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1 INTRODUCTION
)
This report represents the completion by INTRAG, Inc.,

of an assessment of industrial energy conservation 1in
Pakista1. 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 perspective 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 o0il 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
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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. Since
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 by 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




Table 1

FRIMARY ENERGY CONSUMPTION

1982-83 Estimated 1987-88
Energy Percent Energy Percent Annual
Consumption Share Consumption Share Growth
MTOE of Total MTCE of Total Rate
0il (excluding
bunkers and
non-energy use) 5.85 39.0 10.01 42.2 1.3
of which:
Domestic (0.65) (4.3) (1.04) (4.4) 9.9
Gas (excluding
feedstock) 5.81 38.7 8.32 35.0 7.4
Coal 0.76 5.1 1.16 4.9*% 8.8
Hydro 2.49 16.6 4.01 16.9 10.0
LPG 0.07 0.5 0.22 0.9 25.7
Nuclear 0.02 0.1 0.02 0.1 --
Total 15.00 100.0 23.74 100.0 9.6

* The share will increase significantly in later years as a result of
investments stimulated by the Sixth Five-Year Plan.

SOURCE: "The Sixth Five-Year Plan, 1983-88 (Draft,” Planning Commission,
Government of Pakistan, May 1983, p. 210.
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non-conventional sources of energy. As specified in the
terms of reference provided by the DGER, 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 of legisla-
tive, technological, and financial measures to be

instituted by the Government of Pakistan.

Recognizing this need in the late 19703, 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:

e Energy conservation policy

® Energy conservation in the transport sector

® Energy conservation and cascading in industry

e Energy conservation in the domestic and commercial
sectors

® Role of renewable resources of energy.

The recommendations of thic Symposium were carried
forward in further initiatives. One of these is this
assessment. As called for by the DGER, the specific

objectives of the assessment were:

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

mechanic, and paper and chipboard industries to
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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 DGER, 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 pased 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.
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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
firal 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
person-weeks of effort per plant. To avoid any mis-

representation of the detail and final accuracy of the

:
)

Y 4
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data, energy input and output values were not attached to
the prccess flow diagrams (see Appendix A), although "check
energy balance indicatcrs" 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
confirms 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
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Exhibits su; 2ovting these chapters are provided in a

“ppendix
Apr:ndix

Apendix

Appendix

Appendix

[

‘on, and the following six appendixes are

--- Manufacturing Process Flow Diagrams
by Plant

-- Detailed Energy Use and Costs by Plant
-- Energy Audit Data Sheet Format

-- Introduction Letter and Example Acceptance
Form

-~ fethodology for Estimating Energy Savings

-- Individual Plant Summaries




CHARACTERISTICS OF AND
APPROACHES TO INDUSTRIES ANALYZED

The Director General of Energy Resources (DGER) 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 industry sectors:
textiles, metal-rechanic, and paper 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
Province, six (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.
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In accordince 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 the 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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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 such as size, production capacity,
and advantages or disadvantages of operating procedures of
a particular industry over the other. Several factors
account for the variations iniicated in the monthly
consumption pattern. These include, but are not limited
t0: operating 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 gas accounts for about 80 percent of the total
energy consumption, electricity about 13 percent, and oil

about 7 percent.
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2.2 APPROACH TO THE
ENERGY AUDIT SURVEYS

The EASs were carried out in accordance with the following

steps:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Develop first draft of an energy audir data
sheet (EADS).

Develop equipment list, prepare specifica-
tions, and order equipment to be used for
EASs.*

Select, schedule, ard conduct a test energy
audit survey at one plant.

Revise/modify first draft of EADS, cortact
plants, and schedule EASs for eight plancs.

Conduct EASs at eight plants.

Prepare an Interim Report.

After obtaining DGER's/UNIDO's comments and guidance on

the Interim Report, the rest of the EASs were carried

out in the following steps:

Step 7:

Step 8-

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

Develop final draft of EADS and modify
procedures/analysis to reflect DGER/UNIDO's
guidance.

e

* Due to the fact that inviting quotations from various
manufacturers of energy auditing equipment, placement
of orders, delivary 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.

i
]
i
I
i
i
i
i
i
i
i
i
i
i
i
i
i
i
’
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Step 9: Contact and schedule EASs with the remaining
22 plants.

Step 10: Conduct EASs at 22 plants.
Step 11: Prepare Draft Report

Step 12: Prepare Final Report

3%}
.
w

DATA COLLECTION

AND RECORDING

Each EAS was conducted during a one-day visit after
careful advance planning and scheduling. The draft survey
forms used for the EASs are shown in Appendix C. The
information on the EADs has been organized into the
following categories:

® General

@ Purchase of Utilitiec

® Operating Information

® Ancilliary Equipment

® Production Costs

® Economic Data

® Plant and Machinery

® Energy Inputs |

® Energy Outputs
® Summary Sheet
® Manufacturing Process Description

® Monthly Energy Cost Data (Electricity, Natural Gas,
and Other Fuel Costs)
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® General State of the plant
@ Boiler Data Sheets
e 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 environmental 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 wvoltage,
current, power, process steam flow rate, flue gas velocity,
pressure, and emissivity ranges of different parts in the

plants.

i
i
|
I
i
i
i
I
i
|
1
1
i
i
1
1
i
1
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“

The energy auditing equipment package included an Energy
Mobile Diagnostic Unit (EMD) as well as the energy auditing
instruments. The EMD unit was used for transportation of
personnel and equipment from one plant to ancther. 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 approach resulted in an additional effort but was
preferred 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.
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[

O

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 procFf .ses
and 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 or 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.

R N W TR B BN G S B B D A BN BE BN B B - .



3 ENERGY CONSERVATION
FINDINGS AND OPPORTUNITIES

Based on the findings of the 30 plants surveyed, energy
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 practices"”
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

of energy conservation opportunities based on recoverable

potential is also presented.
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3.1 ENERGY LOSSES
AND INEFFICIENCIES

Th2 type and magnitude of the energy losses and ineffi-
ciencies in the 30 plants surveyed vary by manufactur-
ing process, size, plant age, product type, financial
circumstances, and general state of the industry. The
following types of losses and ineffiencies were identified:

® Boiller losses

® Steam system losses

@ Waste heat losses

® Hot water locsses

@ Electric power losses

® Furnace/metal-mechanic process losses

e Inappropriate equipment design and layout

e 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
i 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, capacitizs and average operating efficiencies.
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The average operating efficiencies were calculated using
graphical approach 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 not 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~cent; 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.
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The causes for the lower boiler operating efficiencies
are:
® Inadequate or no insulation
® No condensate return system
A @ No feedwater preheating
e No preheating of combustion air
e No burner tuning/improper Air/Fuel ratios
e High 1idling losses
® Excessive unburned gases

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

® No heat recovery from blow-down water

e Inadequate cleaning and maintenance procedures ‘
(fouling and scaling)

e Improper location of boiler house, causing excessive
pressure drops in pipes

e 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 virtualiy all

plants. The causes are:
® Poor insulation
® Defective steam traps
® Leakages

® Inefficient steam distribution network.

The quality of insulation is extremely poor, with
often hanging loosely from the steam distribution
several spaces along the path of the distribution
have no insulation at all. The piping shows rust

excessive corrosion caused by prolonged operation

lagging
network;
network
and

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 lasses

in the distribution system.

The amount of heat lost through the entire steam distri-
bution system caused by factors such as poor insulation,
dcfective 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/preventive measures
to improve steam system losses in the plants surveyed are

presented in section 3.2.1d.

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.

Exhibit 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 between 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. 1In general, for natural gas an
efficient boiler would use about 15 percent excess air.

In the plants surveyed, the industry average 1is 85.2
percent, which is way too high and indicates excessive

wastage.

The above mentioned losses are significant and provide a

great opportunity 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 3.2.1c.




ENERGY CONSERVATION FINDINGS AND OPPORTUNITIES B

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 measures
to recover the wasted heat. For example, 1in 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 1is 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

ﬁ

i
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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 factors
® Poor maintenance of moving parts
e 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
electric power utilization. The industry average is (.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 regarding 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 1load 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
.n 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
flourescent 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 utility, Water

and Power Development Authority (WAPDA).

3.1.6 Furnace/Metal-Mechanic Process Losses

Furnaces are used in the metal-mechanic/steel industries
primarily 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

e poor design

e hich idling

® poor temperature and pressure controls; and

e 1inadequate cleaning and maintenance procedures.

Most of the energy conservation meaasures in plants using
furnaces warrant process specific considerations since the
production stages are quite diversified depending on the
final product. Furthermore, the size and production
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

e 1improving quality of input scrap material
e pre-heating scrap by waste heat

e improved furnace insulation

e higher speed rolling

e 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 delivery/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. 1In 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 piants 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

! for optimum layout and without using any of the modern

energy-efficient monitoring techniques (such as computer-

' ized process control automation) or process technologies
(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 o0il. The cost

per Gigajoule or million Btus is high, and 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 1is 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 1is
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 not

actually run as described to the Intrag/Zelin team.

3.1.9 Management and
Administrative Inefficiencies

Several areas in the management and administration of
these plants could be improved; these include:

® Production planning

e Operator knowledge

e 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
outpqt. 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 any potential
savings. In this plant, time is allocated to various

cusctomers 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 1in the absence of proper

production schedules.

3.1.9% 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. Operators 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 made 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 in a few industries. In many cases the
organizational structure of the plants and their operating
practices do not include employee incentives. There 1is
considerable uncertainty in terms of job 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 eftort

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):

e 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:

e Improvements in boiler efficiency

® Improvements in furnace efficiency

o Utilization of flue gas waste heat

® Reduction of steam system losses

® Reduction of hot water losses

® Reduction of electric power losses

e Utilization of process waste heat.

e Identification of fuel substitution opportunities
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3.2.1a 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 perceat.
Exhibit 3.13 shows the recoverable potential in energy
savings by improving 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 one 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:

e Improving combustion efficiency through burner
tuning

® Recovering waste heat and using it for preheating
feedwater or combustion air

e Improving burner design
® Recovering boiler blow-down

@ Utilizing boiler condensate return
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@ Pretreatment of feedwater
e Improving maintenance and cleaning

e Improving insulation.

3.2.1aa * 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 (CHy).
Ignoring the other constituents, the complete
combustion of methane is given by the following
chemical equation:
CHq + 20 — > CO2 + 2H70

The mass 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 5 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 3.2.1c

"Ugtilization 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
ard 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 conditions, pressure, and
temperature. A periodic spot check of combustion
measuring temperature, excess oxyden and CO 1is

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 Boniler waste heat recovery. Excess waste

heat can be recovered from flue gases and used to
preheat the boiler feedwater or combastion 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 reguire 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:

e 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)

e 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. 1In 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.

. 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 z
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 mininum 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 pressure/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 feedwater
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,
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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 various
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 would follow an exponential decay function
over time. The number has been rounded to give an

approximate average with continued operation.
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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 water in
terms of its hardness and thermal conductivity showed
regicnal variations so no one standard pretreatment
procedure could be applied. Detailed plant specific
water quality evaluation and pretreatment 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.%ag Insulation. Exhibit 3.18 shows the gquality

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 3.2C shows the estimated ‘N
average annual savings in the metal-mechanic plants due
to improved furnace efficiency.
The total estimated savings are 42.1 X 103 GJ Jer year,
amounting to Rs 3.6 million per year. Among the most signi-

ficant measures for improving furnace efficiency are:
e improved insulation
e better design

e usage of ultra high power furnaces.

3.2.1¢c Utilization of
Flue-Gas Waste Heat

In all the plants audited, the 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 shovs the temperature, volume, and quantity

of heat carried away by the flue gases in the plants
audited. The temperatures of flue gases are high (up to
521°C), and the heat carried away is excessive. Experlience
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 waste 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 conditicn 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 their

overall layout indicates an inefficient distribution

system.

Steam system losses can be reduced by:

Improving piping insulation
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. The total savings

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

3.2.1e Reduction of
Hot Water Losses

In the plants surveyed, there is excessive waste of
hot water at high temperatures. Hot water losses could
be reduced by:

e Condensate return

e 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.

Rs 10.7 million per vyear. l
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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 condensate 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:

‘ e Using taps that automatically shut off when no
water is required

e Insulating storage tanks

e 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 heat-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 3.2.7g below

(Utilization of Process Waste Heat).

3.2.1f Reduction of
Electric Power Losses

Electric power losses can be reduced by:
e Improving power factor of the plant
® Correct matching of motors
® Voltage stabilization
e 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 power.

Standard procedures for maintenance of all moving parts i
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.

Voltege stabilization would improve the operating effi-
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. 1In 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.

3.2.17h 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 mixture of coal and




ENERGY CONSERVATION FINDINGS AND OPPORTUNITIES

0il. 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 technology
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 fc. 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 Adisplace 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 heating.
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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

e Replacement with new equipment.

3.2.2a Existing Equipment

Design modifi~ations in an existing system can
range from small changes to a major overhaul of existing
processes. A wide range of modifications have been suc-
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
instance, 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 optimizes the air-fuel ratio by
actomatically adjusting t» any changes in loading,
temperature, pressure, inlet air, exhaust, and
humidity. Several versions of APCSs are commercially

i available for installation at boilers, dryers, and
furnaces. Modern APCSs offer automatic burner-tuning

. facilities and automatic control of isolators on

s chimneys. Isolators are devices that automatically
close and do not allow heat to escape when a boiler

i 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.

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 enecrgy 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 energy conservation,

depending on design, ratings, and suitability to a

3.2.2ab Waste heat recovery systems. In the plants l
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specific process. It is beyond the scope of this
study to 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 cases may also require design modifications to

suit process-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 offer a very high energy-savings

potential.

3.2.2ba Microwave heating. In many t-:xtile manufac-

turing processes, particularly drying, microwave
heating techniques could be used. This would
completely eliminate the use ¢f 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 vield savings of half or more of

the total cost of drying.

3.2.3 Management and
Administration

Management and administrative procedures play a 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
e Operating procedures
® Maintenance procedures and recordkeeping

e Training and incentives.

3.2.3a 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

e 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 <energy 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 userful 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.

3.2.3c Maintenance
and Recordkeeping

in general, little or no information 1s 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
Oor 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:

e Improvements in “urnace insulation

e Flue gas heat recovery and utilization

e Improving steam distribution systems

® Power factor improvement

e Optimizing drying times/Using 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 financial savings by plant for each
of the improvement opportunities. The following assumptions

and factors must be understood to appreciate Exhibit 3.28:

e Improving boiler efficiency and operation l
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e 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 undoubtediy
improve the boiler-related savings, the enclosed
exhibit does not fully reflect the beciler-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.




A FRAMEWORK FOR AN INDUSTRIAL ENERGY

4 TARGETED ENERGY CONSERVATION ACTIONS:
CONSERVATION PLAN

Determining energy losses and inefficiencies and idehti—
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 the 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,
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based on completion of 30 energy surveys. The sections of
Chapter 4 cover:
4.1. Energy use trends and 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.
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(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 increasing at only
half the rate of the 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 o1l
price increases and a relatively high rate of domestic
economic growth has pushed the cost of oil imprrcts 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 strairs Pakistan's physical, financial,

and human resources. Although the country has valuable

coal, gas, oil, tydropower, and renewable energy resources,
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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 1in the
public and 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 nas outpaced
domestic production and imports. As a result, electricity
and natural gas shortages, which first occurred in the
early eighties, are 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,
ir 1992/1993. The natural gas deficit is projected to
remain as high as 18 percent of peak load demand in
1987/1988, and 17 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 tnese 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 will
be realized by the end of 1985. The high levels of oil
imports will continue, but this alone cannot be relied
upon to meet demand because of other urgent demands of
foreign exchange and the limited ability of the installed
refining and distribution system to handle a higher level

oi imports.
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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 ..ade, producers and
consuimers would need “ime to adjust. Although such
adjustments are critical to solving Pakistan's energy
problems in the long run, they are 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 outlined 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 1in several
key areas: providing incentives for the purchase of
energy-efficient equipment; conducting an energy conserva-
tion awareness campaign; 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 using 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 conservation-
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 werc 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 ecconomic 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. Improve boiler/furnace efficiency. Because 40% of the

energy used in the plants surveyed is boiler fuel, the
energy savings oppcrtunities from improving boiler/furnace
efficiency are significant. 1In 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
vears. In virtually all cases, this would provide an
acceptable return to management, if a proper engineering
feasibility study could be done, capital were available,
and management and operating expertise were sufficient.

In several cases (combustion efficiency, temperature/
pressure conirol improvements, and maintenance and cleaning)
immediate actions can be taken at virtually no cost to

SAvVe enerqgy.
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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.

5. Reduce steam system losses. Steam system losSses 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 repalr the
majority of steam system leaks, a minor cost (relative to
other energy conservation investments) is necessary.
Typical paybacks for such investments are usually less
than tliree years, and often less than one year. Further,
minor repairs of steam traps require little or no capital,

and can provide immediate and economic energy savings.

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

steam system losses, can occur in a variety of ways.
One example -- heat loss in hot wash water -- is shown.
As opposed to acticns 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
losses, 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 investments, 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 savings.

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 or

enhancements to an exlisting plant. In some cases, 1t 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, &and
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 1s

roughly 2-3 years.

2. Install new types of equipment. Technology development

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 systams.
While these systems involve a relatively significant cost,
when compared to other actions, the payback can often be

two years or less.

-~ e
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3. 1Install 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 majcr economic benefit from cogeneration 1is
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

* Coaeneration is defined as the production of both
electric power and useful thermal energy in an efficient,
sequential manner from a single power 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 1in
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 1s necessary for the
investment to take place. Typically, in many of other
countries where cogeneration has been tried or 1is 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 need to gather hourly steam
and electric power data, and ascertain 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-
iate 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 abserce 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 karrier 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 addressing this
barrier could yield great dividends at a limited cost

through training and special technology transfer 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 1is seen by
the industrial facility. If, on the basis of his portion
of the savings, the investment is not worthwhile, it is not
made. This 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 the
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. 1In 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 practices 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 investménts 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 governmental level must

be identified, such as:

® FPlant equipment investment actions -- by type and
cost

® Economic incentives needed that are not now present

D
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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 <sectors 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

e Fuel savings for the nation as a whole

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

® Ovevall implementation feasibility from an industrial
sector point of view

e New jobs and other economic benefits.

Given this perspective, a framework for a national

industrial conservation plan is 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 ernergy 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 developed. The prerequisites to the Plan and the
framewoc:sk for the Plan are discussed in the 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 demand should be reviewed -- the Power
Market Survey by the planning deparment of the
Power Wing of the Water and Power Development
Authority (WAPDA). Finally, there are annual or
other periodic reports provided on energy use in
Pakistan. One example is the Energy Yearbook
publisted by the Ministry of Petrolum 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.

Evaluate key issues, and se* up action plans to

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

capital constraints) 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) 1involve 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 energy
conservation, there likely will be no immedi te
resolution and further analysis 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

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. 1Increases in the efficiency of energy use.

The above broad objectives must be achieved for a given
level of economic output, since cutting back in economic
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:

supplies and uses of energy. l
-
)
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@ Lack of awareness on the part of industry sector
managers on actions they can take and equipment
investment opportunities that could save them

money.

e Technology constraints requiring selected applied
research, demonstration projects, or other commer-

cialization activities.

e 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 reqgulatory obstacles to more effi-
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, and 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:
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@ Textiles

@ Metal/mechanic

e Paper and chipboard

e Refining
@ Fertilizer and
e Cement

e Iron and steel

The different processes
require different audit

technical expertise for

chemicals

in the above and other industries
procedures, different areas of

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 accomplished through

publications, special mailings to key organizations

and companies in the different sectors, and through

special conferences or seminars that allow face-to-

face information contact. To increase encrgy

conservation awareness, a program for technology

information and expertise transrfer may be set up.

-




| TARGETED ENERGY CONSERVATION ACTIONOS

2.

Carry out audits and develop related implementa-

tion plans. It is important to note that tlte
basis for achieving benefits in any sector is 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.

Establish selected applied research and commerci-

alization support activities. There may be

technolcgical constraints that prevent certain
energy conservation actions without some cialge in
electrical, 2lectronic, or mechanical equipment

capabilities.

Reduce energy-intensiveness of manufactured

products. The main opportunities for reducing
enerqgy use in certain end-use sectors may rest

in the use of more efficient equipment -- e.g.,
cerrain types of electric moturs. Therefore,
selacted actions affecting Pakistani manufacturing
requirements or types of equipment allowed for

import, could be considered.

Initiate new national policies and legislation.

There may be certain actions not under the control

of piant managers that could result in significant
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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.5t 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 implemented 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 of expertise needed to

audit, engineer, and assist in energy conservation
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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 Program 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, other 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 the actions and supporting

steps. 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.

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.

Identification of the organization and person

responsible for each action step. There are two

levels of responsibility for each action. One is

- 6=
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the overall management responsibility -- i.e., whc
will see that 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 1dentified.

4. Resources required. The amount of human resources

required in terms of man-months 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
commitment as well as budget commitments by certain
governmental agencies for support activities are required

for a successful Plan.

A final feature of a workahle implementation plan is a
process for updating the plan. 1In 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 actions and
reassignment of resources, with a more formal revision

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

LIST OF INDUSTRIAL PLANTS
AS PROVIDED BY THE DGER

Annual
Production
No. Industry Type Location Products Capacity
1. Chenab Steel Metal- Faisalabad M.S. bars 6,000 tons
Mills mechanic (Punjab) Centrifugal
pumps
2. Sunshine Group Metal- Lahore Bicycles 60,000 nos.
of Industries mechanic (Punjab)
3. Oriental Engg. Metal-~ Gujranwala Copper wire 236 tons
Works mechanic (Punjab)
4. Rajwa Metal Metal- Gujranwala Metal wire 30 tons
Industries mechanic (Punjab)
5. Bombay Brass Metal- Lahore Utensils 250 tons
Works mechanic (Punjab)
6. Lahore Engg. Metal- Lahore Pig iron 24,000 tons
and Foundry mechanic (Punjab) Electric fans
Workshop Road rollers
Machine tools
Agr. implements
Centrifugal
pumps
7. Industrial Corp. Metal- Lahore Drums 159,500 nos.
mechanic (Punjab)
8. Abdul Rahim Metal- Lahore Crankshafts 500 nos.
Allah Ditta mechanic {Punjab)
9. Sialkot Foundry Metal- Burewala Foundry Rs.1.35 lacs
mechanic (Punjab) products
10. Metropolitan Metal- Karachi M.S. bars 9,000 tons
Corp., Ltd. mechanic (Sind)
11. Dada Steel Metal- Karachi M.S. bars 11,000 tons
Mills mechanic (Sind)
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(continued)

LIST OF INDUSTRIAL PLANTS

AS PROVIDED BY [HE DGER

Annual
Production
No. 1Industry Type Location Products Capacity
12. General Steel Metal- Gujranwala Utensils 220 tons
Co. mechanic (Punjab)
13. Khalil Metal Metal- Gujranwala Utensils 200 tons
Works and mechanic (Punjab)
Rolling Mills
14, Adamjee Paper Paper and Nowsherz Paperboard
and Board Mills chipboard (N.W.F.P)
15. Pakistan Paper Papver and Charsadda Paper 3,000 MT
Mills chipboard (N.W.F.P)
16. Pakistan Paper and Jhelum Chipboard
Chipboard chipboard (Punjab)
17. Dost Mohammad Textile Karachi Yarn
Cotton Mills, Ltd. (Sind) Cloth
18. Mohammad Farocoq Textile Karachi Yarn
Textile Mills (Sind) Cloth
19. The Paracha Textile Karachi Towzls
Textile Mills, (Sind) Cloth
Ltd.
20. Government Tex- Textile Lahore Towels
tile Weaving and (Punjab) Bedsheets
Finishing Center
21. Kohinoor Textile Textile Rawalpindi Cloth
Mills, Ltd. (Punjab)
22, Zeenat Textile Texvile Faisalabad Cloth
Mills, Ltd. (Punjab) Yarn
23, Chenab Textile Textile Multan Cloth

Mills, Ltd,

(Punjab)
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LIST OF INDUSTRIAL PLANTS

AS PROVIDED BY THE DGER 3
Annual
Production
No. Industry Type Location Products Capacity
24. Colony Textile Textile Multan Printed 5,425,000 m
Mills, Ltd. (Punjab) cloth
25. Alahwasaya Tex- Textile Multan Printed 3,252,215 n
tile and Finishing (Punjab) cloth

Mills, Ltd.

26. Bannu Woolen Textile Bannu
Mills (N.W.F.P)
27. Lawrencepur Tex- Textile Lawrencepur Cloth

tile Mills, Ltd.

28. Chand Cloth Textile Gujranwala Cloth 2,194,560 m
Printing Mills {Punjab)

29. Kashmir Art Textile Lahore Dyeing screen 1,828,300 m
Industries (Punjab) Printing

30. Modern Weaving Textile Lahore Art silk 546,806 m
Factory (Punjab) Fabrics

31. Habib Textile Textile Gujranwala Cloth 2,194,560 m
Industries (Punjab)

32, Rehmania Silk Textile Swat
Mills (N.W.F,P)

33, Karim Silk Textile Karachi Art silk
Mills, Ltd. (sind)
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FINAL LIST OF THIRTY INDUSTRIAL PLANTS AUDITED

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

Shaheen Calico Printing Works

Sunshine Cotton

Sunshine Jute

Location

Karachi
(Sind)

Multan
(Punjab)

Bannu
(N.W.F.P.)

Lahore
(Punjab)

Lahore
(Punjab)

Multan
(Punjab)

Karachi
(Sind)

Lahore
(Punjab)

Karachi
(Sind)

Rawalpindi
(Punjab)

Lawrencepur
(Punjab)

Gujranwala
(Sind)

Karachi
(Sind)

Gujranwala
(Sind)

Lahore
(Punjab)

Lahore
(Punjab)
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Page 2

Paper and Chipboard

Adamjee Paper & Board Mills

Pakistan (hipboard 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 Stee: & Re-Rolling Mills

Sh. Abdur Rahim A, Ditta Steel

Shakir Metal Industries

United Iron & Steel

Yazdani & Co. Ltd,.

Location

Nowshera
(N.W.F.P)

Jhelum
(Punjab)

Charsadda
(N.W.F.P)

Lahore
(Punjab)

Gujranwala
(Punjab)

Gujranwala
(Punjab)

Lahore
(Punjab)

Gujranwala
(Punjab)

Karachi
(Sind)

Lahore
(Punjab)

Lahore
(Punjab}

Gujranwala
{Punjab)

Lahore
(Punjab)

Lahore
(Punjab)

]
I
i
i
i
1
i
]
i
i
i
i
i
i
i
I
i
!
T




Exhibit 2.3

AVERAGE ANNUAL ENERGY CONSIMPTION OF
NATURAL GAS, OIL AND ELECTRICITY FOR

INDUSTRIAL PLANTS AUDITED

Industry Electrizity Naturél Gas o1l
(MWH) (HM-} (Litres}
Textile
Abid Industries 1125 5513 -=
Allawasaya Textile & Finishing 8242 - -
Bannu Woolen Mill: 886 -- 958202
Ceebee Textile Industrles 1120 22990 -
Chenab Textile Mills 5981 - -=
Colony Textile Mills 23133 144207 -~
Faroog Textile Mills 12521 27011 ) -
Government Textile Weaving 96 1063 -~
Karim Silk Mills 1435 37042 -
Kohinoor Textile Mills 8893 21556 --
Lawrencepur Woolen & 3664 21567 -~
Textile Mills
National Dyeing & 463 11496 --
Finishing Center
Paracha Textile 1350 20734 -
Shaheen Calico Printing Works 315 17102 --
Sunshine Cotton 11238 -- --
Sunshine Jute 2805 - -
Papec_and Chipboard
Adamjee Paper & Board Mills 25755 189651 --
Pakistan Chiphoard Ltd. 764 -- 51031e
Pa¥istan Paper Corp Ltd, 36148 142186 7603605
Metal-Mechanic/Steel
Asnraf Engineecing Works 5217 -- --
Gennral Steel Tools Company 176 1312 -
International Metal Industries 877 PAR --
Kamran Steel Re-~Rolling Mills 10934 26096 -
Khalil Metal Wocks 804 2693 -
Metropolitan Steel 10768 3022€ -~
Ravi Strel & Re-Rolling Mills 218 4282 -~
Sh. Atdur Ranim A, Ditta Steel 21 4770 --
Shaxir Metal Industries 883 443 -
United Iron & Steel 6424 -~ --

tazdani = Co. Ltd.

3002




Exhibit 2.4

Average Monthly Energy Consumption
in «he Plants Surveyed
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Exhibit 2.5

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

Electricity
{13%)

Oil (7%)

Natural Gas
(80%)




Exhibit 2.6

LIST OF EQUIPMENT USED IN
ENERGY AUDIT SURVEYS

Operating Range/

Equipment Type Parameters Specifications
Infrared - Microprocessor Direct readout -20° to 2500F°
Pyrometer Accuracy of temperature
- Five modes of including self
operation calibration
- Digital Emissivity
Adjustment
- Spectral Filtering
- Automatic Power Off
- Rugged Housing
Combustion - 3 digit display - Oxygen and - Low range 0-999 p.p.m.*
Bfficiency - 5 preprogrammed carbon - high range 1000-4000 p.p.m.
Analyzer fuels monoxide test
- Efficiency test
- Smoke test
- Draft test
pH Meter - LED digital display - Measurement cof 0 to 14 pH

Exergen Heat
Radiation
Scanner

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

pH potentials

- Measure

radiation heat

Accuracy + 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%

- ¥7C accuracy +1%
- Ambient temp. range

40 to 120°F.

- Range/scale factor

accuracy + 5%

* P.P.M. = Parts per million.
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' Exhibit 2.6 (continued)

LIST OF EQUIPMENT USED IN
ENERGY AUDIT SURVEYS

! Operating Range/

Equipment Type Parameters Specifications
Air Flow Portable Air flow - Accuracy *+1%
Meter with velocity - 0.2 m/s 35 m/s
Temperature temperature minus 30°C-200°C
Indicator
Multimeter Voltage, - 0-750 VAC
current 0-200m, 160 amps
resistant Accuracy +0.07%
conductivity
Power Factor Clamp-on - Plant power 30% - 100% on 100-500 VAC
Meter factor 900 AC 50 HZ
- Motor efficiency
- Motor 1loads
Micro Scanner Portable Temperature Accuracy + 1%

Infrared Wave Temp. 1000-2000°C

Psychrometer ~ 'Pistol’ with - dry bulb temp. Fixed output slope

wet & dry sensor

- aspiration fan

- wick & water supply

- measurement
circuitry

- rechargeable
batteries

- digital readout

Thermometer - Digital
Cassette Portable
Recorder Battery operated

Pressure gauges
Mechanics tool
set

- difference
between dry &
wet bulb temp.

Temperature

Oral interview

1.0 mv/°C
Total system
current 40 ma

0-900°C




Exhibit 3.1

PRESENCE OF IDENTIFIED LOSSES AND INEFFICIENCIES BY INDUSTRY

Paper & Metal-Mechanic/
Textiles Chipboard Steel _
Boiler losses X X X
Steam system losses X X X
Waste heat losses X X X
Electric power losses X X X
Furnace losses X
Inefficient equipment X X X
design and layout
Inefficient energy X X X
supply and conversion
Management /administrative X X X

inefficiencies




——— —— e ———r
Exnthit 3.2 LOSSES AND INEFFICIENCES IN PLANTS SURVEYED
Losses ano Abto Bannu Ceebee Colony Farooa Govt, Karim Kohinoor  Lawrenceour National  Pracha Shaheen  Rdam)ee Pakistan  Pakistan Sh. Rbour
Inetficiencies Industries Woolen Textile Text1le Textile Text1le  Silk Text1le Woolen ¢ Text. Dveing ¢ Textile Calico Paper ¢ Chioboard Paper Corp, Ramim A,
mlls Inqustries W1lls mlls Weaving  Mllis Mlls kllls Finisning ills Printing  Boary Lto. Ltd. Ditta
Boller Losses
Inadequate or no Imsulation x x X X x X x x x ] X
No Comgensate Return x x ] x x ] x x X
No Feedwater Preneating X ] x x x x X x ] x % x
No Preneating of combustion air ] X X x X ] ] X x X x x
No gretreatment of Feedwater ] x X X x x X
No Burner tuning ] x x x ] ] x X X ¥ ¥ x
Poor [leantng and Maintenance x X * x x X x x x ¥ x x
High 18l1ng losses x x x x ¥ x x x ¥ ] x ¥
ExCRSSIVR undurmed gases % x I x x ] 1 x X ] x
No flue gas oampers X x X x X x x X x X X X X x
NO heat recovery from 0)owdown x ] ] x x ] x x x X x x x x
Gas consuming o1lot flames x x x x X x ] x X X x x X x
instead of electrical rgmtion
[moroper iocation of boiler house
C3uSing excessive Dressure drops th D1pes
_acw of arofessionally cualified x x ] x X x x X x x X
sanoower and Droper 1hstrusentation
Y . o ) - o




Exmibit 3.2 (continuea) LOSSES AND INEFFICIENCIES IN PLANTS SURVEYED

Losses ang Ab1g Bannu Ceebee Colony Farooq Govt. Karim Haohinoor  Lawrencepur National  Pracha Shaneen  Rdas)ee Pakistan  Pakistan Sh. Abdur
Inefficiencies Industries woolen Text:le Textile Text1le Textile Silk Text1le woolen & Text. Dyeing & Textile Calico Paper & Chioboérd FPaper Carp. Rahim A,
nills Industries %ills Mlis wedving Mg *llls milis Finishing Mills Printing  Board Ltd. tta. Ditta
Steam Systee Losses
Poor rnsulation X x X ] 1 1 x [ 1 ¥ x X ] ] x
Defective steaw traps x X ] x ] X ] X ] ] X ¥
Excesstve [eikages X ] x X X X X x X x [] ] [ X [
[nefficient uistribution networs x x X x x X X x ] ¥ % x
waste reat Losses
Flue gas losses X X x X x ] ] x x x x x x x x x
No maste neat recovery ¥ x x ‘ ] X x ¥ x ] x x ] ¥ ¥ x
Hot Water Losses
Lost high-tewperature wash mater ] x ] ¥ N ] x ] X X X X x X x "
Heat lost in condensate x x x x X x ] X ] x X x ] ] ] X

~ @ik =E Tl N Il N I I B a2 BN B B AE ' B O e
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Exmibit 3.2 icontinueg) LOSSES AND INEFFICIENCES IN PLANTS SURVEYED

Losses and Ab10 Allamasava Bannu Ceebee Lhenad Calony Faroon Bovt. Hariw Kohinoor  Lawrenceour Natiomal  Pracha Shaneen  Sunshine  Sunshine
Inefficiencies Inoustries Textile ¢ Woolen Textile Textile Text1le Text1le Textile Silk Textile Woolen & Text. Dyeing & Textile Caliro Cotton Jute
Fimishing Mills Incustries mills Mills mlls Weaving mllls NIlls Nllls Fimishing ™Mills Printing

Electric Power Losses

foor power factors
Poor maintenance of moving parts
[aling

lmorooer aatcning of motors

with loacs
Zacessive fan power usage x x x x ] ] X X ] x x X
for arying
Spor distribution network X x L] L x X X ] X X L} x
Frequent voltace variations x x x X x x x x ¥ x x x ] ] x x
Inaogroor:ate tcuicment Design
inadequate or no Jrocess X x X x 1 ] x X x X ] x ]
control monitoring
Jutdated technologies x x x x ] x x X X X X X x
Inefticient tnergy
suonly amg corversicn
Unrecessary use of hign value fuels x x x x x x x x x X x
Management /Administration
Ooor crouction a.anning X L] ] L] [} [ X | X ] X x ] X
Foor cperatar <mowiecge L] x x . x x [ x X x X x ¥ x X x
NO emplovee 1ncentlve X L] x L] ' L] L1 x x L] x x x X ] 13
Za0r watntenance OF recoras x x x X x " x H x x ] x x ¥
ing procedures
4




Tuhinit 3.2 icomtingea) LDSSES AND INEFFICIENCES IN PLANTS SURVEYED

Losses ane Acam ee Oakistan  Pakistan Ashraf Gereral International Xamran Khalil Metropoiitan Havi Steel Sh, Abgur Shakir United Yazdam
{nerticiencies Paper & Chiodoare  Pager Corp. Engineering steel Tools Metal Steel metal Steel Re-<clling Ranim A, %etal lron ¢ 4 Co. Lta.
Boara Lta. Lta. Works co. Ingustries Qe-4olling Works Mlls Ditta Ingustries Stee!

Electric Power Losses

foor oower factors ] x x x x x 1 [ x x x x x X
Poor wairtenance of msoving parts x ' x x x x x ] x x x ] ¥ x
laling x x X [ x X X X X X X X % x
lagrooer matcning of sotors X X x x X x x x ] ] X x
wiin [cads
Zacessive *an Jower usage X X x
for arying
AOLr AISTIRUYION network ] x % X x x X x X X x x [ 1
Frequert voltage varations 1 ] X x X x X X % X " X X ]
Inagareariate Zcutowent Lesign
‘nageqiate Ir ro 2rOCESS x x [ x ' ¥ ' x ] ] x x ] ]
contro: momitaring
Tuteatze tectmoiodles x - x x x X X ] x « X x ‘ '
Irerficient enarcy
SUODiy anC OMVErSion
Unrecessa~y use of T1gn value fuels x x x x |
|
Manacement /AC@1n1Stration
|
oor roguCiion 2lanning X X L] X X x [l « ] X ] x ] "
oo c2eratIir -7 Iwid0ge x x 1 ‘ " “ ¢ « « « x ' v «
NG 2fCll.3e rTentive x [ [ X « » < N " " [ ¥ ¥ [
dagr malvieranie v -acorcs x “ . « - x ¢ 4 ‘ ¢ « « « «

anc Irocadares

.4 3 .



ot 3.2 (continued) LOSSES AND [NEFFICIENCIES [N PLANTS SURVEYED

Losses and Rshraf Gereral International Kamran Khal:l Metrooolitan Ravi Steel Sh, Abdur Shauir Unmitea Yazdan)
Inetficrencies Engineering Steel Tools Metai Steel Metal Steel Re—Ralling Ranim A, metal lron & 4 Co. tta.
Works 0. Inqustries Ae-3o0lling Works Mills Ditta Irdustries Steel

Furnance Losses
No oreneating of combustion x X x x x X x x ] x x
air/scrag
Sxcessive neat loss in Flues X x X X X X 1 X % X X
Poor tnsylation x x X x X [ x X X ] ]
No heat corservation steos in x x ] x X x ) X ] x x
tnterwittent orocessing stages
m1gh 1gling losses x x X x X X x X x X ¥
PoOr Or mo temperature controls ] X ' x x x X X X X ]
Joor Jressure control [ x ] x x X x X ] X x
Over #2rinn or Flames 1n flue - x x X ¥ x ¥ x X X fl
Soor waintenance x X x x x x x x X x X
Joor ces x I x ¥ x x ' ¥ X X X

M waste hedl recovery X X X L] X X ] ] x x



Exhibit 3.3

Energy Used in Boilers as Percent of
Tota! Input Energy

Energy

Used in
Boilers
40.4%

ALL PLANTS

Other

56.79%
Energy Energy
Used in Used in
Boilers Boilers
43.21% 40.5%

S~ |

TEXTILE PAPER/CHIPBOARD




Exhibit 3.4

BOILER TYPES, CAPACITY, AGES, AND

AVERAGE OPERATING EFFICIENCIES IN PLANTS SURVEYED

Average

Steam Qperating
Boiler Quantity Capacity Age Efficlency
Industry Type Inrstalled {lbs/hr} (Yrs.) (%)

Textile

Abid Industries Fire-tube 1 7000 17 78.5
Loos :Gunzenhauser

Allawasaya Textile & Finishing?* - - -- -- --

Bannu Woolen Mills Vertical 2 2000 32 59

CeeBee Textile Industries Scotch Marine 2 6000 20 55

Chenah Toxtile Mills - - - -- -

Colony Textile Mills Water—tube 3 14T/107 20 70

Facoogq Textile Mills Fire—tube (Packaged} 2 8000 16 78.7
Standard-Kessel

Government Textile Weaving Cochran, Lancashire 2 2000 15 45

Karim Silk Mills Lancashire 2 6420/4320 15/25 64.95

Kohinoor Textile Mills Fire-tube (Packaged) 2 18000 19 83.1

Lawrencepur Woolen & Textile Mills Water-tube /Fire-tube 3 17000,/34000/7000 30 74.2
Lancashire

National Dyeing & Finishing Center Scotch Marine 1 6000 14 57

Paracha Textile Fire-tube (Packaged) 1 8640 18 76

Shaheen Calico Printing Works Water~-tube 1 3000 - 71
Bahbcock, U.K.

Paper & Chipboacd

Adamjee Paper & Board Mills Water -tube 3 25000737000 31/19 77.2
John Thomson

Pakistan Chipboard Ltd. Watec-tube 1 700 20 42.3

Pakistan Paper Corp. Ltd. Water -tube 4 20T (2) /17T (2) 14 78

Metal-Mechanic/Steel

Sh, Abdur Rahim A. Ditta Steel Lancashire ! 2500 5 70

* Allawasaya Textile Mills spinning

section and its boilers are not in operation anymore.




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

Flue Gas Analysis

Metal-Mechanic/Steel

Industry 02 CO Excess Air Temperature
(%) PPM (%) F(C)

Textile
Abid Industries 5.6 35 32.36 254 (123)
Allawasaya Textile & Finishing -- -~ -- -- -
Bannu Woolen Mills 6 375 35.4 970 (521)
CeeBee Textile Industries 14 350 180 318 (159)
Chenab Textile Mills - - - - -
Colony Textile Mills 7.5 300 50 320 (160)
Faroog Textile Mills 0.8 998 3.5 370 (188)
Government Textile Weaving 14 700 180 318 (159)
Karim Silk Mills 20.5 330 190 280 (138)
Kohinoor Textile Mills 6.9 56 43.33 317 (158)
Lawrencepur Woolen & Textile Mills 4.8 40 26.35 400 (204)
National Dyeing & Finishing Center 15 330 50 475 (246)
Paracha Textile 6.5 240 40 225 (107)
Sheheen Calico Printing Works 13 200 145 400 (204)
Sunshine Cotton - - - - -
Sunshine Jute - -— - -- -
Paper & Chipboard
Adamjee Paper & Board Mills 7.8 460 52.48 400 (204)
Pakistan Chipboard Ltd. 18.6 516 115 882 (472)
Pakistan Paper Corp. Ltd. 13.7 121 110 300 (149)

Sh. Abdur Rahim A. Ditta Steel 13.7 121 110 303 (151)




Exhibit 3.7

Relationship Between Percent Excess Air
and Stack Heat Loss

High stack
loss

Total
Heat
Loss

Maximum
efficiency

Poor
combustion
unburned
fuel

Total Air, Percent Theoretical —_—




Fue!
Savings
{percent)

Exhibit 3.8

Approximate Fuel Savings with Preheated

Combustion Air in Boilers

18

16

150 225

Combustion Air Temperature (°C)

300



Exhibit 3.9

ENERGY EFFICIENCY MEASURES
FOR ELECTRIC MOTORS

Type of
Improvement

Action

® Operational

® Retrofit

e 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
motors
- Use higher voltage for motor drives




Exhibit 3.10

ENERGY COSTS IN PLANTS SURVEYED

Cost per GJ

Cost per MBtu

Industry (Rs/GJ) (Rs/MBtu)
|

Textile |
4

Abid Industries 76.39 80.60

Allawasaya Textile & Finishing 176.93 186.68 !

Bannu Woolen Mills 64.77 68.33 |

CeeBee Textile Mills 25.23 26,62 |

Chenab Textile Mills 139.54 147.23 i

Colony Textile Mills 44.45 46.89 1

Farooq Textile Mills 116.42 122.84

Government Textile Weaving 33.09 34.92

Karim Silk Mills 28.18 29.73

Kohinoor Textile Mills 107.71 113,64

Lawrencepur Woolen & Textile Mills 64.89 68.47

National Dyeing & Finishing Center 27.03 28.52

Paracha Textile 67.69 71.42

Shaheen Calico Printing Works 24,20 25.53

Sunshine Cotton 97.19 102.55

Sunshine Jute 250.91 264.74

Average (Textile) 84.02 88.66

Paper & Chipboard

Adamjee Paper & Board Mills 35.50 37.46

Pakistan Chipboard Ltd. 82.80 87. 36

Pakistan Paper Corp. Ltd. 45.93 _48.46

Average (Paper/chipboard) 54.74 57.76

Metal-Mechanic/Steel

Asraf Engineering Works 212,08 223,77

General Steel Tools Company 120.09 126,71

International Metal Industries 128.97 136.08

Kamran Steel Re-Rolling Mills 79.98 84, 39

Khalil Metal Works 29,33 30.95

Metropolitan Steel 53.39 56,33

Ravi Steel & Re-Rolling Mills 51.72 54.57

Sh. Abdur Rahim A, Ditta Steel 24.04 25.36

Shakir Metal Industries 140.96 148.72

United Iron & Steel 183.28 193,38

Yazdani & Co. Ltd. 212,85 224,58

Average (Metal-Mechanic/Steel) 112.43 118.62




Exhibrr 3.1

COMPARISON OF U.S. PLANT DATA
TO PROJECT DATA

1984 Annual
Production

United States Data

Pakistan 2lant Data

Katio Lo

Final 5G. Meters : Fuel Power . _Fuel Ratio to Power
Industry ‘Plant Feedstock Product bPer Yrar BTU/Sq. Meter kWh /5q. Meter BTU/S7. Meter U.S. Data KkWh/53. Meter U.S. Data

Textile

Abid Industries Polyester woven 1,970,000 2,474 a.7 9, 6485 3.9 0.57 0. 80
Chips Polvester

Allawasaya Textile & Finishing Raw Cotton 3,933,193 17,460 2.15 No Data - 2.10 0.98
Cotron Tnread

Bannu Woolen Mills wWool Woolen 357,225 28,520 2.06 93,159 3.16 2.48 1.20

Cloth

CeeBee Textile Industries Cotton Printed 553,352 16,887 0.135 143,786 8.51 2.02 5.7
Cloth Cloth

Chenab Textile Mills Raw Cotton 1,357,785 17,460 2.15 Insufficient - 4.40 2.05
Cotton Yarn Data

Colony Textile Mills Insufficient Data

Faroog Textile Mills 8,326,807 Insufficient Data

Government Textile Weaving Cotton Finished ¢, 000 11,759 1.33 122,633 10,43 3.20 2.41
Yarn Cloth

Karim Silk Mills Silk Silk 1,168,189 11,759 1.33 109,739 9,33 1.23 0.92
Yarn Cloth

Kohlnoor Textile Mills Raw Cotton 12,906,000 5,352 1.21 5,780 1.08 0.69 0.57
Cotton Cloth

Lawrencepur Woolen Mills Raw woolen 1,250,000 29,520 2.086 59,712 2.02 2.93 1.42
wWool Cloth

National Dyeing & Finishing Cotron Finished 6,200,000 16,890 0.33 6,417 0.38 0.07 0,23
Cloth Cloth

Paracha Textile Cotton Finished &, 750,000 16, BYD 0.33 8,200 0.49 0.15 0.46
Cloth Cloth

Shaheen Calico Print Works Gray Finished 2,00C,000 16,890 0.33 249,594 1.75 0.17 0.52
Cotton Cotron
Clath Cloth

Sunshine Jotton Insufficient Data

Sanshiine Tite Raw Jare 7,000,000 5,392 . Insatticient Data -= 0.40 Q.33
Juare Hag.

Source:  Nata Consgltants - August 198S




Exnhibit 3,11 {(continued)

COMPARISON OF U.S. PLANT DATA
TO PROJECT DATA

1384 Annual

United States Darcta

Pakistan Plant Data

Final Production _Fuel Power Fuel Ratio to Power Ratiao to
Industry Feedstock Product Tons/Year BTJ/Ton kWh/Ton BTU/Ton U.S. Data kWh/Ton U.5. Data
Paper and Chipboard
Adamjee Paper & Board Mills Pulp Paperboard 21,450 13.4 x106 731 30.6 x106 2.28 1200 1.64
Pakistan Chipboard Ltd. Raw Particle 5,000 1.46x106 280 4.43x106 3.03 191 0.68
Woaod Board
bakistan Paper Corp., Ltd. Waste Paper 24,500 16.6 x106 1248 30.9 x106 1.86 1475 1.18
Cotron/
Waste
Paper
Metal -Mechanic/Steel
Ashrarf Englneering Works Scrap Billets 7,221 - 500 - -— 722 1.44
General 3teel Tools Company Billets Special 840 4.03x106 150 5.4 x106 1.34 210 1.40
Steel
Products
International Metal Industries Scrap Sheets 400 4.03%x108 150 6.2 x108 1.53 220 1.47
Kamran Steel Re-Rolling Mills Scrap Ingots & 15,000 4.03x106 578 6.02x108 1.49 729 1.26
I-Shapes
Knalil Meral Works No Flow Sheet 1,080
Mercropolitan Steel Billets Wire & 74,701 4.03x 106 128 4.18x106 1.04 144 1.13
sShupes
Ravi Steel & Re-Rolling Mills Billets Shapes 2,400 4.03x106 78 6.17%106 1.53 99 1.27
sh. Abdur Rahim A, Ditta Steel Scrap Billets 2,400 5,36x106 40 6.88x106 1.28 888 0.22
Shaktir Meral Industries 450 Insufficient Data
United Iron § Stael Scrap Ingots 5,476 -= SO0 -~ - 1173 2.34
Yazdant & Cu., Ltd. Scrap Ingots 2,055 -- SO0 - — 1130 2. 26
Sourae: Data Consultants - August 1985
Y A S - S




Exhibit 3.12

IMPROVEMENT CPPORTUNITIES IN PLANTS AUDITED

l30roveeent BLIT Allawmasava Hannu
Joourtunities Industries “extiie § wmoien
Fimisnirg Mlls

Ceerer herah Cotany Farooa Govt. tariw Koniraor  Lawrencenur Nationdl  Pracna Shaneen Sunsnine  Sunshine
Texti:e Textiie Tewt1je Textile Textile Silx Textile wixolen & Text. Oveing & Terttle Calico Cottan Jute

Iroustries “ills Wlls wlls weaving witls wllls s Finisning Mils Printing

lgrove or Yog:fy
Zxisting 7lant

‘morove Botler Efficiency,e.q.

combustion efficiencys x
burrer tuning

Qecover Waste reat x
Blow-uown recovery b
Yainterarce anc Cleaning x

Insulation
la0rove Furnancesdrocess tfficiency
Zomoustion etficiency
nsulation
Temperature oressure controls

*aintenance

e Flue wdste Heat,e.G.
Feacmater srenealing «

Jrocess air waste neat x ‘

Jeauce Steam Systew Losses.e. .

Ji10@ trsuiation ]
Steam tracs x
Steam leaxage x
Jistrinetion retwors x

Beice 0l maler _0sSes,e. 7.
~eatl IS5 1n 01 wWaSh water ]

YeU CB IlaCiriD Somer t 35586
Slwer ractur X [l

WOPPBECY MALININT O Wwtors x X

ltage ita ation X ¥

A 17T TIr%s M3IRTenance b X

x ] X X ' [ Ll X x x

X x X 3 x X x x ] X

X X ¥ x X X ] X x X

X x x " X X X ] ] x

L] L] x X ] x X X X

¥ x x v 1l % ] x

x ¥ x x X x X ¥ X x

x X x N x x x X X

" X x X X ¥ Y ¥ ]

x X X x x X x X X ]

. X X X x ¥ x X X

L L] N L] X x X u x x

x x x X " x x " % v ‘ ] ¥
] X v ] x « « “ x H x ] x
¥ ] * < X ] x X - " x - 1
T L L] . x L L] L1 L} X “ L] L]



Wy rg 0arts maintenance L] * x

— — —~
————
Exhibit 3.12 (continued)
IMPROVEMENT OPPORTUNITIES IN PLANTS AUDITED
[worovesent Adamree Pakistan  Fakistan fAshraf General Internations| Hamran shalil wgtropoiitan Savi Steei Sn. Abaur Shalar Unitea Yazoam
Joourtunities Paper § Chicboara Paper Corp, Engineering Steei Tools Metal Steel metal Steel Re-doliing Rania R, Metal [ron & 4 Co. ita.
Boara Lta. Lic. WOrkS L. Inaustries Re-Roiling Wworks wills Ditta Ingustries Steel
!warove or Modify
Existing lant
Imarove Bo1ler Efficiency,e.q.
cosoustion efficiency/ H x x
burrer tuning
Recover kaste Heat ] x x
Bloucown recovery x 3 x
Taintenance ane Cleaming ] : %
Insulat:on x X x
Imorove “urnance/Process Efficiency
Compustion efficrency x x x x x X X X
Insulation x x x X X x % x
emperature/pressure controls x x x ] x x x x
Mainterance x x x x ] X x x
Wilize rlue waste reat,e.q.
feeomater oreneating X ] x x x x x x X x
Process 21r waste neat x ¥ x ¥ x X x v X x X
Recuce Steamw Svstem LOSSes, 2. q.
Dige :msulation x N x
Steam traos x x %
Steam leanage X ‘ x
Dstridution networx x x x
Seciice Hot Water Losses.e.l.
g4t 1355 !7 POt wash water x x -
Secice Slect=1c dower Losses
Jomer Tactor IS X x ' « X ] ¥ i < «
Zomrect matonirg OF wotors ] ' n X x x " x v X <
voitage stsailization ] x x x X " x « 1 X x
L n ¥ X X X



Exnibit 3.12 (continued)

IMPROVEMENT OPPORTUNITIES IN PLANTS AUDITED

Imorovesent Apro Allawasava Hannu Colonv Farnce Sovt. Kariw Koninoor  Lawrenceour National  “racna Shaneen Sunsnine  Sunsnine
Jogurtunittes ingustries Tentile & woolen Textile Textile Textile  Silx Textile  woolen & Text. Dveino § Textile  Calico Cotton Jute
Fintsmina Wilis “ils ilis weavirg wllls Nllls %llis Finmisming Wlls Printing
Ut1iize Jrocess waste ~eal,e. 2.
Oryving x X n x x x x 1
Space Heating x x ¥ x X X x x x X
Jesian
Jograce Existing Zauiceent,e.g.
=d5te heal recovery systews x x x x x X x x
Oracess contrel svstews Ll X x x X x x x
Je.ace with \ew zguioment,e.q.,
*icromaves 3.7, teating 1 x x % ¥ x x X
“anacement ing SIWIrlsiratiia
Jecuce Total Orocess Inergy Lse
Through 3etter droguction Hlaaning,
“hroughout sCheguitng % x - X X . x ' X x
Farmaiize lgeratien Peacecures.e. .,
F0ut1ne 3udit ChECNS x . ‘ ] x " [ x x x
[2ie time marntenance [ X ' x * x < X x x
“ormaiize #aintenance
drogauires 4N TBCOrCxeesirg, 8. .,
Ll x Ll o ® x x x X n
Tremg 2radns - x ¥ x x x [ x x x
droyide cmolovee (hcentive,@. .,
.leratirs ) - “ L] L] " " . . [
raers ' L) . [l X ] X x X [}



Exr.itbit 3.12 (continued)

IMPROVEMENT OPPORTUNITIES IN PLANTS AUDITED

Ingrovesent Adanree Pauistan  Dakistan Asnraf Jeneral International Hasran Khalil Metropolitan Ravi Steei Sn, Abour Shakir Umitea Yazganm
Joourturities Pager & Chioboars Daper Corn. Engineering Steel Tools Metal Steel Metal Steel Re-“olling Rahie A,  metal Iron § 4 Co. Lta,
Tosrg Lta. Ltz WOrKS ca. Incustries Re~Roll1ng worss Miils Ditta Industries Steel

Lttlize “rocess waste neat.e.o.

Drving [ x x

Soace reating b x x 1 x x X X X X X x I ]
Des:gn
Upjrade Existing Equloment,e. 9.

wiste heat recoverv systees x X x [ x ] X x " x x [ X x

rocess control systems x x x % x x x X x x ' x x X
Rediace with New Zzuieent, el .,

Micromeves 3. C. reat:irg x x x % [ x x x x X x x x x
Minacewert irQ ~UainrsSIration
Sec.ce Total Imcess Inergy Use
"™rougn detzer droguction Jlanning,

TAmuanout sereculing ' - [ x ' x ] x x x ] x x x
Formal.ze Joerating Jrocedures.e. 3.,

Foutice aucit cnegks x ¥ x Y x x x x X ' ¥ x x [

[zie Ziwe waincemance ] « « X x % x X X x x x x X
Formalize a:ntenarce
drocegures ant fecorckeering,e.g.,

Sacicment recards . « x " [ x x % x x « X x X

Trent zracns x 1 ] b X Ll x X 1 X X ] X X
Arovide fmdlovee 1nCetive, el .,

laerators 1 « “ « i ] x « < x " x < ‘

1 x «

“indzers " ] [ ‘ ] X < x * x ]




Exhibit 3.13

ESTIMATED AVERAGE ANNUAL SAVINGS
WITH IMPROVED BOILER EFFICIENCY

Estimated
Annual
Current Energy Estimated
Average Consumption Annual

Average Annual at 80% Savings 1in Estimated

Operating Energy Boiler Enetrgy Annual

Efficiency Consumption Efficiency Used Savings

Industry (%) (10360 (10363) (103Ga) (Rs/Yr)
Textile
Abid Industries 78 10.871 10.599 0.271 3734
Bannu Woolen Mills 59 35.114 25.897 9.217 273781
CeeBee Textile Industries 55 45.332 31.166 14.166 156092
Colony Textile Mills 70 315.946 276.453 39.493 600415
Faroog Textile Mills 78.7 59.179 58.217 0.961 15980
Government Textile Weaving 45 2.329 1.310 1.019 11754
Karim Silk Mills 64.95 81.156 65.888 15.267 153589
Kohinoor Textile Mills 83.1 47.227 46.171* 1.055 16313
Lawrencepur Woolen & Textile Mills 74.2 47.252 43.826 3.426 52968
National Dyeing & Finishing Center 57 25.187 17.946 7.241 98787
Paracha Textile 76 45.427 43.155 2.271 34689
Shaheen Calico Printing Works 71 37.469 33.254 4,215 40899
Subtotal (Textiles) 752.489 653.882 98.602 1459002
Paper & Chipboard
Adamjee Paper & Board Mills 77.2 463.987 447.747 16.239 189928
Pakistan Chipboard Ltd. 42.3 16.831 8.899 7.932 260757
Pakistan Paper Corp. Ltd. 78 718,708 700.740 4]7.967 321187
Subtotal (Paper/chipboard) 1199.525 1153.38¢ 42.138 751872

Metal-Mechanic/Steel
Sh. Abdur Rahim A. Ditta Steel 70 10.451 9.145 #AJ.JOG 20672
TOTAL 1962.465 1818.413 142.046 2231546

* 85 percent target used for analysis.,




Exhibit 3.14 1

CHEMICAL COMPOSITION OF NATURAL GAS
SUPPLIED TO PLANTS AUDITED

Processed Gas MO1 (%)
Methane 94,42 |
]
Ethane 1.08 E 1
Propane 0.25 l |
I-Butane 0.06 ! 7
N-Butane 0.06
I-Pentane 0.03 i
Nitrogen 5.80 1
Carbon dioxide 0.02 \‘
Oxygen 0.17 |
|
Total 100.00 |

Source: Sui Northern Gas Pipelines, Ltd.




Exhibit 3.15

ESTIMATED AVERAGE ANNUAL SAVINGS
WITH CONDENSATE RETURN SYSTEM

Energy
Input in Energy Estimated
Absence of Input With Annual Estimated
Condensate Condensate Energy Annual
Return Return Savings S5avings
Industry (103G3/yr) (103GJ/yr) (103GJ/yr) (Rs/yr)
Textile
Abid Industries 10.871 8.105 2.765 279455
Bannu Woolen Mills 35.114 32.067 3.046 154993
CeeBee Textile Industries 45.332 38.100 7.231 116640
Colony Textile Mills 315.946 308.034 7.911 353418
Faroog Textile Mills 59.179 57.610 1.568 38126
Government Textile Weaving 2.329 1.091 1.237 EVAR
Karim Silk Mills 81.156 77.965 3.190 217856
Kohinoor Textile Mills 47.227 46.177 1.049 61371
Lawrencepur Woolen & Textile Mills 47.252 45.629 1.623 95478
National Dyeing & Finishing Center 25.187 23.137 2.049 41083
Paracha Textile 45.427 42.883 2.543 57048
Shaheen Zalico Printing Works 37.469 _35.654 _1.8158 34222
Subtotal (Textile) 752.489 716.452 36.027 1201454
Paper & Chipboard
Adamjee Paper & Board Mills 463.987 423.774 40.212 687641
Pakistan Chipboard Ltd, 16.831 15.983 .847 41045
Pakistan Paper Corp. Ltd. _718.708 679.936 38.771 699055
Subtotal (Paper/Chipboard) 1199,526 1119.693 79.832 1427741
Metal-Mechanic/Steel
Sh. Abdur Rahim A. Ditta Steel 10.451 _9.630 .820 9549
TOTAL 1962.466 1845.770 116.679 2638744
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Exhibit 3.16

ESTIMATED AVERAGE ANNUAL SAVINGS

WITH IMPROVED CLEANING AND MAINTENANCE

IN PLANTS SURVEYED

Average
Annual
Energy
Average Consumption
Annual With
Energy Improved Estimated
Consumption Cleaning & Annual
in Boiler Maintenance Savings
Industry (103G9) (103c3) (Rs/Yr)
Textile
Abid Industries 10.781 9.566 48929
Bannu Woolen Mills 35.114 29.847 229968
CeeBee Textile Industries 45,332 40.799 135985
Colony Textile Mills 315.946 288,023 623800
Farooq Textile Mills 59.179 57.404 72324
Government Textile Weaving 2,329 2.096 6583
Karim Silk Mills 81.156 73.940 200027
Kohinoor Textile Mills 47.227 43.432 86239
Lawrencepur Woolen & Textile Mills 47.252 43.944 125307
National Dyeing & Finishing Center 25,187 22,920 75772
Paracha Textile 45,427 41.338 153017
Shaheen Calico Printing Works 37.469 34.846 62371
Subtotal (Textiles) 752,489 687.255 1820320
Paper & Chipboard
Adamjee Paper & Board Mills 463.987 445.427 476424
Pakistan Chipboard Ltd. 16.831 15.316 81479
Pakistan Paper Corp. Ltd. 718.708 689.960 1706245
Subtotal (Paper/chipboarad) 1199.525 1150.703 2264148
Metal-Mechanic/Steel
Sh., Abdur Rahim A, Ditta Steel 10,451 9.510 36480
TOTAL 1962.465 1847.468 4120950

U
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Exhibit 3.17

ESTIMATED AVERAGE ANNUAL SAVINGS
WITH FEEDWATER TREATMENT

Estimated Avg.
Annual Energy

Savings Annual Savings

Industry (103GJ) (Rs/yr)
Textile
Abid Industries 1.130 22896
Bannu Woolen Mills .754 32960
CeeBee Textile Mills 1.200 19440
Colony Textile Mills 4.349 97200
Farooq Textile Mills 1.060 25920
Government Textile Weaving .382 6480
Karim Silk Mills 2,190 32400
Kohinoor Textile Mills 2.565 58320
Lawrencepur Woolen & Textile Mills 7.602 172800
National Dyeing & Finishing Center .969 19440
Paracha Textile 1.154 25920
Shaheen Calico Print‘-~g Works .655 9360

Subtotal (Textiles) 24,010 503136
Paper & Chipboard
Adamjee Paper & Board Mills 11.720 201600
Pakistan Chipboard Ltd. .201 9777
Pakistan Paper Corp. Ltd. 29,550 532800

Subtotal (Paper & Chipboard) 41.471 744177
Metal-Mechanic/Steel
Sh. Abdur Rahim A. Ditta Steel . 125 2918
TOTAL 65.606 1250231

-



Exhibit 3.18

LOSSES AND SAVINGS RELATED TO BOILER INSULATION

Estimated
Recorded Savings
Insulation Quality Surface With Good
Losses Insulation
Industry Good Fair Poor None (Watts/m2) (Rs./yr)

Textile
Abid Industries X 400.00 4536
Bannu Woolen Mills X 510.00 15093
CeeBee Textile Industries X 350.00 10702
Colony Textile Mills X 62.00 80442
Faroog Textile Mills X 200.00 9125
Government Textile Weaving X 507.00 23425
Karim Silk Mills X 210.00 9663
Kohinoor Textile Mills X 150.00 4950
Lawrencepur Woolen & Textile Mills X 150.00 31628
National Dyeing & Finishing Center X 416.00 15232
Paracha Textile X 403.00 12413
Shaheen Calico Printing Works X 501.00 15865

Subtotal (Textiles) 3859.00 233074
Paper & Chipboard
Adamjee Paper & Board Mills X 360,00 142706
Pakistan Chipboard Ltd. X 423,60 20293
pPakistan Paper Corp. Ltd. X 380.00 150071

Subtotal (Paper/chipboard) 1163.60 313070
Metal -Mechanic/Steel
Sh., Abdur Rahim A, Ditta Steel X 300.00 _ 66029
TOTAL 5322.60 612174




Exhibit 3.19

LOSSES RELATED TO FURNACE
INSULATION IN PLANTS

Estimated
Average
Insulation Quality Annual
Losses
Industry Good Fair Poor Nong (GJ/yr)
Metal-Mechanic/Steel
Ashraf Engineering Works X 3757.074
General Steel Tools Company X 1247.659
International Metal Industries X 495,054
Kamran Steel Re-Rolling Mills X 16159.630
Khalil Metal Works X 1822.136
Metropolitan Steel X 88379.087
Ravi Steel & Re-Rolling Mills X 4122.791
Sh. Abdur Rahim A. Ditta Steel X 4373,645
Shakir Metal Industries X 332.169
United Iron & Steel X 4626,976
Yazdani & Co, Ltd. X 2378.450
TOTAL 127694.670




' 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 (103G3/yr) (103GJ/yr) (103GJ/yr) Rs/yr
Metal-Mechanic/Steel f |
Ashraf Engineering Works 18.785 18.233 .551 117306 E
General Steel Tools Company 5.424 4.301 1.122 134849 \
International Metal 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




Exhibit 3.21

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

Total
Volume Total
Average of Exhaust Energy .
Temperature (Boiler & Carried
of Exhaust Other Equip.) in Exhaust
Industry F (C) (m3/hr) (GI/yr) I
Textile .
Abid Industries 254 (123) 7000 5685.29
Bannu Woolen Mills 970 (521) 3398 12744.577 l
CeeBee Textile Industries 318 (159) 9126 10138.843
Colony Textile Mills 320 (160) 55000 61617.649 l
Faroog Textile Mills 370 (188) 9769 16531.134
L]
Government Textile Weaving 313 (159) 3200 1678.822
Karim Silk Mills 280 (138) 25675 26633.555 '
Kohinoor Textile Mills 217 (158) 41749 44904.634
Lawrencepur Woolen & Textile Mills 400 (204) 20700 30061.944 l
National Dyeing & Finishing Center 475 (246) 7362 13574.508 ‘
Paracha Textile 225 (107) 46218 31283.208 l
Sheheen Calico Printing Works 400 (204) 7297 10899.975
Subtotal (Textiles) 236494 265754.483 .
Paper & Chipboard '
Adamjee Paper & Board Mills 400 (204) 69056 114614.637
Pakistan Chipboard Ltd. 882 (472) 2023 8415.093 l
Pakistan Paper Corp. Ltd. 300 (149) 129878 244529.299
Subtotal (Paper/chipboard) 200957 367559.029 l
Metal-Mechanic/Steel l
Sh,., Abdur Rahim A, Ditta Steel 303 (151) 5501 4533.358
TOTAL 442952 637846.870 l

s
v




Exhibit 3.22

ESTIMATED SAVINGS WITH
RECOVERING HEAT FROM FLUE GAS

Average
Average Annual
Annual Consumption
Recoverable With Flue Estimated
Average Energy Gas Waste Average
Annual From Flue Heat Annual
Consumpt ion Gases Recovery Savings
Industry (1036J) (10363) (103cJ) (Rs./yr)
Textile
Abid Industries 24.181 2.274 21.906 173737
Bannu Woolen Mills 38.302 5.097 33,204 330162
CeeBee Textile Industries 87.983 4.055 83.927 102340
Colony Textile Mills 609.880 24.647 585.233 1095456
Faroog Textile Mills 143.718 6.612 137.106 769827
Government Textile Weaving 4,227 .671 3.555 22223
Karim Silk Mills 1357.785 10.653 1347.1 1 300211
Rohinoor Textile Mills 110.737 17.961 92.775 1934650
Lawrencepur Woolen & Textile Mills 91.946 12.024 79.921 780341
National Dyeing & Finishing Center 43.643 5.429 38.213 146751
Paracha Textile 80.573 12.513 68.059 846994
Shaheen Calico Printing Works 63.654 4.1359 _59.294 105512
Subtotal (Textiles) 2656.629 106.295 2550.324 660821
Paper & Chipboard
Adamjee Paper & Board Mills 785.261 45.845 739.415 1627630
Pakistan Chipboard Ltd. 21.451 3.366 18.085 278713
Pakistan Paper Corp. Ltd. .928.737 _97.811 ~830.925 4492412
Subtotal (Paper/chipboard) 1735.449 147.022 1588.425 639875
Metal-Mechanic/Steel
Sh. Abdur Rahim A. Ditta Steel 17.494 _1.813 _15.681 43584
TOTAL 4409.572 255.130 4154.300 13050553




r 4

System

istribution
PR .,‘:"f,\. T

Photographs of a Typical Steam D

Exhibit 3.23




Exhibit 3.24

ESTIMATED ANNUAL SAVINGS WITH IMPROVED
STEAM DISTRIBUTION NETWORK

Estimated
Average Annual
Annual Energy
Energy Used With
Used in Improved Estimated
Steam Steam Annual
Generation Distribntion Savings
Industry (103GJ) (103GJ) (Rs./yr)
Textile
Abid Industries 10.871 8.914 39633 i
Bannu Woolen Mills 35.114 29,847 229968 !
CeeBee Textile Industries 45,332 37.173 132178 !
Colony Textile Mills 315.946 259.076 1271012
Farooq Textile Mills 59.179 55.628 86788
Government Textile Weaving 2.329 1.910 7109
Karim Silk Mills 81.156 58.432 336045
Kohinoor Textile Mills 47.227 38.727 193226
Lawrencepur Woolen & Textile Mills 47.252 38.746 193330
National Dyeing & Finishing Center 25.187 20.653 90926
Paracha Textile 45.427 35.433 224425
Sheheen Calico Printing Works 37.469 30.725 96230
Subtotal (Textile) 752.489 615.263 2900870
Paper & Chipboard
‘ Adamjee Paper & Board Mills 463.987 361.910 1755623
Pakistan Chipboard Ltd. 16.831 13.464 162958
Pakistan Paper Corp. Ltd. 718.708 560.592 5845529
' Subtotal (Paper/Chipboard) 1199,525 935.966 7764110
Metal~Mechanic/Steel
Sh, Abdur Rahim A, Ditta Steel 10.451 8.152 53505
TOTAL 1962.465 1559,381 10718485

l
|
{
{
'




Exhibit 3.25

SAVINGS RELATED TO POWER FACTOR
IMPROVEMENT IN PLANTS SURVEYED

Current
Average Estimated
Annual Annual
Consumption Savings in
Recorced at Measured Electricity Estimated
valuc of Power at 0.9 Annual
Power Factor Power Factor Savings
Industry Factor (Kwh/yr) (Kwh/yr) (Rs/yr)
Textile
Abid Industries 0.8 1124.763 90.192 115433
Allawasaya Textile & Finishing 0.75 8247.677 1057.408 673707
Bannu Woolen Mills 0.75 885.570 113.619 121572
CeeBee Textile Industries 0.7 1120.405 205.354 157693
Chenab Textile Mills 0.7 5980.615 1096.162 550818
Colony Textile Miils 0.e 23133.120 1854.988 1229913
Faroog Textile Mills 0.88 12520.535 182.544 208795
Government Textile Weaving 0.75 96.058 12.324 9504
Karim Silk Mills 0.7 1435.417 263.092 358689
Kohinoor Textile Mills 0.77 8893.310 963.192 1098039
Lawrencepur Woolen & Textile Mills 0.78 3663.770 361.586 423308
National Dyeing & Finishing Center 0.68 462.516 95.993 70076
Paracha Textile 0.66 1350.220 314.970 875616
Shaheen Calico Printing Works 6.7 334.753 61.355 119030
Sunshine Cotton 0.7 11237.844 2059.737 720908
Sunshine Jute 0.75 2805.115 ~359.896 325182
Subtotal (Textiles) 83285.688 9092.411 7058283
Paper & Chipboard
Adamjee Paper & Board Mills 0.75 25754.750 3304.336 2049688
Pakistan Chipboard Ltd. 0.77 763.953 82.740 94324
Pakistan Paper Corp., Ltd. 0.75 36148.383 4637.839 2947992
Subtotal (Paper & Chipboard) 62667.086 8024.915 5091003
Metal-Mechanic/Steel
Ashraf Engineering Works 0.7 5216.628 956.134 730228
General Steel Tools Company 0.77 176.001 19.062 35318
International Metal Industries 0.8 87.707 7.033 14277
Kamran Steel Re-Rolling Mills 0.75 10933.767 1402.803 1097637
Khalil Metal Works 0.75 80.364 10.311 9177
Metropolitan Steel 0.8 10767.800 863.443 988598
Ravi Steel & Re-Rolling Mills 0.67 237.511 52.304 121345
Sh. Abdur Rahim A. Ditta Steel 0.8 21.315 1.709 1214
Shakir Metal Industries 0.8 88.320 7.082 13102
United Iron & Steel 0.76 6424.470 759.187 501063
Yazdani & Co. Ltd. 0.8 3002.213 _240.740 184526
Subtctal (Metal-Mechanic/Steel) 37036.096 _4319,807 3696484
TOTAL 182988.870 21437.134 15845770




Exhibit 3.26

ESTIMATED AVERAGE ANNUAL SAVINGS
WITH OPTIMIZED DRYING TIMES

Estimated
Savings
Average in Energy
Annual Input With
Energy Optimized Estimated
Used in Drying Annual
Drying Times Savings
Industry (10367) (1036J) (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 3.49 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

Applications and
Techniques Operating Characteristics

Heat pipe heat ® Waste steam reclamation
exchangers ® Heat recovery from exhaust
e Drying
e Effective recovery up to 50 percent
e Operating temperatures up to 350°C
Run-around coil ® Waste heat recovery from flue gases
heat exchangers @ Permits transfer of heat to remote

locations
® Effective recovery up to 40 percent

Regenerators ® Waste heat recovery from exhaust
® Heat-setting heat recovery

Recuperators @ Waste heat recover; from exhaust
e Heat-setting heat recovery
e Preheating of combustion air

Economizers ® Preheating of boiler feedwater
@ Waste heat recovery from flue gasses




Exhibit 3.28

Estimated Energy Savings (000 GJ)

Industry

Textiles
Paper & Chipboard
Metal -Mechanic

Total

SUMMARY OF ESTIMATED ENERGY AND COST SAVINGS

Improved
Improvead Improved Flue Gas Steam Improved
Boiler Furnace Heat Distribution Power
Efficiency Insulation Recovery System Factor*
99 -- 2550 615 33
92 - 1588 936 29
1 128 16 g 15
142 128 4154 1559 77

Estimated Cost Savings

Industry

Textliles

Paper & Chipboard

Metal-Mechanic
Total

Percent
of Savings

(Rs Mill:ion)

* 1 kWh is assumed to require 3.6 million joules of on-site energy use.

Improved
Improved Improved Flue Gas Steam Imprcoved
Botler Furnace Heat Distribution Power
Efficiency Insulation Recovery System Factor
1.4 - 6.6 2.9 7.0
0.7 - 6.4 7.7 5.1
0.1 3.6 0.1 0.1 3.7
2.2 3.6 13.1 10.7 15.8
53 7% 274 22% 334
R

Optimized
Drying
Times

87

106

This is equivalent to 3412 Btu/kWh,

Optimized
Drying

Times

— D ——

Total
Energy
Savings
3384
2614
168
6166
Total Total Percent
Cost Epergy Cost
Savings Costs Savings
20.1 94.7 213
20.7 72.3 29%
7.6 _43.8 17%
48.4 210.8 23%
(Overall)
100%



Exhibit 4.1 l
ENERGY CONSERVATION IMPROVEMENT OPPCRTUNITIES l
Equipment Investments Qperat:;g and Maxntena;;;“
Estimated l
Likely Ccst Pet Likely
Major Minot Payback Plant Payback
Improvement Actions Cost ! Cost 2 {Years) (Rs 000) tYears)
Improve or Modify Existing Plant l
Improve Boiler/Furnace Efficiency
e Combustion efficiency/ X <1 Nil Immed l
butner tuning
® Temperature/pressure X 2 Nil Immed
controls
® Recover Waste Heat X 3 l
® Blow-down recovery X 2
e Maintenance and Cleaning Nil Immed l
® Insulation X 3
Utilize Flue Gas wWaste Heat
e Feedwater preheating X 2 l
® Process air preheating X 2
Reduce Steam System Losses
e Pipe insulation X 3 '
® Steam traps X 2 Nil Immed
e Steam leakage X <t l
Reduce Hot Water Losses ‘
e Heat loss in hot wash water X 4
Reduce Electric Power lLosses '
® Power Factor Adjustments X i-3 N1l Immed
e Correct matching of motors X 4 I
® Voltage stabilization X 3
® Moving parts maintenance X 1-2 N1l Immed
Utilize Process Waste Heat l
® Drying X 4
® Space Heating X S l
Make Design Changes
Replace Existing Equipment '
e HWaste heat recovery systems X 2
® Process control systems X 3
Install New Type Equlpment I
® Microwave/R.F. heating X 2
Install Cogeneration Fquipment
® Displace power X 2-3
® Produce excess power X 2-5

t
|
i
i
i
i
t
'

'several milllon Rs investment likely requited,

2Lnss than Rs 2 million investment likely requiced.




ENERGY CONSERVATION IMPROVEMENT OPPORTUNITIES
{cont inued)

' Exhibit 4.1

Ease and Immediacy of Implementation Financial Attractiveness
Can Establish Out-of-Plant Technology
Immediate Training Transfer Estimated Likely
Change in Plant Required and Assistance Cost Payback
! Improvement Actions Procedure Available Required (Rs) (Years)
Management and Administcative
Reduce energy use frum better X X <10,000 <1
production scheduling
Institute prriodic standard X X < 5,000 <1
"checklizt" audits
Formalize routine maintenance X Nil Trmerd
"checklist™ activities
i
|
|
Formalize maintenance X X < 5,000 1
records/trend graphs
Incurporate enerqgy expertise X Nil Upon
criteria into hiring practices Hiring
Establish in-house enerqgy X X <10,000 <
savings incentive program
Implement training programs
® Minimum requiremencs X Nil Immnd
done in house
e Additional requitements X X <10,000 1

provided externally




Exhibit 4.2

Barriers Constraining Industrial Energy Conservation in Plants Audited

Reasons for
Taking No Action

Percent of Plants That Cited Each Reason

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 Energy Cost
and Lack of Governmental
Incentives

More Important Problems
Facing Company

(201

(:7)(_)‘ o)




Exhibit 4.3

Evaluation/Decision Process for
Energy Conservation Investments

Determine
energy
losses

Contact
equipment
vendors
and/or
engineering
firms

SCOPING

Identify

improvement |,

actions

Identify
equipment
alternatives

SCREENING AMALYSIS

No GO

Carry out
detailed
energy audit

Analyze
general
economics

SITE SPECIFIC ANALYSIS

and firm up >

site-specific
economic
assumptions

Identify and
evaluate

Determine

energy
savings

and O&M l

non-economic
factors

IPLENMENTATION

\ Select
) Carry out | engineer
feasibility |7 or vendor
study (where
— required)
GO
decision
i Provide
Obtain
financing '"Sd‘a” for O&M
and | _» | and
procure start up commence
quipment equipment equupment
operation




Appendix A

MANUFACTURING PROCESS FLOW DIAGRAMS

BY PLANT
Textile Exhibit Paper and Chipboard Exhibit
Abid Industries A1 Adamjee Paper & A.17
Board Mills
Allawasaya Textile
& Finishing A.2 Pakistan Chipboard Ltd. A.18
Bannu Woolen Mills A.3 Pakistan Paper Corp Ltd. A.19
CeeBee Textile A.4
Industries
Chenab Textile Mills A.5 Metal-Mechanic/Steel
Colony Textile Mills A.6 Ashraf Engineering Works A.20
Faroog Textile Mills A7 General Steel Tools Company A.21
Government Textile A.8 International Metal A,22
Weaving Center Industries
Karim Silk Mills A.9 Kamran Steel Re-Rolling A.23
Mills
Kohinoor Textile Mills A.10
Khalil Metal Works A.24
Lawrencepur Woolen
& Textile Mills A.11 Metropolitan Steel A, 25
National Dyeing & A.12 Ravi Steel & Re-Rolling A,26
Finishing Center Mills
Faracha Textile A.13 Sh. Abdur Rahim A. Ditta A.27
Steel
Shaheen Calico Printing
Works A.14 Shakir Metal Industries A.28
Sunshine Cotton Mills A.15 United Iron & Steel A.29
Sunshine Jute Mills A.16 Yazdani & Co. Ltd. A.30

e e s e




Exhibit A1

Manufacturing Process Flow Diagram of
Abid Industries

Polyester Chip

E Hgt melt '
spinning
Air condition +——E | !
plant - W
!
E— L. i
Texturizing ' i
E—>» 1
. +—— E
Boiler
-+——— NG
E—>
S —» Jet dying
W l
Gas engine
generator NG l ‘
E ——» L
NG Finishing
stenter
W—>m l
E—> Calendering '
E — Elactricity
NG — Natural gas
S -~ Steam
W — Water
€ Felt
’ calendering
E—>» Store i l




Exhibit A.2

Manufacturing Process Flow Diagram of

Allawasaya Textile and Finishing

E—>» Biow room l
Twisting
I
E——>» Cards l
l Reeling
E—» Combers l
Cone
winding
E—» Simplex
l Baleing
E—» Drawing l
l Store
e - I
E—» Ring
E — Electricity

Raw Cotton

|

|

Electrical
workshop

I

«——E l

Mechanical ‘ £
workshop 1

—

|
v

I Airconditioning

]
 .—
plant l




Exhibit A.3 l
Manufacturing Process Flow Diagram of
Bannu Wollen Mills l
Wool '
W—> Washing &
s —» drying
| ]
Boiler | -—— W
J -— F.0il ‘
{
w—> . ' 1
Dyeing :
§ } :
1
l Dryer - S l
E —» Garnad !: > Warping - E '
machines ! l
, _ |
—_— Rowing Weavin I -+—— E
E machine 9 \ I
| R |
E —— Ring frames L Inspection -———_j
Finishing - E .
I
| |
E—» Doubling Raising | ——E
-~ |
Store

E — Electricity
S — Steam
W — Water

F. Oil — Furnace Qil

i
1
B 1
I
!




Exhibit A 4

Manufacturing Process Flow Diagram of
Cee Bee Textile Industries

Detergents i—»

Dyes —ap
Antifoam
wetting agents
Finishes

Input Raw Material

Cloth preparation
pre-processing

Dyeing, )
high temp 130 C

Washing

Drying and
batching

l

Gums, dyes —»

Antioxidents
Stabilizer

Screen printing

Drying and
batching

E — Electricity
NG — Natural gas

S — Stearn

W — Water

--— W
- E

< W
-+——— E
-t——S

- W
-«——E
-+——S

-«—— NG

«+—— NG
-5
-—— E

Output Finished and Packed

Packing

A

|

Embossing

Calendering

|

Heating setting

Printed cloth
dye fixators

¥y  Prepared cloth for fixing and batching T

-«—E

-4

- F

-——— NG
-«——38S
-

-————
- S




Exhibit A5

Manufacturing Process Flow Diagram of
Chenab Textile Mills

Cotton

|

E —» Blow room

. ] -—— E
Air washers
- W

E—» Carding ]

l Willow -+ E

E —» Ring frame

E—>» Cone winding | - —————

—

Yarn doubling - €

e ———

E —» Reeling <——————]

et

E — Electricity
W — Water

E —m Bundle press J
L .

£ —— Simplex - I




' Exhibit A.6

Manufacturing Process Flow Diagram of
; Colony Textile Mills

Cotton
Willow waste
E-—» Blow room b t—— E
plant
f
[
Reeling -« E I
£ Carding Maintenance \
workshop E }
!
Twisting --—— E
E ——» Simplex
Yarn packing -——E ‘
E—» Combing
Warping -———E
E—>» Ring frame
Compressors Sizeing ~-—F
-—— s
E —» Cone winder 4**_J
-————
Weaving
P— Pirn winder
l E — Electricity
NG — Natural gas
S — Steam

' W — Water




Exhibit A.6 {continued)

Manufacturing Process Flow Diagram of
Colony Textile Mills

- E
E—» Folding Boiler - W
-+—— NG
Stenterin €
9 -+—— NG
E — l €
. -
W —> Bleaching Workshop .
- W
g
Calendering -—— ¢ l
E —» Col -«——E
W— Mercerizing olor - W Foundry €
kitchen - W
g —» -—— §
Folding --—— E

E—» } < E ' ‘

Carpentry

W — Jet dyeing - Yarn dyeing - W h -«+—— E
s s shop '
Bailing press - E
E—» .
W So:i:nuous Blacksmith - E
s yeing L shop -—— NG
E —» | Air washer & .
w —»| air handling units
E ——p
. -“+— E
W ——— Drying Laboratory l
- gy
S —»

E — Electricity
NG ~ Natural gas

S -- Steam

W — Water




Exhibit A.7

Manufacturing Process Flow Diagram of

Farooq Textile Mills

Cotton
y
E—» Carding
Cone
winding
£ —» Blow room
| Chease
l winding
E——> Combing
’ Warping
\
€ — | Spinning frames
Sizeing
) Yarn
E > conditioning
Weaving
Inspection
& folding
E — Electricity
S - Stoam Desizin
W — Water 9

-——E
-—— §

—E
-+ W
-+ §




E —»
N ———p
S —»

E ——p
S ——»

E—»
S —»

Exhibit A.7 (continued)

Manufacturing Process Flow Diagram of

Farooq Textile Mills

Bleaching
Mercerizing
Jigger
dyeing
Jet dyeing ——————‘_;
Beem
dyeing
. - 7
Washing
& drying
Roll
printing

Stentering &
dye fixing

-]

-t
- W
-+—— S

-+——— E
-+— §

Shrinking - E
range - §
Calendering -<—
Store “———E

E — Electricity
NG — Natural gas
S - Steam
W — Water

Air washer - W
S l
-—— E
Boiler - W
- NG
-——
Workshop
--——— NG
Testing
laboratory - F I
R |
Aircorditioning |
plant

-5

B I

Y Y




Exhibit A.8

Manufacturing Process Flow Diagram of
Government Textile Weaving Center

Yarn
E ~——i» Warping «+——= Cone winding
E —» o - ¢
s > Sizing -~ Boiler - .
E ——» Beem store
E —» .
Weaving
S —»
f E ——> Inspection
€ Packing of
» gray fabric

E — Elactricity
NG — Natural gas
§ — Steam
l W — Water




Exhibit A.8 {continued)

Manufacturing Process Flow Diagram of
Government Textile Weaving Center

Gray Cloth
E—> ..
w Mercerizing
\J
—_ w
& Jig dyeing Thermosole dyeing | ««——NG
WN—>
-——m £
- Block printing
v \
-——NG
Heat setting «——E
P ]
\J
B eand '
Packing - Calendering ;
€ — Electricity
NG — Natural gas
S - Steam
W — Water

i
!
|
i
i
1
i
1
i
i
1
i
1
i
i
1
1
1
'




Exhibit A.9

Manufacturing Process Flow G:agram of

' Karim Silk Mills
‘ Yarn
1
E —» Warping ‘
!
r
Heat setting E
E —» l
Sizing |
g ——»
—
Folding
E —» Weaving
- E
Baleing \
<«—— NG 1
| . s . -+— E
E —» nspection tentering — NG
Store -
—_’
E —» Desizing
—_—
E i
. . . -+——
§ —» Dyeing Boiler 1 Boiler 2
w ——»
il
E ——p L
Finishing
W — E — Electricity
NG — Natural gas
S - Steam
W . Water




Exhibit A.10

Manufacturing Process Flow Diagram of
Kohinoor Textile Mills

Cotton & Staple Fiber

|

Biow room
l Warping -
Cards ‘
. -—— E
Sizing s
Comber l
]<—— E
Cone winder e Compressers -<——
) J [
Simplex l
Pirn winder -— F
Ring frames e »—--~~], l
£ Ai | - E
. Loom L \ir washers, I
Doubling « ¢ oms ™| air humidifiers | =-—— w
‘ Chease windet |« ————— :‘
L
Cloth |
inspection |+ "
S

E ~ Electricity
S — Steam
W — Wate -
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| Exhibit A.10 {continued)

Manufacturing Process Flow Diagram of
Kohinoor Textile Mills

Cloth
E ——» Shearing
«—E f
Dryer E Boil - W !
y s iter |
T |
£ —» !
Roap i
w : hleaching ‘
§ —» !
I .
l Calendering -+—— E
E —»
W— Mercerizing
S
l Baie press - E \
|
E —»
NG Stenter
Store
E ——» . -
W Continuous
s washing

E — Electricity
NG — Natural gas

S ~ Steam

W — Water




Exhibit A.11

Manufacturing Process Flow Diagram of
Lawrencepur Woolen & Textile Mills

Raw Wool
E — Washing
s —» & drying
l Dryer -E
-+— S
E —» Carding l
l Re-combing
Combing l
l Blender - — - F
E —>» Cone
w—>» dyeing 7#7*"’7’77—;
- E
I| Jet dryer Auto - E
* -——3§ leveller
Jet dyeing -« e l
Cards heade - E
E —»
W - Tom washer
i Rubbing frames |~e—-—E
E ~ Electricity Ring frames -« E
S — Steam
W - Water L
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Exhibit A.11 {continued)

Manufacturing Process Flow Diayram of
Lawrencepur Woolen & Textile Mills

E—» Winding
e ———
Winches 1
-+—— S
- W
Hammering £
E—» Cone winder mill -
-——— E
Shrinking -
range
-+———§
E , Two for one
twister
Heat -«+——E
setting -——NG
Warping
E ] Sh ; o
Decatizer e earing -~
machine
E-—» Jet looms
Shrink £
calender *
£E—» Inspection
Inspection
j
i E — Elactricity
Store NG — Natural gas
S — Steam
' W — Water




Exhibit A.12

Manufacturing Process Flow Diagram of

National Dyeing and Finishing Center

E —
S ——i
W ——

g —»
NG ——

g —>

£ - Electricity
NG — Natural gas

S — Steam

W — Water

Raw Cloth

1

Jet dyers

Boiter

Stenter

Packing

Store

-——
- NG

e [\




Exhibit A.13

Manufacturing Process Flow Diagram of

Paracha Textile

Cloth
E —» Shearing i
l Dryer
£ —» . l
De-sizing
W ——»
l Stenter
€ Washing l
wW—>
Calendering
E—»
Bleaching
' W—
——
gr(i)xl:ting l Mercerizing
— L
£ - Steaming
v s 4 chambers
Ager l Washing
e Washi
s ashing
Jigger

€ -~ Electricity
NG - Natural gas

S — Steam

W — Water

-«+——— NG

«—E
-+—— NG

-——E

-+—E
- W

<«-—E
-~

-<«—E
W
--——§

-

Y
Hot flow <+ NG
- E
v
Washing .
- W
\
Folding | «——F
i
Y
O S
Stamp 1 £
machine

L]

L




Exhibit A.14

Manufacturing Process Flow Diagram of
Shaheen Calico Printing Works

g —>»

E ———»
S —»

E ———»

W ——

£ ———i»

E ety

E ———

S ——pe

E =—
S —
W ———p

E et

e

E ———»

W——>

E et

W e

£ ——

;>

£ ———»

Gray Cotton Cloth

/

Keer bleaching

S

/

Roap washing

l———————

b

}

Mercerizing

Boiler

—— E
-+— NG
-— ¥

Drum pre-drying

|

Y

Total drying

Drum re-drying

Base naftol
padding

v

Roller printing

Y

Drum dryer

'

Developing for
11 salt to color

'

Developing for
111 salt to color

Y

Developing for
IV salt to color

y

Washing (4 stages)

-

Drum drver
124 cylinde

'

Packing

NG — Natural gas

€ - Electricity

S — Steam
W — Water




Exhibit A.15

Manufacturing Process Flow Diagram of
Sunshine Cotton Milis

E —>

£ e——

C m—

Cotton Bales

l

Bale opener

Blow room

Simplex

Combing

l

Ring spinning

Cone winding

l

Hank wander

Y

|

E = -

Electric werkshop

|

\

Mechanical
workshop

E — Electricity
NG — Natural gas

S — Steam

W -- Water




Exhibit A.16

Manufacturing Process Fiow Diagram of
Sunshine Jute Mills

E———

E——

E et

E—

E =

E i

E ——

E -

Jute Bales

l

Bale opener

I
\

Grand machines

(4)

|
\

Precard machines

{5)

1
M

Sninning frames

I
y

Rolling machines
(10}

i
\

Doubling
{2)

.

Sorting

T
Y

Cone winding

v

Store

E—

Warping

Weaving

Sewing hags

E — Electricity
NG — Natural gas

S — Steam

W — Water

L aa




E —»
W ———>
s —»

E ———»
W —>»
s —»

E —p
W-—0>»
§ —»

E —p
W——p
S ——»

E —
W ———

Exhibit A.17

Manufacturing Process Flow Diagram of
Adamjee Paper & Board Mills

WASTE PAPER TREATMENT PLANT

Waste paper
storage

Belt conveyor/
elevator

Shaking screen

Pulper

Collecting
chest

Secondary
pulper

Stock chest

High density Sand e
cleaners separator «
iqr Tube
Centrifiner separator -———E
Refiners Thickener ] - —F
Jonsson screen Stock chest -—— E
Stock preparation
Sand trap plant --——F
Collecting
chest

E — Electricity
S - Steam
W — Water




Exhibit A.17 {continued)}

Manufacturing Process Flow Diagram of
Adamjee Paper & Board Mills

PAPER BOARD MACHINE

Pulp from
pulp mill
v
E ——» | Beaters/refiners
E —»
w ——» | Prepared stocks
g —»

—

Grass/bagasse Waste paper Grass/bagasse
and wood pulp pulp and mech. pulp
Top liner Middle liner Bottom liner
Fourdrinier ‘ Cylinder vat
l_ seciion
€ , Wet’press
section

E - Electricity
S — Steam
W — Water




Exhibit A.17 (continued)

Manufacturing Process Flow Diagram of

Adamjee Paper & Board Mills
PAPER BOARD MACHINE {continued)

E—»
s —»

£ ——p
§ —»

E —»
w -

E ——»
s —»

Pope reeler

v

Slitter/rewinder

Reel packing

Storage

]

Despatch section

Pre-dryers
M.G. cylinder ‘
Sheet cutter
After dryers l
Sorting/packing
Size press l
Storage
Post dryers I
Cooling
cylinders
Calender

E — Electricity
S - Steam
W - Water

e e e




Exhibit A.17 (continued}

Manufacturing Process Flow Ciagram of
Adamijee Paper & Board Mills

PAPER BOARD MACHINE 11

-/
Waste cotton
storage
E ———
W ——» Stock chest
S —»
Bale opener
E —»
W—>» Bleachers
s —»
g ——» | Cleaning/dusting
E —»
w —| . Stnck chest
S >
Storage bins
Sand trap
E —> c .
. austic
——
w Digesters Soda
§ ———w
E —» Tube cleaners
E —»
w—> Blow pits
§ ——m
Thickener
€ Half
W - alf stuff
beaters
s —»

Bleach
Liquid

E — Elactricity
S — Steam
W - Water

-.---------




Exhibit A.17 {continued)

Manufacturing Process Flow Diagram of
Adamjee Paper & Board Mills

PAPER BOARD MACHINE it {continued)

E—>»
wW—>

E—
W ———p
S —»

E —»
W—>»
§ —»

Stock chest
Screened
grass pulp
-]
Full stuff
beaters 1
Chemical
wood pulp
Drop chest

Machine chest

Centri cleaners

Fine pressure
screens

E — Elsctricity
S —~ Steam
W — Water




Exhibit A.17 {continued)

Manufacturing Process Flow Diagram of
Adamjee Paper & Board Mills

PAPER BOARD MACHINE il {continued)

E —»
§ —

E—»
§ —

E ———»

M/C head box

l

Fourdrinier

Sheet cutter - —FE
Sorting &
packing ‘ E

Wet presses

Dryers

Calender

Pope reel

Slitter/rewinder

L

Despatch section | «——FE

E - Electricity
S — Steam




Exhibit A.18

Manufacturing Process Flow Diagram of

Pakistan Chipboard Ltd.

|

E ——» Band Saw
l
E—» Shredder
l
E—» Gum mixing Dryer kiln
| |
F— Press Conveyor
g —»
| |
E-—» R Sheet sizing ;?:;am,

E — Flectricity
S - Steam

—

Sanders £
finishing

Finishing £
store

l |
=




Exhibit A.19

Manufacturing Process Flow Diagram of

Pakistan Paper Corp. Ltd.

PAPER BOARD MACHINE

Waste cotton
storage

Bale opener

€ ——» | Cleaning/dusting
Storage bins

£E —»

W ——» Digesters

g ——

E -——p )

—_— Blow pits

§ ——»

£ —

W Half stuff
beaters

g ——

L
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©w s m

E—» Tube cleaners !

Stock chest

Bleachers

Stock chest

Sand trap

Thickener

Bleach
Liquid

E - Elmctricity
5  Steam

W Water
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Exhibit A.19 (continued}

Manufacturing Process Flow Diagram of
Pakistan Paper Corp. Ltd.

PAPER BOARD MACHINE Il {continued)

E—>
Stock chest
wW—>>
Screened
grass pulp
E ——»
Full stuff ¢ R
W——
s beaters
- 1
Chemical
wood pulp
E —»
W—— Drop chest
§ —»

£ —» Machine chest

€ —» | Centri cleaners

£ » Fine pressure
screens

£ — Elmctricity
S — Steam
W — Water




Exhibit A.19 {continued)

Manufacturing Process Flow Diagram of
Pakistan Paper Corp. Ltd.

PAPER BOARD MACHINE tI {continued}

Y
E—» M/C head box l
Y
| Sheet cutter -——E
\j
E b Fourdrinier l
‘ Sorting &
. -—— E
packing
Y
E ——» Wet presses
1
‘ Despatch section | «——E
\J

7
E ———»
l Calender
§ -
E — Elsctricity
S — Steam
E —» Pope reel
\j

.
E »—«-»»! Slitter/rewirder
[

T
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Exhibit A.20

Manufacturing Process Flow Diagram of
Ashraf Engineering Works

Scrap
l
E——> Crucible
E— Laddle
l
E—— Moulds
g€ ——»| Finished products

(billets)

E — Electricity
NG — Natural gas

§ — Steam

W — Water




Exhibit A.21

Manufacturing Process Flow Diagram of
General Steel Tools Company

E —» . .
Metal cast {Utencil Section)
wW—>
Sheets
Manual
spinning “ E
NG ———» Hot forging
furnace
Anealing
furnace ¢ NG
E —» Hot rolling
Press work -«—— E
W —>» Pickling

E —» Cold forging

Sheets

£ - Electricity
NG - Natural gas
W — Water




Exhibit A.22

Manufacturing Process Flow Diagram of
International Metal Industries

Scrap
E — Melting
E —» Hot forging
E —» Cold forging
|
W Washing of
sheets
Store

E — Electricity
W — Water




Exhibit A.23

Manufacturing Process Flow Diagram of

Kamran Steel Re-Rolling Mills

Scrap

E —» .
Scrap cleaning
W —
-«—— NG
Pre-heating
- —— E
E —» Bundling l
- E
Rolling
- W
E ——» Batching l
|-shapes
E ——» )
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E — Electricity
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' Exhibit A.24

Manufacturing Process Flow Diagram of
Khaiil Metal Works

E—>» Scrap l
l Lathe - F
E—» Cleaning & l
NG ——— bundling
l Cutters -—— ¢
E— Melting l
| e
E—» 1st rolling l
l Store
| aoms ||
|
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‘ {lathe)
l

E — Electricity
NG -~ Natural gas




Exhibit A.25

Manufacturing Process Flow Diagram of
Metropolitan Steel

Billet
E—>» Billet cutting
E —» Mlelting
NG ——> {furnace)
" Rolli il
W olling mi
Store
E workshop
E —» Workshop

E — Electricity
NG - Natural gas
W — Water

«-I----—-----




Exhibit A.26

Manufacturing Process Flow Diagram of
Ravi Steel & Re-Rolling Mills

NG E
Workshop

Billet
]
£—> Cutting and
l sizing
E—»
NG Gas furnace
E—»
NG Feeding
E—op
NG » Rolling mills
E—» . )
Straightening
and tooling
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\i
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E — Electricity
NG — Natural gas

S — Steam

W - Water




Exhibit A.27

Manufacturing Process Flow Diagram of

Sh, Abdur Rahim A. Ditta Steel

Scrap

Steel shaft

|

NG —> Heating

Workshop

|

|

§ —— Forging

Boiler

|

Store

E — Electricity
NG - Natural gas

S - Steam
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Exhibit A.28

Manufacturing Process Flow Diagram of
Shakir Metal Industries

Scrap
Melting
E ’ {furnace)
l E —» Copper rods -] Sheets
E ——>» Hot rolling l
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1
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Exhibit A.29
Manufacturing Process Flow Diagram of

United lron & Steel

E — Electricity

Scrap

|

Cleaning &
bundling

|

Melting

. ama




Exhibit A.30

Manufacturing Process Flow Diagram of

Yazdani & Co. Ltd.

Scrap

Scrap cleaning

|

Bundling

|
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furnace
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W — Water
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Appendix B

R
DETAILED ENERGY USE AND COSTS BY PLANT

Textile

Abid Industries
Allawasaya Textile
& Finishing

Bannu Woolen Mills

CeeBee Textile
Industries

Chenat Textile Mills
Colony Textile Mills
Faroog Textile Mills

Government Textile
Weaving Center

Karim Silk Mills

Kohinoor Textile Mills

Lawrencepur Woolen
& Textile Mills

National Dyeing &
Finishing Center

Paracha Textile

Shaheen Calico Printing
Waorks

Sunshine Cotton Mills

Sunshine Jute Mills

Exhibit Paper and Chipboard
B.1 Adamjee Paper &
Board Mills
B.2 Pakistan Chipboard Ltd.
-
B.3 Pakistan Paper Corp Ltd.
B. 4
B.5 Metal-Mechanic/Steel
B.6 Ashraf Engineering Works
B.7 General Steel Tools Company
B.8 International Metal
Industries
B.9 Kamran Steel Re-Rolling
Mills
Sup
B. 10 Khalil Metal Works
B.11 Metropolitan Steel
B.12 Ravi Steel & Re-Rolling
Mills
B.13 Sh. Abdur Rahim A, Ditta
Steel
B.14 Shakir Metal Industries
B.15 United Iron & Steel
B.16 Yazdani & Co. Ltd.

Exhibit

B.17

B.18

B.20

B.21

B.29

B.30
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Jar, B7003.33 237 410G, 4333 1429 17 1812 111352, 086 JO33E, 3370 1al703, 323

Key: Assumptions:

1. kWh = Electricity 1 kWh = 3413 Btu

2. MBtu = 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)

6. Rs(E) = Rupee: (Electricity)

Heating value

7. = i
Total Rs Total Rupees of natural gas = 980 Btu/ft3




Total
s, (€} Rz, (N3 + Re,
34 383850, 155 0 382830, 1%
2945 430354, 542 O 450364.542

2027 352RES, 401

2674 437700, 501 0 837700301

2372 435047,455 0 4SI047.553

2603 460625, 573 0 450226, 533

o

2250 405253, 543

2577 4SR007.3%9 (i 456007, 395

425 431070,07! 0 531070, 631

575 455260, 683 0 455548, 865

£E10 451732, 548 0 461792, 548

Assumptions:

1. kwh = Electricity 1 kWh = 3413 Btu
2, MBtu = Btu x 106

3, hm3
4, GJ
)
6
7

¢ = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
= joule x 109 = 34608.43 Btu/m3 of NG
. Rs (1IG) = Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total)

Rs (E) = Rupees (Electricity)

. Total Rs = Total Rupees Heating value

of natural gas = 980 Btu/ft3




S3rmy ¥ils
MELy Jotal Total )
Litres (J11) ety [N Gs, {E) Rs, ithi)# Rs.
G3312.88 34%0 3731 3516 817266 158300, 2L Z40E26. BES
23337, 33 393z 2383 3548 85085 142379.733 227464, 743
goig 8743 9231 TE053,13 372521. 136 484350, 285

£2031, 6 2153 2405 2538
SR152.33 1352 2211 2223

41276 1434 $E28 1753
JeLn, £8 1274 1444 1506 53644, 7168 TERST,CRER 11210, TEZ
IIELLES 1832 2091 2207 800475, 7 34458,L3F5 164373, 386
0333, 3 $749 NS ¢k BIZET, 4 BG342, 3337 162810,333

£0087 2083 2344 2474 BO43T, GEES 96133.2 176528, 655
76130, 33 CRAE 2330

Key: Assumptions:

. kwWh = Electricity 1 kwh = 3413 Btu
. MBtu = Btu x 10°
. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules

. Rs (NG) = Rupees (Natural Gas)

. Rs(E)
. Total Rs

= Rupees (Electricity)

Total Rupees

MBtu x 1.0551

Heating value
of natural gas

GJ (Total)

1

2

3

4. GJ = joule x 109 = 34608.43 Btu,m~ of NG
5 _—

6

7

980 Btu/ft3




Total Tatal

¥Etu 6J As, (E) Rz, (NG} Re.
9875 6153 72162, 7124 94333,4123 1670588, 125
18521 13542 E3170.3010 311201,033 376771.53%
Z8as £204 T5285.8152 246328, 8137 170585, 423
7278 7677 106226, 387 116c83.487 222514, 874
7483 7361 B15%4,3387 121789.417 (3384, 358
8377

433! 4780 B4TR4.R771 72517.6425 137262, 319

Lot 73257 g7 1357 4731 5301 S277 ROB4E, BUS4 BOAST,TEIT 141704, 528

hav, Biths a7 123 4525 516 S425 46303, 5167 84170, 1511 133073,857

Dac. 8z241 34 1574 5447 5742 £058 €525, £400 33101.769% 153327, 003

Tibal 1120805 ;324 2233 79885 83389 87922 o3 i  sen

Key: Assumptions:
1. kwh = Electricity 1 kwh = 3413 Btu
2. MBtu = Btu x 106
3
4

. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
. 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) Heat i 1
7. Total Rs = Total Rupees eating vatue

of natural gas = 980 Btu/ft3




¥gt: #E Tetal
s Awn [£39] nd {3a5) AT 6J Rs, (E) Rs. thiz) # Rs.
Jan, S53430 1855 0 0 1853 1357 273071.344 O 273071.544
Fea. SI3LER.6 1833 0 it 1853 1933 278115.333 0 273115.333
Mar, S3%84E.6 1842 0 0 1842 1944 271271, 330 0 271271, 330
Az, SELR4D 133 0 0 1913 eni3 231719.918 0 231719.5.8
vay SCo080 179 0 0 175¢ 1891 263851, 135 0 cBIASL, 124
Jun. £39300 235 0 0 23% 2438 3ATI75.177 0 287175177
Jul 313875 ! 0 0 171 1130 157721, 245 O 1577218435
fug, IE40T0) 13.1 0 0 1311 1383 1533004, (72 0 193004, 072
Sen. 22100 1441 0 0 14at 1920 212103, 943 0 212103.383
Oct. 403752 1335 0 0 1385 1461 203249, 1R 0 203883 182
Nov. 438510 1702 ¢ 0 1702 1736 250650,528 0 250650, 3528
fec. S42625 1852 ¢ 0 1852 1954 272667.434 0 ¢7ce87. 424
Tetal SIENEIS 202 0 0 20412 21837 300%24 0 3524l
Key: Assumptions:
1. kwh = Electricity 1 kWwh = 3413 Btu
2. MBtu = Btu x 106
3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
4, GJ = jocile x 102 = 34608.43 Btu/m3 of NG
5. Rs(NG) = Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total)
6. Rs(E) = Rupees (Electricity) .
ng value
7. Total Rs = Total Rupees Heating

of natural gas = 980 Btu/ft3




Colomy Textile ¥ills
: *htu vTotal Tatal
Ma. L] (£1) sloks {Gas) YEty 8J Rs. (E) Rs. (NG) % Rs.
Jan. 2165280 73% 1411€.3  4BBAO  SS23l 559327 1435645.59 1151693.37 ¢5873368.57
Feo. 2143000 331 16310.4  SE448  B377T B7Z93 1424188.44 1331078.53 2755886.97
Far, 23cB360 7349 13353.2 45283 2837 SR803 1544170, 34 1082072,57 cecteae, S
Aar. 2060180 703: 15443.7 53363 £0S00 63834 1365947.88 1ZE0A37.50 £5EATSS.Z
Yay Z285280 7660 12087.4  41B33 4983z 52367 1515209,19 SBE4SE,923 2501652, 1E
JUr.. 1358180 53l 8359 25edl 34832 33751 1031780768 £FA118,229 1727438,%3
Jul, 173R320 S3%4 348,35 F40TT 0 40072 42279 1164407,8% B0ISH4, 887 1°€E057,73
Aua. 1837440 £475 9474 J17I0  382E6 A033Z 1258059.64 743582709 2006742.35
Sep 1846000 ZELY O 10RS7.3 ZB8B3 42494 4LB36 105008137 BEIT7IS.LEE0 1959754, 54
Gt 1743600 2971 1233504 A494D 50812 53717 L1E0037.28 1055727.37 £219785.3%
Nov, 1781280 £CE0 LEB0  42BB3 45%c2 SCTI6 11B1042.07 1034804,52 221SE4E.ED
Dz, 1750640 £003 911G 31546 3733% 29624 11R7357.13 7433475.927 1511235.08
- T;ta; 23133120 78532 144207 433078 578032 609881 19337953 11788633 27;é;é;;-
Key: Assumptions:

1. kwh = Electricity 1 kwh = 3413 Btu

2. MBtu = Btu x 106

3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.8€ 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)

7. Total Rs = Total Rupees Heating value
of natural gas

980 Btu/ft3




2. MBtu =
3. hm3 =
4, GJ =
5. Rs(NG) =
6. Rs(E) =
7. Total Rs =

Bru x 106

100 x m3 (cubic meters)
joule x 109

Rupees (Natural Gas)
Rupees (Electricity)
Total Rupees

1 Btu =

= 34608.43 Btu/m3 of NG

MBtu x 1.0551

Heating value
of natural gas =

Jan 1313347 4582 1808.78 8260 10742 11334 1S02215,49 161434,941 16£3850.43
EN BES2Es 237 2i18.77 73313 10300 10387 3534270.248 133103, 856 1183374, 11
Mar, 382078 3352 c0se0.63 7082 10414 10388 1123307.63 1RE123.737 1205437, 42
Rar. 1008322 3483 0343 10303 13396 13715 1153897.66 cT0R70, 045 152476771
Yay 1063378 i361 e 7730 11351 11977 1193423, 06 200205, 861 1336328, 68
Jun 1043378 KRN 2251 7739 11351 11977 11934235, 06 200305, 021 1334228,63
Jal, 53378 2Z6! ca5l 7790 113E 11977 1193423,06 200205, 821 1324528, 64
STh 1043375 KIvEN IR 7730 11351 11977 1133423, 05 200305, 61 1394328.68
EeN 1043378 3561 £251 7796 11331 11977 1193423, 05 200305, 821 1334328, €8
SN J0A3T7E 356! K 7730 11351 11977 1135423, 06 200305, 821 1394328, 85
ACv, 1043378 2561 225t 7790 1138 11977 1133423, 08 200905, 621 1354325, 5
Jan, 143378 K 2231 77530 11351 11977 1193423, 05 200305, 621 1394728.68
N Tatal 12520835 4273F 270U 23481 138214 143713 14321076 241078% Zé;g.lSE
Key: Assumptions:
1. kWh = Electricity 1 kWwh = 3413 Btu

1055.86 joules

GJ (Total)

980 Btu/ft3




Bovernaent Textile Weaving and Fimighing Center

Jan. 33.7 34 77.33 263 202 313 7647, 22670 4801, 32823 15448, 5843
' Fea. 7es 3 137.9 477 S35 569 13227.0833 8339, 58083 21787.0°08
Par, 7581 6 108,97 376 402 424 SBAS, 63104 6723.59353 12563, 4355
far. 5588 22 94 325 48 37 S080, 1E431 BEZ1, 2331 105041,4550
¥ay 9336 2 50,7 314 345 365 7193, 21365 SE1R, 22850 12515, 1450
RITER 5841 20 76.73 265 245 301 4504, 13528 4731, 7333 9282, 5005%
Jul. 7101 &4 £6. 5 230 o4
AL, 6315 ce £5.3 224 250 ch3 4857, 64806 4031, 05803 8350, T+El5
Sea, A7EE 20 ] 34 3&4 384 B759.B7258 5376, L1472 12735, 7877
RN 8373 3! 25,1 19 et clé B319.29555 261, cRARL 10331 BRar
Kov, 4535 i7 827 207 R 342 2805, HZET4 5452, 07155 9294, 38315
Dec, 355 12 104,8 KL 375 335 2739, 02244 6450, 13850 9023, 19454 \
Tohal o 95053 223 JEX 2675 ;;;5 4227 74é;;_ £5826 1;;é;g_
Key: Assumptions:

1. kwh = Electricity 1 kWh = 3413 Btu

2. MBtu = Btu x 106

3. hm3 = 100 x m3 {cubic meters) 1 Btu = 1055.86 joules

4. GJ = joule x 10° = 34608.43 Btu/m3 of NG
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




Exhibit B.O

4k, &y 2753 Sl EEEH 1hDed LowEn, i Tl :
i, 103313 359 2heS. 3 353 3510 LONia 141871133 Lifap, i IMaf TR -
Zeq, 0560 3 ZRGL e 2ie PPV SO I
tot T8t 53
Ny, gssie i E0sZ, S XL 10763 LIEST7 S2ark, 785 Lhan aE
Cla 82339 302 Enge, &7 17750 AR VA TR P MR b

Key: Assumptions:

3413 Btu

n

1. kwh = Electricity 1 kWh
2. MBtu = Btu x 106 .

3. hm3 = 100 x m3 (cubic meters) 1 Btu
4, GJ = joule x 109
5
6
7

1055,86 joules
34608.43 Btu/m3 of
GJ (Total)

o
9

. Rs(NG) = Rupees (Natural Gas) MBtu x 1.0551
. Rs(E) = Rupees (Electricity)
. Total Rs

Heating value
of natural gas

Total Rupees

980 Btu/ft3

27 5 ginE 11 3379 53, 107197, 042 1ailii IaTeTo l




L5 OND LTETE Hamirgoe Texdile Mills
¥Eiy MEBty Tatal Total

Yo, Kwn (€N hid {Ras) YEtu GJ Re, {E) Rs. (NG) # fs,

Jar. 741103,2 2333 17%6.31 8217 8746 9228 44864, 403 14%053,73 933958.218

Fed, 74113, 2 2229 1796.31 gei7 8746 8228 844354.483 143093.73 933398.218

Yar 741103.2 2583 1796.31 6217 8746 5228 944864.4E3 145093,73 993358.2:8

g, 741109,2 2523 17%6.31 Ez17 8745 8228 B44364,483 149093.73 933393, 2:8

May 741103, 2 2523 179,31 £217 8746 G228 BA4BES, 48R 14903Z,73 523358, 218

Jun. 741109, 2 cse3 1796, 3 E217 8746 5228 B44864.433 143093.73 933393.714

Jul. 751105.2 cxe3 17%e. 3 E2i7 £746 S2CH B488F4, 458 149091,73 933558, 218

Auz T41109.2 2883 1796,51 8217 8745 9228 844864,483 149053, 72 933558, 218

Seq. 741103, 2 2523 176,31 &ci7 8746 9228 844864, 483 145092, 73 523954, 218

0zt 7411092 2s2d 1735.31 &217 8748 9228 P44864,4588 143093,73 993798, 218

Nov, 741109, 2 2923 1736.31 £217 8745 B228 B44B64, 483 142093,73 923558.218

Dec. 741109,2 2529 179,31 £217 8746 9228 B44864,483 143093.73 333358, 218

Tetal 8EIZZI0 30353 21556 TAEO1 104954 110737 10138374 1789125 11327439

Key: Assumptions:

1. kWwh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E) = Rupees (Electricity)

7. Total Rs =

Total Rupees

Heating value
of natural gas =

980 Btu/ft3




I (7873 - Lawrencenur Textile § Wooien Mills '
*3tu MRty Total Tatal
Mo Hwh {E1) nmd {Zas) ratu 6J Re. (E) Rs, (NG) # Rs. l
RELN 305314, 2 1048 1797.282 be20 7ob 7662 348058, 188 149174, 40€ 637232.5%4
a3 305314.2 1042 1737.282 6320 7282 7662 348058, 133 143174, 406 437232, 5% I
Mar 305314.2 1042 1797, 282 E220 7262 7662 348008, 189 143174, 408 497232.5%4 I
Aar. 305314, 2 1042 1797282 £220 7262 7662 34B0CH, 138 149174,406 437232,534
Fay 08314.¢ 1042 1797, 282 Ecco 7262 TRE2 34BOTA, 188 145174, 4UE 497232, 55% .
Jun. 305314, 2 104z 1737, 262 £220 7362 7662 348053, 183 143174, 408 §37232,53%%
Jui, 305314, 2 1042 1797, 282 Y 7:62 TEE2 348023, 1BB 145174, 406 497232,5% l
Auc. J0E314.2 1042 1737,282 620 7262 TER2 3480T8.188 143174, 406 437232, 534
Sep. 305314, ¢ 1042 1737.282 20 1262 TERS 34B(CH, 185 149174, 606 437532.5% '
(I 3083162 10e2 1797, 282 E220 Te82 TEE2 348058, 188 143174, 406 457232.53% l
Nav, 305314, 2 1042 1757, 282 £z20 1262 TEEZ 3430%ZR, 1BA 143174, 406 437232,55%
Dec. 303518, 2 {42 1797, 282 Ec2l 7aee TEE2 348038, 188 149174, 406 437232,534 l \
Total SEEITTO 12504 21287 74641 87145 91348 4176638 1730033 32673 l
Key: Assuinptions: l
1. kWh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E) = Rupees (Electricity) o, .
7. Total Rs = Total Rupees iieating value
‘ of natural gas = 980 Btu/ft3




Natioral Dysing § Fimshirg Center

of natural gas

MELy Tota Total
hmd {Gag) MGy &J Rs. {E} Rs. (NGH# Az
Jan, 38543 132 958 3315 3447 3637 2B126, 3681 70158, 5358 98255, SR40
Fab 28543 132 928 3315 3447 3537 28136.9681 T01S8.9333 98295, CRAD
Mar. 38543 132 958 3313 3447 3637 28136,5681 70158, 9358 58293, 540
far, 38543 132 =8 2315 3447 3537 28136.9891 70156.9358 83F35,52840
¥ay, 38543 132 558 3515 3447 2E37 28126,3681 70158, 5358 98255, 9640
Jun, 28243 132 258 3215 3447 3637 23135, 3631 70158, 9358 93235,9849
Jul. 380a3 132 528 3315 3447 3637 23136, 9E81 TOICA, 3558 36395, %640
Aug. 26543 132 9:4 3315 3447 3637 28136, 3681 70155, 9353 93593, 9540
Sen. 38543 132 924 3315 2447 4637 28136.5681 T0158.9358 98255, G840
{ct 36543 132 533 3313 2647 3637 £8135, 9881 70158, 5558 98293, 9840
Nov. 38243 132 9c8 3219 3447 3637 28136, %681 T0IT8, 9558 93295, %840
[=c. 38543 132 352 3315 2447 3637 £8136.9681 TO1E8, 9958 98235, 5640
Total 4E2S16 1579 11435 39785 41384 43844 237644 841308 1173852
Key: Assumptions:
1. kWwh = Electricity 1 kwh = 3413 Btu
2. MBtu = Btu x 10¢
3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
4. GJ = joule x 109 = 34608.43 Btu/m3 of
5. Rs(NG) = Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total)
6. Rs(E) = Rupees (Electricity) .
al
7. Total Rs = Total Rupees Heating value

980 Btu/ft3

NG



i3
T35¥ L3T 4D 00373 - Paeasha Texdile Mills l
LIS A1 MEty Tabal Tatal
4w (ED) hd {Bas) MRty &3 Rs. (E) Rs. (NG) 8s. l
250020 Baz 1013 3527 4414 4657 7228356 3558 BUR413.6
243530 843 1345 4855 5504 5808 E31914.2 110230 802204, ¢ l
174300 EN] 1827 8323 8318 7233 484554 143814 BI43E8 l
117500 401 2053 7149 7541 7956 3EEES0 183166 435816
32320 317 170z 5850 £207 £550  £S831.E 139564 33783L.6 l
120170 410 1533 £711 7121 7513 33407:Z.8 193338 433070.8
114440 39t 2133 7E1D g0 Basz  318143.2 160318 4534EL.T I
13360 383 1728 o330 £369 E720  316808.8 141656  458%04.8
43430 5] 1728 5380 6136 B474  1ER4RZ.2 14165  2681%4.2 l
220340 73 1728 5380 £ £383  R1Z43.4 141636 2023334 l
21820 74 1728 %280 BOSS £386  BOES3.E 14169  202359.6
18680 o4 1728 5380 ECL4 6377 51930. 4 16169 19368, 4 .
1250220 4508 E0734 71757 76365 BOS73 2Tl 1700188 S453E00 .
Assumptions: '
kwh = Electricity 1 kWh = 3413 Btu
MBtu = Btu X 106
hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
GJ = joule x 107 = 34608.43 Btu/m3 of NG
Rs (NG) = Rupees (Natural Gas) MBtu x 1.0551 = GJ (Total)
Rs (E = Rupees (Electricit .
ToéaI)L Ps = ToEal Rﬁpez.f, Y Heating value
of natural gas = 980 Btu/ft3
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1. kWh =
2. MBtu =
3. hm3
; 4. GJ =
f 5. Rs(NG) =
6. Rs(E) =
7. Total Rs

1IR3 c1{ 7ced 7425

e
o)
e

L
[¥uj
Jany
o
)
o

~
fad
o

RO £11 21iS 2155
104 1137 3335 4033
£ 17 i) Fang
a7 1173 aiel Gle?
127 N Goat L5005
5! 1138 4139 by
o LS 7:7% PATH
7e Zosd NI £17
1 1573 Syai EEug
77 e ] £l

Electricity

Btu x 106

100 x m3 (cubic meters)
joule x 109

Rupees (Natural Gas)
Rupees (Electricity)
Total Rupees

7345 LTl
1831 2azdhlas ZI473
cilf 4I71%,55 18l
bz S, 22 £5:17
Lrod 6EA7,93 T

430, 2o £lenl

a3 BeTel
Wil 343 i

Ly SLIES BT RS
£357 - .57

Assumptions:

1 kWh

1 Btu

MBtu x 1.0551

Heating value
of natural gas

(RS

il ]

n

eIl
Dozl Tl
BRIy

'
v
o a

TEEIZ Ee
<

FVER

EEEEN
4
e 4

3413 BRtu
1055.86 joules

34608.43 Btu/m3 of NG
GJ (Total)

980 Btu/ft3 |



Tenihie TS
Lo, ZLolY

FmmT ER Camamy § o= e mma - " .
DZTAILED ENZRGY L3D A2 02378 - Suvshrre Codion Mills

¥ELy MRty Total Taotal
LOR Hwh {ED had {Gas) XGtu &J Rs. (E} Rs. (NG)* Rs.

Jam. 832635 3012 3178 308%
Febd. q:2320 3111 3284 - 319312
Mar. 836516 30E0 a7 - 313780
Aar. 919325 3140 3312 - 321974
Fay 1191304 4067 4283 - 417025
Jur, 8312 L] 2926 - 234513
Jul. 103k118 2536 3730 - 3kh4]
rilg. 336487 31% 3371 - 227770
Sep. 536487 315 33N - 37770

Cct. 831146 3041 3206 - 311501

Total 11237844 38330 _ 40454 3333243

Key: Assumptions:
1. kwh = Electricity 1 kWwh = 3413 Btu
2, MBtu = 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)
6. Rs(E) = Rupees (Electricity)

Heating value
of natural gas

7. Total Rs

+
Total Rupees 980 Btu/ft3
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Sursnire Jute Mills

¥Rty MEty Tetal Total
Hwh {e!) hra3 (Gas) Faty eJ Rz, (E) Rs. (AG) + 5.
177208 £03 - - - 637 - - 21505
Fes. 132085 £33 - - - 706 - - 207872
150836 bSe - - ~ 687 - - 201833
far. 287533 777 - - - 813 - - 227553
214185 731 - - - 71 - - 228734
Juri, 380555 1238 - - - 1370 - - 273480
240326 az0 - - - 865 - - 233870
235044 802 - - - 846 - - 249250
240350 Bze - - - 867 - - 17685%
dct. 136200 &70 - - - 06 - - 106487
235800 805 - - - 843 - - 173345
Lec. 270320 923 - - - 973 - - 19088
Total 2805115 9574 - - - 10098 - - £334545
Assumpt ions:
kWh = Electricity 1 kwh 3413 Btu
MBtu = Btu x 106
hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
GJ = joule x 109 34608.43 Btu/m3 of NG
Rs (NG) = Rupees (Natural Gas) MBtu x 1.0551 GJ (Total)

Rs (E)
Total Rs

Rupees (Electricity)

Total Rupees Heating value

of natural gas

980 Btu/ft3




QILTD TNEISY UST AND (2573 - Adamrea Pazer § Bearg Milis

_?E‘tu ~~~~~~ MREY Tehal o ] — :_-;aY
¥, ¥ (£:) hwd {zas) Matn BJ Rs. {E} Sc, ING) % Az,
Jan. Ry E 7693 17521.3  &0538 BB 7002 1381236 11003835, 37 2481813.57
Feo. 2141400 7309 1555.3 0 S3thl EG370 BAZE3 1327668 373773, 308 2301481, 30
Yar, 1858244 €473 16371.26  SB735 65214 E8A07 11765088 10RT83T.E4 Zi4Z74d.Eh
far, 2152135, 7345 16033.63 53430 6083% BRIIT 133431265 100ET34.0Z
May 1523806, £S55 16E33,13  S7EE2 EA14T BTRED 11TETTALS
Jum. 2428840 8215 1£531,3 57387 ETENZ B9217 1452Can

N, Cop 15140 G Loy - 7ie gineCoE rogTI 2 .
Jul, 1205853, B34 1311584 &I3 Si63F D474 LIRSS, 06 8RIAIV.TVE

£oiT 1330024 £4858 S5 BTBILN. AR 0T8ANZ0L
Sen. 220E2SL, TEEG 124325 LE48A 54336 § B43576,058 227283512
fot 7413 15596, %6 53378 E1453  EEB3A 1352015 9704803 2IAIa0.80
Mo, 8159 172138,886 53530 BTT 71585 1689465, 26 108126664 257082391
Tec, £257333, 7833 17951, & 23152 330 70534 1393430.86 1073413,83 247184450 ‘
Tatal 97501 18355!  ESEIS4 744355 735263 199E73S 11910604 27378343
Key: Assumptions:

1. kWwh = Electricity 1 kwh = 3413 Btu

2, MBtu = Btu x 109

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)

6. Rs(E) = Rupees (Electricity)

7. Total Rs = Total Rupees Heating value

of natural gas = 980 Btu/ft3




i BETSILED SMESGY LIz onD £0573 - Saxistan Chisheare Lid.
y  =======s -
MBty MELY Tatal Total
v Kwh (E1)  Litres {eih MRty &J Rs, (£) Rs(011) Rs.
Jan 55386, 66 205 4258 1477 1€£32 1775 £8384,8 75443.2928 143828,092
Feb 706,66 oue 42025 1477 1729 1824 84035.6 7o443,27928 159458, 832
Mar., 73840 %2 42526 1477 1729 1623 B4177.6 75443,2528 15%580.632
Ao 69833.33 233 42525 1477 1715 19810 73450, 4 75443,2928 154893, 8%2
Pay £9266. 65 £33 42526 1477 1710 1805 77824 79443, 2328 153257, 292
Jur, 8:1813.33 279 42526 1477 1757 1853 32572 TE443,5328 1RATL0, 6732
Jii. E2132.33 21 55526 1477 1650 1783 TCBI2 TSA42, 2328 148275,252
fug 62450 213 42524 1477 1630 1784 71136 75443.23E8 146573, 232
Sen 75520 2cs 42525 1477 1735 1431 BEOSZ, 8 754422928 161538, 052
0zt 41285, 65 137 5253 1477 {615 1704 43904 754643,2528 121347252
Rav 45326, E6 a7 42526 1477 ir34 1724 S2356. 4 To443,2923 187753.632
Loz, S0400 172 42528 1477 1649 1740 57456 TS443,2328 132833, 252
Tetal 763382 607 Sto312 17729 20337 21457 870307 05320 1776285
Key: Assumptions:
1. kWh = Electricity 1 kWh = 3413 Btu
2. MBtu = 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)
; 6. Rs(E) = Rupees (Electricity) Heating value
’ 7. Total Rs = Total Rupees 980 Btu/ft3

of natural gas =
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Assumptions:

1. kwh
2. MBtu
3. hm3
4. G~

Electricity 1 kWh
Btu x 106

100 x m3 (cubic meters) 1 Btu
joule x 109

5. Rs(NG) Rupees (Natural Gas) MBtu x 1.0551
6. Rs(E) Rupees (Electricity)
7. Total Rs = Total Rupees

3413 Btu

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

1}

Heating value
of natural gas

980 Btu/ft3
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of natural gas

i]

Exnibit 3.20
ETATLED ENZIGY LSS END L0575 - Rshraf Sncimeering Works
Pty MEty Total Ttal
Mo, Kwh (E1) hm3 {Gas) Bty GJ Rs. (E) Rs. (NG) * Rs.
Jan. 285050 937 - - - 1040 - - 334350
Feh. 431580 1678 - - - 1770 - - 3713713
Mar, S16420 176¢ - - - 1858 - - 343825
Aor. 423660 1446 - - - 1325 - - 242350
May 427140 1458 - - - 1537 - - 233059
Jur. 452030 1577 - - - 1663 - - 316306
Jul. 407040 1383 - - - 1465 - - 2984
Aug. 433780 1480 - - - 1561 - - 324148
Sep. 4335950 1481 - - - 1562 - - 3155
(ct. 434715 1484 - - - 1564 - - 332007
Nov. 4R 2640 1580 - - - 1666 - - 26894
Pec. 434719 1484 - - - 1569 - - 332007
Total 5216628 178086 - - - 18776 - - 33840732
Key: Assumptions:
1. kwh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E) = Rupees (Electricity) Heating value
7. Total Rs = Total Rupees

980 Btu/ft3




Eereral Stee! Tools Company

MBty Total Total
hind (Gas) ¥Etu &J Rs. (E) Re, (NG)# Rs.
Jan, 16018, 66 55 118.3 409 464 430 29679, 385 29338, 4 53017, 7856
Feb. 16226,33 59 121.3333 420 473 G01 30060, 4448 30090.8568 £0131, 1114
¥ar, 15405, 33 53 119.5886 414 466 Sg PB543,0016 29652,5333 BR195, 5343
Aor, 18568 b4 102, 866 355 420 443 34588,0704 £S510.9333 60033, (037
¥ay 15738, €€ 54 101.2333 250 404 437 25271, 76% 25105, 856 S4377,63EC
Jun, 17003, 66 8 37.3 333 397 419 31504. 393 £4279.2 §3733.3%0
Jui, 11797 43 111, 06ES 284 425 448 21857, 4816 275440333 §350c, 0143
Aug. 16689, 33 36 85.92333 97 334 332 19805, 1563 21308.98ch 41114, 1374
Sen 13394, 33 45 120, 366 417 463 488 c4817,0208 25300.5333 S4717, 554!
Ceot 11715, 33 40 110.2 28t 421 445 21706, 1636 27323.6 43035, 755%¢
Nov, 15770, €6 S4 101, BEES 393 406 429 25219, 8312 2E26E, 5353 D448, 8245
Dec. 12515, 33 4g 101, 0RER 419 465 491 25041, 2095 30024,03133 59053, 7429
Total 1765401 B0t 1312 40 S1a} S4eh 326054 325343 £51443
Key: Assumptions:
1. kWwh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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) = Rupres (Natural Gas) MBtu x 1.0551 = GJ (Total)
6. Rs(E) = Rupees (Electricity) .
7. Total Rs = Total Rupees Heating value

i

of natural gas = 980 Btu/ft3



YBiu MEtu Total Tatal
{Gas) ¥Btu BJ Rs. (E) Rs. (NB) # Rs,

8078. €86 28 57,9513 16393, 6332 16110,4753 32510.1732

ST74 &0 71,9387

1172122 13993,0333 31720.2533

(g%

5508. 333 20 63.29346 11992, 9456

7353,333 2o £2.03479 2 g 54 15627, 6156 17262, 3530 32883.96%

r
o

7090, 333 ¢4 60.36215 14393, 3766 1£347, 4302 31340, EEES

S0, 43845 14220, 6288 14021, B900 23382, 7168
Aug. 5I85.333 €2 50, 35350 174 137 c0B 13329,6566 13338.2753 27327.3313
Sec. 7110 24 08, 57425 203 227 €33 144333 162BI. €344 30716,9544
Jet, 5453 13 53, 14725 184 203 2t 11063,59 14774, 5360 23844,5288
Now, £588. €E6 24 T8.2727 202 o €38 14186.9337 161936310 30264, 6843

Dec. 16293.66 43 64,0375 ez 270 285 23016, 1433 17808, 1151 4£824.258

Teial 87707

o
ud
w

711 2459 2759 2911 178045 157540 373585

Key: Assumptions:

1. kWh = Electricity i kwh = 3413 Btu

2. MBtu = 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)

6. Rs(E) = Rupees (Electricity)

Heating value

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




Exhibit K.23

DETRILTD ENERGY USE AND C0S75 - ¥auran Stesl “e-Roiling Mills tid.
Mty ¥Bty Total Total
Yo, Kwh (ED) hud {Eas) ¥Btu By Rs. (E) Rs. (NG) # Rs.
Jan, 23600 2470 1948.233 £743 9212 9720 SE£18B.056 163378,689 731566, 745
Feb. 101 366¢. 3450 2241.233 7797 1216 11834 732153.62 130250, 430 933604, (30
Mar. 921000 3143 2807.5 024 12168 12838 720645, 66 221341.57% 941967.182
Ror, 1010333 3448 457,133 8306 11952 12611 730545, 42 E0BS77. 424 939122, 844
May SCOBEE. & 3074 2307.8 7587 11061 1iE70 70473564 195901041 SOCE3R. 661
Juri, 20000 3140 1240.6 4234 7433 7843 T19863.2 105310179 825173.373
Jul, T2 3000 2488  2285.E 7510 10378 10350 SEGT718, 50 194016,561 759715, 1s]
Ruz. 953000 3270 2330.5 8065 11335 11960 7495596.68 197327.954 347424, £b4
Sen, 538000 201 2082.0% 7206 10407 10380 733947, 48 176737,91F 310685, 3%
{ct, 912000 33 2394 8276 11389 12016 T13RGE, 5& 202937.558 918801, (72
Nov, 992500 3287 2284.5 7306 11294 11916 776591,55 1393323, 166 970514, 734
Dac 921000 3143 1919.3 €642 9786 10325 T20£45. 66 162322.640 B33, 300
Total 19932767 37317 26056 F03LA 127631 124663 E555235 2215185 10770480
Key: Assumptions:

1. kWh = Electricity 1 kWh = 3413 Btu

2, MBtu = Btu x 106

3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules

4. GJ = joule x 10° = 34608.43 Btu/m3 of NG

5. Rs(NG) = Rupees (Natural Gas) MBtu x 1,0551 = GJ (Total)

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

7. Total Rs = Total Rupces Heatlng value

of natural gas

980 Btu/ft3

P 4
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Hwrirnis -
EXOI01IL Do

DETAILED ENSAGY USZ GND 0573 - Whalil ¥etzl Works
¥Rty MBtu Total Total
¥a, Kuh (E1) had {Gas) FELU GJ Rs. (E} Rs. (NG) # Rs.
Jan, 7995.5 b 214 741 767 803 B739.935  17307.5¢ 24€67.5i5
Fexd. 4315 17 138.5 479 438 323 4374,33  11983.68  15364.03
Mar. B131 2l 246.8 854 875 923 S45R. 55 20652, 224 E6108.814
Aor. 5330 18 £23.3 773 791 835 4743.7 18689, 744 23429, 444
May 6455 &g 254 913 941 992 5744,95 Z2C08.872 £7993.EZE
Jur. 71583 24 cho. 4 913 943 935 6386, 17 22208.672 23974, 852
Jul, aazz 28 5.2 837 925 76 T415,48 PIE8T. 855 29105, 306
Aug, 5200 18 B24.4 771 794 aze 4628 18777792 2340S, 732
Seo, 7377 &5 28,2 824 850 836 BSES.S3 19932,576 26448, 10f
Cct, 3810 20 eno &9 ne 751 5170.9 16736 21946,9
Nov, 7500 26 151.2 662 £87 725 E675 15939.E1F 22674, 61F
Dec, 8365 23 227 756 815 860 T7EC2.85 18995, 38 IAR18.%1
Total 80364 274 2693 53321 9556 10124 71524 225384 258307
Key: Assumptionss:
1. kWh = Electricity 1 kwh = 3413 Btu
2. MBtu = Btu x 106
3. hm3 = 100 x m3 (cubic meters) 1 Btu = 1055.86 joules
4, @J = 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) .
Heat lue
7. Total Rs = Total Rupees earing va

of natural gas = 980 Btu/ft3




’"‘.l.'q{'b: +

DETAILED ENER3Y LSt A O

7278 - ¥otronalitan

Stesl

"oty MBtu Total fotal

Y. Kwh {E1) himd {Gas) *Ebu 6J Rs. (E) R, (M) % Rs.
Jari. 344700 KR 8575 &7 8301 24714 10BLE22. 37 )
Feb. 1053500 3516 Tech ZESZh 30140 B
¥ar, 1127500 2848 7329 29385 29213 0828 1250928, 87 T955CE, 532 1ARELRL, B
Rar. 557000 1335 Tz67 2SS0 27035 Z8578 E49:85,516 SHORIT.BOG 1225703, 3
Yay SR7CC0 1555 75 RN 27453 FES72 B451ES. 516 §55393,901 1748675, 41
Jiri, 88E400 K 6LED 2i215 25344 1215495,87
MIN Tiit0 el Teld 24313 £7345 £EAT1 B140C8,0c8

Auz. R Jazz 7358 27155 20617 32304 1147582, 11 £38542,573 1708524.80
Sea, IHCREED REX! TER] cES14 FEELE] 31599 1152561, 90 B2I534, 315 1775058, 21
Dot 3184 7918 27356 Jasal 32286 1062233, 73 B42255. 654 1711543,53
New, 1045550 74 T416 ZoELT £9215 0824 1197558, 35 BOCIAE, 00T 173585, 348
pec. 10400 3123 7813 27040 0167 31823 1045230, 36 £34085, 854 1623118, 20

B Tetal {07800 26750 _;;;18 31;663 3430 568845

1. kWh =
2. MBtu =
3. hn3 =
4. GJ

5. Rs (NG) =
6. Rs (E) =
7. Total Rs =

Electricity

Btu x 106

100 x m3 (cubic
joule x 109
Rupees (Natural

meters)

Gas)

Rupees (Electricity)

Total Rupees

Assumptions:

1 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



¥Etu MBtu Total Total
' A Hwh {E1) hnd (Gas)  MBtu GJ Rs. (E) Rs. (NDI#* ke,
Jan. 23974 83 422 1460 1545 1634 BOZ33.68 2775%.44  S0GL9.1C
i Feb. 23397 8% 417 1443 1523 1607 5423104 29406,84  82537,83
K¥ar, 18483 83 315 1030 1153 1217 428,48 gE2il, £S10:8, 28
fior, 17333 N 243 841 900 930 40226, 48  17136.36  5736Z.84
May 24285 83 334 1156 1233 1307 SE341.2  QETE3LEE T98%4,88
Jun. 17308 &3 384 1223 1388 1465 40154,86  27073.68  B7234.74
Jut, 13260 47 07 1Rz 1103 1170 31691.2  21R4T.R4  E3I40,E5
Ruz. 0720 7: 412 1430 1497 1373 48070.4  &3034,24  77124,E4
Sep. 20204 63 444 1537 1606 1694 4£873.28  31310.88  79!184,1E
Oot, 15354 a2 310 1073 115 1187 35621.23  Z1BEl.2  G748Z,4%
Nowv, 19616 &7 310 1142 1203 176 5503, 12 CiETI.6 BBTEN.TZ
Dec. 21165 72 264 1280 1332 1405 49102.8  2S689.38  74772.08 ‘
Tetal KEHAY! a1t 4282 14813 15630 16491 S5ioze 201987 432592
Key: Assumptions:
1. kWh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E) = Rupees (Electricity) .
Heat 1
7. Total Rs = Total Rupees cating vatue

980 Btu/ft3

of natural gas




Jan. 1345.3 S 400.75 1387 13% 1483 1057, 86910 34036, 3373 35154, Beks
Fes. 1257 4 33995 17 118! 1246 950, 032455 23830, 0218 29720, 0%54
Mar, 1450 3 473.3 1638 1643 1734 1038, 44385 40222, 5248 41280, 3687
Azr, 1153 4 383,45 1327 1331 1604 B51, 737635 32536, 7888 32433.5185
May 2083.3 7 90,6 1382 1353
Ju 23407 8 243.25 852 850
Jul c402,5 8 L 1378 1388 1263 170E, £3151 33250, 2503 3534, 3422
Aug 2238 8 508, 4 753 1767 1804 1283, 77587 43207, 4334 44733,2303
Sec, 1933 5 3744 1256 1301 1373 1050, 41027 31817.6313 32203, 1016
Oet 1328 5 305.4 1CEG 1086 1125 1135, 16327 2E018, 8371 27174, 0004
Nowv, ciet. 5 7 Siill 1763 1776 1874 1433, 554R7 43434, BA7I 44074, 4425
Doz 1602.5 S 433.9 1522 1528 1612 1132, 35731 37284, 0876 33522, 5473
Total 21313 73 4770 16507 £580 17433
Key: Assumptions:

1. kwh = Electricity 1 kWwh = 3413 Btu

2. MBtu = 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)

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

7. Total Rs = Total Rupees Heating value

of natural gas =

980 Btu/ft3

- N M N O W T S O BN G D B N By TE D B



Shaxir Yetal Irdusiries

MEtuy Tatal Total
hind {Gas) ¥ty Gl Rs, (E) fis, (NG) # Fs.
Jan £013.333 27 47.60855 1635 152 203 14884, 6686 11501,7383 &6728,405
Fel, Bi3 21 3R, 71511 127 148 156 11355, 2 3178, 77316 20534,0731
Mar, 210, 688 23 34,28%46 119 147 155 15374.7333 B572. 26625 23747.0335
Aar 8773. 865 30 39.00863 133 165 174 16231, 2833 3752, 15731 £3533, 4412
May 7623, 666 27 33.553:¢2 118 144 152 14473,7837 8489, 78063 22383, 5F41
Jun, 5771, E65 23 36,47823 119 142 150 12527,5833 BS19.95791 21147, 1417
Jul, 5056 17 34,97246 121 134 146 3333.6 B744.61283 180°5,2158
Aug 7267. 333 25 30.70436 106 131 138 13444, S6FE 7R76.091E5 21120,6573
Sep. Te4, 6E6 29 31,1653 108 133 140 13395,2333 7731, 34416 £1186,5775
dct. £562 24 37.11152 128 157 161 12873.7 9277, 88186 22157.5315
Nav 7501 26 38,9425 139 180 163 13876,85 9735.84083 23812, 4508
Dec Bigz 29 49,1548 170 133 210 15654.7  1228B,71  27343.4!
Tetal £8320 201 448 1551 1852 1354 163332 112023 275421
Key: Assumptions:
1. kWh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E) = Rupees (Electricity) .
7. Total Rs = Total Rupees Heating value

of natural gas

980 Btu/ft3




Zxnibit 3,20
DETAILZD EXZICY USZ OND 07272 - United Iron and Steel Ltd l
FRLy MEty Total Total
¥ Kah (€1 hatd (Gas) ¥Etu &J Re. (E) Re, (NG) 4 ke, l
Jari, 523853.3 1783 - - 1788 1886 345743.2 - 345743, 2
Fea. 535240 1840 - - 1840 1942 3553%4.4 - 355894, 4 l
Mar. 543440 1833 - - 1855 1557 358670.4 - 35RET0, 4 l
Ror 517533, 3 1785 - - 1766 1864 3415972 - 341572
Yay 537548, € 1A35 - - 1835 19386 354780.8 - 354730.8 l
Jun. 806453, 3 ) - - 2070 2184 400299.2 - 400253, 2
Ju? 454150 550 - - 1550 1636 253763, 4 - 293785, 4 l
fug. S27493.3 1783 - - 1783 1882 344845.6 - 344845, 6
Seq, SE218E.6 1782 - - 1782 1880 344643, 2 - 44843, 2 I
Got. S09033.3 1723 - - 1738 1833 338001.6 - 330016 I
Nov, 588852, 3 2010 - - 2010 2120 3BEE43. 2 - 388R43.2
Dec 559586. 6 1319 - - 1310 2015 3893%7.2 - 383327, 2 I
Total 6424470 21927 - - 21387 23135 4240150 - 42415 '
Key: Assumptions: l
1. kWh = Electricity 1 kWwh = 3413 Btu
2. MBtu = 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)
6. Rs(E = Rupees (Electricit .
7 Totfa;. Rs = ToEal RLE ees v Heating value I
: pe of natural gas = 980 Btu/ft3




' Ltd,
‘ ¥Etu YELy Total Total
Mo, Kb (E1) hiid (Bas) MEtu GJ Rs. (E) Fs. (NG)# ke,
Jan, 290560 352 0 0 992 i046 22271307 0 22e7iz.an
Feb, 242300 823 0 ¢ 823 875 186181,878 0 18R181.873
Mar, 251746.6 93 0 0 3% 105! 223Rz2. 653 0 223832.€53
fAor, 239426.6 817 ¢ 0 817 862 183519.582 0 183519, 582
May 256140 874 0 0 874 922 186330, 285 0 196330, 265 ‘
Jun, 211520 722 0 0 72 762 1£2125.233 0 122123, 233 Z
|
Jul, 245040 g3 0 0 835 85z 187322.173 O 87822173 :
Auz. 216440 733 0 0 733 773 165300, 334 0 185300, 3% |
Sen. 260340 821 0 0 821 BER 1B4:72.947 0 1B4372.547
oot 281260 g 0 0 360 1013 215584, €84 0 215584, 24
Nawv, 237680 alt ] 0 i1 BSh 1B2180.763 0 182180.783
HERN 248360 850 0 0 850 837 190826, 844 0 130826, B44 ‘
Tatal 3002213 10247 0 0 10247 {0811 2301189 0 23083
Key: Assumptions:

1. kWh = Electricity 1 kwh = 3413 Btu

2. MBtu = Btu x 10

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)

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

7. Total Rs = Total Rupees Heating value

of natural gas = 980 Btu/ft3

. [
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ENERGY AUDIT DATA SHEET FORMAT




PL N

ENERAGY AUDIT RECORD — SHEET 1

NAME OF INDUSTRY

ADDRESS :

ODATE :

PERSON PROVIJING INFORMATION :

TITLE/DESIGNATION

TELEPHONE :

GENERAL
TYPE OF INDUSTRY

LOCATION/ADDRESS

COVERED AREA

AGE OF INDUSTRY.

{DATE OF COMMISSIONING)

CAPAC!TY FACTOR (HRS/YR).

{DESIGN/ACTUAL)

NUMBER OF EMPLOYEES

PAODUCTS

ANNUAL PRODUCTION CAPACITY

ESTIMATED CAPITAL COST

{(YEAR PURCHASED)

PURCHASE OF UTILITIES UNITSYEAR  PRICE/UNIT

DEMAND CHARGE/ ANNUAL COST
OTHER COST

ELECTRICITY (VOLTATE )

PROCESS STEAM

NATURAL GAS

FUEL OIL ITYPE ASA NO. }

COAL (TYPE )

COOLING WATER (TEMP, )

BOILER FEED WATER

CHEMICALS
OTHER

TOTAL UTILITIES

OPERATING INFORMATION

SHIFTSYWEEK

HOURS/WEEK

FREQUENCY OF MAINTENANCE

AVERAGE DQWNTIME (HARS/IMONTH)

FORCED OUTAGE (HRS/MONTH)

(including Load Shedding).

ANCILLIARY EQUIPMENT QUANTITY

LIGHTING

RATEDIKWHUNIT TOTAL KW

AIRCONDITIONING

FANS
HEATERS

OTHERS

TOTAL ANCILLIARY EQUIPMENT

—3 I U Eh I BN I IS T A T Iy B D B W B e as

4



NAME OF INDUSTRY

ENERGY AUDIT RECORD SHEET —2

PRODUCTION COST YEAR

A)  UTILITIES
B8)  OPERATING COSTS -
LABOUR AND SUPERVISORS
MAINTENANCE (MATERIAL LABOUR)
TOTAL OPERATING COSTS
C)  CHEMICALSYOTHER MATERIALS
D} OVERHEAD EXPENSES (TAXES,
DEPRECIATIONS, INSURANCE).

TOTAL PRODUCTION COST :

iCONWIC DATA :

YEAR ENERGY COST ENERGY USED
PER YEAR PER OUTPUT ITEM

ENERGY INTENSIVENESS ENERGY INTENSIVENESS

B8Y VALUE ADDED

ENERGY INTENSITY

c'o




VI PLANT AND MACHINERY

ENERGY AUOIT RECORD SHEET — 3

NAME OF INDUSTRY

Energy Inpuis
Process Name/ Quanuty | Agp Funciion Copital Manulxiurer Perceniage
Equipment Type (Yn.) Cost Nawed of Toul Remarks
Gas Energy
(HeyfYrs) tnput
—_ ¥- L
S + -
- i -
— " 4
o |
T (@]
_— N
TOTAL ENERGY INPUTS . | N
TOTAL ENERGY iNPUTS v

-—I-------_----------




ENERGY AUD!T RECORD - SHEET 4 — ENERGY INPUTS

PROCESS SQUIPMENT

NAME OF INDUSTRY

AMBIENT TEMPERATURE HUMIDITY

ENERGY RATE cosY cosT
ITEM PARAMETERS VALUE [— PER UNIT PER YEAR REMARKS
KW % {RS/UNIT) (RSYYR.}

FLOW RATE

PROCESS INLET PRESSURE

STEAM INLET TEMP,

INLET DRYNESS

FRACTION

INPUT KW

PROPQRTION OF

ELECTRIC |_ENERGY

POWER INTO PRODUCT

POWER DORIVE

HEATERS

OTHER

FLOW RATE

NATURAL TEMPERATURE

GAS PRESSURE

HEATING

VALUE

- HF_WL

FLOW RATE

TEMPERATURE

FUEL OIL

(ASA NO. ) HEATING VALUE

VISCOSITY

SOURCE

TYPE OF COAL

COAL HEAT!NG VALUE

SIZE

CHEMICALS

TOTAL




xS

ENERGY AUDIT — SHEET 4A — ENERGY INPUTS

PROCESS EQUIPMENT

C.5

ENERGY RATE | COST PER | COST PER
ITEM PARAMETERS VALUE UNIT YEAR REMARKS
KW % {RS/UNIT) (RYYR)
PROOUCT | FLOW RATE
IN
TEMPERATURE
INLET FLOW RATE (AIR)
AIR TEMPERATURE
(AMBIENT)
HUMIDITY (AMBIE. *,
FLOW RATE (WATER)
PRESSURE
TOTAL
USAGE INTERMITTENT O CONTINUOUS T,

FRACTIONAL USE TIME

PER/WEEK

PER/MONTH

PER/YEAR

> 4



ENCRGY AUDIT RECORD SHEET-S-MACHINE CASE HEAT LOSSES

NAME OF INOUSTRY :

BIU TOTAL HRS PER RS. PER L3ss

wsorT | saFT. | veam mIL. BTU | RS/vERm | FERKS

MACHINE

REMARKS ¢ e e —————————— e mm—————e e




ENERGY AUDIT RECORO*SHEET. SAFHODRERKEEPINGILOSSES

NAME OF INDUSTRY 3

PROCESS EQUIPMENT :

T :
"o «gr | ToraL oes” | ns.pen LOSS
VALVE SQFT OAYS MU BTU | RS.YEAR
]

' \

1
REMARKS: e —— - - — - — o = = - ——

_____________ e ——— e
"‘




ENERGY AUCIT RECORC SHEE™-SB-HEAT FLUX DATA REQUCTION

NATE OF INDUSTRY :

"U" vAr vr—'
TIME DATE SCALE AIR T IND NET R AREA SURF T BGND T CONV __BTU _ Rpwpks. ecc.
SURF T HR-SQ T

10
11 ’ \

12

13

REMARKS




¢S

SHEET-SC-THERMAL ANALSIS

-1 1-t—) - —$---1—— | —

ENERGY AUDIT RECORD

NAME OF INDUSTRY
PROCESS EQUIPMENT

n

b 4
- — —a -1 e | —— e | — — ————— a

<

E

w

a

[=] Qo O o [=] O ® wwn 3 [a} o~ -

88 888 8 8 22 883 8 X °

V) be-sy,/mg - NOILYIAOVYY LV3IH 13N




ENERGY AUDIT RECORD SHEST-SO-EXHAUST OUT FLOW LOSSES

NAME OF INOUSTRY 1

PROCESS EQUIPYENT :

FLOW RATE RELETIVE VOLU'E LOSS/YR:
(FLUE GAS) HUMIZITY | BTU/Om (RS)

REMARKS




ET-5E-CONDENSATE RETURN

NAME OF INDUSTRY

PROCESS EQUIPMENT

3 VOLUME . - T/
N IPER/HA) EMP. o™

LOSSES/
YR(RS.}

~

11




ENERGY AUDIT SUMMARY SHEET -6

WORK THROUGHQUT

STEAM PRESSURE AND TEMPERATURE

INITIAL MOISTURE CONTENT OF IN
FINAL MOISTURE CONTENT OF ouT

WEIGHT OF WATER EVAPQRATED FROM

WEIGHT OF WATER EVAPORATED FROM INCOMING A!R

PLANT HEAT INPUT
TOTAL HEAY INPUT FROM STEAM CONSUMPTION

HEAT INPUT VIA PROOUCT

HEAT INPUT VIA ELECTRIC ENERGY

HEAT INPUT VIA NATURAL GAS ENERGY

HEATINPUT VIA FUEL OIL ENERGY

HEAT INPUT VIA COAL ENERGY

HEAT INPUT VIA CHEMICAL ENERGY

HEAT INPUT VIA OTHER ENERGY,

TOTAL HEAT INPUT

FLOW RATE QF EXHAUST GASES OUT
VOLUME OF EXHAUST GASES OUT

TEMPERATURE OF EXHAUST GASES QUT.

EQUIVALENT WEIGHT OF DRY AIR SUPPLIED (AMBIENT TEMP.)

PLANT HEAT OUTPUTS
TOTAL HEAT CONTENT OF EXHAUST GASES

HEAT CONTENT OF CONDENSATE RETURN

HEAT LOSSES FROM MACHINE CASINGS

HEAT LOSSES IN PRODUCT OUT.

TRANSIENT MACHINE HEATING UP AND COOLING LOOSES

DOWN TIME AVERAGE

TOTAL HEAT QUTPUT

HOUSE KEEPING LOSSES — STEAM LEAKS, HOT AIR ESCAPES FROM MACHINE

UNACCOUNTED LOSSES.

TOTAL




C.13
ENERGY AUDIT RECORD SHEET -7
NAME OF INDUSTRY DATE

OESCRIPTION OF MANUFACTURING PROCESS AND STAGES ACCOUNTING FOR
APPROXIMATELY MORE THAN B0 PER CENT OF PLANT ENERGY USE

{ATTACH PROCESS FLOW DIAGRAM) :




X1

X1V,

X1

X1t

«2
-]
i S

ENERGY AUDIT RECORD — SHEET - 8

NAME OF INDUSTRY

COMMENTS/SYNOPSIS

PROPOSED ENERGY CONSERVATION MEASURES (ON SITE).

IDENTIFICATION OF MAJOR ENERGY LOSSES 8Y THE MANUFACTURERS.

WHETHER ANY INVESTMENTS WERE MADE IN THE PAST FOR ENERGY CONSERVATION, IF SO
PLEASE SPECIFY (F NONE WHY NOT? ¢




- ENERGY AUDIT RECORD SHEET - 9

NAME OF INDUSTRY - DATE :

ENERGY COSTS DATA RECORODEO BY

ELECYRIC POWER © NATURAL GAS FUEL OIL COAL CHEMICALS

KWH Other Charges) Rate Total |KCUFT] Ownver Charges/ | Rate T Totd GAL Rae Toud | TONS Rate Tonl UNIT Rate Total
Demand Charge | Ry/Ton Cont Demand Charge | Ry Cost R/ Gat Cont Ry{Ton| Con Ryfcwe Cost
Ry XCUFY Ry Rs. Ry Ry,

g
|
10

[Ny S

-4 Il i TN N N R S P G BE B BN T B A B B e



MONTHLY PLANT ENERGY USE

ENERGY AUDIT RECORD SHEET -- 10

NAME OF INDUSTRY

YEARS

Data Recorded by :

DATE :

ELECTRIC POWER

NATURAL GAS FUEL OIL

COAL

KWH BTU/KWH 8TV

KCUFT

BUT/XKCUFY 8TUL GAL BTU/GAL

stV

TONS

TOTAL

8TU/IB 8TU [ 4%

NUMBER OF
UNITS
PRODUCED

BTUPER
UNIT OF
PRODUCTION

JAN

FEB

MAR

APR

MAY

JUNE

JuLy

AUG

SEPT

NOV

DEC
“

JAN

9]

(O




ENERGY AUDIT RECORD SHEET - 11

NAME OF INDUSTRY

C.

17

DATE

GENERAL STATE OF INDUSTRY

NUMBER OF QUALIFIED ENGINEERS/PLANT MANAGE RS

(LEVEL OF QUALIFICATIONS AND EXPERIENCE)

BOILERS (EFFICIENCY)

0O MaxiMum O MEDIUM O POOR

NON-PRODUCTIVE

1OLING OF BOtI.ERS Q0 HIGH 0O MEDIUM O Low
SPACE HEATING BY O ves 0O NO

BOILERS

ELIMINATION OF STEAM O EXCELLENT a Gooo 0 POOR
LEAKS

INSULATION OF STEAM O EXCELLENT O Gooo O POOR
PIPES

AVOIDANCE OF PRODUCING

STEAM IN EXCESS OF 0O Yes 0O NO
PROCESS NEEDS

'
i
i
]
i
1
i
i
i
i
1
i
i
i
1
i
]
i
'




ENERGY AUDIT RECORD SHEET —11A

NAME OF INDUSTRY

GENERAL STATE OF INDUSTRY

STEAM DISTRIBUTION SYSTEM

DATE

O EXCELLENT 0 Gooo O poOR

CONDENSATE RETURN TO O YEs 0 NO

PREHEAT BOILER FEED WATER

RE-USE OF HOT WASHING WATER

O ves O nNo
AVOIDANCE OF OVERDRYING

O ves O nNo
RECOVERY OF WASTE HEAT FROM
BOILER FLUE GASES O ves O no
INSTALLATION OF CAPACITORS TO
RAISE POWER FACTOR O YES a NO

ELIMINATION OF OVERSIZE, DUPLICATIVE

AND INEFFICIENT PUMPS AND MOTORS

0O YES O NO




ENERGY AUDIT RECORD SHEET —- 11B

NAME OF INDUSTRY DATE

GENERAL STATE OF INDUSTYRY

RE-USE OF HOT WATER O ves O No

10LING LOSSES 0 HIGH O MEDIUM O Low
OVER-DRYING O vES O NO
DYE - FIXATION TIMES O HIGH O MEDIUM O Low
(SPECIFY)

MONITORING OF HUMIDITY
OF DRYING PROCESSES O Yes a NO

MEASURES TO REDUCE EXHAUST
AIR TO MINIMUM 0 ves O NO

.
i
i
i
i
1
]
i
]
i
i
1
i
i
i
i
i
i
g




c.20

ENERGY AUDIT RECORD SHEET - 11C

NAME OF INDUSTRY DATE

GENt RAL STATE OF INDUSTRY

1S EXHAUST AIR SWITCHED OFF
DURING IDLING O ves 8 no

HEAT RECOVERY FROM EXHAUST
AIR O ves G NO

HEAT RECOVERY, ANYWHERE




c.21

BOILER DATA SHEET -1

BOILER DATA

2)
b}
¢)
d)
e}
f

o}

TYPE
PRESSURE {RATED)
CAPACITY {RATED)
HEATING SURFACE
NO. OF BUANERS
INSULATION TYPE
COMBUSTION CHAMDER S12E

STEAM USE:

O FORPROCESS O FORHEATING

DATE INSTALLED
OPERATING
OPERATING 0 MAXIMUM

QUALITY

O FORPOWER O QTHER

OPERATING INFORMATION :

APPROX. HRS./DAY

O CONTINUQUS

O |NTERMITTENT




BOILER DATA SHEET-1A-FLUE GAS_ANALYSIS.

SMOKE TEST RESULT.

CARBON MONOXIDE P.P.M

OXYGEN PERCENTAGE.

NET TEMPERATURE.

EFFICIENCY

VOLUME OF EXHAUST

TEMP, OF EXHAUST

TOTAL HEAT VALUE LOSS

COMBUSTION EFFICIENCY




BOILER DATA SHEET -2

5. FEED WATER TREATMENT

O ves 0 wNo O MANUAL O AUTOMATIC

CONDUCTIVITY PH. VALUE LEVEL FLOW

TEMPERATURE

PREHEATER/ECONOMIZERS

-0 ves 0 w~o

MAINTENANCE
—_—————

CLEANING FREQUENCY OF BOILER

DATE WHEN LAST CLEANED

6. FUEL TYPE

0O on 0 NATURAL GaS O FURNANCE QiL O coaL O B8AGASSE

Q rrG O oTHER.

B8TU/KG.

P 4

BTUMI

PRESSURE

TEMPERATURE FLOW RATE

INDICATION O CONTROL Q RECORD

FACILITY FOR OTHER TYPE OF FUEL

O YEs O no.

TYPE OF FUEL




‘ C.2h4
' BOILER DATA SHEET —3
' 7.  BURNER
TYPE : O Gas O o O puAL
, NO. OF BURNERS
DATE INSTALLED
| |
RATINGS :
] LOW FIRING BTUH FTI/HRA GAS
! HIGH FIRING 8TUH FT3/HR GAS
' PILOT BURNER PRESSURE w.C.
PILOT BURNER CAPACITY FTIMHR
PILOT 1IGNITION SOURCE O SPARK C MANUAL

8. COMBUSTON AIR

PRESSURE

TEMPERATURE

FLOW

9. COMMENTS

10. PROPOSED ENERGY CONSERVATION MEASURES (ON SITE)




Appendix D

INTRODUCTION LETTER AND EXAMPLE ACCEPTANCE FORM
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| .
} UNITED NATIONS 3 e ot e e
DEVELOPMENT PROGRAMME @ MC‘J,&:’\" 7))
IN PAKISTAN i Ob—r

D.1

P BOX 1051, ISLAMABAD, PAKISTAN

L ey
RS A

TELEPHGNE 22071 . CABLE ADDRESS : UN DE V PR O, ISLAMABAD

KITERENC! PAK /83/00 N

RENC PAK/83/009 STREET ADDRESS. UNITED NATIONS OFFICES
DIPLOMATIC ENCLAVE, NO. 1, BLOCK NO. 2
RAMNA §, ISLAMABAD

26 Augusut 1984 i '

TO WHOM IT MAY CONCERN

This will certify that Messrs International Resource Assessment Croul,
Inc., (INTRAG), Comsultants in Natural Resource and Energy Assessment ard
Implementation Management, USA, have been awarded contract No. B84/25 covering
UNDP/UNIDC Project PAK/83/009, Energy Saving inm Industry. The Project Manag,e'
of INTRAG in Lahore is Mr. Tafweez E. Chauhan. His address is: INTRAG, 4~Canal

Bank, Upper Mall, Lahore. . l

INTRAG will implement the project in close coordinaction with Mr.Soha
Qureshi, Director General, Encrgy Resources Cell, Ministry of Petroleum and
Natural Rcsoqrces, House No. 3, Street 88, G-6/3, Embassy Road, Islamabad and
Dr. Kenneth S. Stephens, Senior Industrial Development Field Adviser of UHIDO'
Islamabad.

The aims of the contract, among other things, are : l

(1) to undertake analysis of at least thircy industrial units \
regarding the scope for adoption of fuel efficiency measures
in short and long time perspective which will lead to lesser l
consumption of fuel oil/gas without affecting industrial output
in the plants. Such a survey on industrial sector basis will
give a guideline for achieving savings on short/medium/long '
term approach; "

(11) to prepare in-depth analysis of plant level total energy demagg
plant level peak energy demands, vecovery of waste heat, 1mpri
ing performance of steam boiler, steam applicaticns, and chec®
1{st for industrial conservation of energy;

(111) to prepare proposals for suitable fuel substitutes; l

(iv) to compile available data on measures and recommendations for
energy saving in industry.

We request the concerned factories/plants/companies to extend all
courtesies and co-operacion to Mr. T.E. Chauhanf INTRAG and his staff in cthei

efforts to carry out the study. J /
L3 /7/7 _-”\'{L

~“ K., $. Stephens
UNIDO Senior Industrial
Development Field Adviser

2 EE =E e

T




- INTRAG > |

INTERNATIONAL RESOURCE

ASSESSMENT GROUP INC. 4. Canal Bank Tel :88178S 15.Clark Road
Cansuitants in Naturst Resource & Energy Upper Mall 330297 Waellesiey Hills
Assessment and implementation Management Lahare - Pakistan  Tix : 44897 IMPAK PK Massachusetts 02131 U.S.A, (517) - 237 - 5Ca%

Attention :

SUBJECT :¢ SURVEY OF YOUR PACTORY/PLANT POR ENERGY
CONVERSATION STUDY ON BEHALP OF UNIDO/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 Developsent Organisation
(U.N.I.D.O.) in collaboration with the Directorate
General Resources (DGER) Ministry of Petroleum 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 determine existing utilisation and consumption
patterns of energy sources mix and advise on potential
for conservation of energy sources without affecting
productivity.

The study recommendations 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 beun commissioned to assist M/s

INTRAG in conducting the survey and collecting data

from the selected plants.




D.3

-2 -

SURVEY PROCEDURE

On receiving acceptance from plant management to carry
out survey, the Intrag/Zelin survey team will visit the
plant, interview the plant manager regarding machinery,
equipment installed and their energy use. Using the
documentation {(electrical drawings, steam systea layouts
at and historical records of fuel and electricity) made
available the team will take measurements on the energy
consumption of major energy user equipment throuyh their
own portable instrumentation.

we would be grateful 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. Tafweez BE. Chauhan Lahore, Phones: 334058-3130297
Mr. Amer Qari 330100

Looking forward to an early response.

Yours sincerely,
ror International Resource Assessment Group (INTRAG) Inc.

TAFWEEZ BE. CHAUHAN
PROJECT MANAGER




EXAMPLE

ACCEPTANCE FORM

1) Sunshine Cotton Milla Limited, Shetkhupura
2) Sunghine Jute Mills Limited, Sheikhupura

Name of Industry

.

Address : ——dilometen.28, Lahare=sheikhumura-Boad, SheikhugidGe - - -
Sunshine Cotton SKP 366!

Telephone : - Telex : 444 Hasan Fk...
Sunshine Jute SKP 3409 (Head Office at

. o ~ Gulberg)

Person to Contact :l)l-Sumshifd—Cotios—w Hre Mo sahean, -l --22220d -
2) Mp. David T. Gamble - Sunshine Jute Milla

Designation 2 —Gunorai- Haenagere -of- be b She -Companiee -—

Telephone s Al Sunanice LofZan Mills Lide . SECIANGLIG £AQLR Noio & !

b) Sunshine Jute Mills Ltd., Shetkhupura  Phone No: sdus

We agree to have our factory/plant surveyed by M/s INTRAG/ZELIN
for the purpose of the UNIDO/DGER Study on Energy Conservation on

(Proposed Date )y ii_ 12:321384
Sunghine Jute 13-3-1384

We will provide all assistance to enable making the study a
sucess.

or (Alternate Date)-—cecee-co--

Signed : memmeas 1&1‘!’.‘". --:'1\;;_ prgngugned U

D.b

Name in Block Letters : --GNALEMG&LQr sugearnl . ______
DeniqNAtion ; ~—weeeema—a- DLBELTORL GRNERA L MANACER, v
SUNSHINE GROUB OF [NOUSTRIES, 71=3/C=2, Iulberg 11D, Lan o-.

Date : -29h Auguste. JI8de o oo




Appendix E

’ — ]

METHODOLOGY FOR ESTIMATING ENERGY SAVINGS

In this appendix, the methodologies used to estimate energy savings

for the following energy conservation actions are provided:

Action Page No.

Improved boiler efficiency E.1

Improved boiler cleaning and maintenance E.10

Improved boiler insulation E.11

Improved furnace insulation E.12

Increased flue gas heat recovery E.13 \
Improved steam distribution system E. 14

Increased condensate return E.15

Improved power factor E.17

Optimized drying time E.19




APPENDIX E E.1

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 2 illustrate the relationship, for natural gas, of

boiler thermal etficiency as a function of stack temperature and

excess air.

Stack gas temperature, O and COy were recorded for each plant. The
stack outlet temperature and percent CO5 are entered on the graph to

obtain the estimate of overall boiler thermal efficiency.

Percent excess air can be calculated in two ways:

a. Graphical Approach

Figure 1 shows the relationship between percent excess air

and Oy and COp levels for typical fuels. Given levels

1
i
1
i
i
1
1
1
i
i
i
|
i
1
i
|
i
i
7




E.2

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:
Shaheen Calico Example
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APPENDIX E E.4

of 07, CO7, and percent excess air can be read directly

from the graph.

b. Formula*
The percent excess air (BEA) can also be calculated using

the following relationship:

EA = 100 x 02
.2682 No - 03

2. Heat Loss Method for Calculating Boiler Efficiency

Below is a sample calculation for boiler efficiency using the heat

loss method for one of the plants surveyed (Bannu Woolen Mills).

Recorded

Rated Presiure =pr = 100 psi 02 6%

Operating pressure =p, = 80 psi TeExhaust = 970°F

Rated capacity = 2000 los/hr
co (ppm) = 375

CO,

11.5%

* Source: Thumann, Albert, P.E.. Energy Audit Sourcebook, Fairmont
Press, Inc., 1983, p. 32,
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APPENDIX E

a. Heat Loss Due to Dry Flue Gas:

The equation used for calculating Dry Flue Gas (DFG) per

1b of fuel fired is:

DFG = 11 (CO3) + 8 (0O3) + 7 (N2 + CO) x €
3 (COz + CO) 100
11 (11.5) + 8 (6) + 7 (82.5) x 87
3 (11.5) 100
DFG = 18.9635
AQpFG = DFG x Cp x (texy — ta)
where: Cp = gpecific heat
tex = exhaust temperature
ta = ambient temperature
AQprg = 18.9635 x (.24) x (970 - 80)
AQprg = 4050.6 Btu/lb

Percent of fuel (Heating Value)
as fired = 4030.6 x 100 = 22.13%

18.3 x 103




APPENDIX E E.6

b. Heat Loss Due to Moisture in Fuel = AQHZOF

Aq = enthalpy change of moisture from inlet to exit
(flue gas) conditions

l Agq = (1089 + 0.46 tgy - ta)

| = (1089 + (.46) (970) - 80) = 1455.2

AH,0F) = H0F x Aq
{
A ,0F =  (0.05) x 1455.2 = 72.76
i
Percent of fuel as fired = 72.76

x 100 = 0.4%

18.3 x 103
c. Carbon Monoxide Heat Loss:
Fuel 0Oil: % Heat Loss = .00623 x CO ppm
21 - % 0y

.00623 x 375
21 - 6

= ,156%
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d. Heat Loss Due to H20 From Combustion of Hj

AQHzO = 9 x Hy x Agq

100

*
= 9 x 11.3 x 1455.2 = 1479.94 Btu/lb

100
Percent of fuel as fired = 1479.94 100 = 8.08
18.3 x 103
e. Unmeasured + Radiation Losses** = 10%

n= 100 - (22.13 + .156 + .4 + 8.08 + 10)

n= 59,23%

* Assured value.

#* percent of radiation losses were measured using Exergen
Scanrier and given total surface area.
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CALCULATIONS OF ANNUAL SAVINGS DUE TO IMPROVED BOILER EFFICIENCY

Annual savings due to improvement in boiler efficiency were calcu-

lated using the nomograph shown in Figure 3. The nomograph is based

on the following equation:

S=Wx ( AE/ E) xC

where S5: is the potential fuel savings in Rs/i.r
W: 1is the boiler fuel-use rate in MBTU/hr
E: is achievable efficiency

AE: 1is the difference between achievable and
actual efficieacy

C: 1is the fuel cost in Rs/MBTU

Sample calculation: Farooq Textile Mills: S, = 8000 Lbs/hr
= TU = 241
r = Rs/MBTU 410784 = 25.79
93480.83

r Rs 25.79/MBTU

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

dn

= 85000

To adjust for actual boiler efficiency, multiply the saving by
(80 / actual 5 )

i.e. 85000 x 80

» Rs. 86404.07/unit gain in efficiency
78.7

£s = (80 - 78.7) x 86404.07
ZS = Rs 112325.29/yr




E.v
Figure 3
Annual Fuel Savings for 1% Gain in Unit Efficiency
— O
140 -
:1 — 85
- -
120 — -
7] — 170
100 - =
7 — 265
80 L
Average Annual - | Annual Fuei
Steam Flow — - Savi}ngs
(10° x Ibs/hr) = - 1107 x Rs)
60 — 340
40 — N
n — 425
1 =
. =
20 - -
1 — 510
0 - N
r——
L~ 595

NOTE: Nomograph shown is not to actual scale; it is for itlustrative purposes only.
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CALCULATION PROCEDURE FOR ESTIMATING SAVINGS RELATED TO
BOILER CLEANING AND MAINTENANCE

Eo

Average energy input to boiler prior to cleaning

Eq

Average energy input to boiler after cleaning

For each plant E; and E{ were obtained from data corresponding
to the dates when the boiler was last cleaned.

Sj = Savirgs for plant i

5§

(]

Eqg - E X
(o 1) !’i

where

2]
L}

rate (Rs/GJ) for plant i.
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CALCULATION PROCEDURE FOR SAVINGS RELATED TO BOILER INSULATION

mo N N
[ |

s =1

recorded surface losses (watts/mz)

operating hours
surface area (m2)
Rs/kwh

percent factor for insulation quality

estimated savings

xaxtx (p) " 3413

Example:

1000 106

Adamjee Paper Mills

360 x 1000 x 8000 x .8

1000

Rs 142705.54/yr

1.0551 x r

3413

106

X 1.0551 x 17.20
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CALCULATION PROCEDURE FOR SAVINT5> RELATED TO FURNACE INSULATION

operating hours
surface area (m?)
Rs/GJ

0wo e -

estimated savings

§ = lxaxtx (p) x 3413

1000 106

Example:
5 = 320 x 100 x 6000 x .8
1000
S = Rs 117306.17/yr

Y- -

recorded surface losses (watts/m2)

percent factor for insulation quality

1.0551 x r

3413

106

x 1.0551 x 212,08
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CALCULATION PROCEDURE FOR COMPUTING SAVINGS
DUE TO FLUE GAS WASTE HEAT RECOVERY

Qi
Ve

Cp

Example:

Qi

Average annual energy consumption for plant i
Volume of exhaust gases (ft3/hr)

Specific heat of exhaust gases (BTU / Lb - F)
Density of exhaust gases (Lb / ft3)

Energy carried in flue gases

Average annual recoverable energy from flue gases

Average annual energy consumption with flue gas
waste heat recovery in plant i

Rate Rs/GJ for plant i

Estimated average annual savings for plant i
Annual operating hours

Temperature of exhaust gases

Ambient temperature

VP x Cp x P x (Tay - Tp) x H

CeeBee Textile Industries
87983.441 GJ
10138.848 GJ

(0.4) x (10138.848) = 4055.539 GJ
(assuming 40% recoverable potential from flue gases)

87983.411 - 4055.539 = 83927.902
(4055.539) x (25.234)

Rs 102339.73/yr.
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CALCULATION PROCEDURES FOR ESTIMATING SAVINGS
RELATED TO IMPROVED STEAM DISTRIBUTION SYSTEM

———— MRS G G

Qi = Average annual energy used in steam generation in plant i

l P = Percent factor for input energy reduction for plant i

Qi = Average annual energy use with improved steam distribution
system in plant i

Qi = Qi x (1 -p)

Si = Annual savings due to improved steam distribution system
S = AQ x rj

Si = (Qi - Q/i) xrj

where r;j = Rs/GJ for plant i

Example: CeeBee Textile Industries
Qi = 45.332 x 103 G&J
Qir = (45.332 x 103) (1-.18) = 37.173

S = (45,332 - 37.173) x 16.3 x 103 = 132177.81
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CALCULATION PROCEDURES FOR SAVINGS
RELATED TO INCREASED CONDENSATE RETURN

Pr = Pressure (KN/M2)
Q4 = 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)

§§ = Savings in Rs/yr
FPC = Percent Saving of Fuel Cost

TC = Percent Saving of Total Cost

E = PX (Qg - Q3) x S- x .454 x ¢t

106

5§ = Exr,

FC = 5
x 100
Rs (fuel)
™ = 5§
x 100
Rs (Total)
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Example: Abid Industries
E = .05 x (2759.5 - 9.24) x 3178 x .454 x 7200
’ = 1382.810

106

S; = 407742
x 1382.810 = 28008.15
20130, 91

FC = 28008.15

x 100 = 6.8%
407742
T™C = 28008.15
x 100 = 1.51%
1847282

e e e g
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CALCULATION PROCEDURE FOR DETERMINING SAVINGS
RELATED TO POWER FACTOR IMPROVEMENT

Ej = Total input electric energy for plant i
Pj = Input power at measured power factor

Pj = Input power at improved power factor

hj = Operating hours of plant i
i, = Line current
v, = Line voltage

COS¢ 1 = Power factor (recorded)

8
7]
S
N

L]

Power factor (improved) = 0.9

ri = Rate (Rs/kWh)

8i = Savings for plant i (Rs/yr)
Pi = Ej
hj
also
Pi = V3 ipvy COSo 1
|31
= 122R(losses)
V3 Ccos¢

4 SR Ty am e i aF Un' A O G My G B A o A A A
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Similarly
! Py
' = iZZR(losses)
V3 cose ,
Ap = Py Pj
V3 CoS¢ 1 V3 CoS¢ 3
S§ = Apxh«x rj !

Example: Abid Industries
Eqy = 1124763 kwh

Py = 1124763
= 156.217 kW

7200
156,217
= i32R = 112,740
' V3 (.8)
‘ at pf = .9
156.217
= i52R = 100,213
Y3 (.9)

Ap = 12.52672 kW
89 = (12.52672) x (7200) x (1.2798)

S1 = Rs. 115433,16/yr.
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CALCULATION PROCEDURE FOR DETERMINING SAVINGS
RELATED TO OPTIMIZING DRYING TIMES

Q; Input energy in plant i

Eq = Estimated energy use in drying (assumed to be
40 percent of input energy)

o)
[}

percent factor for savings

It was assumed that 20 percent of drying energy could be saved with
optimization of drying times.

E, = Estimated energy saved with optimized drying time

[a ]
[N
"

Rate (Rs/GJ)

5§ = Savings (Rs/GJ)
Eqg = (.49) xQj

Es = Eq x (p)

S; = B x r

Example: Abid Industries
Qi = 24181.25 GJ
Eqg = (.4) x (24181.25) = 9672.5 GJ
Eo = (.2) x 9672.5
Eoc = 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.

2.

3.

4'

Potential areas of energy conservation improvements.
The type of improvement action or equipment required.

The likely timing of the action and the estimated energy and
cost savings.

A measure of the equipment invested needed, and the 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 i3 critical
to the implementation of several of the actions.




PLANT SUMMARY

Abid Industries

ENEP3GY CONSERVATION OPPORTUNITIES®

pProcess/ Area of

Equipment Improvesent

Boiler Combustion Efficiency/
Burner
Recover Waste Heat
Blow Down Recovery
Majintunance & Cleaning
lnsulation
Condensate Return
Peedwater Pretreatment

Flue Gas Peedwater Preheating

wWaste Heat

Steam Losses

HOt Watet

Electric Power

Process Heat

Re-Designirg

Air Waste Heat

Pipe Insulation
Steam Traps
Steam Leakages

Distributicn Network

Hot Water Control

Power PFactor
Matching of Motors

Voltage Stablilization

Moving Parts Maintenance

Dtying

Space Heating

Waste Heat Recovery System

Process Control System

Microwave Heating

Rquipment Investment

(Plant)
Est imated Percent
Annual Estimated Saving
Timing of Action
Timing of Action Bnergy Cost of Total
Improvement Action/ Short Medium Long Savings Savings Energy
Equipment Required Term (103Gy) (Ra) Cost Minor
Automatic Tuaing 27 3734 .20 X
Waste Heat Recovery X 2.274 173737 9.4
System
Economizers X
Cleaning 1.215 48929 2.64
Insulate 4536 x
Piping 2.765 279455
Chemicals 1.130 220896 1.24 X
Heat Exchanger X
Heat Exchanger 56085 ) ]
Ingulate X
Stean Traps 1.957 39633 2.15 4
Repair
X
Adjustments X
Change X .328 115433 6.2
Stabilizera H
X
Heat Exchanger X 1.934 147783 8.0 X
3

* Requires detalled engineering plant fe
For some improvement actions, the preliminary audit data was not sutf

asibility study to finalize savings and vetrify economics.
1cient to provide energy and cost savings estimates.

Major

Wil

Payback
Period

(Years)

<1

<1

Thig summary is provided as a rough quide,

|




PLANT SUMMARY

ENERGY CONS ERVATION OPPORTUNITIES®

International Metal

(Plant)

Process/

Eguipment

Furnace

¥lue Waste
Heat

Electric Power

waste Heat

Re-Desigring

Area ot

Improvement

Combust Lon

Ingulation

Temperature/Pressure

Kaintenance

Peedwater Preheating

Alr Waste Heat

Power Factor

Motors

Voltage Stabilization

Moving Parts Maintenance

Space Heating

Waste Heat Recovery System

Process Control Systems

R. F. H:ating

Estimated Percent Equipment Investment
Timing of Action Annual Batimated Saving L
Timing of Action Eneryy Cost of Total Payback
Improvement Action/ Shott Medium Long Savings Savings Enecrgy Period
Egquipment Required Term Term (103¢y) {R8) Cost Minor  Major (Year s)
Tuning x <1
Insulate X -445 57465 15.30 3
Nz2w Contcols X 3
Nl
Heat Exchanger X
Adjustment X 1-3
Match ve. Load X 0.2% 14277 3.80 X 4
Stabilizer X 3
X t-2
X

* Reguites detailed enginevcing plant feasibility study to finalize savings and verify economics.
FOr Some LAprovement actions, tie preliminary audit data was not sufficient to provide energy and cost savings estimates.

This summacy is provided as a rough guide.

c°d



PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES*

Process/
Equipment

Futnace

Flue daste
Heat

Electric Power

Waste Heat

Re-Designing

Area of

Improvement
Coabustion
Inaulation
Tempesature/Pressuce

Malintenance

Peedwat ct Preheating

Alr Waste Heat

Power Factor
Motors
Voltage Stabilization

Moving Parts Maintenance

Space Heating

Waste Huat Recovery System

Process Control Syatems

R. P. Heating

* Requires detailed engincering plant feasibility stu
Fut SGRe 1Mprovement actions,

the preliminary audit data was not suf

Kamran Steel Re-Rolling Mills
{(Plant)

Estimated Percent Equipment Invest .
Timing of Action Annual Estimated Saving b 4 en
Timing of A o™ - Energy Cost of Total Payback
Improvesent Action/ Shott Medium Long Savings Savings Bnecrgy Period
Equipment Required Term Term Term (103a) (Re) Cost Minor Major  (Years)
Tuning X X <t
Insulate X 10.5485 2300000 21.35 3
New Controles X X 3
x Nil
Heat Exchanger X
Adjustment X X 1-3
Match ve. Load X 5.050 1097637 10.19 X ]
Stabilizer X x 3
X X 1-2

dy to finalize savings and verify economics. This summaty 1a provided as a couygh guide.
ficlent to provide energy and cost gevings estimates.

¢ d




PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Process/
Equipment

Furnace

Flue Wasate
Heat

Electric Power

Waste Heat

Re-Designing

* Requires detailed engincering plant feasibility study to €inalize savings and verify economics.

Khalil Metal Works

(Plant)

Eastimated Percent Equipment Lnvewtment
Timing of Action Annual Estimated Saving ips
Timing of
e Energy Cost of Total Payback
Area of {mprovement Action/ Short Medium Long Savings Savings Energy Pegiod
lmprovement Bguipment Required Term Term Term (103ay) (Rs) _ Cost Minor Major (Yeacrn)
Combust ion Tuning X X <1
Insulation Insulate X 1.639 48099 16.20 3
Temperature/Presauce New Controls X X k)
Malntenance p 4 Nil
Peedwater Preheating
Alr Waste Heat Heat Exchanger X
Powetr Factor Adjustment X ¥ 1-3
Motors Match va. load } 4 .037 9177 3.09 X 4
Voltage Stabilization Stabilizer x X 3
Moving Parts Maintenance X 1-2 \
Space Heating X ‘
Waste Heat Recovery System X
Process Lontrol Systems X
R. F. Heating X

This summary 1§ provided as a rough guide.

For some improvement actions, the preliminacy audit data was not sutficlent to provide energy and cost 3%avings estimates.

n'd



PLANT SUMMARY

ENERGY CONSERVATION OPFORTUNITIES®

Process/

l‘ﬂ u L Eenl

Furnace

Flue Waste
Heat

Electric Power

Waste Heat

Re-Designing

* Hequites detalled engineering plant feasibility s

Area of

Improvenment
Coabustion
Insulation
Temperature/Pressuce

Malntenance

Peedwater Preheating

Alr Waste Heat

Power Factor
Motors
Voltage Stabilization

Moving Parta Maintenance

Space Heating

wWaste Heat Recovery System

Process Control Systems

R. F. Heating

Metropolitan Steel
(Plant)

Eatimated Percent Equi nt Investment
Timing of Actlon Annual Estimated Saving P
Timing of Act’on
Energy Cost of Total Payback
Improvement Action/ Short Mediums Long Savings Savings Energy Period
Equipment Required Term Term Tern (103cJ) (R8) Cost Minoc Major (Years)
Tuning X X <1
Insulate b 3 18.876 420000 2,13 3
New Controis X X 3
X N1l
Heat Exchanger X
Adjustment X X 1-3
Match va. load X 3.108 988598 5.03 X 4
Stabilizer X X 3
X X 1-2
X
X
X
 §

tudy to finalize savings and verify economics.

This summary is provided as a rouyh guide,

fficient to provide energy and cost savinygs estimates.

FOr sume 1MpIovement actiuns, the preliminary audit data was not sSu

- & | e .
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PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Sh. Abdur Rahim A. Dittd Steel
(Plant)

Process/ Acrea of

Eguipment Improvement

Boller Burner
Flue Gas Waste Recovecry
Blow Down Recovery
Maintenance & Cleaning
Insulation
Condensate Return
Feedwater Pretreatment

Flue Gas Peedwater Preheating

waste Heat
Process Alr Waste Heat

Steam Losses Pipe Insulation
Traps
Leakage

Distribution Network

Electric Power Power Pactox
Motors
Voltage Stabilizer

Moving Parts Maintenance

Re-Designing Waste Heat Recovery

System
Process Control System

Microwave Heating

Furnace Ingulation
Combustion Temperature/
Pressutc Maintenance

* Requites detailed enyincering plant feasibility study to finalize savingsa and ver 1ty economics.

Estimated Percent Equipment I N .
Timing of Action Annual Estimated Saving P nvestmen
Timing of Actlon Energy Cost of Total Payback
fmprovement Action/ Short Medium Long Savings Savings Ener gy Period
Equipment Required Tecm  Term  Tecm (103¢y) (Rs) Cost Minor  Majur  (Years)
Tuning ) § 1.306 20673 4.92 X <y
Waste Heat Recovery X 1,813 43564 10.37 X 3
System
Economizes X X 2
Maintain & Clean X . 941 36481 8.68 Nil
Insulate X 66029 15,70 X 3
Recovery Syatem X .820 9549 2.27 X 2
Chemicals X <125 2918 .69 X
Heat Exchanger x X 3
Heat Exchanger X X 3
Insulate X X 3
Steam Trape X 2.299 53505 x 2
Repair X X <
Piping X X 3
Adjustments X X -3
Match vs. Load X .006 1214 .29 X 4
Stabilizers X X 3
X x t-2
X X 2
X X k)
X X 2
Insulate x 3.936 94609 22.49 X
X

This summary 18 provided as a rough guide.

Fuf some 1mprovement actions, the preliminacy audit

data was not sutficient to provide energy an

d cost Bavings estimates.



PLANT SUMMARY

Sunshine Cotton

(Plant)
ENERGY CONSERVATION OPPORTUNITIES® [ - I L
Estimated Percent Equipsent Investment
Timing of Action Annual Bstimated Saving
Timing of Acti? Energy Cost of Total Payback
Process/ Area of Improvement Action/ Short Medium Long Savinys Savinge Energy Peciod
Equipment Improvement Equipment Requited Term Term Term (10363) (R8) Cost Minor  Major (Years)
Electric Power rower Factor Adjustments X x 1-3
Motors Match va Load X X 4
Voltage Stabilization Stabilizecs X 7.415 720908 18.33 X 1-2

Moving Parts Maintenance

* Requires detalled engineeriny plant feasibility study to finalize savings and ver ify economics.

This summary is provided ag a rough guide.

For some 1mpLOvVement actions, the preliminary audit deta was not sufficlent to provide enecgy and cost savings estimates.

L4




PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Ravi Steel Re-Rolling Mille

(Plant)

Process/

EH\JIEE&

Furnace

Flue Waste
Heat

Electric Power

Waste Heat

Re-Degigning

Eatimated Peccent Equipment Investment
iming of Action Annual Est imated Saving
Timing of Action

Enerqgy Cost of Total Payback
Area ot Improvement Action/ Short Medium Long Savings Savinge Energy Period
1Im- oveaent Equipment Requited Term Term Term (10363) {R8) Cost Minor Major {Years)
Combustion Tuning X X <1
Insulation Insulate X 3. 70 191923 22.49 3
Temperature/Pressure New Controls } X k)
Maintenance X Nl
Feedwater Preheating
Alr Waste Heat Heat Exchanger X
Power Factor Adjustment X X 1-3
Motors Match va. Load X .1887 121345 14.23 X 4
Voltage Stabilization Stabilizer X X 3
Moving Parts Maintenance X X 1-2
Space Heating X
Waate Heat Recovery System X
Process Control Systems X
R. P. Heating X

* Hequires detailed enginvering plant feasibility study to finalize savings and verify economics. This summary 18 provided as a rouyh guide.

For some improvement actions, the preliminary audit data was not sufficlent to provide energy and cost 8avinys estimates.




PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Shakit Aetal Industries
(Plant)

Process/

E:gu 1 Een}_

Furnace

Flue Waste
Heat

Electric Power

Waste Heat

Re~Deaigning

Area of

Improvement
Combustion
Ingulation
Temperature/Pressure

Maintenance

Feedwater Preheating

Air Waste Heat

Power Factor
Notors

Voltage S abilization

Moving Parts Maintenance

Space Heating

Waste Heat Recovery Systea

Process Control Syateas

R. F. Heating

Estimated Percent Equipment Investment
Timi of Action Annual Estimated Saving b=
Timing of Actlon Enecgy Cost of Total Payback
Improvement Action/ Short Medium Long Savings Savinga Energy Period
Euipment Required Term Term Tetm (IO’GJ) {R8) Cosat Minor Ma)or {Years)
Tuning X X <t
Insulate X .298 42139 15.30 3
New Controls X X 3
X N1l
Heat Exchanger X
Adjustment b 4 X 1-3
Match vs. Load X X 4
Stabilizer X X 3
X X 1-2
X .025 13102 4.76
X
X
) §

* Requites detalled endgineering plant feasibility study to €inalize savings and verify economics. This summary 18 provided as a rough guide.
For some improvement actions, the preliminary audit data was nct sufficient to provide energy and cost savings estimates.
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PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

United Iron & Steel

{Plant)

Process/ Area of

Equipaent Improvement

Furnace Combustion
Inaulation

Flue Waste
Heat

Electric Power

Waste Heat

Re-Designing

* Requires detailed enginecring plant feasibilit

Temperature/Pressure

Maintenance

Peedwater Preheating

Alr Waste Heat

Power Pactor
Motocs
Voltage Stabilization

Moving Parts Maintenance

Space Heating

Waste Heat Recovery System
Process Control Systems

R. P. Heating

EBstimated Pexrcent Equi nt 1 N ¢
Timing of Action Annual Estimated Saving £ nvestmen
Tlming of Actlon Energy Cost of Total Payback
Improvement Action/ Short Medium Long Savings Savings Enecgy Period
Equipment Required (103c)) (Rs) Cost Minor Major  (Years)
Tuning X <1
Insulate .966 177000 4.17 3
New Controls  § 3
Nil
Heat Exchanger
Adjustaent X 1-3
Match vs. Load 2.73 501063 i1.82 X 4
Stabilizer X 3
X 1-2

y study to finalize savings and verify economics. This summary is provided as & rough guide.

Fou sume lmprovement actions, the preliminary audit data was not sufficlent to provide energy and cost savings estimates.

¢ et e e e o g
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PLANT SUMMARY

| ENERGY CONSERVATION OPPORTUNITIES®

Process/

Equipaent

Flue Gas
waste Heat

Electric Power

Waste Heat

x
f
i

Area ot
Improvement

FPeedwater Preheating

Proceas Air Waste Heat

Power Factor
notors
Voltaqe Stabilizer

Moving Pacts Malntenance
Space Heating
wWaste Heat Recovery

System

Process Control System

R. P. Heating

* Hequites detailed engineering plant feasibility stu
For 50me 1mprovesent actions, the prelimin

Yazdani & Co. Ltd.

(Plant)

Improvement Action/
Equipment Required _

Heat Exchanget

Heat Exchanger

Adjustments
Match vs. Load

Stabilizers

y to finalize savings and verify economics.

ary audit data was nut s

Estimated Percent Equipment Investment
giming of Action Annual Eat imated sSaving P
Timing of ACEIOR
Enecgy Cost of Total Payback
Short Medium Long Savings Savings Enetgy Period
Term Term Term (1030.!) (R8) Cost Minotc Major (Years)
X X 3
X X k|
} 4 X 1-3
X .87 184526 8.02 X 4
X X 3
) 4 X -2
X
X
X
X

———————

This Summary 18 provided as a rough guide.

fficlent to provide energy and cost savinys esimates. .
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PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Process/ Area of

Equipaent Improvement

Boiler Burner
Plue Gas Waste Recovery
Blow Down Recovery
Maintenance & Cleaning
Insulation
Condensate Return
Peedwater Pretreatment

Flue Gas Peedwater Preheating

waste Heat
Process Air Waate Heat

Steam Losses Pipe Insulation
Traps
Leakage

Distribution Network

Electric Power Power Factor
Motors
Voltage Stabilizer

Moving Parts Maintenance

Waste Heat Drying

Space Heating

Re-Designing Waste Heat Recovery System
Process Contrul System

Microwave Heating

* Requites detailed engincering plant feasibDility study to finalize savings and verify economics.

Shaheen Calico Printing Works

(Plant)

Estimated Peccent Equipment Investment
Timing of Action Annual Estimated Saving
Timing of Ackion Enerqy Cost of Total Payback
Improvement Actlon/ Short Medium Lung Savings savings Energy Period
Equipment Requited Tetm Term Term (10364) (Rs} Cost Minot Major {Years)
Tuning X 4.215 40899 2.66 X <)
Waste Heat Recovery X 4.399 105512 6.85 x k)
System
Economizer 3 3 2
Maintain & Clean x 2,623 62371 4.05 Nl
Insulate X 15665 1.03 b 3 k]
Piping X 1.815 34222 2.22 X 3
Chemicals X 656 9360 .60 3 1
Heat Exchanger  §
Heat Exchanget X
lnsulate X X 3
Steam Traps X 6,744 96230 6.25 X 2
Repait X X <1
X
Adjustments x X -3
Match ve. Load . 220 119030 7.72 X 4
Stabilizers X x 3
X X 1-2
Heat Exchanger 5.092 123235 8.00 X 4
X X 5
X 2
X X 3
X X 2

This eummacy 1s provided as & rouyh Yuide,

Fot some IMprOvemsnt actiouns, the preliminary audit data was not sutticient to provide energy and cost 8avings estimates.
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PLANT SUMMARY

ENERGY CONSERVATION OPPUNTUNITIES®

Process/ Area of
Equipment Improvement

Electric Power Power Factor
Motors
Voltage Stabilizatlon

Moving Parta Maintenance

Waste Heat Space Heating

Re-Designing wWaste Heat Recovery System
Process Control Systems

R. P. Heating

* Requirtes detailed engineering plant feasibility
For some iaprovement actions, the preliminary audit

Improvement Act on/

Bquipment Required

Adjustments
Match vs. Load

Stabilizers

study to finalize savings and verlfy economics.
data was not sufficient to provide energy an

Sunshine Jute

(Plant)

Estimated Percent Bquipsent_Invest N
Timing of Action Annual Est imated Saving £ atment .
Timing of Actioh Energy Cost of Total Payback
short Medium Long Savings Savings Rnergy Pecrod
Term Term Tecm (103a) (R8)_ Cost Winor  Major  (Yeacrs)
X X -3
X 1,295 325182 12,83 x 4
X X 3
X X 1-2
X |
, \
* \
X ;

This summary (8 provided as 8 rough guide,
d cost savings estimates,




PLANT SUMMARY

ENERGY CONSERVATION OPPONMTUNITIES®

Pakigtan Chipboard Ltd,

{Plant)

Process/ Area of
Eguipment Improveaent
Boliler Burner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance & Cleaning
Insulation

Condensate Return

Peedwater Pretreatament

Flue Gas
Waste Heat

Peedwater Preheating

Process Air Waste Heat

Steam Losses Pipe Insulation
Traps
Leakage

Distribution Network

Electric Power Pover Factor
Motors
Voltage Stabilizer

Moving Parts Maintenance

Waste Heat Drying

Space Heating

Re-Designing wWaste Heat Recovery

Syatem
Process Contcol System

Mlcrowave lleating

* Regquires Jdetailed englucering plant feasibilaty utudy to finalize =uavings and verify economics.

Estimated Percent
. Ecuipment lnvestment
Timing Of Activn Annual < imated saving
1mlng of Actlon Bneryy Cost of Total Payback
Improvement Action/ Short Medium Long Savings Savings Bnergy Period
Ejuipment Requited Term _ Term (1036)) (Ra) Cosat Minot  Major  {Yeers)
Tuning X 7.932 260757 31.6) X <3
Waste Heat Recovery 3,366 27871] 15.69 X 3
System
Economizer X 2
Maintain & Clean } 1.815 81479 4.59 Nil
lnaulate 20294 1.14 X 3
Piping .847 41045 2.3 X 3
Chenicals x .202 9777 +55 x 1
Heat Exchanger
Heat Exchanger
Ilnsulate 3
Steam Traps X 3,367 1629586 9.17 X 2
Repair X X <
Adjustments X -3
Match vs. Load 297 94324 5.31 X 4
Stabilizers X X ?
X X 1-2
Heat Exchanger } 1.716 142099 8.00 X 4
X H
X X 2
X k]
X ¢

This summary is provided as a rough guide,

For some 1mpiovement actions, the preliminary audit data was nut sutficlent to provide energy and cost savinys estimates.




PLANT SUMMARY

ENERGY CONGERVATION OPPORTUNITIES®

Process/

Eguipment

Boiler

Flue Gas
Waste Heat

Steam losses

Electric Power

Waste Heat

Re-Designing

* Requires detalled engincering plant feaslbility study to tinalize savinga and veclfy economics.

Area ot

laprovement

Burner

Flue Gas Waste Recovery

Blow Down Recavery
Maintenance & Cleaning
Insulatian

Condensate Return

Peedwater Pretreatment

Peedwatet Preheating

Process A1l Waste Heat

ripe Insulation
Traps
leakage

Distribution Network

Powe. Factor
Motors
Voltage Stabilizer

Moving Parts Malntenance

Drying

Space Heatiny

Waste Heat Hecovery System
Process Control System

Microwave Heating

Improvement Action/

Pakistan Paper Corp, Ltd,

Timing of Action
Short Medium Long

¥guipment Hequired Term Te(m Term
Tuning X
Waste Heat Recovery x
System
Ecolomizer 3
Maintain & Clean X
Insulate X
Piping X
Chemicals X
Heat Exchanyer 3
Heat Exchanget X
Insulate X
Steam Traps X
Repaic X
X
Adjustments X
Match vs. Load A
Stabilizers X
X
Heat Exchanger X
X
A
X
X

Equipment Investment

(Plant)
Estimated Percent
Annual Estimated Saving
Energy Cost of Total
Savings Savings Energy
(o) (Ra) Cost Minag
17.967 301187 A
97.0812 4492412 10.53
28,748 1706244 4.00
150071 .35
8.1 699055 1.64
29.551) 532800 1.25
158,116 5845529 13.70
16.696 2947992 6.9
129 .800

FuI Sume IMprovement actions, the preliminary audit data was not sutticient to provide enecgy and cosBt 8avings estimatel.

.

Payback
Period

Ma jor (Years)

<1

X 3
2

Nt

3

x 3
1

3

2

<1

1-3

4
3

-2

X 4
X 5
X 2
X 3
X 2

T™is summaly 13 provided as a rough guide,

!
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PLANT SUMMARY

ENERGY CUNSERVATION OPPURTUNITIES®

Process/ Area ot

Eguipment Improveacnt

Boiler Burner
Flue Gas Waste Recovery
Blow Down Recovery
Maintenance & Cleaning
Ingulataion
Condensate Return
Peedwater Pretreatment

Flue Gas Peedwater Preheating

Waste Heat
Process Air Waste Heat

Steam Logses Pipe Insulation
Traps
Leakages

Distribution Network

Electric Power Power Factor
Motors
Voltage Stabilization

Moving Parts Maintenance

Waste Heat Dryinyg

Space Heating

Re-Designing Waste Heat Recovery System
Process Cuntrol Systems

Microwave Heatling

* Requites detalled englneering plant feasibility study to finalize savings and verify economics.
FOf 4OWe lMprovement actions, the preliminary audit data was not sutflclent to provide energy and cost savings estimates,

Paracha 'rextile

Estimated
Timing of Action Annual
Energy
lmprovement Action/ Short Medium Long Savings
Equipment Required Term Tecm Term (103gy)
Tuning X 2.2
Waste Yeat Recovery X 12.513
System
Economizer X
Maintain & Clean X 4.089
Insulate X
Piping X 2,54)
Chemicals 4 1,155
Heat Exchanger X
Heat Exchanger X
Insulate X
Steam Traps X 9.994
Repair } §
X
Adjustment h 4
Match va. Load X 1.133
Stabilizer X
X
Heat Exchanger x 1.826
X
X
X
X

Estimated
Cost
Savinge

(.- Y —
34690

846994

153017
12413
§7048
25920

224425

875616

123604

(Plant)
Percent .
Saving Equipment Investment
of Total Payback
Enecgy Period
Cost Minor Major {Years)
.62 X <1
15.53 X 3
X 2
2.80 Nil
.22 b 3 K}
1.05 X 3
.47 X t
X 2
X 2
x 3
4.1 X 2
X <1
X 1-3
16.06 X 4
X 3
X -2
2.27 X 4
X 5
x 2
X 3
X 2

This summary is provided as a rough guide.

2T 4



PLANT SUMMARY

ENERGY CUNSERVATION OPPURTUNITIES®

Process/ Area of
Equipment Improvesent
Boiler Burner
Plue Gas Waste Recovery
Flue Gas Blow Duwn Recovery

Waste Heat

Steam Losses

Electric Powec

Waste Heat

He-Designing

e —

* Requires detalled enginevring plant feasibility study to finalize savings and verify economics.

Maintenance & Cleaning
Insulation
Condensate Return

Peedvater Pretreatment

Pipe lnaulation
Tcaps
Leakage

Distribution Network

Power Factor
Motors
Voltage Stabiliszer

Moving Parts Maintenance

Drying

Space Heating

Waste Heat Recovery System

Process Control System

Microwave Heating

Adamjee Paper & board Mills

(Plant)

Equipment Investment

Estimated Percent
Annual Retimated Saving
Timing of Action Energy Cost of Total
Improvement Action/ Short Medium Long Saviige Savings Bnec g9y
bquipment Reguired Term Term Term (103cy) (R8) Coat Minor
Tuning X 16.239 189928 .68 X
wWaste Heat Recovery X 45.046 1627631 5,04
Systea
Economizer X X
Maintain & Clean X 18,560 476424 N
Insulate X 142706 .31 X
Piping X 40.212 687641 2.46
Chemicals X 1. 201600 .72 X
Insulate X X
Steam Traps X 102.077 1755621 6.29 X
Repair 3 X
X
Adjustmentd X X
Match ve. Load X 11.095 2648688 7.34
Stabilizers X X
X X
Heat Exchangert X } 9.944 353029 1.26
X
X
X X
X

For sOme improvement actions, the preliminary audit data was not sufficlent to provide energy and cost savings calimates.

Payback
Period

Major (Yeacs)

<1

X J

[X]

Nil

This summary 13 provided as a rouygh guide,

]
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PLANT SUMMARY

ENERGY CONSERVATION OPPOHTUNITIES®

Allawasaya Textile & Finishing

(Plant)

Process/
Equipaent

Area of
Improvement

Electiric ower

Re-Nesign

Power Factor
Motors
voltage Stabilization

Moving Parts Maintenance

Process Control Svstem

Improvement Action/
Eyuipment Required

Timing of Action
Short Medium Long

Adjustment
Match vs. Load
Stabilizers

Planning

* Requites detalled enginecting plant feasibility study to finalize savinge and ver ify economice.
UI gome lmprovement actions, the preliminary audit data was not sufficient to provide energy and cost savings cstimates.

Percent

Est imated Saving Equipment lnveatsent

Cost of Total Payback

Savings Energy Period

(Rs) Cost Minor Major (Years)
3 1-3

673707 12.83 X 4 ,

X 3
X -3
X 3

This eummary is provided as a rough guide.
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PLANT SUMMARY

ENERGY CONSERVATION OPPUHTUNITIES®

Process/ Area of

Equipment Improvement

Furnace Combustion
Insulation
Temperature/Pressure
Maintenance

Flue Gas Feed Water Preheating

Waste Heat

Electric Power

wWaste Heat

Re-Designing

Process Air Waste Heat

Power Factor
Mototrs
voltage Stabilization

Moving Parts Maintenance

Space Heating

Waste Heat Recovery System
Process Control Systems

R. F. Heating

Ashrat Engineering Works

Improvement Action/
Eguipment Required

Timing of Action
Short Medium Long

T™NRLINY
Insulate

New Controls

Heat Exchanger

Adjustments
Match vs. Load

Stabilizers

* Requires detailed engincering plant teasibility
¥or some ilmprovement actions, the preliminary audit

(Plant)
Pagcent N
Saving Equipment Investment
of Total Payback
Energy Period
Cost Minor Major (Years)
X <1
2.9 3
X 3
Nil
X 1-3
18.32 X 4
X 3
X 1-2

study to finalize savings and verify economice. This summary 1s provided as 8 rough guide.
data was not sutficient to provide energy and cost 8avings estimates.



PLANT SUMMARY

ENERGY CUNSERVATION OPPURTUNITIES®

Bannu Woolen Mills
(Plant)

Process/
Equipment

Area of
1msprovement

Boilex

Flue Gas
Waste Heat

Steam Systea

Electric Power

Process Heat

Re-Designing

Burner
Peedwater Pretreatment

Plue Gas Waste Recovery

Blow Down Recovery
Maintenance and Cleaning
Inaulation

Condensate Return

Peed Water Preheating

Process Air Waste Heat

Pipe Insulation
Steam Traps
Steam Leakage

Distribution Network

Power Factor
Match Motors
Voltage Stabilization

Moving Parts Malntenance

Drying

Space Heating

Waate Heat Recovery System

Process Control Systems

Microwave Heating

Estimated Percent Equipment Investment
Timing of Action Amn:\:;; gg::latcd i:v‘:'g‘:-l Payback
Improvement Action/ Short Medium long Savings Savings Energy Period
Bquipment Required Term Term  Term (103cJ) (Rs) Cost Minor Major {(Years)
Tuning X 9.217 273781 1.0 b 4 .<|
X . 754 32960 1.33 X
Waste Heat Recovery x 5.098 330162 13.30 X 2
System
Economizer X X 2
Maintain & Clean X 5.267 229968 9.27 Nil
Insulate X 15093 .60 X 3
Piping X 3.046 154993 6.25 4 3
Heat EBxchanger X b § 2
Heat Exchanger X X 2
Ingulate X X 3
Steam Traps X 5.267 229968 1.60 } 2
Repair X <1
Adjustments X X -3
Change Accordingly X 121572 4.9 X 4
Stabilizers X X 3
X X 1-2
Heat Exchanger/ X 3.064 198455 8.00 3 4
Microwave Heating
X 5
X X 2
X X 3
X X 2

* Regquites detalled engineering plant feasibility study to finalize savings and verity economics.

This summary 1s pravided as a rough guide.

FOr Some improvemeat actions, the preliminary audit data was not sufficient to provide energy and cost savings estimates.



PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

CeeBee Textile lndustries

{Plant)

Process/

Equipment

Boiler

Flue Gas
Waste Heat

Steam System

Electric Power

wWaste Heat

Space Heating

Area of

Improvesent

Condensate Return

Burner

Plue Gas Waste Recovery

Blow Down Recovery

Malatenance & Cleaning
Ingsulation

Feedwater Pretreatment

Peedwater Preheating

Process Ait Waste Heat

Pipe Insulation
Traps
Leakages

Distribution Network

Power Factor
Motors

Voltage Stabilization

Moving Parts Maintenance

Drying

Estimated Percent Equipment Investment
Timing of Action Annual Retimated Saving
Timing of Actlom Enerygy Cost of Total Payback
Improvement Action/ Short Medium Long Savings Savings Energy Period
Equipment Required Term Teim Term (103cJ) {R8} Cost Minor Major (Years)
7.20 116640 5.25
Tuning X 14.166 156092 7.32 X <1
waste Heat Recovery X 4.056 102340 14.87 X 2
System
Economizer (included X 2
in heat)
Maintain & Clean x 4.533 135985 6.12 Nil
Insulate X 10702 X 3
Chemicals x 1.200 19440 X 1
X X 2
Heat Exchanger X X 2
Ingsulate X
Steam Traps x 8.159 132178 5.95 X 2
Repalr X
X
Adjustment ) 4 X 1-3
Match va. Load X X 4
Stabilizer X .739 157693 7.0 X 3
} X 1-2
Heat Exchanger X 7.039 177618 8,00 X ¢
X X S

* Requiies detailed engineering plant teasibility study to finalize savings and verify economics. This summary 18 provided as a rough guide.
For some improvement actions, the preliminary audit data was not sufficient to provide energy and cost savings estimates.

4
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PLANT SUMMARY

Chenab Textile Mills
{Plant}

ENEKGY CONSERVATION OPPORTUNITIES® o .

Re-Designing Process Control Systes

Estimated Pecrcent ui ¢ 1 ot
Timing of Action Annual Est imated Saving Equipmen nvestment
Timing of Actlon Bnergy Cost of Total Payback
Process/, Area of Improvement Action/ Short Medium Long Savings Savings Energy Per iod
Bquipment Impcovement Equipment Required Term Term Term (103G63) {R8) Cost Minot Major {Years)
Electric Power Power PFactor Adjustments X X 1-3
Motors Match vs. Load X 3.946 550813 18.32 4 4
Voltage Stabilization Stabilizers X X 3
Moving Parts ‘‘aintenance X X -2
X 3

* Hequlres detalled engineering plant teasibility study to finalize savings and verify economics.

U —

This summary is provided as a rough guide.

For some improvement actions, the preliminary audit data was not sufficient to provide energy and cost savings estimates.
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PLANT SUMMARY

ENERGY CONSEHVATION OPPORTUNITIES®

Colony Textile Mills

Process/

_Eguipment

Bollerc

Flue Gas
Waste Heat

Steam System

Electric Power

Waste Heat

Re-Designing

* kequites detalled englneering
For sowe lmprovement actions,

Area of
JIsprovement

Burner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance and Cleaning
Insulation

Condenaate Return

Feedwater Pretreatment

Feedwater Preheating

Proceas Air Waste Heat

Pipe Insulation
Steam Traps
Steam Leakage

Distribution Network

Power Factor
Motors
Voltage Stabilizers

Moving Parts Maintenance

Drying
Space Heatinyg
wWaste Heat Recovery System

Process Contcul Systems

Microwave Heating

Estimated

Percent

Timing of Action Annual Estimated Saving Equipmer ° Investment
iming of Actlon Energy Cost of Total Payback
Improvement Action/ Short Medium Long Savings Savings Energy Period
Eguipwent Required Term  Term Tecm (103('-)) {R8) Cogt Major {Years)
Tuning X 39.493 600415 2.2 <1
Waste Heat Recovery X 24.647 109545 4.04 3
System
Economizer X 2
Maintain & Clean X 27.923 623800 2.30 Nil
Insulate X 80442 1.30 3
Piping X 7.9 353418 3
Chemicals X 4.349 97200 .36 1
Heat Exchanger } 4
Heat Exchangetr
Insulate b 4 3
Steam Traps X 56.870 1271012 4.69 2
Repair X <1
AMjustments X -3
Match vs. Load X 4.9 4
Stabilizers x 6.677 1229913 4.53 3
Planning X 1-2
Heat Exchanger X 48.790 316853 1.17 [}
X 5
X 2
X 3
X

plant feasibllity study tu finalize savings and verify economics.
the preliminary audit data was not sutticient to provide energy and cost savings estimates.

This summary 18 provided as a rough guide,

%!
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PLANT S{IMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Parooq Textile Mills

Process/
Equipment

Area of
Improvement

Boliler

Flue Gas
wWaste Heat

Steam Loasses

Electric Power

Waste Heat

Re-Designing

Burner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance and Cleaning
Insulation

Condensate Return

Feed Water Pretreatment

Feed Water Preheating

Process Air Waste Heat

Leakage, Exhaust

Power Factor
Motors
Voltage Stabilization

Moving Parts Maintenance

Drying

Space Heating

Waste Heat Recovery System

Process Control Systems

Microwave Heating

(Plant)
Estimated Percent .
Timing of Action Annual Estimated Saving Equipment Investment
Timing of Actlon Energy Cost of Total Payback
Imptovement Action/ Short Medium Long Savings Savings Energy Pertiod
Equipment Required Term Term Tetm (103GJ) (R8) Cost Minoc Major {Years)
Tuning X .961 15980 .10 X <1
Waste Heat Recovery X 6.612 769827 4.60 9 3
System
Economi zet 4 x 2
Maintain & clean 1.775 72324 .43 Nil
Insulate X 9125 X 3
Piping X 1.568 38126 .23 X 3
Chemicals X 1.060 25920 .15 X 1
Heat Exchanger X
Heat Exchangecr 3
X 3.5%1 86788 .52 S <1
Adjustments X X 1-3
Match vs Load X 657 208795 1.25 X 4
Stabilizers X X 3
X x 1-2
Heat Exchanger X } 2,051 238859 1.43 X 4
X 5
X X 2
X X 3
X

* Requires detailed engineering plant feasibility study to finalize savings and verify economice. This summaty 1s provided as a rough guide.
For some improvement actions, the preliminary audit data was not sufficlent to provide energy and cost savings estimates.
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PLANT SUMMARY General Steel Tools Company
(Plant)

ENEEGY CONSERVATION OPPORTUNLITIES® . .

Estimated Percent Equipment Investment
Timing of Action Annual Estimated Saving £R ' <
Timing of Action |
Energy Cost of Total Payback
Process/ Area of Improvement Action/ Short Medium Long Savinga Savings Energy Period
Equipment Improvement Equipment Required Term Term Term 110391) (Rs) Cosat Minac Major {Yeacn) ‘
1
Furnace Combustion Tuning X X 1-3
Insulation Insulate X 1.123 134849 20.7¢ X (4]
Temperature/Pressure New Controls X X 3
Maintenance X Nil
Flue Waste Peedwater Preheating
Heat
ALlr Waste Heat Heat Exchanger X
Electric Power Power Factor Adjustment X X 1-3
Motors Match vs. Load X X 4
Voltage Stabilization Stabilizer x .068 35318 5.42 X 3 |
Moving Parts Maintenance X 3 1-2
wWaste Heat Space Heating x
Re-Designing Waste Heat Recovery System X
Process Control Systems x
R. P. Heating X

* Requires detailed engineering plant feasibility study to finalize savinge and verify economics. Thie summary is provided a8 & rough guide.
FOr aome 1mprovement actions, the preliminary audit data was not sufficlent to provide energy and cost eavinys estimates.
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PLANT SUMMARY

ENERGY CONSEHRVATION OFPPORTUNITIES®

Government Textile Weaving

{Plant)

Proc ss/
Equipment

Area of
Improvesent

Boiler

Flue Gas
Waste Heat

Steam Losses

Electric Power

Waste Heat

Re-Designing

Butrner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance & Cleaning
Insulation

Condensate Return

Peedwater Pretreatment

Peedwater Preheating

Process Air Waste Heat

Pipe Insulation
Traps
Leakage -

Distribution Network

Power Factor
Motors
Voltage Stabilizer

Moving Parts Malntenance

Drying

Space Heating

Waste Heat Recovery System
Process Control System

Microwave Heating

Estimated Percent

Timing of Action Annual Estimated Saving Equipment Investeent

Ziming of Action Energy Cost of Total Payback

Improvement Action/ Short Medium Long Bavings Savings Enecrgy Period

Bguipment Requited Term Term 103Gy} (Ra) Cost Minar Major (Years)
Tuning X 1,109 11754 8.65 X <t
Waste Heat Recovery 67 22223 15.89 X 3

System
Economizer X 2
Maintain & Clean X .22) 6583 4.7 Nil
Insulate 23425 16.74 X 3
Piping 1.237 2 2.29 X 3
Chemicals X .382 6480 4.63 X 1
Peat Exchanger
Heat Exchangex

Insulate X 3
Steam Traps X x 2
Repaic X 419 7109 5.08 X <1
Adjustments X X -3
Match vs Load 044 9504 6.79 X 4
Stabilizers X X k]
X X 1-2
Heat Exchangec } 3.38 192 8.0v 4
X X H
b 2
X X 3
X X 2

* Hequires detailed engineering plant feasibility study to finalize savings and verify economics, ‘This summary 18 provided as a rough guide,
For some 1mprovement actions, the preliminary audit data was not sufficient to provide energy and cost sBavings estimates,

{
C



PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES*

Ka.im 811k Mills

{Plant)

Flue Gas Waste Recovery

Blow Down Recovery

Maintenance & Cleaning

Condensate Return

Peedwater Pretreatment

Prxcess/ Area of
Equipment Improvement
Boiler Burner

Insulation
Flue Gas

Wagste Heat

Steam Losses

Electric Power

Waste Heat

Re-Designing

Peedwater Preheating

Process Alr Waste Heat

Pipe Insulation
Traps
leakage

Distribution Network

Power Factor
Motors
Voltage Stabilizer

Moving Parts Maintenance

Drying

Space Heating

Waste Heat Recovery System

Process Cuntrol System

Microwave lieating

Equipment Investment

Estimated Percent
Timing of Action 22:::; é!:::““d 2:",:_2‘:.1
Improvement Action/ Short Medium Long Savings Savings Energy
Bquipment Required Term Term Term (103¢y) (Rs) Cost Minot
Tuning X 15.267 153589 3.89 x
Waste Heat Recovery X 10.653 300211 7.57
System
Economizer X X
Maintain & Clean X 8.116 200027 5.05
Insulate x 9%63 .24 x
Piping X 3.190 217856 5.81
Chemicals X 2.191 32400 .81 X
Heat Exchanger X
Heat Exchanger X
Insulate X X
Steam Traps } 4 22.724 336045 8.49 X
Repair X X
X X
Adjustments X
Match va. Load X 947 358689 9.06
Stabilizers X
X
Heat Exchanger b } 6.232 175621 4.44
X
X
X
X

Payback

Peciod

Major {Years)

<

X 3
2

Nil

3

X 3
t

3

2

<1

1-3

X 4
3

1-2

X 4
X 5
X 2
3 2
X 2

* Regquires detailed enyincering plant feasibility study to €inalize savings and verify economics. This summary 18 provided as a rough guide.
For some i1mprovement actions, the preliminary audit data was not sutficient to provide energy and cost savings estimates,
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PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES*

Kohinoor Textile Mills

(Plant)

Process/

Eguipment

Boiler

Flue Gas
wWaste Heat

Steam losses

Electric Power

wWaste Heat

Re-Designing

Area of
Improvement

Burner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance & Cleaning
Ingulation

Condensate Return

Peedwater Pretreatment

Peedwater Preheating

Process Air Waste Heat

Pipe lInsulation
Traps
Leakage

Distribution Network

Power Factor
Motors
Voltage Stabilizer

Moving Parts Maintenance

brying

Space Heating

Waate Heat Recovery Systews

Proceas Control System

Microwave Heating

Estimated Percent
Timing of Action Annual Estimated Saving Equipment lnvestment
Timing of Actlonh Energy Cost of Total Payback
Improvement Action/ Short Medium Long savings savings Bner gy Period
Equipment Required Tecm Term Term (103a3) (Rs) Cost Minor Major (Years)
Tuning X 1.055 16313 .13 X <\
waste Heat Recovery X 17.961 1934660 16.22 X 3
System
Economizer X X 2
Matain & Clean X 1.795 86239 .72 Nil
Insulate X 4950 X 3
Piping X 1.049 61371 .04 } 3
Chemicals X 2.566 58320 49 X 1
Heat Exchanger X
Heat Exchanger ) 4
Insulate X X 3
Steam Trapa X 8.500 193226 1,62 } 2
Repair hd X <1
X
Adjustments X X 1-3
Match va. load X 3,467 1098039 9.20 X [}
Stabilizers b X 3
X X -2
Heat Exchanger H } 2.360 254200 2.13 X 4
X X -3
X 4 2
X x 3
X X 2

* Requires detailed engincering plant feasibility study to finalize savings and vee 1fy economics.

This summary is provided as a rough guide.

¥FOr some improvement actions, the preliminary audit data was not sufficient to provide energy and cost savings estimates.



PLANT SUMMARY

ENERGY CONSEAVATION OPPORTUNITIES®

Process/

Equipment

Boiler

Flue Gas
waste Heat

Steam Losses

Electric Power

Waste Heat

Re-Designiny

Area of
Improvement

Burner

Flue Gas Waste Recovery

Blow Down Recovery
Maintenance & Cleaning
Insulation

Condensate Return

Peedwater Pretreatment

Process Alr Waste Heat

Pipe Insulation
Traps
Leakage

Distribution Network

Power Factor
Motors
Voltage Stabilizer

Moving Parte Maintenance

Diying

Space Heating

Waste Heat Recovery System

Process Control System

Microwave Heating

* Requlres detailed engincering plant feasibilaty stud
For some lmprovement actions, the preliminary audit

Lawrencepur Woolen & Textile Mills

Improvement Action/

Equipment Requited

Tuning

Waste Heat Recovery

System

Economizer

Maintain & Clean

Insulate
Paping

Chemicals

Heat Exchanger

Insulate

Steam Traps

Repair

Adjustments

Match va, Load

Stablilizers

Heat Exchanger

Equipment Investment

(Plant)
Estimated Percent
. Annual Estimated Saving
Timing of Action Eneray Cost of Total
Short Medium Long Savingse Savings Enecrgy
Term  Term  Term (103G7) (Rs ) Cost Minor
X 3,426 52968 .89 X
X 12,025 780341 13.00
X X
X 3.308 125307 21.00
X 31628 .53 X
X 1.623 95479 1.60 X
} 7.602 172800 2.89 x
X
x X
X X
 § 8.506 193330 3,24 X
X
X X
X 1.301 423308 7.09
X X
X X
X } 4.427 287343 4.0
x
X
X
X

y to finali1ze savings and verify economics.
data was not sufficlent to provide enecgy and cost Savings ssurimaten.
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<t

3
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PLANT SUMMARY

ENERGY CONSERVATION OPPORTUNITIES®

Process/

Equipaent

Boilerx

Flue Gas
Waste Heat

Steam Losses

Electric Power

Waste Heat

Re-Desligning

Area of
lmprovement

Burnex

Plue Gas Waste Recovery

Blow Down Recovery
Maintenance & Cleaning
Insulation

Condensate Return

Peedwater Pretreatment

Peedwater Preheating

Process Air Waste Heat

Pipe Insulation
Traps
Leakage

Distribution Network

Power Factort
Motors
Voltage Stabilizer

Moving Parts Mailntenance

Drying

Space Heataing

Waste Heat Hecovery System

Process Contcol System

Microwave Heatang

* Requires detalled enginecring plant feasibility study
For some 1mprovement actions, the preliminaty audit data wad not sufficlent

National Dyeing & Finishing Center

(Plant)

to tinalize savings and vecify economice. This summaty 1s provided as a rouyh guide.
to provide enetgy and cost Savings estimates.

Batimated Peccent
Timing Of Action Annual Estimated Saving Fquipsent lnvestment
Timing of Action Energy Cosat of Total Payback
Improvement Action/ Shott Medium Long Savings Savings Energy Peciod
Egquipment Required Term Term Term (103Gy) {Ra) Cost Minot Major  (Years)
Tuning X 7.241 98787 8.35 X <1
waste Heat Recovery X 5.429 146751 12. 44 3
System
Economizer X X 2
Maintain & Clean X 2,267 75772 6.42 Nil
Insulate X 15232 1.29 X 3
Piping X 2.049 41083 3.48 3
Chemicals X .969 19440 1.65 X \
Heat Exchanger X
Heat Exchanget X
Insulate X 3
Steam Traps x 4.534 90926 .M X 2
Repalt X X <1
X
Adjuetmenta X -3
Match va. Load x <345 70076 5.94 L}
Stabilizecs X X 3
& X 1-2
Heat Exchanget X } 3.491 94364 7.99 4
X -]
X 2
X 3
X 2
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