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3. MACHINE MANUFACTURING INDUSTRY

3.1 Results of the Study at Uvsus Plant
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(2)

(3)
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Mgr inz. Jakubowski : Electrical engincer in the clectric department

Mgrinz. J. Wauk : Manager of technology encrgy division

Mgr inz, Ogonowski : Vice manager of the light tractor factory

Mgt inz, Bicrnacki : Chief process engineer, the light tractor factory
Mgr inz. Pets : Manager of forging division

3.1 DProfile of the Factory

(H

(2)

3)

(6)

Plant name: URSUS, ZAKLADY PREZWMYSLU CIAGNIKOWEGO
Plant address: 02-495 Warzawa, ul. Traktorzystow 10

Number of employees: 5,518 (1998), 6,864 (1997)

Major products: Agricultural tractors (28 to 114 kW)

Production capacity

Facility capacity ;50,000 units/y (100,000 unitsfy for the original plan)
Actual production level: See Figure 3.1.1

Figure 3.1.1 Trend of Production
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Overview of process

Production plants consist of a casting plant and a forging plant (old factory site), while
the new plant site is dedicaled to the assembly of engines, chassis, cabins, and tractors,
as well as the production of parts, occupying a vast area of 180 ha.

While the plant possesses annual production capacily of 50,000 tractors, actual production
is at a low operating rate of around 11,000 units/y, almost entirely produced within a
single shift production schedute.

The form of energy used at the plant is private power generation from steam turbines
during the seasons when heating demand is high, whereas the power generators are
stopped during the non-heating season, and hot water from hot water boilers is supplied

as the plant’s heat source. Natural gas is used for the heating furnace and heat treatment
furnace.
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Figure 3.1.2 shows the process flow.
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Figure 3.1.2 Process Flow
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{7y History of the factory

Established in 1893, the plant has & history of about 100 years, and as ils buildings and
facilitics both have excess capacity, its operation rate is at a low level for the capacity.
The plant’s domestic market share is about 68 %, and its export ratio also accounts for as
much as 40 %. 1t is producing on an OEM (Original Equipment Manufacture) basis for
a British tractor manufacturer, “MASSEY-FERGGUNSSON-PERKINS™. Taday, its
production growth is at a standstill as it has 0 compete with cheap competing products
from countries such as China, Currently, a restructuring plan is being devised. ‘According
to newspaper, AGCO, a tractor manufacturer in U.S. is considering capital investment in

the said plant.
(8 Plant layout

Figure 3.1.3 Plant Layout
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{9} One line diagram

Figure 3.1.4 One Line DHagram

110kY HOKY HOKY 110k
[GSZ-1} {GSZ-2}
Transformier 63 MVA Transformer 63 MVA Transformer 63 MVA Transformer 63 MVA
IO KVAIS kY 1HOKV/IS kY HOKV/I5 kY {10kVII5 kY
Scc t IS kV Sce 2 Scc 15kV
R SN B ey IR SR N
Secd I5kY Sec 4 ISkV Sec 3 Scc 4
Transformer 8 MVA]  Transformer € MVA Transformer 8 MVA  Transformer 8 MVA
ISkVI6 RV I3kV6 kY 15 kV/I6 XV 15kVia kv
6.0 MW
6kV 6%V PGl |6kV PG2 16 kY PG} |6kV
Transformer 8 MVA Transformes 8 MVA
15 kVie kV 1S kV/6 kY
6kV

6 KV is supplied to the plant load from GS Z-1 and GS 7-2 via PG! to PG3 through cach
of Sec | to 4.

{10) Oudire of major equipment
Many machining and washing equipment are available in the plants for producing parts

such as engines, cabins, and chassis, Major types of equipment consuming a large
amount of energy are shown below.
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Factory

Utilities

Casting

Forging

Farts painting
Tractor assembly

Engine
/Chassis
fCabin

Electric sub-station

Table 3.1.1 Major Types of Equipment

Equipment

Steam boiter
Water boiler
Alr compressor

Generator

*Production

*Operation

Cupoha

Induction furnace
Molding ting

*Production

*Qperation

Shearing maching
Heating furnace (Electric)
Heaving furnace for shearing
Heating furnace (N-Gas)
Press

Main painting line
*Production

Main assembly line

Final painting equipment
Machining

/Washiog

iDrying equipment

Number Specification
2 110 k¥ *2supply
Transformer 110 KV/IS kV, 63 MVA1242
4 32 t/h, 40 kg/em? {Heating scason)
4 85 - 90 °C, supply: 800 m%h
9 Turbo type, 1,910 kW -
16,000 m*¥h*8, 15,000 m¥h*|
1 7,500 kVA, Steam turbine 6,000 kW, 6 kV, pf = 0.8
- 1,200 ¢m )
- & h/d {Cupola: 16 hid: 6:00 - 22.00)
6 1,200 mm dia {10 ¢vhy*4, 1,000 mm dia*2
- 1,000 tYm
- & h/d (10 h/m in part)
many 125 KW, -
3 60, 60, 90 XW
2
many
2+a 8,0001,6,0004, -----
3 Washing-phosphorate-painting-drying
- 80 tractors/d (8 h/d)
*Cabinless tractors assembly line
+§pecial type tractors assembly line
2
many

{11} Energy price and heat value

Table 3.1.2 Energy Price and Heat Value

Energy price (1998} Heat value
Coal 196.80 PLNft 22,579 kl/kg
Natural gas 0.87 PLN/m? 36,636 kJ/m®
Electric power {Purchased) 0.22 PLN/kWh (Purchased) 10,258 k)/kWh

Electric power (Generated in the shop)

Electric power (Average)

0.101 PLN/kWh (Generated in the shop)
Q.16 PLN/kWh {Average)

1H1-3-1-6



31,2 Encrgy Consumption Siate

(1) Trend of production

Figure 3.1.5 Trend of Tractor Production (Units/y)

20,000 16,518
15,000 :
16,000
5,000
0 , -
: 04 05 96 97 98
{(Plan)

(2) Trend of encrgy consumption

Table 3.1.3 shows the trend of cnergy consumption. These data include also the
consumption of the affitiated companies on the same premises. The net consumption for
the production of tractors onty is shown together in the column for 1996 and 1997.

Table 3.1.3 Trend of Energy Consumptien

1993 1994 1995 1996 1997
Coal ()] 28,508 20,849 27,348 33,338 25,057
*F Gh 643,682 470,747 617,489 753,191 565,762
Naturat gas 8,925 7,794 1,155 8,475 8.049
{G)) 326,976 285,541 284,112 310,490 204,883
Electricity {MWh) 112,922 112,457 118,100 115,031 114,087
(GhH 1,158,315 1,153,546 1,241,430 1,210,722 1,170,266
Total consumption (GJ) 2,128.974 1,909,833 2,113,031 2,274,403 2,030,911
Total conswmption for tractor production only" 1,274,000 1,137,611

*1 Coal: These values were calculated based on the submitted heat consumption GJ data.
{The purchased tons for 1994 through 1996 were oblained by inverse calculation of the
submitted GJ. The value for 1993 was based on the ratio for 1994.)

*2 Energy used for tractor production only excluding that for the related company in the same
premises.

Figure 3.1.6 shows energy consumption by process.
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Figure 3,1,6 Energy Comsumption by Process in 1997

Casting Forging Chassis Engine Assembly Painling

[ {jﬁlcclriCQFl)_r_— Nﬁzural gas [} Heat (Process) I Space heating J
Trend of encrgy intensity
As mentioned in Item (2), the eﬁcrgy intensily (* 1) from the submitted data includes that
for the affiliated companies tocated on the same premises, and thus it cannot be regarded
as the net cnergy intensity for manufacturing tractors. The data for 1996 and 1997

include also the net energy consumption for manufacturing larctors. (¥2)

Figure 3.1.7 Trend of Energy Intensity (GJ/Tractor)

1993 1994 1995 1996 1997

B+ (=

¥2 The serveyed shops include those for “forging”, “casting”, “engine”, “assembly™, “painting”, and “chassis™,

(4

1 »

Percentage of energy cost in the total production cost
Factory production cosl for 1996 438 million PLN

Energy cost for 1996 24.3 million PLN (5.5 % of production cost)
(No data is available for 1997.)
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(5) Encrgy flow

Figure 3.1.8 Enerpy Flow
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Encrgy Management State

(1) Sctling encrgy conservation targets

Q.

Setting targels

Although an energy consumption plan based on their production plan is drafted, no
targets in terms of encrgy conservation for the entire plant have been sct.

There are, however, some shops such as the Tool Shop that set up their specific
target for energy conservation.

Although an cnergy department is available, its task is only to ensure a stable supply
of necessary energy,a nd the department seems to be in delicate position, thus
finding difficulty in determining a target for encrgy consumption. The “Tool Shep”,
an affiliated company on the same premises sets up its specific goal to proceed with
their encrgy conservalion activilies.

Problems related to the promotion of energy conservation
These problems include the following:

1) Shortage of technicians and time to spend on analysis of energy use status

2) Lack of funds for introducing high-efficiency equipment

3) Difficulties in obtaining information on proven effective energy conservation
~ casc examples

4)  Aging of facilities o

5)  Shortage of data due to lack of measuring equipment

6) Shortage of incentives for improvement effect stemming from energy conservation

7y Low awareness level among employees

(2} Systematic activitics

a.

Sections dedicated to energy conservation and the Energy Conservation Committee

An “Energy Depariment” is available, which is in charge of the procurement of
power, privale power generation, supply of heal (hot water and steam), air and water
supplics, waste water treatment, and environmental protection, and is also positioned
to resell encrgy. There is no organized activity in the form of an “Energy Conservation
Committee™ going on.

111-3-1-10




8,000

A system is in place where the Energy Department collects slips for the energy costs
and bills each depariment once a month, With regard to energy conservalion
activitics, the Energy Department only checks equipment for any air leakage twice
a month, and if some problem is found, the said depactment asks the responsible
department 1o take a conntermeasure. According to the comment of the manufacturing
department’s staff, they are also aware of high energy cost, but can provide no
solutions due to the absolute lack of funds, For this reason, there is not so much
mutual communication belween these departments, The Tool Shop, is however,
currently engaged in HOPP activities (%1), as a part of which they ate also implementing
cnergy conservation aviivilies, having produced a good effect from since several
months ago. (Figure 3.1.9)

*1; HOPP: Human Oriented Program for Productivity

Figure 3.1.9 Energy Consumption at Tool Shep (1998)

e —_—

D Compressed Alir
B Natural gas
Heat

. Electricity

g8 2 3 4 5 6 7 8

Stance of top managers towards energy conservation

While they realize the necessily 1o save energy, progress is not being made incnergy
conservation investments due to the lack of funds. A countermeasure which does
not require much investment, such as changing the work system into the one-shift
system, is being implemented.

Personnel evalualion system

The wage system is a point system based on work details and experiences.
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3

Data-based management

.

Grasping of the ecnergy consumption

The amount of electsicily, coal, natural gas, and water purchased every month is
grasped. However, along with in-plant consurption, those amounts include heat
sold to the cily and encrgy provided to affiliated firms located on the company
premises, and are thus, rot equal to the company’s own encrgy consumption level.

Grasping of the cnergy consumption at each major facility

While the amounts related to boiler fuel and electricity that are resold or supplicd to
affiliated firms on the same premiscs are grasped by mceasuring instruments or by
calculations, cnergy consumption levels of individual facilities are not grasped.
Quantities for heat, water, and compressed air are calenlated from the size of

buildings, but accurate measurements for cach factory and cach facility are not
made.

Grasping of encrgy intensity for principal products

While an outline of energy consumption with respect to the production plan is

calculated, no grasping of energy iniensity as the basis for such calculation is being
made,

Installation of measuring insiruments

While there are measuring instruments for the entire plant, almost no measuring
instrument is installed beyond that for each section or building, except for clectric
power. However, there are some measuring instruments instatled for encrgy resold
outside the company {hot water and steam).

Additionally, some departments, such as the Engine Depaiment, have started to
install measuring instruments individually.

Production management and cost management
Judging from their energy unit price selling, their cost management seems (o be
adequate cnough. Their production management also does not seem to suggest any

shortcoming, but their aperation rate is so low for the capacity of their facilities that
their operation does not seem to be moving under production management,

ni-3-1-12



(4)

Training of employces
a.  Training systom

There is no speeific training system.  While there is supposed 0 be on-the-iob
training (OJT) for nowcomers, there is almost no evidence of this ¢ither since the
number of workers is not increasing.

b, Commendation system

Since the objectives of the parly and the labor union were identicatl in the days of
communism, a mechanism to highly evaluate effective proposals and achievements
was in place. However, since the union and the management no longer shace the
same objeclives, an awarding systent is next to non-cxisting.

However, the tool shop has its specific commendation system and thus achicves a
result, thus attracting the attention of other departinents.

Plant cngineering

Aging of both production facilities and utilities is noliceably advancing. Most of large
scale repairs being carried oul by stbcontractors are maintenance work (o fix problens
that hamper production, while damages and aging that do not directly impede production
that involve aspects like energy do not seem to be addressed. Maintenance work for arcas
that cause cnergy lcakage, espécially building windows and piping, are inadequate.
Under such circumstances, upgrading two out of four coal-fired hot water boilers to
natural gas-fired boilers is under planning, and thus modification or upgrading for which
such fund as National Fund for Environmental Protection and Water Management is
applied is expected to furhter advance.

D 3.1.4 Jmprovement Activities by Simplified Energy Audit

)

Improvement of raw materials and material procurements

At the forging shop, a 90 % 90 steel billet is heated in a large furnace composed of 19
heating chambers as a pretreatment for cutting them (o approximately 1 m in leagth. The
result of measuring the exhaust gas in the heating furnace reveated that approximately 50
% of the heat of charged fuel is discharged as exhaust gas heat. Additionally, the distance
thereafier to the cutting machine is long, resulting in substantial thermal losses due to
heat eadiation.

As a countermeasure for this, it was recommended that it would be sﬁbslamially more
advantageous to purchase a steel product already cut to the required dimension in terms
of energy, labor and equipment costs. Thereafter cut materials have been delivered. This
improvement is estimated to have reduced natural gas of 2 % used for the forging process.
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Expected encrgy saving amount: 1,044 GJy (72 MJ/unit)

Energy conscrvation through batch production

The recommended countermeasure thus proposcd is that batch production when the
production volume has declined is expected to have the following effect. Currently, the
working system has been integrated into one shift, thereby achieving a significant effect,

The effects of batch production include the following:
» Reduction in the space heating energy
« Reduction in the lighting cnergy

+ Reduction in the electricity consumption during equipment stand-by

The energy conscrvation effect achieved by the engine factory of which the data on the
detailed amount of energy use could be obtained will be shown below. @

ey

Figure 3.1.10 shows the cleciricity consumption {January to Seplember) for the engine
shop before and after the improvement measure was taken, while Figure 3.1.11 shows the
clectricily intensity (Januwary to September) of the same shop per unit produced.

Improvement of electricity intensity is 54 kWih/unit (= 300 — 246).
Electricity saving amount: 14,500 x 0,054 MWh/unit = 783 MWh/y

Figure 3.1.10 Electricity Consumption for Engine
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Figure 3,111 Electricity Intensity for Engine
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(3) Air supply by a small compressor during low toad operation

Large-size . 1,910 KW compressors were operating at 50 % of the rated capacity even
during the third work shift or on halidays, butl now improvement has been made {o use an
appropriate small type compressor for air supply during low load operﬁlion. This
improvement can presumably achicve the following energy conservation effect.

Enecrgy conservation éffccl: (1.91 - 0075 %2y x (250d x8h+ 115dx 24 h) = 3,832
MWI/y (264 kWh/unit)

The electricity consumplion in 1997 by compressors as compared with that for 1996 is
presumed to produce the effect shown in the figure betow,

Figure 3.1.12 Electricity Consumption by Compressor
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Problems and Measures Related to ¥nergy Use

(1) Comparison of encrgy intensity with an excellent factory
Bascd on encigy data from 1997, Table 3.1.4 shows the encrgy intensity excluding
consumption by affiliated firms on the premises, and the cnergy intensily of each
principal manufacturing section,
Also, since we do not have much data on integrated tractor manufacturing factory, and
because the classification of in-house and outsourced fabrication (make or buy) differ
from company to company, figures for the excellent factory show the energy intensity for
tractor as the sum of the intensity of cach individual section as a result of the study.
Table 3.1.4 Comparison of Energy Intensity
Unit = URSUS . Excellent factory Differeace
Encrgy imensil'y per production of a bractor (GJiunit) 78.5°" 38.4 ~ 46.4 32~ 40
By process Casting  Melting (GY/usit) 5.4 40 1.4
(a part of the above Others (GJtunit) 6.7 3.4 33
a Ay
breakdown) Total for casting (Gifaniny 12,1 7.4 4.7
Forging {Gunit) 19.4 11.4 8.0
Engine (G unit) 11.3 59 5.4
Processes related to body assembly (GIfunit) 249 11.7 13.2
Factory air-conditioning {GVumnit) 17.4 20~ 10 T~15

#1: Excluding those for the related company on the premise, service parts shop and other shops

not for comparison.

#2: The ratio for cach process was based on that for 1996.

(2)

Estimation of Energy Conservation Potential

The energy conservation potential of each process, such as forging, casting, fabrication
and assembly, is compiled below.

Energy conservation is divided into the following three steps to sort out its potential.
Step 1: Enhancing the management

Step 2: Improving the equipment
Step 3: Improving the processes

Energy intensity was calculated assuming annual production in 1997 to be 14,500 units/y.

11-3-1-16
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Al

a.

Process

Forging process

1

Measurement and analysis of exhaust gas components of the heating furnace
used for malerial culting

At the survey in 1997 hot cutting of forging material was conducted; however,
at the survey in 1998, as a result of changing the fabricatton system, it was
outsourced as shown in section 3.1.4 and thus the heating furnace for hot
cutting was shut down. The details of the survey on the heating {urnace is
described below.

In this furnace, 19 heating chambers are placed adjacent in a line in the
direction atong which the work material passes. The work material (bar steel)
is heated by passing it successively through 19 heating chambers from the
inlet-toward the outlet, Gas is used as fuel for the burners installed in cach
chamber. A common blower supplies air for combustion 1o cach heating
chamber, The exhaust gas is blown out from the gaps in the connecting
poitions of the adjacent heating chambers, collected in the flue duct, and forced
out through the smokestack. To measure the exhaust gas, a lest lube was
inserted in the gaps of the connecting postions one by one to measure the
temperature and oxygen concentration, Continuous measurement was impossible
due to the high temperature of the exhaust gas. Therefore, we decided to carry
oul spot measurement and read the measured value at each measurement point.
Table 3.1.5 indicates the measurement results. This table indicates the air ratio
and exhaust gas heat loss ratio caleulated from the measured values, along with
the exhaust gas oxygen concentration and temperature values.

Table 3,1.5 Measurement of Exhaust Gas from Material Heating Furnacc

Measuring Positions 23 4-5 7-8 £2-13 16-17
Current siteation (at measueement)
Exhaust gas oxygen 2.69 % 98 % 64% 028% 1.29 %
Exhaust gas temperature 1,089 1,030 1,140 040 1,190
Air ratio 1.13 1.79 1.39 1.01 1.06
Exhaust gas heat loss rate 543%  762% 686% 418 %  S68%
Calculation of air ratio improvement
Air ratio - 125 1.25 - -
Exhaust gas heat loss ratio . - 353% 621 % - -
FFuel reduction rate - 46.8 % 17.0 % - -

Note: The numbers in the measurcment location row are the chamber numbers of the heating
chambers as they are placed from the outlet of the furnace.
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As shown in Table 3,1.5, the air ratio is high in specific heating chambers,
Therefore, the effect to be produced by adjusting the air ratio is also cateulated
on a trial basis and indicated in this table. The air ratio improvement was
calculated on a teial Lasis based on the standard value in Japan.

‘The heat loss due to the exhaust gas is very high—approximately 50 %. In
other words, about 50 % of the fuel heat value is lost as exhaust gas heat. The
exhaust gas measured in the flue leading to the outdoor smokestack merges
wilh air that enters from outside and there is no room for collecting heat as
shown in Table 3.1.6.

Table 3.1.6 Exhaust Gas Measurement in the Flue of the Material Heating Furnace

' Dﬁcl A Duct B
Exhaust gas oxygen 19.3 % . 195 %
Exhaust gas temperature 89 °C 68 °C

The only way to improve the heal efficiency in this furnace is to change the system.
If a single heating chamber is set up instead of 19 chambets, it would be casy to
control the combustion air and minimize the entry of air from outside. This method
will allow air preheating to recover the exhaust gas heat, Therefore, it is absolutely
necessary 1o install a new fumace for improvement.

b. Casting process
Iy  Improvement of cupola operation {Step 1)

The current level of casting is about 1200 t monthly, which can be finished in
not more than 16 hours per day even with a single 10 t cupola. (Figure 3.1.13)

Figure 3.1.13 Cupela Operation Type on a Weekly Basis

Cupola Al |0pcrai.ion| Maintepance [Opcration! Mainlenance  |Operation
Cupola A2 waimenance  [Operation]  Maintenance IOperationl Maintenance

Needless to say, the cupola’s operation is intertwined with the capacity of the
casting line (line speed), but due consideration should be given to speeding up
the line, thus splitting the operation into 2 periods of batch production and
complete halt, orto deploying smaller cupolas to accommodate 24 h continuous
operations, depending on future production guantity.

Expected energy saving amount: 2,538 G¥y (175 MJ/unit)
{Making operation continuous brings about a 0.5 % reduction of coke ratio.)
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2)

Holing |

furnace

Reducing heat radiation loss by modification of the ladle (Step 2)

In the current molten metal pouring process in casting, the molten metal is,
transfersed 1o a ladle twice between the holding furnace and the time it is

poured into the cylindrical block molding frame. While the transfer ladle is

preheated, the one for pouring is not, The final temperature drop is 40 1o 60 °C;

therefore the ladle should be modified to function for both transfer and pouring

so that only 1 teansfer is required to pour the molien metal,  (Figure 3.1.4

Pouring Maolten Metal)

Expected encrgy saving anount: 304 Gly (21 Ml/uniy)

Figure 3.1.14 Pouring Molten Metal

Ladle for

........................ +{Ladie fof pouringl—s—w Pouring molien metal
transporl ‘

mohen metal H

. (hetype which atlows (ihe typc which aflows

*~._lranspor by A cranc) tifting by a crane) -~

3)

LY

The ladies should be made the coe that can be used fos
both transpoert and pouring of molten metal

Improvement of cupola: Blowing pre-heated air by the heat recovery of
exhaust gas (Step 2)

Because the heat of the exhaust gas is not recovered, the blowing temperature
of the cupola is room temperature, which, coupled with short operaling time,
results in inefficiency, and a coke rate of almost 14 %. By recovering the heat
of the exhaust gas, the blowing temperature can be raised to 250 to 300 °C, and
combined with changing thc operation to a continuous one, the coke ratio can
be improved to about 11 to 12 %. The expected encegy conservation effect by
raising teh blowing temperature is as follows:

Expected energy saving amount: 5,031 Gl/y (347 M¥unit) {coke rate reduction:
1.0 %)
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Fabrication and assembly process

1)

Encrgy conservation through batch production (Step 1)

When the operation rate of a facility is loiv because production is low for the
facility’s capacity, the following type of batch production is an effecfive
countermeasure.  Especially at factories and areas with high fixed ehergy
consumplion vnrelated to production quantity, such as heating and iltumination,
encrgy intensity worsens substantially just by lowcring production, which
suggests possibilities of iniprovements that do not require investiments in
facilitics, Implementation of such improvements will involve revicwing working
systems as well as labor management such as shifting workers, but such
measures can be expected to be considerably effective at Ursus, and since the
introduction of such measures often do give workers the opportunity to improve
their awareness, lhey shoutd be tricd at some of the lines as a first step towards
the future. The following should be considered upon selecting the lines
subjected 1o such attempls.

Although at present batch production under the one-shift system is conducted,
cnergy conservation can be achieved through further batch pmduclidn in with
due consicration given to the following.

(D By investing in people and facilities, the cycte time can be shortened
further, and productions that took 1 month or § week can be finished in
less than half the time,

@ Theline should be structured so that after the required amount of production
is completed, heating and illumination apparatuses can be complctcly
shut down, and the affected area can be closed until the next batch
production begins.

@)  Shifting of work assignments and training should be carried out so that
the workers who were assigned to the closed line can attend other lines
while that line is closed,

While it is understandably less casy to operate under a low operation rate
and withina n'gm budget, our recent investigation left us with the impression
that utilitics are not adequately maintained and managed, and that further
aging in these low-operation times should be a concern. Yel, it is
precisely at times such as these that the implementation of batch praduction
can make the lime lo reinforce maintenance efforts using internalty
available human resources, and thus get ready for the time that production
level will recover in the future.

The effect produced al the depariment which has already implemented
such measures is as mentioned in the previous section.
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2)

Improvement through the centralization of production processes (Step 2)

Since the assembly of engines and fabrication of parts individually do not
require so large facilitics, it is not that difficult to transfer such production
facilitics whose operation rate is low, Although it depends on the cost of
transfer, to forecast the production level of a few years ahead, to forecast the
operation rate of facilitics therefrom, and to concentrate the facilities to a
production process strictly Hmited to mect those forecasts will not only improve
operation efficiency, but also be effective in substantially reducing energy
consumption for heating. (Figures 3.1.15 and 3.1.16)

[Method of Implementation)

Production facilities for fabrication and assembly should be concentrated to a
minimum amount of space necessary for operations and maintenance, and the
concenteated area should be partitioned in order (o raise heating efficiency, and
it is important to shut down heating and ilumination outside the partitions, or
to lower them boldly. For example, there are 2 assembly lines at the assembly
factory, but production is taking place at only one of them now due (o the low
operation rate. For the time being, isolating the line that is stopped from the
rest of the area by a simple means such as a vinyl sheet, and temporarily
shulting down the illumination and heating there, should have a great energy
conservation effect. The month to month change in heating energy consumption
in Figure 3.1.15 indicates that heating during the winter takes up an overwhelming
proportion, and Figure 3.1.16 shows that its overall proportion is very large as
well.

Figure 3.1.15 Trend of Heating Energy Consumption

80,000
60,000
40,000

20,000
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Figure 3.1.16 Heating Encrgy Ratio by Resource

3%

W Electeicity
Natural gas
Process heat
[ Heating

O Concentration plan (A)

@

Approxima’tely'ZO % of the main factories in the new ptant section, such
as assembly and engine factorics, can be closed. By reducing the heating

to 1/3 of the current tevel in the closed areas, saving in heating energy
listed below are possible.

[Eifect 2-1)

Principal Factories  Area that can be closed Saving Energy
Area | ‘ Approx. 250,000 m?  Approx. 50,000 m? -
Space hcaling encegy 210,000 Giry 42,000 Gly — 14,000 Gly 28,000 Gly
Power consumplion 16,000 MWhiy 3,200 MWIy = 1,067 MWh'y 2,133 MWhy
for space heating (32,826 Gity) (10,945Gly} (21,881 Gify)
Lighting electricity 8,4000 MWhy 1,680 MWh'y =2 0 1,650 MWh/y
(17,233 G¥y)
Already implemented in Engine Dept. ~783 MWhfy

Expected energy reduction effect: 67,114 GJ!)} {4.629 MJ/unit)
Heat energy saving : 28,000 Glry
Electricily saving 3,030 MWhYy (= 2,133 + 1,680 - 783)

Concentration plan (B)

If future production can be forecast quite accurately, and production is
estimated to become about twice the current level, it should be possible to
boldly concentrate facilitics to about half the present space.

[f the closed half is completely shut down, the effect will rise even further
as listed below,
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[Effect 2-20

Principal Factories  Area that can be closed Saving Fnergy
Arca approx, 250,000 m?  approx. 125,000 m?
Space heating energy 210,000 Gly 105,000 Gliy - 0 105,000 Glfy
Power consumption 16,000 MWhiy 3,000 MWily >0 82,064 Gy
for space heating (82,064 Gl/y)
Lighting clectricity 8,400 MWh/y 4,200 M\Whly -3 O 43,084 Gly

Expected energy saving effect: 230,148 Gl/y (15,872 Mfunit)

Energy saving effect by only concentration plan (B) excluding the effect
by the plan {A).

Heat energy saving: 77,000 Gl/y

Electricity saving : 8,387 MWh/y

3 Improvement of facilities
(@ Reducing air leaks (Step 1)

In the engine plant, measures againsi air leak were implemented after the
previous audit. In the forging plant, howeves, a large volume of air leak
was found., In this invesligation, the leak volume was measured to estimate
the energy conservation effect. As the measuring method, the speed of
pressure reduction was measured to calculate the leak volume after the air
source valve in the plant was closed during the time zone in which
compressed aic was not used in the plant. In the forging plant which
seemed (0 use 4 large volume of compressed air, the air supply valve was
closed at PM2:00 after the work was over and reduction in the in-pipe
pressure was recorded. Figure 3.1.17 shows the schematic diagram of air
piping in the forging plant. Air is supplied from the adjoining compressor
room to this plant via lwt_; lines of air piping, which are called the hot air
line and cool air line, However, these names do not mean the actual air
temperatures but are simply names.
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Figure 3.1.17 Air Supply for Forging Plant

Forging plant
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Forging machines
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Material preparing yard

L

Hot air line, 400 mm

Valves Cool airline, 350 mm

A: Cool air main

B: Hei air main Compressor house
C: Machine valves

Line volume: Cool aicline 49 m?

Pressure (kg/em®-abs)

Hot airline 153 m?, including accumulators

Figure 3. 1.18 shows the result of measuring pressure reduction in the cool
air line. In this line, measurcment was performed twice. In the second
measurement, the air valve for each forging machinc was closed. This
figure overlays the first measurement values over the sccond ineasurement
result. It can be seen that closing the inlet vatve for the forging machine
reduces the leak volume,

Figure 3.1.18 Air Pre’ssuro, Forging Plant
Cool Air Line
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from the record of the pressure effect measured values, sampling of
several points was performed. With these points and the piping capacity,
the air leak voleme was caleulated. The result is shown in Table 3.1.7.

Table 3.1.7 Air Leakage Assumption

Cool air line, machine valves closed, October 02

Time Pressure  Pressure difference  Prossure average  Leakage (miuh)
£ N

13:34:01 4.11

13:34:41 3.36 0.75 374 3,284
133521 274 0.62 3,05 2,715
I3:36:01 2.3 0.51 2.49 2,233
13:36:41 1.80 0.43 2.02 1,883
13:37:21 1.45 0.35 1.63 1,532
13:38:01  1.16 0.29 1.31 1,270
13:38:41  0.92 0.24 1.04 1,051
13:39:21  0.74 0.18 0.83 788
13:40:01 059 0.15 0.67 657
i3:40:41  0.48 0.11 0.54 482
13:41:21 040 0.08 0.44 350
13:42:01 033 0.07 0.37 306
13:42:41 029 0.04 0.3 175
On normal pressure, extrapolated 6.20 4,650

On October 01, machine valves were opened, leakage was 12,421 m?,

Since the leak volume depends on the air pressure, the measured leak
volume was represented i_n‘ a graph by using the pressure as a variable as
shown in Figure 3.1.19, By converting this graph into a formula, the leak
volume during normal operation was approxintated through extrapolation.
Table 3.1.7 also shows the leak volume at the normal pressure.
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Leakage (my/min}
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¥igure 3.1.19 Air Leakage by Pressure

Cool Air Line, Machine Valave Closed, Octaber 2nd

/ y = 0868506 x? + 18.123686 x - 1.486237
- &{ R?=0.998421
1 JR— | N 1 i 1 1 [N I
0.0 0.5 1.0 1.5 2.0 2.5 30 35 40
Pressure (kgrem?)

As shown in Table 3.1.7, leak of 4,650 m’; occurs in this line every hour
even though the valve for the forging machine is closed. Since the valve
for the forging machine is open during operation, leak is calculated (o be
12,421 m’¢h in this case. During the forging machine's operating,
however, no leakage occurs, Therefore, assuming the operation rate of
the forging machine to be 30 %, the possible leakage is calculated as
follows:

Simitarly, leak from the hot air line was measured, Leak was 2,831 m%y/
h while the valve for the forging machine was closed, This value is no
much different from that provided while the valve for the forging machine
is not closed.

Presumed vatue of the air leak volume _ _
in the forging plant : 14,485 mi/h x 0.7
' = 10,140 my/h
Annual leak volume conversion for this plant {*1}: 20.3 x 10* m’/y

Air leak volume for this plant in terms of electricity : 2,538 MWh/y
(26,030 Gify)
*1: 8 hx 250 day

The volume of air leak including that in other parts is estimated to
account for about 20 % of the total electricity consumption by the compressors.

Estimated compressor electricity consumption: 24,000 MWh/y (= 246,000
Glly)

1 4,300 MWh/y (= 49,200 Gl/y)
(3,393 MJ/unit)

Expected energy saving amount
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Improvement by changing the pressure of compressed air (Step 2)

While the factory setling of air pressure is 7 kg/em?, this setting does not
seem to have any particular justification judging from our hearing sutvey.
After studying whether or not pressure can be lowercd for every type of
facility, a 6 % reduction in electricity consumption can be expected by
reducing the pressure setting to 6 kg/em?. However, whether or not there
will be ‘any facility that fails to function normally when pressure is
reduced o 6 kg/eny? should be investigated, and a booster should be
installed where necessary, Similar verification should be conducted in
terms of quality aspects as well, and for newly added facilitics, the
guarantced pressure supplied by the factory should be incorporated into
the facility’s specification. After improving air leakage, a 6 % reduction
in clectricity consumption can be expected if air pressure is reduced 10 6
kglem?,

Expected energy saving amount: 1,170 MWh/y (12,000 Gl/y) (827 M)/
unit)

Imprdvemcm by stopping faciliti¢cs for one cycle (Step 2)

Along with the decling in production volume, the machines' waiting time is

increasing, Even during such waiting ti'mc, a considerable amount of time is consumed
and thus in this study some facilities in the engine shop were measures with the power
consumption during actual operaung time and that during watting time. The result is
shown in Figure 3.1,20, Even during waiting time, facilitics A, B, and C, which have no
function of stopping after one cycle, consume 80 % or more energy of the load during

machining.

Facility A:
Facility B:
Facility C:
Facility D:

M}!lmg and centering Of lhe shaft end surface
Machmmg of shaft by lathe

Parts cleaner

Crank shaft cleaner

Figure 3.1.20 Energy Consumption by Machine (kW)

158
12.1

101
I Net

Machinc (A}

M 1lc

Machinc (B) Machine (C) Machice (D)
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Thus, this one-cycle stop function combined with the careful stopping of facilitics by
workers should reduce drive power consumption at the engine and chassis factories by

over 1 %.

Expected encrgy saving amount: 1,116 Mthy (11,447 Gly) (789 M)/ unit)

= (158,000 + 71,000}/10,258 % 0.05

d. Encrgy conservation applicable to all processes

1)

Energy conservation by improving yield

Poor yield means wasting energy withoul producing any outpul, ang can have
a greater impact than directly m1provmg energy mtensuy At the forging
factory, average yield is smd to be 80 to 85 %, but since some of them are as
poor as 65 %, it is important to grasp the actual yicld of each process and item,
and 1o improve yield by improving production method and materials starting
with those with the Towest yields. Also, large burrs exist after pressing at the
shaft manufacturing process, and thus, there is ample room for improvements
in yield there. Further, for cylindriéally shaped forgings, the possibility of
cmploying high yicld production methods such as “friction welding” and the
use of “upsetters” should be examined. 1t would be highly desirable to achieve

85 to 90 % yield through such slream!mmg efforts.

Besides, in fabrication, principal components such as cylinder blocks for
engines and cylinder heads are said to have many material related failures. In
this connection it is important to scl up a cost management mechanism whereby
defective items are not discarded but returned to the responsible source where
the failure occurred, with the cost of the loss charged to that party so that the
party or vendor can contribute to reducing the frequency of failures and
improving costs, including energy cost, as well as delivery. Vendors or
subcontractors should be made aware that the energy intensity of a failed item
is infinite. Although there is no detaited data available to support this estimate,
since cach of the yields is not fully grasped, it is believed that yields at the
forging and fabrication processes can be improved by about 2 %, and the
cxpected effect is as follows,

Forging process : Electricity: 125,00_0 x 0.05 = 6,250 Gliy
Heat : 113,000 x 0.05 = 5,650 GVy

Machining process  : Electricity: 71,000 x 0.02 = 1,420 Gl/y
Heat 1 91,000 % 0.02 = 1,820 Gly

Energy saving amount: 15,140 Gy (1,044 MJ/unit)
Elcctricity: 6,250 + 1,420 = 7,670 Gl/y (748 MWh/y)
Heat : 5,650 + 1,820 = 7,470 Gty -
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2)

Energy conservation through slreamlining of management methods (Step 1)

®

@&

Enhancing management by installing pressure ganges

While il is claimed that the pressure of the air used at production processes
is 7 kg/em?, not many pressure gauges are instatled at the facilities used.
It is important to check how much loss is caused by air leakage between
processes, and if the pressure setting is to be lowered in the future for
cnergy conservalion purposes, pressure should be managed by installing
a pressure gauge at cach process also in order to verify the quality of
facitities where torque is determined by pressure, such as air nut runners,
Moreaver, installation of a pressure gauge will allow grasping the time it
takes for pressure to disappear from entire processes and factories when
the air supply is stopped, or in other words, how much leakage there is,
which can lead to streamlining achievements. It does not take that much
investment, allows employees’ individual control and thus does rot require
persuading employees. And yel, it can substantially influence energy
consumption.

Recommendation of temporary maintenance work by employces

Since the operation rate is low due to dull sates, the budget for maintenance
is understandably limited. Also, while the management side must be
engaged in restructuring efforls for the survival of their enterprise, one
cannot hclp but notice that the number of production site employees is
still excessive, As mentioned before, if there is not enough production to
match the number of employees, it is desitable to shut down the process
after batch production, but if batch production is not possible, another
method would be to reduce the number of people involved with production
to stow down produciion speed, and thus, smoothen production to a more

even pace.- Although efficiency. of fixed energy requirements such as

ittumination and heating will worsen, at the same lime, assigning excess
personnck to maintenance of facilities and equipment will make it possible
to carry oul repairs and improvements that cannot be done when production
is at a high level and everyone is busy, thus making it possible lo produce
under optimal conditions when production increases in the futare. Additionally,
facilities are aging during such low operation times as well, and factors
for worsening energy consumption still remain in place. Management
and union members should have a thorough discussion, and at least,
should carry out the following works by themselves.

+ Repairs of gaps and cracks in factory windows and walls which will
cause heat emission in the heating season

+ Light collecting areas such as windows should be cleaned so that lights
can be kept off during the summer.
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» Moeasures against air leakage from piping and other such arrangements
{Investigation and repairs)

<

Energy conservation potentials through modesnization

Up to this point, energy conserving potentials have been described on the assumplion
that existing production precesses will be used. Supposing that investments are to
be made for modernizing the melting process in casling shop and fabrication
process, which present a significantly large difference from those of excelient
faclory, the energy consumption in that case will be estimated as shown below,

1)  Modernization of melting furnace

The use of melting furnaces is categorized not stimply by cost, but also by the
required quatity level and operating form, as listed in the Table 3.1.8. The
cupolas at the factory which was invesligated can exhibit favorable total
efficiency when mass production consisting of steady ingredients is continuously
performed (= when production is at the originally planned capacity level), but
are not performing at their intended efficiency at the current rate of production.

Table 3.1.8 'Comparison of Energy Consumptioﬁ by Melting Furnaccs

Type of furnace Heat souree Encigy consumption per ton of iron Efficicncy
Cold air cupola Coke 150 kg (4,520 M5) 27 ~32 %
Hot air cilpola Coke 100 kg (3,010 MJ) : IB~45%
Arc furnace Electricity 550 ~ 660 kWh (5,640 ~ 6,770 M) 59~65%
Low-frequency furnace Glectricity . 500 ~ 630 kWh (5,120 ~ 6,460 MJ) 62~70%
High-frequency furnace Elcctricity 600 ~ 650 kWh {6,150 ~ 6,660 MJ) 60 ~ 65 %

introduction of the following high frequency induction furnace and the latest
cupola were studied as a modernization proposal. While the high frequency

" furnace will bring about better overall efficiency, cupolas are slightly better in
terms of energy consumption when judged by melting requircments alone, and
yei, the other effects of the high frequency furnace such as stabilization of the
product quality are great, Since the range of ingredients at this factory are
thought to be narrow, depending on long run forecasis for future items to be
preduced and quantilies thereof, switching to the latest high efficiency cupola
that can recover heat may be effective.
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@  Study of introducing high frequency furnace

Precondition
Fumace 1o be introduced:
Investment sum
Heat source

Operating Method:

Energy consumption:

Other effects

: Monthly melting quantity 1,600 1

High frequency furnace 3 11X 3 units

: Approximately 7,500,000 PLN for | sct
: Recciving power will increase by about 5,000 kW,

(Increasc of 5,400 kW, Reduction of electricity with
heat holding furnace 400 KW)

However, since there is sufficicnt receiving capacity,
this can be accomplished with existing distribution
facilitics.

The same daily operating period as the molten metal
casting line of 8 hours was chosen. Hourly melting
guantity = 9 t was sclected, and since this will be
“divided among 3 unils, there is no need for a heat
holding furnace.

Current cupola:

Melting coke 81,000 Gly (1,600 x0.14x 12 x 30143 kM)
Heat holding fumace 8,700 Gly (400kWx8hx22dx 12 m)
Total 89,700 Gliy

For high frequency furnace:
Melting electricity: 118000 GJfy (1,600 t/m x 600 kWh x 12)
Energy saving effect: 28,300 Gly
{An increase when only focusing
0N ¢iergy consumption)

: + Quality will stabilize.

» DPrillings can be used (saving of raw material)

+ Reduced maintenance costs

« Because of its smaller size, facility space can be
saved (illumination, etc.)

+ Specialized skills of workers, as in the case with
cupolas, become unnecessary.

« Serves as a measure to protect the environment,

« Production can take place with high efficiency
even if the operating period is changed.

+ Equipment shudowns/stops are easy

» Energy loss, product loss, etc. arc small compared
to cupola.

{2 Study of introducing hot blast cupola

Precondition

: Monthly melting quantity 1,600t

Furnace to introduced: Hot blast cupota 3 tx 3 uniis of 10 ¢ X 1 unil

Investment sum

{Hot blast water cooled cupola)
: One set: Approximately 9,500,000 PLN
(Approximaterly 300 million yen)
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Operating method @ Same as current one. (Heat holding furpace is also
same)
Energy consumption: Current cupola:
Melting coke: 81,000GHy (1,600 0.14 x 12 x 30,144 kIh)
Hot blast cupola:
© Melting coke: 57,800GNy (1,600 x 0.10 % 12 x 30,144 kIn)
Energy conservation effect: 23,200 Gify (1,600 MJfunit)

Modernization of machining lines

Because labor cosis are extremely high in Japan, automation of facilitics
and equipment have been advanced in order to stabilize quality even
further, while transfer lines adapted for mass production of few items,
and FMS (Flexible Manufacturing System) adapled to multi-item small
tot production system have become the main stream in parts fabricating
lines. Since these systems replaced human operations with machines,
only the cnergy consumption increases, Yet, it can be said that they are
highiy'cfficic.nt production systems overall because the functionality of
equipment has become so sophisticated that 1 vnit can perform many
processes, and functions to minimize cnergy consumption when not in
operation have been incorporated into them. An evaluation was made for
engine parls fabrication processes assuming that they are automated to
the level of similar fabrication factories in excellent faclory.

Investment sum : 80,000,000 PLN
{Main line: 15,000,000 PLN x 4, others 20,000,000
PLN) |
Energy saving effect: Current engine energy intensity 11 G)/unit
Annual energy consumption 183,000 Gliy
Enecrgy intensity for same item
after modernization 5.9 Gltunit
" Annual energy consumption 99,000 G]Iy
Energy saving cffect 84,000 GHy {5,025 Mfunit)
Other effects  : » Quality improvement {Improvement in yield can be
expected)
+ Reduction of direct labor
« Reduction of factory building size
+ Reduction in lighting and heating can be expected
due to unmanned operations and automation
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B. Utility (Heat niilization facilitics)

Boiler

This plant has a private power generating system consisting of a boiler and back
pressure exteaction turbine. 1ot water for manufacturing processes and for selling
to the city is supplied in the form of the extracted and exhaust steam of the turbine
via a heat exchanger.

Because of the low demand for hot water during ihe summer (when no heater is
used), the private power plant is shut down and the requircd hot water is supplied
from a different hot water boiler. When the heating capacity of the hot water
supplicd from the private power plant is found to be inadequate during the cold
season, the water is healed up using the hot water boiler,

During our survey in 1997, the steam boiters were stopped, while the hot water
boilers were operating. During our sarvey in 1998, one hot water boiler was
operatinig and the steam boilers started operalion from the fourth day of our visit,
The steam turbine was not operated but was in the warming mode.

Figure 3.1.21 shows the layout of the boiter and the measuring points. Table 3.1.9
and Table 3.1.10 show the specifications of the steam boiler and those of the hot
walter boilers, respectively.

Figure 3.1.21 Layout and Measured Points for Boiler Exhaust Gas

Steam boiler house

TFurbine

No.4 | No.3 | No.2 | No.}
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No. 4 measured on
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Waicr boiler house

Hot water recirculation pumps
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/

No. 8 measured on
October 6 at dust
collector inler and
air heater

No. 5 measured on
October § at dust

cotlector outlet and
IDF-inlet

Stack
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Table 3.1.9 Steam Boiler: Facilities and Operation

Type  Steam boiler, coal stoker fired

Model

Capacily

Steam temperalure
Feed water temperature
Steam pressure
Inatallcd in

No. of installed boilers:
Aif heater

vh
°C
°C
MPa

Designed Working (October 5/1908)

4 uniis, No. L to 4

Type  Extraction & back pressure turbine with gencrator

Power output
Power maximuom
Stcam pressure
Steam temperature
Maximum stean
Extraclion pressusc

Back pressure steam

No. of mnstalled beilers

MW
MW
MPa
°C
t'h
MPa
atm
°C

unit

OR-32
32 25
450 400
105 105
4 32
1976
Not attached
Steam turbine
g ]
Designed Typical
6.0 6.4
1.5
3.5 36
435 436
80
0.6 0.7
0.01 O
150 147

Table 3.1.10 Hot Water Boiler: Facilitites and Operation

Type Water boiler, coal stoker fired, forced citculation

Designed Working
October 5/1593 October 6/1998

Model WR-25 No. 5 No. 8
Capacily Gealrh 25 9.2

MW 29

th 360 400
Pressure maximunyminimem  2.0/1.1

working 1.6 0.62 0.5
Watcr temperature  infoult 70/155 52111 5H15

Made byfin

RAFAKO/February 1976
No. of installed boilers: 4 units, No. 5t0 8

No. 5 and No. 6 10 be replaced with gas boiler next year
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Improvement of boiler air ratio

In order to grasp the air ratio of the boiler, the oxygen content of the exhaust
gas at the flue and the exhaust gas temperature were measured at the points
shown in Figure 3.1.21. The results of these measurements are shown in Figure
3.1.22 and Figure 3.1.23. These figures show also the average, maximum and

minimum values,

Yigure 3.1.22 Exhaust Gas, Steam Boiler No. 4

03-October/ 1993
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Figure 3.1.23 Exhaust Gas, Water Boiler No. 5
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Assuming that the exhaust gas oxygen can be reduced to 1} % by adjusting the
combustion air damper, the fucl saving rate for cach boiler obtained based on
the combustion calculation and heat balance will be as shown in Table 3.5.11,

Table 3.1.11 Combustion Calculation

Tiems Theoretical Steam boiler No. 4 Watcr boiler No. 5
combustion Measured air ratio  Improved air ratio Measored air ratio Improved air ratio

[ixhaust gas oxygen 0.0 % 12,53 % 11.0 % 15.5% 11.0%
Air ratio 1.00 2.44 208 395 2.08

Air volume (mYkg) 6.4 158.7 133 24.1 13.3
Lxhaust gas (imVkg) 6.8 16.0 13.7 24.5 13.7
Exhaust loss {to fuel} 14.5 % 125 % 17.0 % 9.7 %
Fuel advantage Base 23 % Rase 8.1 %

Rem AR improved is the minimum in simitar factories.

By adjusting the air damper according to the boiler load, fuc) consamption is
thus reduced. Since air ratio reduction brings about reduction in the combustion
air volume and exhaust gas volume as shown in Table 3.1.11, power consumption

of the boiler ventilation fans (i.e. the forced draft fan and induced draft fan) is
reduced.

Although an air preheater is installed for cach of these hot water boilers, it was

found in this investigation that the air preheaters were bypassed and wnused. IF

the combustion air volumie is reduced, the exhaust gas temperature rises.

Therefore, if the air preheaters are used, the fuel consumption volume can

further be reduced. I the combustion air is preheated from 20 °C to 50 °C with

the exhaust gas at 170 °C, a 3% reduction of the fuel consumplion volume is .
expected in calculation. @{)

Table 3.1.12 shows the fuel components used for calculation of combustion.

Table 3.1.12 Components of Boiler Coal

C H O N s Water content Coal ash content
81.5% 4.9 % 1.4 % 1.3 % 0.7 % 6.0 % 16.2 %

The fuel volume saved as a result of improving the boiter air ratio is as follows:
Steam boiler (No. 4) 500,000 GJ/y x 0,023 = 11,500 Glty

Hot water boiler (No. 5): 65,000 Glfy x 0,081 = 5,265 Glfy
Total 16,765 Glly
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The coal volume used in 1997 was:
Factory heating season

(January through May and October through December): 500,000 G?
Factory non-heating season {June through September) 65,000 GJ

Figure 3.1.24  Thermal Image of the Steam Boiler Side Wall
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Heat insulation was partially not applied to the steam piping around the steam

boiler. This image shows an example (i.e. a photograph of the steam boiler
DOWN pipe).

According to this image, the pipe surface temperaturc is approximately 210 °C
where heat insulation is nol applied, and 50 to 60 *C where heat insulation is
applied.
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2) Factory building heating

{Temperature distribution in the factory building)

Each building in the machine plant and assembly plant has a wide space and a
large height. Generally, heated air stays at the top in these buildings during
factory heating because of the ascending force. To maintain the temperature at
the bottom in the building to the necessary degree for the work environment, a
targe volume of heat value is required. In these plants, a Jarge number of hot air
units are installed atong a side or side at the upper portion in the buildings,
Theheat consumption and electricity consumption seem to account for a considerable
pottion of the total heat value used. In this survey, factory heating was not
started, and it was therefore impossible to know the indoor temperature distribution
while factory heating was being performed. For reference, temperature distribution
during our visit (while factory heating was not performed) was measured.
Figure 3.1.25 shows the measuring points and Figure 3.1.26 shows the temperature
distribution.

Figure 3,.1.25 Room Temperature Distribution Measurement
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Figure 3.1.26 Room Temperature Distribution without Space Heating
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If the lemperature at the upper portion in the building is high, the heat emission
volume from the roof increases and it is compensated with the factory heating
energy. Generally, for such high-ceiling building, heating with kol air, high-
velocity jet type are used for hot air nozzles so as to minimize the temperature
difference by stirring the air in the building between the upper and lower
portions in the building, This method can be considercd for these plants.

- €. Utility {electricity utilization facilities)
a. Power consumplion for the factory

The electricity consumption for cach time frame on the study date in 1997 is as

follows.
Time frame 06:00 - 14:00 14:00 -- 22:00 22:00 — 06:00
Electricity received at factory (MW) 20-30 12 6

From the above, the electricity received on operating days and non-opcrating days

can be estimated to be as follows.

- Operating days 28 x84+ 12 x 8+ 6 X8 =268 MWh
Non-operating days 6 x 24 = 144 MWh

Annual operating days are assumed to be as follows.

Operating days 52 weeks X 5 — 10 (holidays and others) = 250 d
{125 days cach for the Summer and Winter)
Number of days off 365 -250 = 1454

In addition, the amount of increase in monthly electricily during the winter was
estimated, from the monthly electricity use data, to be 1,500MWh. From this, the
annual electricity consumption used is ¢atculated.

Operating days 368 x 250 ¢ = 92,000 MWh
Non-eperating days 144 % 115 d = 16,5060 MWh
Increase in winter 1,500 x 6 m = 9,000 MWh
Total 117,560 MWh/y

Overall, this value is close to actual consumption,
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Presumption of the electricity volume used in the factory upon detailed auditin
1998

Figures 3 l 27 and 3.1.28 show the daaly electricity consumpuon in January
{winter) and September (summer) in 1998, Figures 3,1.29 and 3.1.30 show
calcolation of the average power consumption by hour in week days and
holidays from the values of the daily/hourly received clectricity volume in the
same seasons, According to Figure 31,30, tho independent electric power plant
is shut down in summer (September), the received elcetricity is the eleciricity
used in the factory. As shown in this figure, approximately 15 MW is used as
the electricity for the first shift.  For each of the second and third shifts,
approximately 3 MW is used. Electricity used on a holiday is approximately 2
MW. On the other hand, cleclncuy generated by the independent power
generating phnl isadded o the n,c:t,wed elec{ncny in winter (Janu'u}) according
to ¥igure 3.1.29. For the first shift, approximatcly 40 MW i isused. Foreachof
the second and third shifts, approxinately 8 MW is used, It is assumed that
approximately 6 MW is used on a holiday. Therefore, the difference between
summer and winter is 25 MW for the first shift, S MW for the second and third
shilis, and 4 MW on a holiday. This difference does not immediatcly mean
facmry heating but is considered to be (Faclory heatang + (2-shift aperation —
I-shift operation) + Summer holidays consumed in September). Inany case, it
is assumed that electricity for factory heating is higher than 10 MW. The

difference between the clectricity used in summer and that used in winter is the
“increase in winter’,

Annual power consumption is calculated based upon the above data.

Power consumption on a summer operating basis
Operating 160 x 250 days = 40,000 MWh
Non-operating 40 x 115 days = 4,600 MWh
Increase in winter 10 MW x 8h x 125 days = 10,000 MWh (Fist shift)
3 MW x 16 h x 125 days = 6,000 MWh
(Second and third shifis)
Total 60,600 MWh/y

Overall, this valuc is close to the actual consumption.

Among these, the electricity consumption for space heating such as blower and
fan, etc. is 16,000 MWh/y. accounting for approximately 26 %, which is

significantly large. Limiling the heating area leads to a substantial reduction in
encrgy consumption for heating.
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Figure 3.1.27 URSUS Daily Power Consumplion (January *98)
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Figure 3.1.28 URSUS Daily Power Consumption (September '98)
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Figure 3.1.2¢ Purchaced Power Daily Load Curve (Winter, Jahuary)
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Figure 3.1.30 Purchased Power Daily Load Curve (Summer, September)
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b, Electric motor (Step 2)

Electric motor load is believed to almost equal holiday and night time loads and
winter loads; therefore, annually, it should be as follows.

3 % 365 d x 24 h x 16,000 MWh = 42,300 MWh

Out of this, air compressor load is estimated fo be as follows.
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6.4MWX250dX7Th+ 48 MWx250d X Th+O1SMWVWXx(250dx16h+ 115
d x 24 h) = 13,400 MWh

For the electric motor load excluding that for atr compressors, or 30,000 MWh, if the
proper amount can be supplied with just half of that by adpting a rotation speed
conrol system to operate under the proper load, the energy conservalion potential for
this would be as follows.

15,000 MWh x 0.2 = 3,000 MWh (2,025 MJ/unit)
{Arcas in the factory that are closed are not included)

Compressor (Step 1)

In general, 15 % of factory electricity load excluding that for space heating is a
proper value of air compressor capacity.

If 15 % of factory load is the correct value for compressor capacily, the cnergy
conservalion potential of compressors is as follows.

(6%8h+3x8h—0.15x% 20 x 16 h) 250 d = 6,000 MWh/y

The energy conservation potential is expected to be as follows excluding the effect
{4,800 'MWh in the item A.c.3) resulting from reduction of compressed air leakage
and that (1,170 MWh) from pressure change.

6,000 - 4,800 - 1,170 = 30 MWh/y

Since the air volume supplied to the factory has not been available, an air flow meter
should be installed on each compressor and the running status of each compressor
should be grasped. At the same timie, it is necessary to know the air volume and air
pressure actually required in 1the factory and estimate future factory operation. To
maintain the centralized air supply system, compressors accommodating the lead
variation should be installed. In future, distributed layout of compressors should be
examined.

Pump system

Electricity consumed by the #278 pump system and #2792 pump system was measured.
Each pump system consists of pumps for supplying water to the factory (160 kW X
4 sets) and pumps for supplying waler to the cooling tower (37 kW x 4 sets).
However, the #279 pump system additionally has the pump for supplying water to
the factory in the night-time and on holidays (37 kW x 1 set).
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#2778 pump system

Figure 3.1.31 shows the result of measuring clecteicity consumed by the #278
pump system, The #278 pump system runs pumps for supplying water to the
factory (160 kW x 2 scts) and pumps for supplying water to the cooling tower
(37 kW x 2 sets) in the first shifi, and runs a pump for supplying water to the
factory (160 kW x 1 set) in the second and third shifts. According to this result,
it can be scen that each pump runs with an approximately constant oulput
excluding shift changeover.

Figure 3.1.31 Power Consumption of #278 Pump System
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#279 pump system

Figure 3.1.32 shows Lhe result of measuring electricity consumed by the #279
puinp system. The #279 pump system runs pumps for supplying water to the
factory (160 kW X 2 sets) and a pump for supplying water (o the cooling tower
(37 kW % 1 set) in the first shift, and runs a pump for supplying water to the
factory (37 kW x { set) in the second and third shifts. As with the #278 pump
system, it can be seen that each pump runs with an approximately constant
outpul excluding shift changeover according to this result. Since the water
volume supplicd to the factory largely declines in the second and third shifts,
the 160 kW pump is shut down and water is supplied to the factory with the 37
kW pump for energy conservation. This is the large difference from the
previous investigation.
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Figure 3.1.32 Power Conswmuption of #279 Pump System
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3) Energy conservation measures

Presently, water volume control is not implemented in these pump systems
except for shift changeover and the cooling water volume and cooling water
temperature are not measured. Therefore, the water volume meters and temperature
recorders should be instatled first. Presently, the temperature of the cooling
water returming from the factory was felt to be approximately 150C when
touched by hand and the cooling water volume seems to be larger than necessary.
The water volume should be gradually reduced by closing the valve, The
factory eﬁuipmen_l should be chéck_ed for failures and the minimum walter
volume to be supplicd to the factory in each shift should be determined. Then,
the water volume to be supplied to the factory and ils variation width should be
determined on the assumption of the future production velume and its variation,
operation time, air temperature difference, etc. The pump systems should be
reviewed based on number of pumps control and inverter conltrol. Since closing
the valve simply can result in some energy conservation effect, it should be
implemented.

¢. Transformer

According to the test report sheet, the iron loss of the 63 MVA tansformer is so
small that there is hardly any recognizable energy conservation potential.
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Lighting

Since we have received information that approximately 1,000 kW is used for
lighting, this figurc will be adopted. Asenergy conservation potentials, the following
possibilities arise as measurement resulls,

D

2)

Forging furnace factory

Current mercury Jamp 400 W x 17 lamps X 10 spans = 63 kW
Since there docs not scem to be any problem in terms of color rendering
properties, 40 % can be reduced by changing to sodium tamps.

Electricity saved 68 kW x 0.4 = 27 kW

Annual clectricity saving: 27 X 16 h x 250 d = 108 MWy

Asscmbly Hne

Current fluorescent lamp 40 W X 3 Jamps X 8 X 50 m = 48 kW
40 % can be reduced by changing to high frequency {luorescent lamps.,

Therefore, the electricity saving amount for this assembly line is:
48 kW x 0.4 = 19.2 kW

Annual electricity saving: 19.2 x 16 h x 250 d = 76 MWh/y

Fluorescent lamps account for approximately 40 % of the all lights in this
factory, and thus if this improvement is implemented on a full scale, an
approximately 20 % energy conservation can be expected.

Therefore, it can be said (hat there is energy conservation potential of about 20
% overall. ‘

P MW x 0.2 x 16 h x 250 = 800 MWh/y

With regard to lighting during our survey in 1998, lights in the locations where
no operation was conducted were all turned off and also bulbs were cleaned
well, thus leaving us with good impression that management is sufficiently
implemented. As the next slep, cleaning of the skylight on the ceiling will
allow lighting to be furlther reduced and sunlight to be taken in.

The energy conservation potential, exciuding the effect stemming from the

thoroughgoing turning off of lights,
on the assumption that the Yighting electricity is approximately 700 W and a 20

% energy conservation potential is expected will be as follows:
0.7 MW x 0.2 x 8 h x 250 d = 280 MWh/y
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(3)  Summary of Energy Conscrvation Potential
a,  Improvement of Environment through Energy Conservation

If fuct consumption is reduced through encrgy conservation, the quantity of pollutants
emitted to the atmosphere also decreases, Additionally, if the amount of purchascd
power is reduced through ¢nergy conservalion, so is the amount of power generated,
that is, the quantity of pollutants emitted to the atmosphere by power plants, This
reduction in emission quantity duc to encrgy conservation depends not only on the
amount of energy conservation, but also the type of fucl, and cquipment, such as
boilers, ete. Therefore the correct way to estimate the quantity of pollutants is to use
the actual amount emitted by each factory, Here, however, for the sake of the
consistency with the comprehensive study on Poland as a whole, calculations are
based on informalion on the unit emission quantity (pollutant tonnage/tuel-heating
value TJ), per industrial sector and per fucl type, provided by a document from the
Institute of Environmental Protection. The reduction in the emission of air pollutants
from this factory achicved as a result of energy conservation is compiled at each
stage of energy conservation, and shown in Table 3.1.13.

Table 3.1,13 Emission Improvement by Energy Conservation Measures

Mcasure Reduction [ton/year]

CO, 50, NO, Dust
Slép 0
Step | 1,371 3.5 4.1 0.6
Step 2 673 8.5 26 1.0
Step 3 3,004 22.2 6.7 4.5
Step 1-3 5,047 34.2 13.4 6.1

Reduction includes emission from fuel and electricity.

Also, in Poland, there is a system available that charges an emission fee (fee) (o the
polluter, and thus, the emission fee can be reduced through cnergy conservation,
The unit price of the fee is specified per pollutant type. Additionally, for cmissions
that exceed a certain amount, a penalty fee (charge) is charged. The unit price of the
charge is 100 times that of the fee. The prices listed below are the regular emission
fees.

The result of calculating the amounts of reduction in pollutant emission, for the
energy conservation items that were proposed based on our factory survey, and the
corresponding reductions in emission fees, is shown in Table 3.1.14. Furthermore,
the payback period required to recover energy conservalion investmenis including
the effect of reduced emission fees, and the payback period based only on fuel
reductions, are lisied logether in this table.
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Measures

Table 3.1.14 Payback Period Improvement by Emission Fee Reduction

Bnergy cost  Emission fee Total Investment  Eco-Environ  Economical
advantage advantage advantage PRP PP
Step O '
Step | 997 26 1,000 0 0.00 0.00
Swep2 4,661 3.6 4,665 12,447 - 2,67 1267
Step 3 1,919 10.¢ 1,929 73,429 38,06 38.26
Step t-3 7,518 16,3 7,594 85,875 11.31 11.33

Units: Thousand PLN or thousand PLN/y for expense, Year for PBP

As ¢vident from this Table 3.1.14, the reduction in emission fee is only a few
percents al most compared o reduction in energy cost, and thus, the effect of
reduced emission fees on the payback period is also negligible.

In this factory the cffect of the reduced emission fec on the payback period is small,
The equipment for the improvement items for the fabrication machines listed in step
3 costs much, thus drastically worsening the investment recovery, Moreover the
effect of this item is the reduction in electricity, excrting only a small effect of the
reduction in emission fee on the payback pertod.

Summary of Energy Conservation Potential

The energy conservation potential of this factory is shown in Table 3.1.15.

The energy conservation potentiat using the Excellent factory as the benchmark for
encrgy consumption intensity, and energy conservation measures in Steps 1, 2, and

3 are shown in Figure 3.1.33. The relalionship between energy conservation

potential, the period to recover the investment, and the investment cost is shown in
Figure 3.1.34,
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Table 3.1.15 Summary of Energy Conservation Potential
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3.2 Resuslts of the Study at the Star Plant
(1) Swudy period: August 4 to 6, 1997
{2) Members of the study tcam
a.  JICA Team

Mr. Norio Fukushima : Leader of energy audit & Heat management
Mr. Sadao Nozawa : Process management

Mr, Jiro Konishi : Heat management

Mr. Sciichiro Maruyama: Heat management

Mr. Toshio Sugimote @ Electricity management

Mr. Akihiro Koyamada : Measuring engincerring

b, KAPE and local consultanis

KAPE
Mzt Darivsz Koc: Manager of Energy Audit

Research Center of Warsaw University of Technology
Dr, Krzysztof Wojdyga: Heal management
Mr. Maciey Chorzelski: Heat management
Mr. Wrobel Waldemar : Elcctricity management

(3) Interviewees

Mer inz, Tadeusz Trzaskialski : General Manager, the Energy and Maintenance
. Department

Mgr inz. Wieslaw Romanczak : 2nd Manager in the Energy Department

Mgr inz. Zbignicw Wojcik : General Manager in the Heat Plant

Mgz inz. Wilodzinierz Helman : Manager of Technology Division

Ms. Marianua Kwiakowska : Specialist of Technology Division

Mgr inz. Marianua Kaminska : Technical Expest in Maintenance Department

Mgr inz. Bohdan Jedrasek : Manager in Cabin Assembly Room

Mgr' inz, Wlodzimierz Pawlikowski: Manager of Toothed wheel Depaniment

Mrg inz, Czeslawa Zbroja : Manager of Electric Group, Wire Division

Mr, Kubicki : Depuly Manager, Engine Assembly Department

Mr. Leszek Nowak : Master in Engine Assembly Depariment
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Profite of the Plant

(1)
(2
(3)
(4)

(5)

©)

Plant name: Starachowice Company “STAR” S.A.
Plant address: 27-202 Starachowice, ul. | Maja 12
Number of employees: 2,500

Major products: Middle-sized trucks (7.5 tto 12 )

Production capacity: Capacily: ‘35,000 unitsy
Curgent production: 3,200 units (1996),
3,600 units (expected for 1997)

Ouiline of production processes

Processes include the cabin (welding, plate painting, drying, cabin assembly), engine
{machining of cylinder block, cylinder head, crankshaft, camshafl, flywheel, and connecting
rod; engine assembly; performance test), parts machining (gear, shaft, frame machining,
hardening, and plating}, and car bddy_assemb]y' plants. The raw materials for casting and
forging are purchased.” There is also a rehabilitation plant, where the employment of
workers who cannot carry out normal tasks is guaranteed through light work such as wire
harness assembly. With regard to the type of energy use, only the hot water used for
processes in summer is supplicd by the company from its own facili{y.' This system,
however, will be discontinued in 1998. Therefore, all energy supplics including eleciricity,
natural gas, and heat (hot water and steam) will be on a purchase basis in the future.

Figure 3.2.1 shows the process flow.
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Figure 3.2.1 Process Flow

+ = Purchased Raw materials
Plate Raw materials Raw materials
I /\ ____‘{:f/ Gear N I
Cabin Engine Machiniog Frame, Shaft
| Pross Machiniog Heat treatmeat Machining
g Welding ! (Cylinder-Rlock) Subassembly
E Asscmbly E {Cylinder-ticad)
E Washing . {Crank shaft) Galvanization {Suspension)
1 Drying t {Cam shafy) (Frame)
' Painting Engine assembly (Differential
i Drying Engine test gear cover)
Chassis Truck asscmbly
Testing
Final inspection
Shipment ]
{1) Plant history

(8

STAR began producing trucks in 1947, The first STAR20 was manufactured in 1949, A
total of 18,000 trucks were manufactured by 1953 and 50,000 trucks in total by 1957.
Although the annual production capacity of the ptant is 35,000 trucks, the present output
is only about 10 % of this figure. The number of employees, nearly 14,008 at one time,
has currently dropped to some 2,500 employees who work only on one shift basis. The
plant is implementing a modernization program at the moment. The medium-sized trucks
it manufactures holds a large share of the domestic markel: 63 to 65 %. The demand for
medium-sized trucks, however, is not significant. Thus, the scale of this particular
market is small and the company hardly exports medium-sized trucks, When we were
conducting this study, the company was discussing lie-up with a German automobile
manufacturer. This proposal suggests a possibility of revamping the products to be
manufactured at the plant according 1o the contract made. STAR is now awaiting the
conclusion of the tie-up plan,

Plant layout

The plant is sitvated on a site that has a total arca of 200 ha, The plant buildings have a
total floor space of 37 ha. The layout of the main plant is shown in Figure 3.2.2.
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Fipgure 3.2.2 Plant Layout
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One line diagram

Reception

Power substalions at two locations receive 110kV, which they transform into 6 KV for the

plant’s power supply as shown in Figure 3.2.3,
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ligure 3,2.3 One Line Diagram

0.4 %V [outsipe covpany)
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( Q ) T :
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(10} Outline of the main equiprent
All raw materials for casting and forging are purchased. The main cquipment that

consume energy are the equipment for manufacturing, assembly, and painting. All of the
cquipment are operated during one shift.
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Table 3.2.1 Major Equipment

Factory Equipment Number Specification
Utilities Electricity sub-station 2 1O kV x 2supply
Transformer 110/6 kV, IOMVA x 2 x 2
Water boiler 6 2.5 MW x 6 (Operation: summer only)
Alr compressor LI 1 urbb type, 1,800 kW, 300 m¥min
(Qperation: 8 h/d)
Cabin « Production —~ 15 units/d
» Operaiton - Bhd
Paint booth 6
Drying furnace 6
Cabin-asscmbly line 2
Frame Paint booth 2 Suspension, Frame
Drying furnace 2 Suspension, Frame
Machining 200
CGear Zincification 3
Galvanization Chrome-galvanization I
Machining o0
Engine Machining 400  Cylinder-block, Crank-shafi etc.
Engine assembly 1
Engine tesling 11 Water-dynamometer

{(11) Energy price and heal value

The entire heat supply required by the plant will be purchased from the next fiscal year
and the purchase of coal for the plant’s own heat supply system will no longer be

necessary.
Table 3.2.2 Energy Price and Heat Value
Encrgy Price (1997) Heat Valuc
Coal 186 PLNAt
Natural gas 0.5 PLN/m? 34,400 kJ/fm?

Electricity
Water

0.18 PLN/KWh
2.5 PLN/m?

10,258 kI'kWh
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3.2.2  Encrpy Consumption Status
(1)  Teend of truck production

Table 3.2.3 Trend of Truck Production

1994 1995 1996

Unit 1992 1993

Production units 1,499 1,654 2,229 3,087 3,200

(2} Trend of encrgy consumption
Table 3.2.4 summarizes the encrgy consumption for cach category excepl that by affiliated
companies on the same prémises. The “Heat” consumption for drying and heating is

extremely high, amounting to 65 % of the total encrgy consumption.

Table 3.2.4 Trend of Energy Consumption

Unit - 1992 1993 1994 1995 1996
Natural gas 1,000 m? 300 231 263 226 251
GJ 10,518 7,942 9,057 7,781 8,614
Elcetricity MWh 22,318 21,767 23,203 25,043 23,573
G) 228,930 223,273 238,008 256,883 241,804
Heat GJ 334,000 334,000 360,400 406,011 458,187
Total Gl 573,449 565,220 607,465 670,675 708,625

Figure 3.2.4 shows the encrgy conéumption for each process (plant). The heating cost
amounts to approximately one-third of the total energy consumption by each process.

Figure 3.2.4 Encrgy Consumption by Process in 1996

160
120
50
40
0
Cabin Chassis Frame ) Gear Engine
. Electricity ] Natural gas D Heat (Process) [ ] Heating
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(3)

Trend of energy intensity

Table 3.2.5 Trend of Encrgy Infensity

1992 1993

1904 1995 1996
Encgy intensity (GJ/Truck) 382.6 g 2725 217.3 2214
(4) Ratio of encrgy cost to the production cost
The company has provided only a ratio of the energy cost for production cost instead of
individual energy costs.
Ratio of cnergy cost in production cost: 3.9 % (1995), 5.9 % (1996)
(5) Energy flow

The cnergy consumption of the plant includes electricity, natural gas, and hot water. The
company does not have a private power generating ptant for clectricity, and has to
purchase all required electricity. The plant has six hot-water boiters that were built i
1954. These boilers are operated only in summer to supply hot water to the pfoduclion
processes because hot water cannot be purchased from an outside source for the summer
season. However, the use of these boilers will be stopped next year. From 1998, the hot
water will be purchased from an outside supplier as it is in winter now. The natural gas

is mainly used for production purposes such as heat treatment and drying furnace. Figure
3.2.5 shows the energy flow.
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Figure 3.2.5 Encrgy Flow
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3.2.3 Items for the Study of Energy Management Status
(1} Setting the energy conscrw;'ation target
a.  Setting the target value
The plant has not sct a target of energy conservation yet. Energy and Maintenance

Department carries out energy-related streamlining programs. They have set a goal
for the payback period to 2 years.
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(2)

(

3

)

Problems in the promolion of encrgy conservation

These problems include the following:

1) Lack of funds for improvement

2) Decaying ¢quipment

1)  Shorlage of data due to a scant supply of measuring instroments
4} The need to improve the awareness of the employees

Al present, the awareness of the need for encrgy conscrvation is low among the
criployees,

Systematic activitics

The company does have a dedicated Energy and Maintenance Department in charge of
energy management, enviconmental protection, and maintenance with a staff of 140.

" Although there are no specialized committees for energy management and such, information

on encrgy matters is presented at the weekly general managers’ meeting. The *Production

First’ policy of the company is so strong, however, that it is difficull to raisc employees’
awareness for encrgy conservation.

Data-based management

a.

Grasping the energy consumplion

The plant keeps track of the monthly consumpl'io_nlof lhe electricity, natural géxs,
heat, and water which are purchased. This energy consumption, however, includes
the heat sold to the city and the energy supplied to the affiliated companics on the
same premises as well as the plant's own consumption. Most of the plant’s own
encrgy consumption is calculated on a proportional distribution basis.

Grasping the energy consumption for cach major equipment

The company has pointed out the shortage of measuring inslsuments and data as parl
of its problems. It does not keep track of the energy consumption of each cquipment,
‘The company only partly obtains such data from affiliated companies on the same
premises for accounting purposes. Such data is used for accounting only. It is not
provided to the energy consumption departments. Individual eleciricity measurement
is only made by the affiliated companics and the cabin manufacturing process. At

present the company is considering the inteoduction of individual electricity measuring
instruments at present.

Grasping the energy intensity of major products

The plant is not aware of the energy intensity for each product.
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d. Installing measuring instruments

Although a measuring instrument facility for measuring the energy consumption for
the catire plant is provided, almost no individual measuring insteuments are installed
at department and building levels, BEven the electricity can be measured separately
in the affiliated companics and some of the buildings.

¢. Production management and cost management

The plant carrics out cost management in terms of accounting. However, the
company needs to improve these activities with a proper awarcness of the costs
including the energy cost. Production control is also inadequate; for example, the
amount of raw materials charged into the machining shop is inconsistent and
depends on the production required for each day. Even though the company is
operating at low capacity, production management should be carricd out with
greater care and planning. For quality control, on the other hand, posters on quality
control slogans are put up at many places of the plant and maintenance is carried oul
properly,

Educating the employees
There scem to be no specific education systems.
Plant engineering

Some of the Yincs in the machining shop have established a daily 10-minute machine
cleaning pcriod.JThé plant observes a basic equipment control classification policy of
making the manufacturing site responsible for daily maintenance. The equipment in the
engine assembly line in particular is kept very clean. It scems, however, that further
effort should be made to introduce a better method of using equipment and floor tayout
to avoid waste.. In the plant building itself, considerable care has been exercised in the
heating system, and the introduction of an efficient high-speed shutter is being considered.
Light from skylighis is utilized effectively in summer and the workers foltow a good
praciice of turning off the lights. However, there are some matters that are not tended to
yel such as cleaning of windows and dispbsal of decaying equipment. These conditions
lead to wastage of energy and space in the tong run. Such maintenance should be carried
out by the employees while the operation capacity remains low. Emergency improvement
measures to be made at present are: 2) reduction of drying rooms of the painting shop
and b) decentralization of small-size compressors. An intensive production cenler and
disposal of unnecessary property are also under consideration, which is what we could
obtain through our hearing survey.
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3.2.4  TProblems and Measures related to the Use of Encrgy

(1) Comparison of energy consumption intensity with an excellent factory
Table 3.2.6 summarizes the encrgy intensity according to the cnergy data of 1996,
cxcluding the energy consumption of affiliated companies on the same premises and
energy intensity for cach major manufacturing process.
In regard to the excellent factory conditions, it must be noted that very few businesses
have all of their production processes inside their plant, and each company has its own
way of classifying internal and external fabrication {(or make or buy). Therefore, we have
presented the excellent energy intensity conditions for cach process of several companies
and have assumcd the total as the energy intensity per truck.
Table 3.2.6 Comparisen of Energy Intensity
Unit Star Excellent factory Difference
For production of one truck Glitruck 2.4 306 ~38.6 133 ~ 191
Nct process excluding factory heating 118.8 28,6 90.2
For ¢ach process Body assembly, cabin Glitruck 45.6 1.7 339
(Part of the above breakdown)  Engine Glitewck 13.4 5.9 1.5
Plate pross Glftruck 7.2 2.0 52
Shaft, frame, and gear Gtruck 28.1 45 23.6
Plating Glitruck 78 4.5 33
Factory heating Gltruck 964 20~ 10 86 ~ 94
(2) Analysis of energy consumpiion

Figure 3.2.6 illustrates the monthly trend of the overall energy including the energy
required for production processes and heating. The energy required for heating is higher
than that for production in winter. Therefore, it is necessary for this plant to implement

a production process control system which is heating (air-conditioning) energy consumption-
conscious.
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Figure 3.2.6 Monthly Trend of Energy Consumption
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Estimating the energy conservation potential
Encrgy conservation is divided into the following three steps to sort oul its potential.
Step 1: Enhancing the management
Step 2: Improving the equipment
Step 3: Improving the processes
The calculation of energy intensity is based on the annual tarnout of 3,200 trucks/y.
A, Process

a.  Energy conscrvation by enhancing energy management (Step 1)

Y

Management for cach process and targel setting

As seen in Table 3.2.6, the energy inténsily of all processes in general is high
even when the heating energy is excluded. First of all, it is regarded as
absolutely necessary for all processing departments to be aware of the need for
encrgy conservation, The energy required for each process is only calculated
as an accounting process partly using a proportional distribution method. The
energy consumplion of each plant building at least must be known. We
recommend evaluating the encrgy conservation aclivities of the side that is
using energy by finding oul the actual energy consumption of cach plant
building instead of doing so by proportional distribution. It may not be possible
due to the configuration of the building and equipment to manage sonie of the
cnergy consumed by the production process . However, at Ieast the following
energy consumption can be reduced.
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+ Electricity consumption due to air lcakage

« Electricity consumption duc to usc of unnecessary Iigh'ling

+ Llectricity consumption due to idle operation of equipment not being used

+ Lncrgy consumption for producing defective parts

« finergy which can be saved by increasing the production speed

+ Heating energy which can be saved by sealing gaps and minimizing the
opening of entrance/exit doors of factory buildings.

« Heating cnergy which can be saved by providing appropriate clothing for
workers

v Others

The amount of encrgy for cach of the above items cannot be estimated. If,
however, the plant actually succeeds in reducing the encrgy consumed duc to
the above, more significant results than from improvement of equipment and
production process can be expected. Energy conservation of at least 5 to 10%
may be derived from each process by reinforcing managemén! of the above
items, (Energy conservation target: initial year— 5 %; cach year after — around
5 %)

Encrgy saving amount: 35,000 G)/year (5 % of total energy in 1996} (10.9 G/
truck)

Encrgy conservation by consolidated production

When the rate of equipment operation is lower than the equipmcm capacily due
to a small output, consolidated production is more effective as indicated below.
When only the turnout drops in a plant/area where they consume a large amount
of fixed energy (heating and lighting particularly) not related to the production,
the energy intensity situation can worsen considerably. Therefore, consolidated
production is recommended as an improvement measure instead of further
investmert in lawer capacity equipment. The consolidated production needs to
involve further specific details of worker regulation matters such as a review of
the working syslem and work shifts. This can be an opportunity to produce a
significant energy conservation ¢ffect and also improve the awareness of
employees toward energy conservation. Thus, it is recommendable to try this
management technique in some production lines as a test for future conservation,
Consideration of the foltowing matters may be necessary when selecting the
target production lines for testing.

D  The cycle time of the target line can be reduced through workers and
equipment investment, It is recommended to employ such a line where

production requiring one month or one week can be completed in half that
time or less. '
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(@ The target dine must have a configuration by which the heating and
lighting of the site can be turned off completely afier the required production
is finished, and the site can be closed down until the next consolidated
production.

(3  The work shift or education/training must be arranged in order to keep the
workers of the target line occupicd with other tasks while the line is
closed.

It shoutd be noted, however, that there has been already consolidated
production available for the induction furnace and gas-annealing furnace
of the shaft shop. {The effect of consolidated production is calculated
together with the intensive production process to be explained in the
following section.)

b. Energy conservation by modification of equipment {Step 2)

)]

Improvement through an intensive production process

Since cach piece of ctjuipmeﬁl used for engine parts machining and assembly
processes is not toa large, production equipment with a low operation rate can
be relocated without much difficulty. Although the matter ultimately depends
on the relocating cost, first project the fulure turnout over several years and
then estimate the equipment operating conditions based on the projected turnout.
Next, rearrange the current produclion into minimum required production
through an intensive-process production which is in proportion 10 the above
estimations. This method can produce a significant reduction of transportation
cost, healing energy consumption as well as improvement of the work cfficiency
as well. '

{Implementation method]

Concentrate the work areas used for manufacturing equipment such as machining
and assembly equipment as much as possible by altotling the minimum space
required for operation and maintenance. The concentrated (intensive) arca
must be partitioned to improve the heating efficiency. Heating and lighting
outside the partition must be twrned off, or the strength of the lighting and
heating should be lowered significanily. The areas which can produce a
desirable effect are listed below.

+ Engine assembly line: The main and sub lines can be notably concentrated.
The distance between processes of the main line in particutar can be reduced
to one-fifth (within 3 m).

» Engine test bench: Haif of the benches have been removed already and the

lights are torned off. Install partitions, however, to close off the area
completely to improve healing.
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+ Parts and raw material warchouses: There are stock areas for workpicces,
finished products, and jigs atl over the plant (as in the shaft manufacturing
shop). These arcas take up considerable space. There are no “operators” in
these stock arcas, but only “objects.” Therefore, if the partitions are put up
to separate these stock areas from work arcas, heating and lighting consumption
can be reduced.

The main effect will be the saving of heating energy. The target of saving for

the plant in the above example is approximately 10 %, and the target

reduction of heating in other faciories in addition to the shaft manufacturing
area is 5 %.

Target energy saving ratio: 15,400 Gly (Heating: 5 % of 308,000 GJ) (4.8
GJ!truck)

Hot air control of the drying furnace

The excessive consumption of hot water is an all 100 evident disparity in the
encrgy consumption of this plant.

' Figure 3.2.7 Energy Consumption in 1996

Watural gas

feat G
: g];rg’ccsﬂ 1 Heating

Figure 3.2.7 shows a pie chart of the entire plant’s energy consumption divided
into relevant categories. The heat energy consumption in the production
process is highly evident. Although, if the turnout drops, there may not be a
proportionate decrease in the power consumption of the machining equipment,
it will decrease to a certain extent. On the other hand, in processes such as the
drying fummaces, which are operated continuously, the overall energy consumption
will remain the same and the energy intensity will become worse, unless there
is some form of management before the next workpiece is loaded. Table 3.2.6
particularly shows the poor state of the energy intensity of body assembly and
cabin processes which use the drying furnaces. The plant has already made
some emergency improvements in the drying furnaces. The following
recommendation is made for further improvements. The structure of a typical
drying furnace is shown in Figure 3.2.8.
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Figure 3,2.8 Structurc of a Deying Furaace
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The plant is apparently carrying out temperature control of hot water, which we
heard during our interview sutvey. Actually, however, no control of the
clectric heater is available and the clectricity is not shut off. More hot air than
accessary is supplicd particularly in summer . The drying temperature must be
lowered by improving the paint quality and the temperature in the drying
furnace must be set and controlled properly.

For exampte, to change the amount of heat supply according to the load, it is
advisable to use the hot water heating source as the main supply and the electric
heater with automatic temperature control for the amount of change required.
Also, the minimum drying encrgy required for each workpiece should be
determined while confirming the quality, and the seiting temperature should be

_changed for each workpiece or the drying time should be controlled individuatty

in order to dry the workpiece using minimum energy. In view of the fact that
the encrgy intensity of this plant is some four times higher than that of an
excellent factory, the energy used for drying can be reduced to half or less of
the present consumption. Here, we have set the target encrgy reduction to 30%
of the entirc heating source required for the manufacturing processes aad
calculated a reduction in energy consumplion below.

Target energy saving amount: 52,000 GJ/ycar (Process heating source:r 30%
of 174,000G)} (16.3 G)/truck)
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C.

Energy conscrvation by improving process

1)

2)

Improvement by changing the pressure of compressed air

The pressure used in the plant is set to Tkg/em?. As far as we could learn from
the surveys we conducted, this value was noi set based on any specific reason.
If the pressure is decreased by 1kg/cm?, the power consumption is cxpectéd to
decrease by 6 % or so. As a matter of fact, the pressure used in the plant varies
between 4.5 and 7 kg/em?, Therefore, we recommend lowering the pressure to
the 5. Skga’cm2 level. It will be necessary, however, to find out if there is any
:.qunpment that will not function properly when the pressure is lowered [f such
an equipment is found, an amplificr most be installed to cope with the problcm

‘The product quality must also be checked in the same manner, for example,
withregard to whether or not sufficient ti ightening torque is secured for pneumatic
bolt tightening. Furthermore, it is important to ensure that the specifications of
new equipment comply with the pressure supply guaranteed by the plant.
Consideration should be given to prevention of air leakage conditions and
decentralization of small-size compressors to reduce the air consumption to the
required minimem. If this measvre is implemented, a 6 % reduction of power
consumption can be expected.

Expected effect of encrgy reduction: 140 MWh/y (1,440 Gly) (0.5 Gl/ruck)
Enecrgy conservation by improvement of yield

A peor yield means mere consumption of et_iérgy without any output. In some
cases, the improvement of yield has greater effects than the direct improvement
of energy intensity. The outpul of the engine parts machining process in this
plant is especially poor. Two types of raw materials, made in Poland and
Hungary, are used for the cylinder blocks, the rejection rate of which is 50 %
and 18 %, respectively. Also, cylinder heads that are used after correction have
a rejection rate of 30 %. These defects occur mostly due to the raw materials.
To resolve this situation, a system which clarifies the respons:blhues for
defective raw materials and a system which makes the raw material manufacturers
bear responsibility must be established. For exampte, “cause of defecis such as
blowhole” and “damages such as energy and labor costs for detecting defects”
should be defined clearly and the defective materiats should be returned 10 the
raw material manufacturers. Thus, the raw material manufacturers will be
compelled to prbduce good-quahly raw materials. Since the plant is making an
effort to prevent production of defective praducis by putting a cash incentive
on each pmduct_ made in the plant, it is recommendable to apply this system to
the raw materials to be purchased. To achieve this target, the production plan
must be reviewed. Raw materials should be restricted to the minimum required
guantily each time on an individual order basis instead of a production plan
where materials are to be stored over several years. Also, the cylinder-block
and cylinder-head lines use a number of equipment which consume approximately
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10 % of the clectricity required for the engine process, 20 % of this electricity
consumption can be reduced by improving the eutput,

Target energy saving amount; 680 G)/year (Engine process: 34,000 GJ x 10
% x 20 %) (0.2 GlAruck)

Modernization of machining lines

Automation of equipment in industrialized countiy has progressed due to the
very high labor costs and to reduce the number of workers and yet assure a
stable quatity. Main steeam automation adopted in the parts machining process
consists of the transfer line, which is suitable for *conventionat mass preduction’
(small varicty. of products, large lot production) system, and the Flexible
Manufacturing System (FMS), which is suitable for ‘multi-item, small lot
production’ system. The cnergy consumption will increase if these systems are
introduced since the tasks ‘of the workers will be done by machines. The
equipment, however, would provide more advanced functions and a single unit
would be capable of a number of machining processes. Also, machines help
minimize the energy consumplion when they are not operated. Thus, as a
whole, they are excellent-efficiency production systems. We have presented a
case where an operation such as the engine parts machining shop, etc. in this
factory is automated in a level equal to a similar machining plant in exccllent
factory.

Investment amount; 112,500,000 PLN (7,500,000 PLN % 15 systems)

Energy saving effect

The energy intensity for machining processes will altain an excellent factory.
Also, the floor space tequired for equipment will be reduccd, and the area of the
shaft plant level will be closed down.

Engine Process  Shaft and Frame Total
Current situation Encrgy intensity 13.4 Gltruck 28.1 Gliruck 41.5 Glftruck
Total encrgy 42,880 Glty 89,920 Gty 132,800 Glry
Healiﬁg energy - 33,000 Glty 33,000 + «
Lighting electricity - 700 MWhy 7,180 + «
After modernization Energy intensity 5.9 Gl/truck 4.5 GJttruck 10.4 G¥iruck
Total energy 18,880 Glry 14,400 Gy 33,280 Gity
Heating encrgy - 0 «
Lighting electricity - 0 @
Reduction Energy saving A24,000 Gy A5, 700 Glly Al39,700 Gly
Cost reduction 1,860,000 PLN

The purpose of modernization is not limited to the energy saving., It will be
tong payback year of investment in the view of the energy cost only.
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Ouxygen (%)

Other elfcets

» Quatity improvement (Improvement in yield ean be expected.)
+ Cutback of operators

+ Reduction of plant buildings
+ Lights ¢an be trned off and the amount of heating cnergy reduced by
vunatiended operation and antomation.

B. Utility (heat utitization facilities)
a.  Air ratio improvement of hot water boiler

This plant employs 6 hot water boilers (o supply hot water to its manufacturing
processes, The exhaust gas oxygen content in one of the boilers (boiler No. 5) was
measured, The result is shown in Figure 3.2.9,

Figure 3.2.9 Measurement of Hot Water Boiler Exhaust Gas

Hok water boiler oxhaust gas
5 August 1997

23 PO —
20 — — e i e e —
MNWMMWNMW
15 ~
Exhaust oxygen
10§ 1 Average 160 %
Maximum 168 %
5 o Minimum  132% | i
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________________________ dAH A A&

The oxygen content is stable, but it is 16 %. This value is equivalent to 4.1 in terms
of the air ralio and is extremely high. If the exhaust gas oxygen content can be
brought down to 6 % (air ratio 1.75) by air adjustment, it will lead to a fuel saving

of approximately 27 %. Table 3.2.7 shows the preconditions angd results of this
caleulation.
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‘Fable 3.2,7 Fuel Reduction by Air Ratio Adjustment

Preconditions

Calculation Result

Coal ‘ Theoretical Current Air Ratio after
Net heat value (klikg) 21,548 Combustion Air Ratio  Improverment
Net heat value (keal/kg) 5,148 Exhaust gas oxygen 0.0 % 16.0 % 9.1 %

Ash content 16.21%  Ajrratio 1,00 4.13 t75
Watcr conicnt 6.00 % Air ITow rafe (m'ikg) 6.4 26.5 £33

Combustion air temperature 26 Exhaust gas volume {m'fkg) 6.8 6.9 1.6

Exhaust gas temperature 240 Exhaust gas heat 10ss rale (to combustion heay  36.3 % 16.3 %

Exhaust gas temperature after air preheating 240 Fucl reduction rate 241 %

Notcs: For air ratio improvemeat, anexample of Japanese excellent
factory is shown.

Notes: The measuring pointis the lower part of the
stack.

The exhaust gas heat loss rate is that after air preheating.
Table 3.2.8 gives the specifications of this hot water boiler.

Table 3.2.8 Specifications of Hot Water Boiler

Hot! Water Boiler

Capacity/No. of opcrating units 6 units; 4 units operating, 2.5 MW x 4, Flow rate: 60 t/h

Year of installation 1954

Fuel Coal (powdered coal), 2 stokersiboiler

Supplicd for Heating for the plaat and processing

Pressure ' Pressure reading: 4.8 kg/cm?

Anntal opcrating months 5 meonths {(May to Scplember) (However, this is only for
1997)

Operating conditions Under the exhaust gas stack: 220 - 170 °C
Flow rate: 45 t/h/unit

Water treatment Cation exchange cesin: Salt regeneration

There is a plan to stop the use of this hot water boiler. Instead, Star intends to
upgrade the equipment of its heat supply company Bugaj {(owned 100 % by Star) so
that the latter can also supply the hot water which Star requires.

Bugai was established 2 yeafs ago. [t has two coal stoker-fired 29 MW hot water
boilers. The company supplies 80 percent of its output to Star and remaining 20 %
to the city. Bugai plans to upgrade the equipment with a new 4 MW gas Lurbine
installation.

For reference, Figure 3.2.10 shows the exhaust gas oxygen content in the Bugaj
boilers according to the boiler exhaust gas analysis data.
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Figure 3.2.10 Exhaust Gas Oxygen Content of Bugaj Boilers
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The simple average exhaist gas oxygen conlent of Bugat's boilers Ne. | and No. 2
shown above are 7.2 % and 10.9 % respectively. Assuming that the current oxygen
content is reduced to 6 % a fuel saving ratio will be 0.9 % and 5.1 %, respectively.
Although Bugaj is a separate company, it is owned entircly by Star and the most of
the heat produced by Bugaj is supplied to Star. Therefore, the energy conservation

of this company is equally important to Slar.

b. Measurement of gas burning paint drying furnace (chassis painting plant)

This plant has large-sized, box-type drying furnace installed for chassis drying. The
drying furnace using a hot water heat source (drying chamber No. 1) and natural gas
heat source {drying chamber No.'2) are installed next to one other. The gas
combustion furnace was installed because the drying temperatures for paint were
high when the equipment was initially set up. Today, however, the improved quality
of the paint has allowed lower drying temperatures, and thus gas combution is nol

necessarily required. Table 3.2.9 gives the specifications of this equipment.

Table 3.2.9 Gas Bhrning Paint Prying Furnace (for Chassis Painting Shop)

(Same specifications for one paint pretreatment cleaning and drying furnace and one post-

painting drying furnace)

Type

Heat Exchanging with the Circulating Air in the
Drying Room by Naturat Gas Burning

Air temperature after heat exchanging

Dry treatment time

Fucl gas heat value

Fuel gas {low rate

Heat load

Air flow rate

(at the outlet of the heat exchanger 180 °C)

180 °C

48 min

34 Ml

110 mh

523 kW

4,000 m¥%h x 4 uaits
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Spot measurement of the exhaust gas oxygen content was carried out at the exhaust
gas discharge tube after the heat exchanger process of the gas combustion chamber
for these furnaces, Combustion and non-combustion are intermittently repeated for
temperature control. The measurement results show that the non-combustion period
has an oxygen content tevel nearly identical to that in the air while the combustion
period has an oxygen content of approximately 6 % to 8 %. These values are
cquivalent to 1.45 in terms of air #atio and are motc or less appropriate. The
combustion fan runs continuously, however, even during the non-combustion period.
Thercfore, as a measure for encrgy conservation besides the air ratio, it is necessary
to make sure that the fan outlet damper is fully closed during non-combustion so that
air does not leak out. [f air leaks out during the non-combustion period, the heat
exchanger will cool the ait in the drying chamber and this could result in heat loss,

C. Ulility {electsicity utilization facilities)
1) Improvement of air compressor

The compressed air is supplied by one 4-stage turbo compressor with a power
rating of 1,800 kW. Even when the compressed air consumption changes, the
compressor continues to draw the same power because its output is not controlled.
The electricity consumption is approximately 1,500 kW and the annual electricity
consumpti'oln is 2,800 MWh. Although the plant does not use a large amount of
compressed air, this compressor accounts for as much as 12 % of the electricity
consumplion of the entire plant. A system such as suction vane control should
be installed for adjusting the compressor output according to the compressed
air consumption. Since the air consumption in this plant is actually quite simall,
the use of small-size¢ compressors which would allow decentralization is
recommended. In the excellent company, air consumes 10 % of the tolal
electricity. 'Thus it can be concluded that if this factory adopts the above-
mentioned output conirol method, enhances manageinent, optimizes the pressure,
and takes other such measures, it will be able to reduce the electricity consumption
to such a level as that of the excellent factory. The electricity consemption
after improvement is implemented will be 2,200 MWh, thus leading to an
clectricity reduction of 600 MWh.

Present air compressor electricity consumption: 2,800 MWh/y

Compressor electricity consumption after improvement. 2,200 MWh/y

Target encrgy saving amount : 600 MWh/y (0,154 Gily)
(1.9 Gl/truck)

111-3-2-23



PGI regeiving power (KW)

5,000

1000

3000

2000

£ OO0

2) Decreasing the peak load and cufting down the number of transformers for

power distribution

This company has power received at the substations in twao locations from one
110KV line. The power is then transformed to 6 kV by each 10 MV A transformer,
and distributed to the plant, where the power is further transformed to 400 V,
which is then supplied to the factory machine. Figure 3.2.11 gives the changes
in receiving power for PG 2. As shown in Figure 3.2.11, the load at the starl of
operation is large. Moreover, the capacity (30.4 MVA) of the distribution
transfornier is 3.3 to 6 times as large as the load, which is substantially large.

Figure 3.2.11 Changes in Recelving Power

30 min demand: 3~ 6 Augunt 1937
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Recommendable Measures

® Consolidaling distribution transformers to reduce the number of operaling
transformers

@ Installing a demand monitor to take some countermeasures for controlling
the peak demand

Effect

(D  The reduction in the number of operating transformers will allow reducing
the power loss due to transformers, leading to annual reduction of approx.
46 MWh (For details, see Tabte 3,2.10)

Peak demand may be controlled, which can then reduce the electricity

charge. In addition, the capacity of the transformers can further be
decreased.

@

Peak demand reduction: 500 kW
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Table 3.2.10 Electricity Consumption by Reducing Transformer Capacity

Total
peak demand (contract) Cxw 5700 5300 13,100
Cos ¢ of load % 83 94 87.5
Total capacity of distribution transformer kVA 30,430 24,400 50,870
Reducing transformer capacity kVA _ 21,600 _hhl;(“)(m)o_——w'!;—(;(_m_

{tilt Cos ¢ of 50 %)

(18 x 1,000 kVA)

Electricity saving® kWhy

46,000

Note: Condition of loss of 1,000 kVA transformer; Wi 2.1 kW, We: 113 kW
= (51— 33 uni) X [2.1 kW + 11.3 kW x {(13.1/0.875/50.9) - (13.1/0.875/33)'} x 8,760 h)

3) Encrgy conservation for ventilator motors

The cabin shop has 4 large-sized 35 kW ventitators, which are cach

operaied at

only 75 to 80 % of the rated capacity in terms of electricity consumption. (See
Table 3.2.11) These ventilators consume a constant amount of electricity
regardless of the availabitity of work in process, thus occasionally producing

unnecessary ventilation,

Since cach shop has the painting, plating and assembly processes which each
requires ventilalion, it may be necessary to take some similar energy conservalion

measures described below,

_ Recommendable measures: Ventilation air flow shauld be controlled in

accordance

with the quantily of in-process work and the presencefabsence of a workpicce
s0 as to attain energy conservation. To this end, the equipment needs to be
modified so that it can adjust the air flow; methods gencrally taken include

changing the pulley diameier of the driving belt, or employing an i
recent years, the inverter system is becoming increasingly popular

nverter, In
and the use

of an inverter can reduce electricity consumption by approximately 40 % for a
20 % reduction in air flow, for example. Thus, this can produce a large saving

effect in case of continuous operation,

Eleclricily saving amount by variable speed contro} with an inverier unit:

176 kW x 0.4 x 10 h x 365 d/y = 257 MWh'y
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Table 3.2.11 Measurement Data of Major Load

Rating Consumption

Name of Load or Transformer Voltage Cos ¢ Remark
(kW) (kW) V) (%)

PG 2 Receiving tansformer 2 10,000 kVA 500~ 5000 6,060 ~ 6,396 83 ~ 86 Contiruous measuremcnt
P30 TR cabin 1,000 kVA 546 ~ 548 369 86 5-min demand
P30 TR2 cabin 1,000 kKVA 320 ~ 327 372 78 S-min demand
P30 TR3 cabin 1,000 kVA 383 368 78
No. | ventilator 55 45.5 368 &S5
No. 2 ventilator 55 47 367 86
Electric heater 49 212 100 3 circuits in total
Electric heater 64 209 IOO 3 circwits in total
1 ventilator 55 385 370 84
2 vealitator 55 45 312 87
P11 veatilator 45 35 O 98
P9 cagine department 371 ~ 384 389 ~ 391 86 ~ 99 5-min demand
P8 engine assembly 2% 1,000 kVA 384 98

PG 4 Receiving transformer 3 2,300 ~ 4,100 19.5kV 94
Air compressor 1,800 1,800 6,220 98

4)

Energy conservation for lighting

During our factory survey, turning of§ of light was positively carried out in this
company except for a portion of the cabin. Daylight is taken in from the glass
of the roof, and the luminance in the plant ranges from 200 to 300 Lux, showing
1hat they make positive efforts for energy conservation.

However, considering the long Iighli'ng hours in the winter season, the use of
lighting equipment should be checked and reviewed as a whole, in terms of
cnergy conservation. Taking the cabin shop as an example, flucrescent lights
are installed atl a considerably high position (about 6 m height) above the
walkway, thus not exerting their lighting effect to an adequate level. In this
regard there is still much left to be improved. With regard to lighting apparatuses
and equipment, it is advisable to check the type of equipment which uses such
lighting apparutuses,

Recommendable measures: Replacing these lamps with mercury lamps or
high-pressure sodium lights for as many places as possible will lead to a
reduction in electricily consumption for the required luminance.

In this plant with a large area, replacing as many outside lights as possible with
high-pressure sodium lights can reduce electricity consumption by 15 to 20 %.
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3)

Summmy of Encrgy Conservation Potential

a.

Improvement of Environment through Encrgy Conservation

If fucl consumption is reduced through energy conservation, the quantity of potlutants
emitted to the atmosphere also decreases. Additionally, if the amount of purchased
power is reduced through energy conservation, so is the amount of power generated,
that is, the quantity of pollutants emitted to the atmosphere by power plants. This
reduction in emission gquamtity duc (o cnergy conscrvation depends not only on the
amount of energy conservation, but also the type of fuel, and equipment, such as
boilers, ete. Therefore the correct way to estimate the gquantity of pollutants is to use
the actual amount emitted by cach factory. Here, however, for the sake of the
consistengy with the comprehensive study on Poland as a whole, calculations are
based on information on the unit emission quantity {pollutant tonnage/fucl-heating
value TJ), per industrial sector and per fuel type, provided by a document from the
Institute of Envitonmental Protection. The reduction in the emission air pollutants
from this factory achieved as a resull of energy conservation is compiled at cach
stage of energy conservation, and shown in Tabte 3.2.12,

Table 3.2.12 Emission Improvement by Energy Conservation Measures

Measure Reduction [ton/year]

cOo, 50, NO, Dust
Step 0
Step | 1,430 0.4 4.4 0.0
Step 2 3,086 0.4 9.4 0.1
Step 3 71 23 0.7 0.1
Step 1-3 4,592 31 14.6 0.2

Reduction includes emission from fuel and electricity.

Also, in Poland, there is a system available that charges an emission fee (fee) to the

~poiluter, and thus, the emission fee can be reduced through energy conservation.
The unit price of the fee is specified per pollutant type. Additionally, for emissions
that exceed a certain amount, a penalty fee (charge) is charged. The unit price of the
charge is 100 times that of the fee. The prices listed below are the regular emission
fees.

The result of calculating the amounts of reduction in pollutant emission, for the
energy conservation items that were proposed based on our factory survey, and the
corresponding reductions in emission fees, is shown in Table 3.2.13. Furthermore,
the payback period required lo recover energy conservation investments including
the effect of reduced emission fees, and the payback period based only on fuct
reductions, are listed together in this table.
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Measures

Table 3.2.13 Payback Period Improvement by Emission Fee Reduction

LEnergy cost  Dmission fee Total Investment  Eco-Environ  Economical

advantage advantage advantage PBP PBP
Step O
Step 1 569 1.7 Ry 486 0.85 0.85
Step 2 1,292 34 1,296 780 ' 0.60 ' 0.60
Step 3 2,361 L0 2,362 112,500 - 47.63 47.65
Step 13 4,223 6.0 4,229 113,766 26,90 26.94

Units: Thousand PLN or thousand PLN/y for expense, Year for PBP

As ecvident from this Table 3.2.13, the reduction in cmission fee is only a few
percents at most compared to reduction in energy cost, and thus, the effcct of
reduced emission fees on the investment recovery period is also negligible.

In this factory, a reduction in the emission fee has only a small effect in the payback
period. The equipment for the modernization of the machining line listed in Step 3
costs much, thus drastically worsening the investment recovery. Moreover the
effect of this item is the reduction in etectricity consumption and thus it has only a
small effect of reduced cmission fees on the payback period. Additionally, since
steam is purchased from an outside source, many heat-related energy conservation
items do not lead 1o the reduction in the pollutant emission fee,

Summary of Energy Conservation Potential

‘The energy conservation potential of this factory is shown in Table 3.2.14.

The energy conservation potential using the Excellent factory as the benchmark for
energy consumption intensity, and energy conservation measures in Steps 1, 2, and
3 are shown in Figure 3.2.12. The relationship between cnergy conservation

potential, the payback period to recover the investment, and the invesiment cost is
shown in Figure 3,2.13,
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Table 3.2.14 Summary of Energy Conservation Pofential
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Swp b
3. Enhancing the management for each depantancnt 24.000 59 S LISO 203 50 362 436 09
Y. Streamlining transformens 36 3 2 8 0 00
Sebioal 24,000 159 531 L6 Nl 5 459 456 09
Seep 2 "
3. Centratizadion of processes a0 butch production 5,400 20 a3 P10 3 16
4. Controlling the drying furnags 52,000 m TN m th% 02
5, lmproving the cOmpressors HO0 103 35 151 143 14
6. Reducing the poak demand SO0 LW &6 2t &8 L] o8
1. Contratting the piotovs by an inveeser 52 44 Ly 44 139 43
%, Changing the air pressure 143 24 06 M »n OR
Sublotal 67,400 1,007 14.4 97 257 43 1263 plLir] 1
Step 3
9, Improving the pichd 123 1} Da 1] - -
10, Maodernizing the machlning fing 33,000 493 7 10430 259 440 228 {12500 433
Subtatal 33,000 493 Lt 10,456 LROO ) 434 2,293 102,500 42
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As of 1996 Fat) consumpiion: 466,811 Gy
Elccltlciy consemption: 23,573 $§Wh'y (241 804 GLy)
Total: 108625 Gl'y
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Figure 3.2.12 STAR Encrgy Conscrvation Potential
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