PRODUCING 

STEAM IN excess OF 

PROCESS NEEDS 
0 YES 

0 NO 

0 GOOD 

0 GOOD 

0 NO 

0 POOR 

0 LOW 

0 POOR 

0 POOR 

I 
I 
I 

DATE __ _ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 



ENERGY AUDIT RECORD SHEET - 11A 

NAME OF INDUSTRY~~~~~~---

GENERAL STATE OF INDUSTRY 

STEAM DISTRIBUTION SYSTEM 

0 EXCELLENT 0 GOOD 

CONDENSATE RETURN TO 

PREHEAT BOILER FEED WATER 

RE USE OF HOT WASHING WA TEA 

AVOIDANCE OF OVERORYING 

RECOVERY OF WASTE HEAT FROM 

BOILER FLUE GASC:S 

INSTALLATION OF CAPACITORS TO 

RAISE POWER FACTOR 

0 YES 0 NO 

a YES a NO 

0 YES 0 NO 

0 YES 

0 YES 0 NO 

ELIMINATION OF OVERSIZE. DUPLICATIVE 

ANO INEFFICIENT PUMPS ANO MOTORS 

a YES a NO 

0 POOR 

DATE ____ _ 



c_.19 

ENERGY AUDIT RECOAD SHEET - 11 B 

NAME OF INDUSTRY __________ DATE-----

GENERAL STATE OF INDUSTRY 

RE-USE OF HOT WATER 

IDLING LOSSES 0 HIGH 

OVER· OR YING 

DYE· FIXATION TIMES 0 HIGH 

!SPECIFY) 

MONITORING OF HUM I QI TY 

OF CRYING PROCESSES 

MEASURES TO nEouce EXHAUST 

AIR TO MINIMUM 

0 YES 0 NO 

0 MEDIUM 0 LOW 

0 YES 0 NO 

0 MEDIUM 0 LOW 

0 YES 0 NO 

0 YES 0 NO 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



ENERGY AUDIT RECORD SHEET - 11C 

NAME OF INDUSTRY ________ _ 

GENI RAL STATE OF INOUSTRY 

IS EXHAUST AIR SWITCHED OFF 

DURING IDLING 

HEAT RECOVERY FROM EXHAUST 

AIR 

HEAT RECOVERY, ANYWHERE 

0 YES 0 NO 

0 YES 0 NO 

C.20 

DATE 

' 



C.21 

BOILER DATA SHEET - 1 

1. BOILER DATA 

•l TYPE DATE INSTALLED 

bl PRESSURE IRATEOl OPERATING 

cl CAPACITY IRATEDl OPERATING 
MAXIMUM ___ 

di H£ATING SURFACE 

•l NO. OF BURNERS 

II INSULATION TYPE QUALITY 

g) COMBUSTION CHAMDEH StZE 

2. STEAM USE: 

0 FOR PROCESS 0 FOR HEATING 0 FOR POWER 0 OTHER 

3. OPERATING INFORMATION : 

APPROX. HRS./OAY------------'"- 0 CONTINUOUS 

0 INTERMITTENT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



C.22 

BOILER DATA SHEET-1~-FLUE GAS ANALYSIS. 

S~O~E TEST RESULT. 

CARBON ~ONOXIDE P.~.~ ~---------------------------------

OXYGEN PERCENTAGE. 

NET TEMPERATURE. 

UOLU~E OF EXHAUST 

TEMP, OF EXHAUST 

TOTAL ~EAT VALUE LOSS 

COMBUSTION EFFICIENCY 

' 

I 

I 



c.23 

BOILER DATA SHEET- 2 

5. FEED WATER TREATMENT 

0 YES 0 NO 0 MANUAL 0 AUTOMATIC 

CONDUCTIVITY ____ PH. VALlJt ---- LEVEL---- FLOW 

TEMPERATURE ___ _ 

PREHEATER/ECONOMIZE RS 

·O YES 0 NO 

MAINTENANCE 

CLEANING FREQUENCY OF BOILER 

DATE WHEN LAST CLEANED----------------------

6. FUEL TYPE 

0 OIL 

0 LPG 

0 NATURAL GAS 

0 OTHER. 

BTU/KG. _____ _ 

BTU/M3 ______ _ 

0 FURNANCE QIL 0 COAL 

PRESSURE TEMPERATURE ________ _ 

INDICATION _________ 0 CONTROL---------

FACILITY FOR OTHER TYPE OF FUEL 

0 YES 0 NO. 

TYPE OF FUEL ------

0 BAGASSE 

FLOW RATE __ 

0 RECOR::> 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I ' 
I 
I 
I 
I 
I 
I 
I 

' 



I 

I 

I 
I 

I 

I 

f 

I 

I 
I 

I 

7. BURNER 

TYPE; 

NO. OF BURNERS 

DATE INSTALLED 

RATINGS; 

LOW FIRING 

HIGH FIRING 

C.24 

BOILER DATA SHEET -3 

0 GAS 0 OIL 

BTUH~~~~~~~~~~ 

BTUH~~~~~~~~~~ 

0 DUAL 

Fr-3/Hfl GAS 

FTJ/HR GAS 

PILOT BURNER PRESSURE 

Pl LOT BURNER CAPACITY 

~~~~~~~~~~~~~~~~~~~~~~~W.C 

~~~~~~~~~~~~~~~~~~~~~~FTJ/HR 

PILOT IGNITION SOURCE 

8. COMBUSTON Al R 

PRESSURE~~~~~~~~~~~

TEMPERATUAE ~~~~~~~~~~ 

FLOW~~~~~~~~~~~~~ 

9. COMMENTS 

0 SPARK 

10 PROPOSED ENERGY CONSERVATION MEASURES !ON SITEI 

0 MANUAL 

' 



Appendix D 

INTRODUCTION LETTER AND EXAMPLE ACCEPTANCE FORM 

' 



I UNITED NATIONS 
o'EVELOPMENT PROGRAMME 

IN PAKISTAN 

P. l'i BOX 1051, ISL\MABAD, PAKISTAN 

Tt:LEPllGNl 22071 
:". 'J..~i·'r;~'. :~ ~ . . 

· CADLE ADORE.SS : U N 0 EV PRO, lSLAMABAD 
I 

1<in.R[NCI PAK.1 8J/1J(19 

TO WHOM IT MAY CONCERN 

STREET ADDRESS. UNITfD NATIONS OFFICES 
DIPLOMATIC ENCLAVE. NO 1, llLOC'K NO. 2 
RAMNA j, ISLAMADAD 

26 Augusut 1984 

I 
I 

This ~Ill certify that Messrs International Resource Assessment C<0u,, 
Inc., (INTRAG), Consultants in Natural Re$ource and Energy Assessment an.:i 
Implementation Management, USA, have been awarded contract No. 84/25 coveri.11bl 
UNDP/li1lIDO Project PAK/83/009, Energy Saving in Industry. The Project Man.ai;c. 
of INTRAG in Lahore is Mr. Tafweez E. Chauhan. His address is: INTRJ\G, 4-Can.al 
Bank, Upper Mall, Lahore. 

close ~oordi.nation with Mr.Saha~ INTRAG uill :implement the projcc: in 
QurL'Shi, Dtrrctor General, Energy Resources Cell, Ministry of Pctrolewn and 
Nat•i••.d Rc!;o.~rces, !louse No. J, Street 88, G-6/3, ~bassy Road, Islamah.:ld an,!I 
Dr. Kt:11neth S. Stephens, Senior Industrial Devel'.Jpmcnt Fit.~ld Adviser of U!lIDO 

Is la 1112 bad. 

The aims of the contract, among ocher things, are : I 
( i) 

(ii) 

(iii) 

to undertaKe analysis of at least thirty industrial unics 
regarding the scope for adoption of fuel efficiency measut e~; I 
in short and long time perspective which will lead to lesser 
consumption of fuel oil/gas uichout affecting indu:;trial our~·ut 
in the plants. Such a survey on induscrial sector basis will 1 give a guiJcl'i111~ for achieving savings on short/mt!diu.11/long 
term appronch; ·· 

co prepare in-depth analysis of plant level total energy 
plant level peak energy demands, r~overy of waste h~at, 
ing perforrnan~e of steam boiler, sceam applications, and 
l~st fo~ industrial ronservacion of energy; 

to prepare proposals for suitabl~ fuel substitutes; 

de.ma' 
lmpr 
chec , 

I 
(iv) to compile available data on measures and recommendations ror 

energy saving in industry. ~ 

~e request the conc~rned factories/plants/companies to 
court.~sies and co-operation to Mr. T.E. Chauhan/ INiRAG and his 

~fforts to carry out the study. / ~j / 

~111 /'!T_LfJ-1 ~ 
J K. S. Src~ens 

UNTIX1 Senior Industrial 

Dcv~l0pment Field Adviser 

ex cend a 11 

staff in rhcil 

I 

T 

' 



I 

I 

INTRAG 
INTERNAT£0NAL RESOURCE 
ASSESSMENT GROUP I~C. 

D.2 

Tel : 8 8 t 7 9 5 15 • Clark Rold 
3 3 O 2 9 7 Welluley Hills Con1ultanll in Natural Resource & Energy 

.a.ue11men1 and lmp11men1111on Man1;1ment 

4. Canal Bank 
Upger M111 
Lahore • Pakistan Thr : 44897 IMPAIC PK ~ISllClluset!I 02131 U.S.~. ( 517) • ZJ7 • seas 

Attention : 

SUBJECT s SURVEY OP YOUR PACTORY/PLAN'l' POR ENERGY 
CONVERSATION STUDY ON BEllALP OP UHIOO/DGER 

Dear Sir. 

we are pleased to advise you that your factory/plant has 
been selected for consideration for the subject study. 

BACKGROUND 

The United Nations Industrial Development Organisation 
(U.N.I.D.O.) in collaboration with the Directorate 
General Resources (OGER) Ministry of Petroleua and 
National Resources, Government of Pakistan is 
undertaking a study of about thirty select industrial 
units in the steel, textile and paper/board sectors. 
to deteraine existing utilisation and conawaption 
patterns of energy sources aix and advise on potential 
for conservation of energy sources without affecting 
productivity. 

Th~ ~tudy recoa11endations would enable plant management 
in these sectors to take steps for cutting down their 
energy costs, increase efficiency and improve quality. 

The conbtract for preparation of the study has been 
awarded by U.N.I.D.O. to M/s INTRAG of USA while 
ZELIN LIMITED has been c0111missioned to assist M/s 
INTRAG in conducting the survey and collecting datJ 
from the selected pldnts. 

• ••••• 2/ 

' 



- 2 -

SURVEY PROCEDURE 

On receivin9 acceptance from plant manaqement to carry 
out survey, the Intraq/Zelin survey teaa will visit the 
plant, interview the plant manaqer reqarding machinery. 
equipment installed and their energy use. Using the 
documentation (electrical drawings, steam system layouts 
at and historical records of fuel and electricity) made 
available the teaa will take .easurements on the enerqy 
conawaption of major energy user equipment throu~h their 
own portable instrumentation. 

we would be qrateful if you would kindly fill out the 
attached ACCEPTANCE FORM and return to us at the earliest, to 
enable us to schedule our visit. 

In case you need further information about the proJect 
please call : 

Mr. ~afweez E. Chauhan 
Mr. Amer Qari 

Lahore, Phones: 3J4058-33u297 
330100 

Looking forward to an early response. 

Yours sincerely, 
~or International Resource Assessment Group (INTRAGI Inc. 

TAF"'EEZ E. CHAUHAN 
PROJECT MANAGER 

D.3 
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Name of Industry 

Address 

Telephone 

Person to COntact 

!Jesiqnation 

Telephone 

EXAMPLE 

ACCEPTANCE FORM 

------------------------------------------------
Sunsh~ne Cotton SKP 3661 

: ------------------------ Telex : j~~Ba~£t __ _ 
S"nahine Jute SKP ~409 (Head Offiae at 

: I).. S..uiiin 1 ~-... .JCr--/4-..i'QA.w.n,-o;;.ii---~~~!~~-------
2) /\fro. David T. ~le - Sundhine Jute Milld 
-wtt•rvlr~~-•w~.U.·~·" i:u ----------· ---

.aLS~r;.~.J:.?.u'211..~1.(.o..1.:J ... ,,;i,bo;~1'm.J'.b>Ja"'-.•:w.;. __ :.;:i,,· 1 
b) Sundhine Jue~ ."'1.ll~ LC~ •• Sheikhupura Phan~ No: o~u~ 

We agree to have our factory/plant surveyed by M/s INTRAG/ZELIN 

for the purpose of the UNIDO/DGER Study on Ener9y Conservation on 

(Proposed DatefI~f __ IJ:~:!J.!! ___ or (Alternate Datel------------
Sunshine Jute IJ-9-1984 

We will provide all assistance to enable 111akin9 the study a 
sucess. 

Siqned 
1\ . ~ .. ll ....:. : -------~------~r::-: ___________ _ 

Oc!:i<rnation 

n.4 

------------~IB.f..1:ZJ§.Lr;.~1£R11 ! . . '!11N,1Ci:.R, 
SUN:JHIN~ ~ROUP OF :rwau:::T.~I~::. 11-a;c-2, . ... . , ~,·,;,. t '· • 

Date 

' 



I 

I 

I 

Appendix E 

METHODOLOGY FOR F.sTIMATING ENERGY SAVINGS 

In this appendix, the methodologies used to estimate energy savings 

for the following energy conservation actions are provided: 

Action 

Improved boiler efficiency 

Improved boiler cleaning and maintenance 

Improved boiler insulation 

Improved furnace insulation 

Increased flue gas heat recovery 

Improved steam distribution system 

Increased condensate return 

Improved power factor 

Optimized drying time 

Page No. 

E. 1 

E.10 

E.11 

E.12 

E.13 

E.14 

E.15 

E.17 

E.19 



APPENDIX E E.l 

IMPROVED BOILER EFFICIENCY 

1. Graphical Approach to Boiler Efficiency Calculation 

This approach uses graphs on fuel compositions and ambient conditions. 

Standard graphs for exact composition of natural gas as supplied to 

the industries surveyed were not available. Since these must be 

developed through a testing procedure, it was decided to use graphs 

that were closest in composition to the natural gas supplied and 

prevalant ambient conditions for the plants surveyed. The tradeoff 

in accuracy is not significant and a good estimate of average 

operating efficiency can be obtained through this procedure. 

However, a precise estimate of efficiency would require continuous 

monitoring of boiler operating conditions over a period of time to 

take into account changes due to loading and ambient conditions. 

Figures 1 and Z illustrate the relationship, for natural gas, of 

boiler thermal etficiency as a function of stack temperature and 

excess air. 

Stack gas temperature, Oz and COz were recorded for each plant. The 

stack outlet temperature and percent COz are entered on the graph to 

obtain the estimate of overall boiler thetmal €fficiency. 

Percent excess air can be calculated in two ways: 

a. Graphical Approach 

Figure 1 shows the relationship between percent excess air 

and Oz and COz levels for typical fuels. Given levels 
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Figure 1 

Relationship of Percent Excess Air to Percent Oxygen and 
Carbon Dioxide for Natural Gas as a Boiler Fuel 
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Figure 2 

Thermal Efficiency Nomograph for Natural Gas: I 
Shaheen Calico Example 
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APPENDIX E E.4 

of 02, C02, and percent excess air can be read directly 

from the graph. 

b. Formula* 

The percent excess air (EA) can also be calculated using 

the following relationship: 

EA = 100 x 

.2682 Nz - 02 

2. Heat Loss Method for Calculating Boiler Efficiency 

B~low is a sample calculation for boiler efficiency using the heat 

loss method for one of the plants surveyed (Bannu Woolen Mills). 

Recorded 

Rat~1 Pres~ure ~ Pr = 100 psi 02 "' 6% 

Operating pressure = Po • 80 psi TExhaust = 970°F 

Rated capacity "' 2000 los/hr 
co (ppm) .. 375 

C02 = 11. 5% 

* Source: Thumann, Albert, P.E.. Energy Audit SoL1rcebook, Fairmont 
Press, Inc., 1983, p. 32. 

' 



APPENDIX E 

a. Heat Loss Due to Dry Flue Gas: 

The equation used for calculating Dry Flue Gas (DFG) per 

lb of fuel fired is: 

DFG = 11 (C02) + 8 (02) + 7 (N2 + CO) x 
3 (C02 + CO) 

11 (11.5) + 8 (6) + 7 (82. 5) x 
3 (11.5) 

DFG = 18.9635 

A<JoFG = DFG x Cp x (tex - tA) 

where: Cp = specific heat 

tex = exhaust temperature 

tA = ambient temperature 

A<JoFG = 18.9635 x (. 24) x 

A<JoFG = 4050.6 Btu/lb 

Percent of fuel (Heating Value) 
as fired = 

(970 - 80) 

4050.6 x 100 

18.3 x 103 

c 
100 

87 
100 

- 22.13% 

• 
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APPENDIX E E.6 

b. Heat Loss Due to Moisture in Fuel = AQu20F 

Aq = enthalpy change of moisture from inlet to exit 
(flue gas\ conditions 

Aq = (1089 + 0.46 tex tA) 

= (1089 + (.46) (970) - 80) = 1455.2 

= 

= (0.05) x 1455.2 = 72.76 

Percent of fuel as fired= 72.76 
x 100 = 0.4% 

c. Carbon Monoxide Heat Loss: 

Fuel Oil: % Heat Loss 

18.3 x 103 

= .00623 x CO ppm 

21 - % 02 

= .00623 x 375 

21 - 6 
= .156% 

' 



APPENDIX E E.7 

d. Heat Loss Due to H20 From Combustion of H2 

~<Je20 = 9 x H2 x ~q 

100 

= 9 x 11.3* x 1455.2 = 1479.94 Btu/lb 
100 

Percent of fu~l as fired = 1479.94 x 100 = 8.08 

18.3 x 103 

e. Unmeasured + Radiation Losses** = 10% 

.,, = 100 - (22.13 + .156 + .4 + 8.08 + 10) 

.,, = 59.23% 

* Assur..f?d value. 

** Percent of radiation losses were measured using Exergen 
Scanner and given total surface area. 
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APPENDIX E 

CALCULATIONS OF ANNUAL SAVINGS DUE TO IMPROVED BOILER EFFICIENCY 

Annual s~vings due to improvement in boiler efficiency were calcu-

lated using the nomograph shown in Figure 3. The no1no9raph is based 

on the following equation: 

where 

S == W x ( AE I E) x C 

S: is the potential fuel savings in Rs/l.r 

W: is the boiler fuel-use rate in MBTU/hr 

E: is achievable efficiency 

AE: is the difference between achievable and 
~ctual eff icie.1cy 

C: is the fuel cost in Rs/MBTU 

Sample calculation: Farooq Textile Mills: Sr = 8000 Lbs/hr 

r = Rs/MBTU = 2410784 

93480.83 

r =Rs 25.79/MBTU 

= 25.79 

Draw a straight line from the average steam flow through the fuel 
cost line and across to the fuel savings. The intersection at 
fuel savings shows the savings for a 1% gain in unit efficiency. 

i.e. ds 
= 85000 

~ 

To adjust for actual boiler efficiency, multiply the saving by 
(80 I actual T/ ) 

i.e. 85000 x 80 
~ Rs. 86404.07/unit gain in efficiency 

78.7 

~s = (80 - 78.7) x 86404.07 
IS= Rs 112325.29/yr 



Figure 3 

Annual Fuel Savings for 1% Gain in Unit Efficiency 
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APPENDIX E 

CALCULATION PROCEDURE FOR ESTIMATING SAVINGS RELATED TO 
BOILER CLEANING AND MAINTENANCE 

E0 = Average energy input to boiler prior to cleaning 

E1 = Average energy input to boiler after cleaning 

For each plant E0 and E1 were obtained from data corresponding 
to the dates when the boiler was last cleaned. 

Si = Savir.gs for plant i 

Si = (Eo - E1) x r. 
1 

where 

r. = rate (Rs/GJ) ~or plant i. l. 

E.10 
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CALCULATION PROCEDURE FOR SAVINGS RELATED TO BOILER INSULATION 

1 = recorded surface losses (watts/m2) 
t = operating hours 
a = surface area (m2) 
r • Rs/kWh 
p = percent factor for insulation quality 
s = estimated savings 

s = 1 x a x t x (p) 3413 
x x 1.0551 x r 

1000 106 

Example: Adamjee Paper Mills 

s - 360 x 1000 x 8000 x .8 3413 
x 1. 0551 x 17. 20 x 

1000 106 

S = Rs 142705.54/yr 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

' 



I 

I 
I APPENDIX E E.12 

CALCULATION PROCEDURE FOR SAVm~::, RELATED TO FURNACE INSULATION 

1 = recorded surface losses (watts/m2) 
t = operating hours 
a = surface area Cm2> 
r z: Rs/GJ 
p = percent factor for insulation quality 
s = estimated savings 

S = 1 x a x t x (p) 3413 
x x 1.0551 x r 

1000 

Example: 

s - 320 x 100 x 6000 x .a 3413 
x x 1.0551 x 212.08 

1000 106 ' 
S = Rs 117306.17/yr 

• i 

I 

I 



APPENDIX E 

CALCULArION PROCEDURE FOR COMPUTING SAVINGS 
DUE TO FLUE GAS WASTE HEAT RECOVERY 

Q1 = Average annual energy consumption for plan~ i 

Vf • Volume of exhaust gases (ft3/hr) 

= 
p = 

Specific heat of exhaust gases (BTU / Lb - F) 

Density of exhaust gases (Lb / ft3) 

<2F = Energy carried in flue gases 

<2F' = Average annual recoverable energy from flue gases 

Q1' = Average annual energy consumption with flue gas 
waste heat recovery in plant i 

r1 = Rate Rs/GJ for plant i 

St = Estimated average annual savings for plant i 

H .. Annual operating ti.ours 

Tex = Temperature of exhaust gases 

TA = Ambient temperature 

Example: CeeBee Textile Industries 

Q1 .. 87983.441 GJ 

~ • 10138.848 GJ 

~, - (0. 4) x (10138.848) - 4055.539 GJ 
(assuming 40% recoverable potential from flue gases) 

Qi' - 87983.411 - 4055.539 - 83927.902 

Si .. (4055.539) x (25.234) 

s • Rs 102339.73/yr. 
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APPENDIX E 

CALCULATION PROCEDURES FOR ESTIMATING SAVINGS 
RELATED TO IMPROVED STEAM DISTRIBUTION SYSTEM 

E.14 

Qi = Average annual energy used in ste~m generation in plant i 

P = Percent factor for input energy reduction for plant i 

Qi = Average annual energy use with improved steam distribution 
system in plant i 

Si • Annual savings due to improved steam distribution system 

where ri = Rs/GJ for plant i 

Example: CeeBee Textile Industries 

45.332 x 103 GJ 

Qi' = (45.332 x 103) (1-.18) = 37.173 

s = (45.332 - 37.173) x 16.3 x 103 = 132177.81 



APPENDIX E 

CALCULATION PROCEDURES FOR SAVINGS 
RELATED TO INCREASED CONDENSATE RETURN 

Pr = Pressure (KN/M2) 

E.15 

Qa = Total heat value of feedwater at ambient temperature (KJ/Kg) 

Qs = Total heat value of steam at operating pressure and temperature 
(from steam tables) (KJ/Kg) 

r = Rate (Rs/GJ) for plant i 

P = percent factor for condensate return quality 

Sr = Steam Rate (Kgs/hr) 

t = Operating hours 

E = Energy Savings (GJ/yr) 

Si - Savings in Rs/yr 

FC = Percent Saving of Fuel Cost 

TC = Percent Saving of Total Cost 

E = p x CQs - Qa> x s .. x .454 x t 

106 

Si .. E x r .1 

FC s St 
x 100 

Rs (fuel) 

TC = St 
x 100 

Rs (Total) 
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APPENDIX E E.16 

Example: Abid Industries 

E a .OS x (2759.S - 9.24) x 3178 x .454 x 7200 
= 1382.810 

Si = 407742 
x 1382.810 = 28008.15 

20130.91 

FC = 28008.15 
x 100 = 6.8% 

407742 

TC = 28008.15 
x 100 = 1.51% 

1847282 

' 
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CALCULATION PROCEDURE FOR DETERMINING SAVINGS 
RELATED TO POWER FACTOR IMPROVEMEN'l' 

Et - Total input electric energy for plant 

pi = Input power at measured power factor 

Pj ,. Input power at improved power factor 

hi = Operating hours of plant i 

it = Line current 

Vt = Line voltage 

COSct> 1 = Power factor (recorded) 

cosq, 2 = Power factor (improved) = 0.9 

rt = Rate (Rs/kWh) 

Si = Savings for plant i (Rs/yr) 

also 

vJ cosq, 

I 
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Siroilarly 

• 

V3 COS<P 2 

vJ cosq, 1 

Example: Abid Industries 

El = 1124763 kWh 

P1 = 1124763 

P· J 

V3 COScp 2 

= 156.217 kW 
7200 

156.217 

/ 3 (.8) 

at pf • .9 

156.217 

13 (.9) 

~p • 12.52672 kW 

s, • (12.52672) x (7200) x (1.2798) 

S1 • Rs. 115433.16/yr. 

E.12 



APPENDIX E 

CALCULATION PROCEDURE FOR DETERMINING SAVINGS 
RELATED TO OPTIMIZING DRYING TIMES 

Qi = Input energy in plant i 

Ed = Estimated energy use in drying (assumed to be 
40 percent of input energy) 

p = percent factor for savings 

E.19 

It was assumed that 20 percent of drying energy could be saved with 
optimization of drying times. 

Ea = Estimated energy saved with optimized drying time 

ri = P.ate (Rs/GJ) 

Si "' Savings (Rs/GJ) 

Ed = (. 4) x Qi 

Eo = Ed x (p) 

Si = Ea x r 

Example: Abid Industries 

Qi = 24181.25 GJ 

Ed = (.4) x (24181.25) = 9672.5 GJ 

Eo = (.2) x 9672.5 

Ea :: 1934.5 GJ 

Si • (1934.5) x (76.3931) 

• Rs 147782.56/yr. 
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Appendix F 

INDIVIDUAL PLANT SUMMARIES 

This appendix contains a separate summary sheet for each plant 
surveyed in the study. Each summary sheet contains the following: 

1. Potential areas of energy conservation improvements. 

2. The type of improvement action or equipment required. 

3. The likely timing of the action and the estimated energy and 
cost savings. 

4. A measure of the equipment invested needed, and tt1e financial 
payback period. 

Because of the 1-day survey time, the following limitations in these 
summary sheets should be recognized: 

• Most of the opportunities shown on the tables are probably 
technically feasible, but must be borne out by more detailed 
analysis. 

• A careful evaluation must be made of the economics of the energy 
conservation actions and investments. 

• The financing viability fo the energy conservation equipment 
investments was not addressed in the study. This il critical 
to the implementation of several of the actions. 
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\o'u1 suiat:" t•provt!'•ent actious, the pu:.11•1nary 4Udlt d4ta was not ouff1c1ent to pcov1d~ entHIJY aod coat 81'VlO,JY eati•ates. 

- - - - - - - - - - - - - - -
t-,;j 

VJ 

- -
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PLANT SUMMARY 
Khalil Metal Works ---,-P-l.intl ___ _ 

~Nt:RGY CUt.St:llYATION OPNll'l'UNITIES• 

f!at1•ated 
Annual Eat l•dted 

Plitrcent 
S•vlng 
of Total 
Bne<gy 

tquipment lmre .. tMnt 

P1oct!'S$/ 

~~. 

Furnace 

Flu" waate 
Kedl 

£l~ctr le Power 

Waste Heat 

lte-Desi9n1n9 

A<ea of 
~~·~nt 

CU.Oust lOn 

Jnaul•t1on 

T1111perdtu<e/Preaawre 

Millinten4nce 

Fe<tdwat"r Preheating 

Air Waste Httat 

Po'll~U Fcactor 

Motor a 

Voltage Stabilia•tlon 

~vin9 Parts Mainten•nce 

SpilCe Heating 

Waate Hedt Recovery Syate• 

P1oce3li ~~ntrol Syate•a 

11. Y. Heat&n<,J 

lmprov~•ent Act lOn/ 
~~p11ent 11.,qull.".<! 

1\m1n9 

Insulate 

New Controls 

Hecait Exchanger 

Adjuet•ent 

Mdtch vs. Load 

Stab1l1zer 

Ti•ing of Action En"rgv COel 
Sho<t Mediwo Long Sav1n9a S4v inge 

Te<• Tera_ Tera filJ~_)_ (!!!j__ ___ ~ Minor ~(_ 

x x 

x 1. 619 48099 16.20 

x x 

x Nil 

x 

x 

I 
~ 

x .037 9177 J.09 x 

x x 

x x 

x 

x 

x 

x 

• k~qu11~~ detailed enq1n~~11nq plant fecaa1b1l1ty study to t1nal1z~ ~dvtn~a and velify econ<>111ca. Thia &U .. 4(Y is pcovaded •S •cough ~utde. 
Yo' so•~ .1.aprovt:!•eot Get1ons, the prel1•1nary d1uht dcU4 woa not sutflctent to provide energy and coat sov1n9a ~&tJ.••t••· 

P•ybdck 
""'lad 
(YH<D) 

< 1 

1-l 

4 

1-l 

-

"rj 

F 

--. 
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~LAN'l' SUM14AllY 

t:Nt:llGY CONS<:RVATION OPl'Ull'l'"'HTIES• 

p,ucess/ 
,t;qulptao!nt 

1-~ucnace 

Flue Waste 
Heat 

Electr le Powec 

Waste Hieat 

Re-O..sl9n1n9 

Are• of 
Japcovem~nt 

Combustion 

Insulation 

Teioper at uc e/Preaaure 

Malntenance 

Feedwatec Pieheatlng 

Al r waate Heat 

Power Factoc 

Motor~ 

1110lta9e Stabillaatlon 

Movln9 Pact• Mlllntenance 

Space Hedtln9 

waste Htat Recovery Syste• 

Procese Control Syateaa 

R. F. Heattnq 

Ti•ing of Action 

•~vcove•ent Action/ Short Mediu• !Dng 
~u1paent Requiced, Tera ~ Tera 

Tunrn9 x 

Insulate x 

Nt!w Cont r ou x 

x 

Heat Exchanger x 

Ad)uat•omt x 

Match VB, !Dad x 

Stabll izer x 

x 

x 

x 

x 

x 

Eat1•ated 
Annudl Eat1aated 
Energy Co11t 

Savrn9a Savings 
(lOlGJI (!!!.L_ 

18.816 '20000 

\ 
J.108 988598 

Meti:opol1tan til~t-l ----·----
(Plant I 

Percent !Jui2!!nt lnveat•ent 
Savln9 
of ToUl Payback 

Inergy Peu<XI 

~ ~ ~'?.'_ (Yttar•l 

x < 1 

2. ll 

x 

N1l 

x 1-l 

5.0l x • 
x 

x 1-2 

• Mt~u1r~~ detailed en~1n~er1nq plcant feasibility tituJy to f 1nal1ie savings and verify ~conoatcs. 'ftlla su .. aiy is provided as • couqh 9u1de. 
~·01 soat:!' 111pcovellt!nt dCt1un~, the pceltmind()' dud.Lt ddt4 was not suff1c1ftnt to lJCOVide ene(l:}Y and coat sav1nqs ~Btt•at.ea. 

- - - - - - - - .. - - - - - -
'-rJ 

Vl 

- -
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PLANT SUMMAl<Y 

t:_Nt:~GY CONSO:~VATlON OPKlll'l'UNl1'llili• 

Pcuct=SS/ 

~'l'!"""t 

lkH ler 

i'~lue Gas 
waste He•t 

Stt=aa Losses 

Klectc ic Power 

Ht-Oes1qn1nq 

~\.U 'lQCt: 

Area of 
I111uove~~ 

Burne( 

Plue Gas waste Recovecy 

Blow Down Rt!'Covecy 

Maintenance • Cleaning 

Inaulation 

Condensate Retucn 

reedwatec Pcetceataent 

Peedwater Preheating 

Pcocess Air waate Heat 

Pipe lnaulallon 

TUpli 

Leaka9e 

01atclbut1on Network 

Power t'actoc 

._,toe a 

VOltaqe Stabil1aec 

*>vin9 Pacta Mai1ntenance 

~aste Heat R~covecy 
Sys tea 

Pcoc~ss Control Syatea 

M1ccuwav~ H~at1n9 

lnaulat1on 

Coabust ion ·r~apecature/ 
Pceaauct Malnt~nance 

!•provement Action/ 
~~"nt Required 

Tun1n9 

Waste Heat Recovery 
Syste• 

Econo•t zec 

Matntain • Clean 

lnsul:111te 

Recovery Syate11 

Cht!11icals 

Heat Exchanqec 

Heat t;xchan9er 

Insulate 

Stec111 Tcapa 

Repa1r 

P1p109 

Adjuetaenta 

Match vs. Load 

Stob1 l u"ca 

lnsulatt! 

T1ain9 of Action 

Short 
Tee• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Medtu• Lon9 

Tei• Tee• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Est lll'd.ted 

Annudl 
Enerqy 
sav111ga 

(lOlGJ)_ 

1.306 

1.813 

.941 

.820 

.125 

2.299 

.006 

3.9lb 

Eatiaated 
Coat 
Sav1n9e 
(!!!l___ 

20673 

0584 

36481 

66029 

9549 

2918 

53505 

1214 

94609 

Sh. Abdur ltdht• A. llltld Steel 
(Plant) 

Pe1cent 
Saving 
of Total 
Bnecgr 

~ 

4.92 

10.37 

8.68 

15,70 

2.27 

.69 

.29 

22.49 

EqutE-ent lnvt:at•ent 

M1noc ~~ 

x 

x 

x 

Nll 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Payb•ck 
Per lod 
\Yeaca) 

<1 

l 

2 

l 

2 

<1 

1-l 

l 

1-2 

2 

2 

---- - - - - ------ --·-----
• k~ulC~S dt!ta1led eny11n·c11nq plant fea"'1b1l1ty :o.tudy t.o f1nc11il1zc ::.av1n9s a.nd vc11ty ~conoa•cs .. This au-ary is provided AS• couqh \jUldt!. 

.,\.)( suat lllll>tove11tmt a....:tllms, th~ pcel1a1nary aiu1ht ,satdi w"s nut ~utf1cient to pcov1de enerqy and cost sav1nqo ~st1aates. 

"11 

( 1 \ 



... -

PU.NT SUMMARY 

EN>:llGY CONSEllV1'TIOK OPi'ORTUNUIES• 

Proc~ss/ 

t::qu1p•ent 

t:lectr ic Power 

A1ea of 
l•PIOVt:SD.~nt 

rower Facto1 

Motocs 

Voltage St4b1lizat1on 

11avin9 Parts Maintenance 

I•vtovement Action/ 
~p•ent Requ1ced 

Ad.Ju&t•ents 

Match vs Loa.J 

Stab1l1zecs 

E&tl•ated 

Ti•ing of Action 
Annual 
Energy 

Shott Mediu11 Long Sav1n~a 

!!!..!... ~-- Ter• c 1olG.J) 

x 

x I x 7.41S 

Sunshine Cotton ------
(Plant) 

-

Pei cent Equ1peent lnYl:!llt•l:!nt 
Bllti•ated Sav1nq 
Coat of Total Payback 

Saving• Energy Pl!t lad 

(!!!.!__ ~ ~~ Major (Y .. ar&) 

x 1-l 

x 

720908 18.ll x 1-2 

• Hl:!qulc~s detailed enq1n~~11n~ plant teasib1l1ty study to f1nal1ze savings and vecify econo•ics. Thia au .. ary 16 pcov1ded •• • rou9h 9u1de. 
~Ur soa~ uap1ove•ent actions, the prel1•inary audlt d~ta was not suff!cient ta provide ener9y dnd cost aav1n9s estt•ates. 

- - - - - - - - - - - - - - -- -
'-.:J 

----J 

-
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!'LANT Sl»IMAltY 

ENEltGY CONSERVATION OPPORTUNITIES• 

Pcocess/ 

~~ 

Furn•ce 

Flue Waste 
Heat 

lUectr ic Power 

Naste Heot 

Re-Design1nq 

Area of 
.!!'- ovea~nt 

Coabust1on 

lnsulat ion 

Teapec atuce/Pcesauce 

Maintenance 

Feedwate< Preheating 

Air Waste Heat 

Power Factoc 

Motors 

Voltage Stabilia•tion 

Moving Pacts Mainten•nce 

Space Heating 

Waate Heat Recovery Syste• 

Process Control SyatelMl 

R. P. Heat1n9 

l•pruv~•ent Action/ 
~1p91ent Requiced 

'l\minq 

Insulate 

New Controls 

Heat Excnangec 

Ad]u&taent 

Match vs. Load 

Stabilizer 

Ti•ing of Action 

Snort Medi ... Long 
Tera Tera !!.!.!_ 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Eat iaated 
Annudl 
Bnecgy 
Savings 
(10 lG.J l 

J.710 

.1887 

E&tiaated 
Coat 
Savin9a 
(~ 

1919H 

12u•s 

- -
Ravl Steel 1t~-Holl1n9 Mills 

(Plant I 

Percent 
S•ving 
of Tot•l 
Inergy 

~. 

22.0 

U.2l 

t:qulp!ent l~vestaent 

Payback 
Period 

Mrnor lldjor (Yeu •l. 

x <I 

l 

x 

Nil 

x 1-l 

x • 
x 

x 1-2 

• Ht!l)Ultt:'S detailed eny1nc~11nq plant feas1b1l1ty ~tudy to finalize savinqti and verify econ<>11ica. nus au-•uy l& provided as a couqh 9u1de. 

~or some 1aprove•ent actions, the preli•inary audit ddta was not tiufficient to pcov1de energy and cost savinys eatiaates. 

.-. .. 
j 

'aj 

()) 
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Shak1r ~etal Industries 
PLANT SUMMARY (Plant) 

ENERGY CONSERVATION OPl>ORTUNITIES* 

Est1•ated Pel cent 
~ent lnveot•ent 

Annual Eatt•ated Savin9 
Ti•1ng of Action l!ner9y Cost of Total 

PrOCit:>::iS/ Area of Impcove•ent Action/ Shott Mediu• Lon9 Sav tn'.111 SaHn9a Bnet<JY 

~n_! Impcov~•~~- L.Juipmient Requited ~ ~ Tee• 11olGJ1 (~ ~ Minor Ma)O< 

Furnace Collbust1on Tuning x x 

Insulation Insulate x .298 421l9 15.30 

Temper at ur e/Pr easure New Controls x x 

Maintenance x Ntl 

Flue Waste Feedwater Preheatin9 
Heat 

Air Waste Heat Heat Exchanger x 

Electr 1c Power Power Factor Adjustaent x x 

MDtocs Match vs. Load x x 

voltages· abllization Stabilizer x x 

Moving Pacts Maintenance x x 

Waste Ht!at Space Heating x .025 11102 4.76 

Re-Desi9n1n9 Waste H~at Recovery Syste• x 

Process Control Syateas x 

R. r .. Heat1n9 x 

- Hcqu1c~s detailed en91neec1ng plant feas1b1l1ty ~tudy to f1nal1ie savings and verify econo•1cs. Thia au .. ary 18 provided as a rouqh 9u1de. 
~ur so•~ t•pcove•ent actlons, the p(~la•inacy dUdlt data was nut suff1c1ent to provide energy and cost sav1n9H estt•ates. 

- - - - - - - - .. - - - - -

Paybdck 
Period 
(Years' 

<1 

3 

1-3 

4 

1-2 

-
hj 

'D 

- -
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PU.NT SIMMAl<Y 

ENERGY CONSERVATION OPl'OllTUNITIE:i* 

Process/ 
Equtpaent 

Furndlce 

Flu~ waste 
Heat 

Electric Pover 

Waste Heat 

Re-~s19n1ng 

Area of 
Iaprove•ent 

Coabustton 

Insulation 

Te.perature/Preaaure 

Mliintencmce 

Feedwatec Preheattn9 

Air Wctate Heat 

POwec Factor 

M:>toca 

1'c>ltaqe Stabilization 

l*:>vin9 Patts Maintenance 

Space Heat1n9 

waste H~at Recovery Syste• 

Process Control SyatellB 

A. f'. Heatlnq 

l•prove•ent Action/ 
~ent Required__ 

Tun1n9 

Insulate 

New Controls 

Heat Exchanger 

Adjuat•ent 

Maitch va. Load 

Stab1lher 

Tiain~ of Action 

Short Med1ua Long 
Tera Tee•_ Ter• 

x 

x 

x 

x 

x 

~ 

x 

x 

x 

x 

x 

x 

x 

Estimated 
Annual 
Enerqy 
Savings 
n olG.J > 

\ .... 

1 ··,, 

Eatiaated 
Cost 
Savinqa 
(!!.L_ 

177000 

S0106J 

United Icon 6 Ste~l 
(Plant) 

Percent 
S•vin9 
ot Total 
Bnergy 

t;quipaent lnve•tment 

~ 

•• 17 

:1.83 

Payback 
Peuod 

Minor Major J!ear a) 

x <1 

x 

Nil 

x 1-J 

x ' 
x 

x 1-2 

• R~qu1c~~ detailed enq1n~cranq plant feasibility ~tudy to f1nal1~e aavinqa 4nd ve11fy •cono•ics~ 'l'tlia au .. a1y is provided aa • rouqh 9u1de. 
Yot su•~ t11prove~nt dct1ona, the pcel1•1nary dud1t data was not suff1cient to provide energy dnd coat aavin9s eati•atea. 

-

"1 

I-' 
0 

-
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PLANT SUHHARY 

ENERGY CONSERVATION OPPORTUNITIES• 

Process/ 
Equ1pm.ent 

t'lue Gas 
waste Heat 

Elect< le Power 

Waate Hec1t 

Re-oes19n1nq 

Ate• of 
Japrove•~ 

Feedvatet Preheatinq 

Process Air waste Heat 

Powec t'ctctor 

Motors 

\jlOltaqe Stab111aer 

MOv1ng Pacts Maintenance 

sp.11ce Heat rng 

W.ste H~at Recovecy 
Syate• 

Process Control Sy~tea 

R. I'. Heating 

tmpiovtaent Action/ 
1::4.Ju1pm~nt Requlred 

H~at Exchanqec 

Heat Exchanqer 

Adjuataenta 

Match vs. Load 

Stabilizers 

!1•1ng of Action 

Short Mediua Long 
~Tera !~ 

x 

x 

x 

x 

x 

I 

x 

x 

x 

x 

Y•zdan1 • Co. Ltd. 
(Plant) 

---------------~-----

Est1aated Percent Ectuip!ent lnveat•ent 
Annual Blltiaated sav1n11 
Energy Coat of Total Payback 

Savtn11a Savings 1ner11y Pee 1od 

I 1 o l<J.Jj__ (.!!!.}__ ~-- ~ 
Majoc (YH<B) 

x 

x 

1-l I ·" x 

184S26 8,02 x 

x 

x 1-2 

• Mequ1ce~ oetalled enq1ncec1nq plant feas1b1l1ty >tudy to f1nal1z" savings and vec1fy econoalcs. Thl& su .. ~cy 18 pcov1ded a•• cough guide. 
Foe so•e lapro~~w.ent dct1ons

1 
th~ prellainary dud1t ddt4 was Ollt sufficient to prov1de enerqy and coat aav1n~s es~&•atea. 

- - - - - - - - .. - - - - - -
'-.:I . 
1--' 
1--' 

- I-
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PLllNT SUMMAllY 

l<Nl<H<iY <:OMSt:HVllTION OfPOllTllMl,_,T-'1-"t:"°S_• __ _ 

Pru..:es~/ 

t:qu1µment 

Boi let 

t'lue Gas 
waste H~•t 

Stecti• Losses 

£l~ctr le Power 

w .. ate Heat 

k~-oes 1qn lnq 

Area of 
Japrov~•~n.!_ 

Burner 

Plue Gas Waste Recovery 

Blow Down Recovery 

Miltiintenance ' Cleaning 

lnaulat1on 

Condensate Return 

Peedwater Pretceat••nt 

Peedwater Pceheatin9 

Pcoceaa Air Wd&te Heat 

Pipe lhsulatlon 

Tr•pa 

Le•k•9e 

Oiatr1but1on Network 

Power foctor 

MO tor a 

Volt•9e Stab1li•er 

MOvin9 farta Maintenance 

Drytn9 

Space H~at1nq 

Waate H~at k~covery Syste• 

Pcoces~ Contcul Syste• 

Mtcrowcavt!' U~dtlnq 

---- -- --- -- - -- --~--- ---

Impc ovemaent Act ion/ 
FA)ute•ent Rt:quired 

Tuning 

Waste H~at Recovery 
Sy st.:• 

&::onu•tier 

Maintain ' Clean 

In.au late 

P1prn9 

Chea1c4la 

Heat Exchan9er 

Heat Exchanger 

lnt1ulate 

Stea• Traps 

Repau 

lld)uataenta 

Mdtch va. Load 

Stab1l1uua 

Ht!clt Ext.;hCIO'JtH 

Tl•ing of Action 

Short Med1ua LLn9 
Tera Tera Ter• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

l!atlaated 
llnnual 
l!nec9y 
Savin9a 
!1 olG.J l 

4.215 

4.159 

2.62) 

1.815 

.656 

I ··'" 
\ ·"' 

5.0Y2 

Batla11ted 
Comt 
ll•vinga 
l!!!.L___ 

40899 

105512 

62311 

15865 

36222 

9360 

962)0 

119010 

123215 

-
Sh•heen Calico Pr1nt1~~ Work• 

!Plant) 

Percent 
S•v1n9 
of Total 
Bnergy 
~ 

2.66 

6.85 

4.05 

1.03 

2. 22 

.60 

6.25 

1. 72 

8.00 

~u.LJ>111tnt lnvaetaent 

Payback 
Per uxl 

~ MaJOJ (Yeua) 

x 

x 

Nil 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

<I 

l 

l 

2 

<I 

1-l 

• 
) 

1-2 

s 

) 

2 

• kt!quut~ detailed enq1nce1u1q vl,;mt t~dDlti1l.1.ty ~tudy to t1n4llZt:! ::>JVlnqs dnd Y"t:rlfy econo•ics. Th1B au-•rv u1 l>1ov1ded aa • ruu~t1 1

1u1dtt. 
~\.H so~ uapcove•~nt ct.l~tLun~, th~ p1el1•ln1uy dudJ.t ddta wets not ::..utt1c1ent to vtov1de ttn•HIJY d1ut co11t llAV.Lnqt:1 .:stu14tea. 

.-

1-xj . 
f--' 
f\J 
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Sunsh1nt: Juttt 

PL.ANT SUMMAMY 
----<Plarii_I ____ _ 

t:Nt:MGY CONSl':RVATION OPPOM'l'UNlTlt:S• 

l'oit11oated Percent 

Bat iaated Savln9 
~·~~-_ln~taen~. 

Annu4l 
T1•1ng of Action 

En""Jl' Coat of Total 

t'IUC~SS/ A1eo of lm~cov~•enl Action/ Short Med1ua lnng Savings Savings Inergy 

t:-1u1p11.,n__t !!l'!_o_v.,~~ 
~U_lj>-~_Me<jUl < ~d_ Te<• Tera Tttc• ~_o_lGJ) (118) ___ ~ ~~ ~ .. J..~_!_ 

x 

x 
Electr le Power Po-.tec Factor Ad)ustaomt& x 

MOto< 6 Match vs. i.oad 
1.29S HSl82 12,Bl )( 

x 
VOltaqe Stabilization Stab1lizeu x 

x 
MOvlng Pa<tB ...,intenance x 

x 
W•ste Heat Space H~dlltin9 

Me-Des19n1nq ~aate H~dl Recovery Syste• 
x 

Process Control Syate•a 
x 

x 
R. P. H~dt ang 

-~--- --·-----. ----~ -------
• R..quu"s detailed enqrn.,.,ring plant f"asiblllly study to final"" savings and ve<HY econoatcs. Thi• auuary la provided H • rough guide. 

t\.lt somt i•proveaent dct1uns, the pceli•1naty a:ud1t data was not suff1c1ent to provide energy dnd coat aavinq& tt&ti••t••• 

- - - - - - - - .. - - - - -

P•yb<ock 
Pe<lod 
O'H•~J 

1-l 

1-2 

- -
'"':! . 
!--' 
~ 

• 
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~U\NT SUMMAl<Y 

t:NEHGY CONSEHYATION OPPOHTUNITIES• 

J>CUCt:SS/ 

~~~nt 

Boiler 

Flue Gas 
Naste He•t 

Steaa Losses 

Elec:tr ic Power 

wa1:ate Heat 

M.e-Oes l<Jn l nq 

Acea ot 
Japr av~•_-:_~_! 

Burnet 

Flue Gas waste Recovery 

Blow Oovn Recovery 

114intenance • Cle•nlng 

Inaulatlon 

Condensate Return 

Peedwater Pcetre~t•ent 

Peedwater Preheating 

Process Air W•ate He•t 

Pipe lnsulat ton 

Tupa 

Le•k•ge 

Dtalr ibution Network 

Power Factor 

e.:>tora 

\POltaqe Stabilizer 

Mov1n9 Pdrta "4\lntenance 

Drytn9 

Space H~attn~ 

waste lh!Qt ttecovery 
Sy at~• 

Proc~Sli Conttol Syatea 

Mlctowave th~cttlnq 

l•pcove•ent Action/ 
~"-!l""ent Required 

Tuning 

waste Heat Recovery 
Sy!ite• 

t:cono•tzer 

Maintain • Clean 

Insulate 

Piping 

Che•1c11la 

Ht!at Exchanqec 

Heat l!xch•nger 

Insulate 

Stea• Trapa 

11 .. patr 

Adjustaenu 

MGilCh vs. Load 

Stab& l h:era 

Hedt t:xchange1 

Tlalng of Acttun 

Short Mediu• Long 
Tera Tera Tera 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

_ P•kl•tAr~ E!'lpboud _l.t.<!, 
(Plant I 

--------- --- ------- - - . 

B11t1aated 
Annual 
lner~y 

Sav1n9t1 
(10l~_I _ 

7.932 

l.366 

1.515 

.647 

• 202 

], ]67 

.H7 

} 1. 716 

Bll"l••ted 
Coat 
S..vlng• 

'~--

2607S7 

278713 

81479 

20294 

4104S 

9777 

162958 

9HH 

142099 

Percent 
!laving 
ol Total 
Bnergy 
~ 

l.61 

15.6' 

4.59 

1.14 

2.l1 

,55 

9.17 

5,ll 

8,00 

f.qu1p•ent luv~~~~ttnt _ 

1'4Yb•ck 
Pttr1od 

Manor ~-'~ 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Nil 

x 

x 

x 

x 

x 

x 

LY_'!.~ 

< 1 

2 

l 

2 

< 1 

1-l 

1-2 

• 

2 

• k~quu~~ ..J~tctiled t:O"Jlht.4 cr1.ng pldnt feas1b1l1ty ~.tudy ta tu1allZt-! :.dvinqs and v~rify -tteono•lca. Thla su-ary lb provided••• ruu~h quldtt. 
'°'u1 ~uiac i•provt!aent .;~taonu, the prelialncuy audit ddtct WQS nut tiutf1cient to providtt ttnec9y dud cost a•vlnlj~ tttitlai1te1:1. 

-
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l'IJ\NT SUMMAH1 

~-N-~_!'(~~~~_KIJATION OP~H:~·~~_!!_!t:S* -------------- - - -----------

Pt..X.:~S:i/ Area ot JmpcovtHlt.mt Act ion/ 

~.':l'!~'!~ ~t:·t:~~ ~~~ kequared_ _ 

8'.aler Burner Tunanq 

Flue Gas Waste Recovery W4St~ H~at R~cov~ry 

S:,ste10 

Blow Down Recovery &:01oa1zec 

Malnten•nce • Cleanln9 Md1nta1n • Clean 

Jnaulat1un Insulate 

Condensate Return P1p1nq 

Peedwater P1et1eat•ent Che•1cals 

~·1u., Gas Feedwatt" l'reheatin9 tt .. .st t:xchanqer 
Waste Heat 

P1occs~ A1r w .... te Heat Ht!at t:xchan9e1 

St~a• Losst!~ l'ipe ln~ulat 100 lnsulatt! 

Tupa Stt!4m T(iilpB 

Leakaq., ltt!-pdl( 

Distc1but1on Network 

IH~ct( le Powt:u· Powe.. t'cactur Adjutitrat::onts 

MotO(.t:I Mcatch vs. Load 

Voltaq~ St~b1l1zer St dbl l 11er a 

Movanq 1"'c1i ta Maintenance 

Wc1~t~ H~at 01y&nq ttecH ~x<.::hanqer 

Space Hc4t1ny 

kt!'-O~:::i1qn1ny Weast~ tl~"t th:cov~' y Syste• 

Proceb~ Cuotlol Syste• 

M1crow4vt! H-=-<1t inq 

•' 

P•k1st~n_P~-~!'..'.1'-'- -~'---
(Plant> 

------ - -- ------- - - ------~-- --·-. ------- --· -----~---

Eat uo .. ted 
Annudl 

T1•1n9 ~-Action l!ner qy 
Short Medau• Lon9 Savanqs 
Ter• Tei• Ter• l!~l~L_ 

x 17. 967 

x 97. 812 

x 
x 28.70 

x 

x J8. 111 

x 29.551 

x 

x 

x ! "'·"' x 

x 

x 

x 

I x 16.696 

x 

x 

x 

x 
} 7. 4j1 

x 

x 

x 

Ptircent 
Eat t•dted S•vln9 
Coat of ToUl 
1i11vln9s l!necgy 
(!!!.!__ ~ 

301187 • 71 

'492•12 10.53 

17062'"> •• oo 
150071 ,35 

699055 1.6' 

532800 1.25 

58'5529 13. 70 

2947992 6.91 

J'1 i91 .800 

~ua~ .. nt -~~~--

"'"-~.!. !!!!i_O! 

x 

x 

x 
10 l 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

PAyback 
PH•<xl 
(YHCBl 

(' 

<I 

1-J 

4 

1-2 

• kc~uue~ d1.·ta1led ~ny1n1.~t!1UHI pl..inl tedtUbillty ::>tuJy tu t~odll'l~ ti~vanqs 4nd verity econo111c11. 'MHB SUUdlY 19 ptov1dttd •• 4 1ouqh quldt:!. 
l''u1 ::>u111it.· ua.,rov~•~nt Jctauu:;;, the prt!'ll•inary dudat datca Wd!::I nut ~uttactent to ~rovidt! enetqy dlld cost s•v1nqti e!litt•dtttu. 

• 

- - - .. - - - - - - - - - - -- -
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~LANT SUMMARY 

t.:NEkGY CUNSt;MVATlON OPt'l>HTUNITlt:S• ------. -- -- - --- ---·---- -----------

Pl CK:t!SS/ 

~u1pa~ot 

Boiler 

l'lue Gas 
W•ate He•t 

St ea• Loti sea 

Electr le Power 

Watlt.ie tte4t 

ft~-Oetn9n1n9 

Area or 
l•flOV~_n_!_ 

Burner 

Plue Gas Waste Recovery 

Blow Down Recovery 

MAlntenance • Cle•ning 

Inaulat1on 

Condensate Return 

l'eedwatec Pretreat•ent 

Peedwatec Preheating 

Process Air Waate Heat 

Pipe Jntn1lat &on 

Tupa 

Leak.,ges 

Dietnbutlon Network 

Power Factoi 

MDtO(S 

Voltage Stabilization 

*>vtnq Pa1ta Mainten•nce 

Dryln<J 

Space Ht=dlln9 

Waste HtQt k~cove1y Syste• 

Process Lont1ol Syste•a 

MlCCOWdV~ H~ati~g 

Ti•lng of Action 

l•~cov••ent Action/ Short Mediu• Lon<J 
~1~aent Re~uirt:!'d _ !~ !~ Ter• 

Tuning x 

Waste Heat Recovery x 
Syste• 

t:cono•1 zer x 

Maintain • Clean x 

Insulate x 

P1p1ng x 

Che•1cal111 x 

H"at Exchanger x 

Heat Exch"n\jec x 

Insulate x 

Stea• Traps x 

Repair x 
x 

Adjust•ent x 

Match va. Load x 

St.tb1lizer x 

x 

H~dt l::xchan9ec x 

x 

x 

ll 

x 

Est llOdted 
Annual 
l!nt!<\IV 
SaYln<J8 
.1!_0_~ 

2.211 

12.51) 

•• 089 

2.54] 

1.155 

l · ... 
1. lll 

1. ij26 

lllltl•ated 
Coat 
Savin9a 
C.!!!l_ __ 

14690 

U699• 

151017 

1Hll 

5700 

25920 

22U25 

875616 

121604 

Par •cha •;·~•t 1 le -(p1.;,;t) _______________ _ 

Percent 
Saving 
of TOUl 
Inergy 

~ 

.62 

15.51 

2.BO 

.22 

1.05 

•• 7 

4.11 

16.06 

2.27 

~Uif!!nl Inve»t•~nt 

hyt..ock 
p.,. lod 

M111or lldjor CYe.uat 

x <1 

x 

x 
Nil 

x 
x 

x 

x 

x 2 

x 
x 2 

x ( 1 

x 1-l 

x • 
x 

x 1-2 

x 

x 5 

x 

x 

x 2 

• k~qulrt~ det•iled ~nqlnt=~rin~ plant feasibility study to f1nal1~e lidVinqs and verlfy econ011iCH. Thia au .. acy l~ pcov1ded •• • cou~h qu1de. 
Fof liOla~ 1apcove•t!nt act1om1, the p1eli•lnary dlHht data was not sutficient to p1ovadt:! 1tne1qy dnd coat 11avinqe ~st1a•tea. 

-
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l'l-'N'f SUMMAl<Y 

t:Nt:llGV CuNSEllVllTION OPl'Ul<TUNl'flES* 

PfUCt:S&/ 

t:qutpilent 

lklller 

Flue G.ts 
Waste Heat 

Stea• Losses 

Klect.1 ic Povec 

waste Hedt 

lle-Oes1gntn'.1 

Area ut 
l•pruv~•~'!!. 

Bucnl"r 

Flu• Gas Waste Recovery 

Blow Duwn Recovery 

Maintenance • Cleaning 

1naulat1on 

Condenaate Return 

Peedvater Pretceat•ent 

Pipe Insulation 

Trap• 

Le•k•9~ 

Di ate abut .t.on Network 

Powei Factor 

Motors 

Voltage Stab1lt1e< 

Moving Pact.a ..,.tntenance 

!lryrng 

Space Hedtinq 

Waste H"dt Recovecy Syste• 

Process Contcol Syate• 

M1ccowave Heating 

l•p1ave•ent Act1on/ 
~u1p111 .. nt ll~qui<"d 

TUnin9 

Waste Heat Recovery 
Sys tea 

Econo•izer 

Maintain • Clean 

Insulate 

P1pin9 

Chea&c•la 

Insulate 

Stea• T<aps 

Repair 

Adjust.entd 

Match vs. Load 

Stab1liaera 

Hedt Exchange< 

T1m1n9 of Action 

Sho<t Medh1• Long 
Te<• Ter• Tera 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

t:atl•ated 
Annual 
llne< '.IY 
S•Vll 9e 

@~ 

16. 239 

45. 846 

18.56U 

40. 212 

11.121 

I .,, .. ,, 

I 11.895 

} 'J.'JO 

Bllti•ated 
Coat 
S.vings 
(!!!L_ 

189928 

16276)1 

476'24 

142706 

687641 

201600 

175562) 

20486811 

353029 

~a•jee__~ai"'< ~ llo.ud M11l11 
(Plant) 

Percent 
Savln9 
of Told 
Bne<gy 

£~ 

.68 

s.u 

'· 71 
.SI 

2.u 
.72 

6.29 

7 •. 1. 

1.26 

~!!!!__ lnveat•11nt 

P•ybock 
Pei 1od 

M1nor !!!i~ (Y.,.ca) 

x < 1 

x 

x 

H1l 

x 

x ) 

x 

x 

x 2 

x <I 

x 1-l 

x 4 

x 

x 1-2 

x 

x 5 

x 

x 

x 2 

•Require~ detailed enq!n~~r1n9 vlant feaa1b1l1t~ ~tudy to f1nal1z~ &dvinga and verify econo•ica. Thia au .. ary lS provided••• cou~h 9u1dti. 
Fo' aow~ i11prove•ent act1ons, th~ pcel1a1naly audit d4ta was not suff1c1ent to provide enec9y and coat ••vinqs ~sli••t••· 

- - - - - - - - - - - - - - -
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PLANT SUMMAl<Y 

~N~RGY CON~~RVATJON OPPORTUNlTlES• 

PcOCIL"~.:../ 

1-:,1uipaent 

Electric ~ver 

Re-lles19n 

Area of 
l11Pcoveacnt 

Power Factoc 

M;)tors 

110lto9e Stab1llzat1on 

*>Ying Parts Maintenance 

Process Control Sy'litea 

lmpcove•ent Actlon/ 
Equ1p•en~ Requited 

At1just•ent 

Match va. Load 

Stabil1aer111 

Planning 

Ti•1ng of Action 

Short Medlu• Lon9 
Tee• Tee• Tee• 

x 

x 

x 

x 

x 

t:stl•ated 
Annual lilt l•ated 
Ener9y Coat 
8•v1n9a Savln9• 
oolGJ> (!l.!.L_ 

J.H07 67l707 

~lawuaya _T.,xtlh .L!'_1nash1n9 
(Plant) 

Percent 
~u1~ent lnveat•ent 

saving 
of Totd Payback 
Ener9y Period 

~ ~ Major (Yeou) 

x 1-l 

12.U x 

x 

x 1-3 

x 

• Requ1ces det•1led en91nc~11nq plant feaeibtltty study to f1nal1ze savings and vectfy econo•ics. Thia eu .. ary 1& pcovtded •• • rouqh 9uid~. 
~Ut 909~ t•prove9te'nt dct1ons, t~e pcelt•inacv audit ddta waa not sufftctent to provlde enecgy and coat ••vtngu ctill••tea. 

~ 

'Tj . 
f-' 
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PLAN'!' :iUMMAMY 

~N~NGY CONS~NVATION 0Pl'UNTUN1T!ES• 

Pcoce.ss/ 
1:>qu1e•ent 

Furnact? 

t'lue Gas 
Waste Heat 

IUt:ctr ic Power 

waste Heat 

Re-Desi9n1nq 

Area of 
l•P[Ove~ent 

Coabu::ltlUll 

Jnaulat1on 

Te11pecature/Pressure 

Maintenance 

Pt1ed Watec Pceheating 

Process Air waate Heat 

Powec Factor 

Motors 

Voltage Stab&l&zation 

lk>vinq Parts Maintenance 

Space Heat1nq 

Neste Heat Recovery Syate• 

Process Control Syate•a 

R. P, Heat mg 

Jmpcovement Act1on/ 
~nt R~uired . 

'l\.m1nq 

lnthtlate 

New Controls 

Hedt Exchan<Jer 

Adjust•enta 

Match vs. Load 

Stab1l1zers 

Ti•in<J of Act Ion 

Short Mt!d & Ull Long 

!"r. - Tee• Tera 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Esl1•ated 
Annual Eatt•ated 
Ene•'IY Cost 
Sav1nqa &av Inga 
polG.11 (!!]__ 

.552 117106 

3.442 7l0227 

___ ,._a_h~•-a_t __ !ln2inee11n2 Work• 
(Plant) 

P ..... rcent 
Savln2 

~ent l!'v.,.t•en!_ _ 

of Total Payback 
Bnergy Pe nod 

~ !!.!.not IW]Or (YHIMI_ 

x <I 

2.9 

x 

N&l 

x 1-l 

18.ll x • 
x 

x 1-2 

• Mequ1r~s detatled enq1n~er1nq plant feas1b1t1ty study to t1na!1i~ tiOVlnga and v~c1fy econo•tcs. Thia au .. arv is provided aa a rouqh 9u1d~. 
IF'Oc ~Ollle t•pcovea.ent act1ons, the pceli•in4cy audlt ddt4 was not sutftcient to pcovide enecgy and cost aavin9~ esti•atea. 

- - - - - - - - - - - - - - -
1-rj . ,__, 
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PU.NT SUMMAllY 

ENEHGY CL'NSERVATION OPPUk'fUNITIES* 

Prnc:ess/ 
Equ1p11ent 

8o1 ler 

Flue Gas 
Waste Heat 

Stea• Syste• 

Electr &c Po-..ec 

Pcocesa Heat 

Re-Des19n1n9 

A1ea at 
l•prove•ent 

Burner 

Feedwater Pretre•t•ent 

Flue Gas Waste Recovery 

Blow Down Recovery 

MAintenance and Cleaning 

Inaulat1on 

Condensate Return 

Peed Water Preheatln9 

Process Air waate Heat 

Plpe Insulation 

Stea• Traps 

Ste ... Leaka9e 

Diatr ibut1on Network 

Power Factor 

l\atch Motoca 

lllolta9e Stabtllaatlon 

Novin~ Parta Maintenance 

Dryln9 

Spmce Heatin9 

W.ate Heat Hecovecy Syate• 

Process Control Systesaa 

M1ccowave Heat1n9 

l•pcoveaent Action/ 
~1pa.ent Required 

Tun1nq 

Wdste Heat Recovery 
Syste• 

F.conoaii zer 

Maintain • Clean 

Insulate 

Pipinq 

Heat Exc:han9er 

Heat Exc:han9er 

Insulate 

Stea• Traps 

Repair 

Adjuataenta 

Change Accordin9ly 

Stabilizers 

Heat Exc:han9er/ 
M1ccowave Heatinq 

Tl•ing of Action 

Short Medauia Lon9 
Ter• Tee•_ Ter• 

x 

x 

x 

x 

x 

x 

x 

x 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

EsU•ated 
Annual 
Energy 
Savrn9a 
(1 o3G.J I 

9.217 

.H4 

5.098 

5.267 

l.046 

I · ,., 

3.064 

llatl•ated 
Cost 
Savings 
(~ 

273781 

32960 

ll0162 

229968 

15093 

15093 

229968 

121572 

198455 

liannu Woolen Mills 
---lPT.tiii 1 

Pee cent 
Saving 
of Tot.t 
Enerqy 

~ 

11.0 

1. ll 

13.lO 

9.27 

.60 

6.25 

1.60 

4.9 

8.00 

~_!P.!'trnt lnveat•ent 

Payback 
Per 1od 

Minor l!_dj~ (Yeara) 

x 

x 

Nil 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

<I 

<I 

2 

2 

2 

l 

2 

1-l 

4 

l 

1-2 

5 

2 

2 

• Requ11~s detailed en~1n~~c1nq plant feas1b1l1ty study to t1nal1z~ sav1nqs and v~c1ty econo•1ca. 1'lta au .. acy is provided •S • cou~h 9u1d~. 
tur so•~ 1aprovc.e.,t actions, the prel1•1nacy dlud1t data was not sufficient to pcovide enec9y and coat &aYlO'Jti etitlaatea. 
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PLANT SUMMARY 

ENERGY CONSERVATION OPPORTUNITIES* 

~rocess/ 

Equ1p11ent 

Bcu ler 

Flue Gas 
waste Heat 

Stea• Syste• 

Electric Power 

waste Heat 

Space Hetat1nq 

Area of 
I•proveaent 

Condensate Return 

Burner 

Plue Gas Waste aecove<y 

Blow Down Recovery 

MAi•ltenance • Cleaning 

Jnaulatton 

Peedwater Pretreataent 

Peedwater Preheating 

Process Air W•&te Heat 

Pipe Insulation 

Trapti 

Leakages 

Diatc ibution Network 

Power Factor 

Motors 

Volt..t9e Stab1liz11tion 

Jik>vinq Pacts Maintenance 

Dry1no,i 

l•pcove~nt Act1on/ 
EqUlpaent Required 

Tuning 

W~ete Heat Recovery 
Syste• 

Econo•izer 

Mdltntain ' Clean 

Insulate 

Che•1cala 

He4t Exchanger 

Insulate 

Stea• Tcapa 

Repa11 

Adjustaent 

Match vs. Load 

Stab1l1zer 

Heat l::.xchanger 

Ti•ing of Action 

Short Mediu• Long 
Tee• Tera Tera 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Elit imated 
Annual 
Bnerqy 
Saving• 
(lOlGJ_J__ 

7.2ll 

14. Hi6 

4.056 

Cincluded 
in heatl 

4.Sll 

1.200 

I · ... 
.7l9 

7.0l9 

Bati•ated 
Coat 
SAvinqa 
(!!!L__ 

l 16640 

156092 

102l40 

135985 

10702 

19440 

1l2178 

15769] 

117618 

CeeBee 1·~xt1le lndustraea 
(Plant) 

Percent 
Saving 
of Total 
Energy 

~ 

5.25 

7.l2 

14.87 

6.12 

5.95 

7.10 

8.00 

Equif!ent Jnveat•~nt 

Payback 
P'=tlod 

Minor Majoc (Year•! 

x 

x 

x 

x 

x 

x 

x 

x 

Nil 

x 

x 

x 

x 

x 

x 

<I 

2 

2 

2 

1-J 

4 

1-2 

5 

• Requ1<es detailed en91neecin9 plant teasibil1ty study to f1nal1ze savings and vecify scono•ica. Thia au .. acy is pcov1ded as A rough gu1de. 
Fut soae lmpcove11ent oct1une. the prel1•inary audit data was nut sufficient to provide energy gnd coat 8AVlngs eat1••tea. 

- - - - - - - - - - - - - - -
~ 

'2j . 
~ 

- I 



- - -

PU.NT S~RY 
Chenab Text1le Mills~~~~ 

(Plant) 

ENEHGY CONSERVATlON OPPORTUNl'rlt:S• - -

Eati•at"d Percent 
Equipment Investment 

Annual Eati•ated Saving 

Pcocess/ 
E'Ju1paent 

Area of 
l11Prove•ent 

l•pcove•ent Action/ 
~~ired 

T1•1ng of Action 

Short Mediu• Lc>n9 
Ter• Tera Tee a 

Bne<\IY Coat of Total 
S•vings Sav1n9• Bner9y 
(lOlG.Jl _ (Ra) __ Coat ~inoa: ~~ 

Moton Maten vs. Load ll l.946 550811 18.12 X 

Elel:tt lC Po~ec Power f'actoc Adjustaents X I X 

llolta\je Stab1l1zation Stab1luecs X ll 

MOving Parts "a1ntenance X X 

Re-Oes1qn1ng Pcocesa C~ntrol Syste• X X 

• k~qu1res d~ta1led eng1ne~r1nq plant teas1b1l1ty study to f1nal1ze savings and verity econoatca. Th•~ su .. ary l& pcov1ded as• cough guide. 
•ur so•e iaproveaent actions, the pcelia1nary audit data was nut suft1cient to pcovide energy And cost savings elit1a4tes. 

Payback 
l'~riod 

neau) 

1-l 

1-2 

-

"1 . 
f\) 
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PLANT Sl.MMARY 

ENE~GY CONS~kVATJON OPPORTUNITIES* 

PCOCt:'SS/ 

~1p1a~nt 

Bo1lt:or 

Flue Gas 
waste H~at 

Stea• Systea 

Electc ic Powe[ 

Waste Heat 

Re-D~s19n1ng 

Area of 
Japroveaent 

Burner 

Flue Gas Waste Recovery 

Blow Down Recovery 

Maintenance and Cleaning 

Jnsul•t ion 

Condenaate Return 

Feedwater P1etreataent 

Peedwater Preheating 

Proceaa Air waste Heat 

Pipe Inaulat ton 

Stea• Tcaps 

Stea• Leakage 

Diatribut1on Network 

Pover ractoc 

tk>tors 

voltage Slabal1zers 

Moving Parts Maintenance 

Dcy1ng 

Space Heating 

Waste Heat k~~ov~cy Syste• 

Process Contcol Syste•s 

Mtcrova.ve Ht!'dt 1nq 

l"Pcov~•~nt Action/ 
&{u1pment Requ11ed 

Tun1nq 

Waste Heat Recovery 
Syste• 

1!conom1zec 

Maintain ~ Clean 

Insulate 

Piping 

Che•icals 

Heat Exchanger 

Heat Exchanger 

Insulate 

Stea• Traps 

Repair 

Ad]ust•ents 

Ma.tch vs. Load 

Stab1l1zecs 

Planninq 

Heat J::xchdnqer 

T1•1n9 of Action 

Short Mediua Long 

_!~ Tera Tee• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

E&tiaated Percent 
Annual Eatiaated Saving 
Bnecgy Coat of Total 
S•v1ngs Savings Bnecgy 
polGJ! l!!!l_ ~ 

J9.e9l 600• 15 2.21 

2e.6H 109545 4.04 

27.921 623800 2.10 

80U2 1.10 

7.911 JS1e18 

4.149 !H200 .16 

I ~ . .,. 1271012 4.69 

I 
•• 9 

6.671 1229911 4.51 

} 48.790 1161151 1.17 

Colony Textile Mills 
(Plant) 

~~ Jnvest•ent -------
Payback 
Pee 1od 

M1noc Majoc (Ye.ca) 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Nll 

<1 

x 

x l 

2 

<1 

1-l 

x 4 

1-2 

x 

x 5 

x 

x 

x 

• k~ulCt-!:<1 dt:tdlled enqlnct!'cu1~1 plant teas1b1l1ty study tu f1nal1ze SdVlO'":JS and verify econo•ics. This su-acy ls p1ov1ded aa a rough qu1de. 
Foe soiae uapcuve•ent actaon!:>, the prel1•1nacy aiudlt d'*ta was not sutt1c1ent to provide energy and cotit savings estu1atea. 
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PLANT $1MMAl<Y 

ENEMGY CONSEl<VATION OPPOMTUNITIES* 

Process/ 
t:qu1paent 

B<u ler 

Flue Gas 
Waste Heat 

Stea• Loas~s 

Electc 1c Power 

Ndlste Heat 

Re-Oes1gn1nq 

--~-- ---

Atea of 
111Pco,,, e•ent 

Burner 

Plue Gas W3ste Recovery 

Blow Down Recovery 

Maintenance and Cleaninq 

lnaulation 

Condensate Return 

Peed Watec Pretreat•ent 

Feed Nater Preheating 

Ptocess Air Waste Heat 

Leaka9e, Exhaust 

Power Factor 

MDtora 

Voltage Stab• lizat ion 

Movtng Pacts Maintenance 

Dty1n9 

SP<ACe Heat 1 ng 

Naate Heat Recovery S~ste• 

Process Contcol Systeaa 

M1crowdve Heat1n9 

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

l•p1ove•ent Action/ 
~u1e•ent Re~u1red 

Tuning 

Waste Heat Recovery 
Syste• 

Econ<>111zer 

Malntain • clean 

Insulate 

P1prn9 

Che•1cals 

Heat Exchanger 

Heat Exchanger 

Adjuat•enta 

lldtch vs Load 

Stab1lizeta 

Ht!at Kxchan9er 

T1•ing of Action 

Short Med1u• Long 
Tee• Tera Ter• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Estt•ated 
Annual Ellti•ated 
Energy Coat 
Sav1nqs Savings 

~~ (.!!!.!___ 

.961 15980 

6.612 769827 

1. 775 7232• 

9125 

1. 568 38126 

1.060 25920 

3.551 86788 

.657 208795 

} 2.051 238ti59 

- - -
~ext ile ~.•~l~l~s'---

CPlant) 

Percent 
Saving 
of Total 
Enetgy 

~ 

.10 

•• 60 

.u 

.23 

.15 

.52 

1.25 

1.U 

~uie!ent Jnveat•ent 

Minor 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Major 

1111 

x 

x 

x 

x 

Payb .. ck 
Pee lod 
(Years) 

( 1 

l 

<1 

1-3 

' 
1-2 

' 
5 

* Requires d~tatled en91neec1nq plant feas1b1l1ty ~tudy to f1nal12e sdv1n9a and verify econo•ics. Thia au .. acy is provided••• rough guide. 
Fur s~ 1aprove11ent dct1ons, the preliainary audit data was not sufficient to provide ener9~ and coat aavin9a ~sti•atea. 
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~LANT SUMMAllY 

l::NEl.GY CONSl::llVATION OPPOll'rUNITIES• 

l>cocess/ 
.l:fqu1pment 

Furnace 

Flu~ waste 
Heat 

Electr 1c Power 

waste Heat 

Re-Oes19ning 

Atea ot 
l11P1ove•e1•t 

COllilua ta. on 

Inaulat1on 

Temperature/Pressure 

Miilntenance 

reedwatec Preheatln9 

Air waste Heat 

Power Factor 

tk>tors 

Voltage Stabilization 

Mov1n9 Pacts Maintenance 

Space Hedting 

waste Heat Recovery Syate• 

lmpcov~ment Action/ 
Equ1pint:nt R~uired 

TUn1nq 

Insulate 

New Contc.:>la 

Heat Exchanger 

Adjust11ent 

Mit.tch vs. Load 

Stabilizer 

Ti•tng of Action 

Sholt Med1w:i Long 
·rec• Ter• Ter• 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Process Cont col Syateaa X 

R. r. Heatinq X 

-~------- ---------

Eatl•ilted 
Annual Eati•ated 
Ene•gy Coat 
Savings savln9• 
~~i_ (!&__ 

1.123 134849 

,068 35318 

~~!__!;~~ooh Co•pany 
(Plant) 

Percent 
Equ.&P11ent lnveat•ttnt 

savln9 
Of Total Payback 
Energy PeClod 

~ !!!OOI Major (YHCll 

x 1-3 

20. 70 x <l 

x 

Nil 

x 1-3 

x 4 

5.42 x 

x 1-2 

• llequileti detailed enq1nee<1ng plant fe4slb1l1ty titudy to l1nal1•e sdvlngs and verily economic•. This •u .. acy ts plOVlded 48 • cough 9ulde. 
Fut ao•~ iaptovetaent act1uns. the pcel1•1nAry audit data was not sufficient to pcov1d~ energy •nd coat ••vinys eHtl•Atea. 

- - - - - - - - - - - - - - -
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Pl.ANT s.-1<Y 

ENERGY CONSERVATION OPPORTUNITIES• 

1"1uc ·ss/ 

~qu1p•ent 

Bot ler 

1-'lue Gas 

waste Heat 

St e.aa Losses 

Electr 1c Paver 

Waste Heat 

H:t!'-Des1qnlntj 

Are4 of 

I•prove•ef!t 

lk.rnec 

Flue Gas Waste Recovery 

Blow Down Recovery 

Maintenance • Cleaning 

lnaulat1on 

Condensate Return 

Peedwater Pretreat•ent 

Peedwater Prehe•ting 

Process Ale waste Heat 

Pipe lnsulat 100 

Trap111 

Le•ka9e 

Oiatr1but1on Network 

Pover Factor 

Motors 

lloltaqe Stablltzer 

NOv inq Pact l:i Mil intenance 

Dryin9 

Space Hectt1n9 

Waste H~ctt Mtcovecy Systea 

Pcocess Control Systea 

M1ccowavt" He4t1ng 

Tl•ing of Action 

l•~rov~ment Action/ Short Medaua Long 
~.-•~t Requtred . Tt!ra Tera Tera 

Tun109 x 

Waste Heat Recovery x 
Syste• 

Econoaazer x 

Md1nta1n • Clean x 

Insulate x 

P1pang x 

Chemicals x 

Pieat Exchanger x 

H~at Exchanger x 

Insulate x 

Stea• Traps x 

Repau x 

x 

Ad)u&t•ents x 

M4itch YB Loaid x 

St dbl llZliHS x 

x 

He.:1t Exchanger x 

x 

x 

x 

x 

Goy~-~-!tt•tl~~~--·-
(Pl•nt) 

------

htl•ated Percent 
Kqult-ent lovttst•ent Annual Blltiaated sav1n9 

Ener\jy Co•t of Total Payback 
S•v.ings Saving a Energy Period 
(I03GJL___ '~- ~ M1nor Major (Year a) 

1.109 11754 8.65 x <I 

.671 l22H 15.89 x 

x 

.223 6S83 •• 1 Nll 

23425 16.74 x 

1.211 3211 2.29 x 3 

.382 ueo 4.63 x 

x 

I 
x 2 

.419 7109 5.08 x <I 

I 
x 1-3 

.044 9S04 6.79 x 

x 

x 1-2 

} l. 38 11: 92 a.ou x 

x 

x 

x 

x 

"'Htqu1ct-s detdi1led t"ny1nt-ec1nq plant fta&1b1l1ty !:>tudy to t1ndil1:it ::...iv1ngs and vec1fy econo•.Lcs. 'l'hls au-acy .LS p1ovidi!d as d couqh qu1de. 
1''uc so1nt 1apcoveaent c1ct10n.s, the pcel1•1nacy dUd1t ddtd was nut suft1c1ent to piuv1dt!' enec9y anJ cost aavtnqs elit.Laatea. 
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!'LANT SUMMA.HY Ka~1• ~1lk Mtlls 
-~nti ____ _ 

t:Nt:MGY COH$t:llYATION OPl'OHTllNITIES• 
-------~ 

t:tit uaated Perc11tnt 

T1•1ng of Action Annual l!atl•ated Sav1n9 ~ut~ent lnveataent 

P1 JCess/ 
Equipment 

scn ler 

Flue Gas 
Naste Heat 

Ste•• Losses 

Electr tc Power 

WCI.ate Heat 

1te-Oes19n1nq 

Area of 
Japrovt!'11e1~ 

Burner 

Plue Gas WAsle Recovecy 

Blow Down Recovery 

Maintenance • Cleaning 

lnaulatton 

condensate Return 

Peedwater Pcetreat•ent 

Peedwatee Peeheat1ng 

Process Air Waste Heat 

Pipe lnsulat ion 

Tr•pa 

Leaka9e 

D1atribut1on Netwoek 

Power Factor 

*>tors 

\/oltage Stab1lizer 

Moving Pdcts Matntenance 

Dryim1 

Space Ht!'d t i n9 

Waste Htat R~oveey Systea 

Peaces~ Cuntrol Syste• 

Microwave Ueat1n9 

l•prov~ment Action/ 
~Em~nt Me~uired. 

'l\rn1nq 

Waste Heat Recovery 
syste• 

Econoaizer 

M41ntain • Clean 

Insulate 

P1p1n9 

Clleaicals 

Heat Exchanger 

Heat Exch•n9er 

Insulate 

Stea• Tcapa 

Repair 

Adjustaenta 

Match va. !Dad 

St ab il ae1 o 

Heat Exchanger 

--~~ ----~- --- -

Short 
Tera 

a 

a 

x 

x 

x 

Ener9y cost of ToUl 
Med1u• 1Dn9 Savin9a Savin9a Inergy 
Ter• Tee .. _!!ll)G.J) (!!.L_ ~ Mln'!.!_ lhljor 

15.267 151589 J.89 x 

a 10. 65) 3002 I I 7.57 a 

x a 

8.116 200027 5.05 Nil 

a 91i63 .2t a 

a J.190 217856 5.~1 x 

2. 191 32400 .81 x 

a 

a 

x x 

22.724 Jl6045 8.49 x 

x 

x x 

x 

x .947 3581189 9.06 x 

x 

x 

x } 6.232 17~621 4.44 x 

x x 

x x 

x x 

x x 

111 RequHes detailed eny1n""""' lnq plant fec1s1b1l1ty study to t1ndl1ze sav~:l<JS and verity econaaJ.cs. •rtua au-ctry ia peuv1dt!d as a rouyh CJUide. 
For soee iaprove•ent dct1ons, the p1el1•1n.uy a.Ulht ddta wc1.s not ~utficient to p1ovide ener9y and cost aavinqD esti•ates. 

- - - - .. - - - - - - - - -

P•ylulck 
Per tad 
(Yearu) 

<I 

2 

<I 

1-3 

' 
1-2 
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- - - - - -

PU.NT SUMMARY 

EN~RGY CONS~RVATlON OPPORTUNIT~l~ES=-*~~-

ltohinoo< Te1tttle Mills 
(Plant I 

-

Eatia.sted Percent 
~uil!!ent lnve•taent 

Annual Batiaated S'lving 

PCIX'lli!SS/ 

~u1p•ent 

Boiler 

nue Gas 
Wcaste Heat 

Stea.a Loaaes 

lUect r ic Power 

Waste Heat 

R~-Dea19n1n9 

Area of 
l!frove•ent 

Burner 

Plue Gas Wdate Recovery 

Blow Down Recovery 

Milintenance • Cleaning 

lnaulat ion 

conden&•te Return 

Peedvater Pretreat•ent 

Feedwater Preheating 

Process Air Waste Heat 

Pipe lnsulat ion 

Traps 

Leakage 

Diatr ibutton Net..ar k 

Power Factor 

llDtOU 

\IOltage Stabilizer 

Mov1nq Pacts MAintenance 

Drying 

Space Heat in9 

Naate H~ot R~cov~cy Syatewa 

Process Control Syste• 

Miccowe1~e Heotlnq 

Tiaing of Action 

l•ptove•ent Action/ Short Med1ua Long 
!!qu1pa.,nt ~equiced Tee• Tera Tee• 

'1\.m1n9 x 

Waste Heat Recovery x 
Syste• 

&::on091aier x 

Matain • Clean II 

Insulate II 

1'1p109 II 

Chealcde II 

Heat Exchange< II 

Heat Ellchange< x 

Insulate x 

Steas Trapa x 

Repair ,. 
x 

Ad)u&t•ents x 

Match vs. Load x 

Stablllzet& x 

x 

He4t Exchan9ec x 

x 

x 

x 

x 

Bne<qy Co•t or Totd 
Savin9s Savings llnergy 
(103G.J I (!!!.L__ Coat _ Ml nor MiljO< 

1.055 16313 . ll II 

17.961 1934660 16.22 x 

x 

J.795 86239 .72 NU 

050 x 

1.0•9 61371 .o• II 

2.566 58320 .o x 

I ..,,. x 

1.62 II 193226 

II 

I ··.., 
x 

x 

1098039 9.20 II 

x 

} 2. 360 

x 

25,200 2. ll x 

x 

x 

x 

• kequ1ce~ detailed enq111~ec1nq plant feas1b1l1ty btudy to f1nal1ze saYlngs and v~rify econo•lc». Thia au .. ary is p1ov1ded AB a rouqh 9uide. 
t'oc ao~ taprove11ent actions. the preli•inary aud1t dota Wdli not sufflcient to ~rovide energy and coat ••vinqti est1a•t••· 
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!'LANT SIMMAHY 

t.:Nl-:ltGY CONSl:::-tVATJON OPPOMTllNl r11::s• 

PICX:t!':iS/ 

~ent 

Boller 

Flue Gas 
Waste Heat 

Steaa Losses 

Elect r le Power 

Waste Heat 

lte-Des1gn1n'j 

Area ot 
I11Proveae1•t 

Burnet 

Flue Gas Waste Recovery 

Blov Down Recovery 

Maintenance • Cleaning 

In11ul.ation 

Condensate Return 

Peedwater Pcetreataent 

Process Air waate Heat 

Plpe lnsu lat ion 

Trap11 

Leakage 

Diatribut100 Network 

Power Factor 

MOtors 

Yoltaqe Stab1l11er 

MDvinq ~~rte M.liintenance 

D1y1ng 

Space Ht:at1ng 

Waste Heat Mecovery Syste• 

P1ociess Control Syste• 

M1c1owav~ Heat1ng 

Imp1ov~•ent Actaon/ 
Equ1pacn~ Requlced 

Tun1nq 

waste Heat Recovery 
Syste• 

Econo•1aec 

Ma1nta1n • Clean 

Insulate 

Piping 

Chea1cala 

Heat Exchanger 

Insulate 

Stea• Traps 

Repair 

AdJustaenta 

Match vs. Load 

Stabil1zers 

Heat Exch•nqer 

T1alng of Action 

Shoct Med1ua Long 
Ter• Tee•_ Tera 

ll 

x 

x 

x 

x 

x 

x 

x 

x 

x 

ll 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

E&t111ated 
Annual llatiaated 
l!neryy Co•t 
Sav1n9s Sev1n9s 
po 3ru 1 CJ!!.L__ 

3.•26 52968 

12.025 780341 

3.308 125307 

31628 

I. 623 !15•H 

7.602 172800 

8.506 19Jl30 

I.JOI UJJ08 

} 4.•27 28734] 

Lawrencepur ~len • Textlle Mall11i 
CPl•ntl 

Percent 
Saving 
Of Total 
l!nergy 
~ 

• 89 

u.01 

21.00 

• 53 

1.60 

2.H 

3.2• 

7.09 

••• 1 

~nt Jnvu~--

M1nor 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Major 

1111 

x 

x 

x 

x 

x 

x 

x 

Payback 
P .. lod 
!Yeuel 

<I 

J 

2 

<I 

1-3 

1-l 

• kequtre~ detailed enq1neec1n~ plant fedSlblltty ~tudy to f1nal1ze S4vlnqe and vei1fy econo•ics. Thia au .. ary is piovldtid •••rough guide. 
t'or soat 1aprove11ent dct1onti, the pcel1•1nary audit ddta WdB not ~ufflcient to provide ene19y and cost aev•n~~ ~~~!~~t~M. 
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- - - - - - - - ~ - -
PLANT SUMMARY 

Nat aon•l Dye1n9 • rantah~Center 
tPlAnt) 

t:NERGY CONSt:RVATION OPl'ORTUNIT!t:S• - --- -·-------------

Bat &•41tttd Percent 

Annual Bal1•ated saving 
~t lnveat•ent 

T1•1n9 of Action Bnec9y coat ot Total PAyb4ick 

Pcocess/ A<ea of l•p1ov~•cnt Action/ Sho<t Medlu• Long SAVln<JH S•v1ngs l:nergy P•Uod 

Equ.lpae'!!_ I•ec ov em en t ~~ent Required !.~ Ter• Ter• (1QlG.J) 

·~- ~ ~~".E!. MA1oc ~ .... , 
8'.:>1let &urnec TUn1n9 x 7.241 98787 1.35 x <I 

~lue Gos wast~ Recovery Waste Heat Recovecy x 5.429 146751 12.'4 x 
Syste• 

Blow Down Recovery F.cono•1zer x x 2 

Maintenance • Cleaning tw1nt4in • Cledn x 2.267 75772 6.42 Nil 

Inaul•tion Insulate x 15232 1.29 x 3 

Condensate Return P1pang x 2.049 41083 3.48 x 

Fee<hlater Pcetteat•ent Che•1cala x .969 19440 1.65 x 

Flue Gas Peedv•te< P1eheat1ng Heat Exchanger x 
waste Heat 

P<oceas A1r Waste Heat He•t E11chan9er x 

Steaa Losses Pipe lnaulat ton Insulate x 

I 
x 

TU1pa Stea. Tr•ps x 4.5H !10926 1.11 x 2 

Leaka9e Repau x x <I 

lliatubution Netwo<k x 

Electt 1c Power Power Factor Adjuat•ents 

I 
x 1-l 

MOtors Match vs. Load x • 345 70076 5.9' x 

V0lta9e Stab1l1ze1 Stab1l11e1a x x 

MOvlnq Pacts M.linten•nce A 
x 1-2 

waste Heat Dcy1n9 Heat Exchan9tu x } 3.491 94364 7.99 x 4 

Sp•ce Heatanq x x 5 

Re-Oes19n1n9 Waate H~4t kecovery Syst~• x x 

Proceiis Cootcol Syste• x x 

Microwdve Heot1nq x x 2 

• ile..]uHe~ dct•1led engH1cL·r inq vlant ft:!dl:Ub1l1ty ~Ludy tu t tndllZt:! s.avHt'Jti and v~c ify econo•ica. Thta au-•l'Y Ui pcov1ded •• • U.U.hJh qu1de. 
i''oc sulM:' 1•1-1cove•ent o;act1u1ui. th~ pcel1a1ntuy aud1t ddta wa~ not suft1cient to pcuvide enecqy and cuat ••vin9w t!tltl••tee. 
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