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ABSTRACT
High energy costs are providing an incentive for industry in
Taiwan to conserve fuel. A major consideration is to reduce
energy cmnsumpﬁimn wsed in heating, cooling, and illumination

of the workplace.

This report consists of three different projects concerning
gnergy conservation opportunities for one industrial plant.
Froject I describes thg'instal;atibn oFf a.Heat Fecovery Wheel
in order to recover cooled enhauét air. Froject Il describes
the installation of water coils for recovering the waste heat
af furnaces to preheat hot water. PFroject 111 depicts the
modification of fluorescent lighting so as to improve the
Plluwmination level and alsb reduce the energy consumpticon in

lighting and in air conditiconing.

It is very important to evaluate sach project on its sconomic
merits. This snergy conservation opportunity analysis
includes & cgnmtruction or implementation cost estimate and
an @stimate of potential snergy savings. With those two
valugs, the most convenient ecomomic analysis is the simple

pavback relation of costs and savings.
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PLANT BACKGROUND
Chi~- Tu plant, & subsidiary company of General Instrument of
Taiwan, is located at the northern part of Taiwan. The major
products are electronic components for computer and
communication systems. The plant currently smploys 600 people

and operates one shift and two shifts per day, & davs a wesk.

The computer product divisiorn (CFD) operates two shifts (14
houwrs) per day while the capsule relay division (Clare:
operates only one shift (8 hows) per day. The plant normally

operates 292 davs a vear.

Two divisions are housed in this plant, a two-story building,
which covers 30,000 sguare feset. The first floor houses bthe

SPRalely]

computer producht division and covers approdimately 20,
sqft. The second floor houses the capsule relay divisgion

amd also covers 20,000 sgft. The basement is used for

wtility, stock rooms, and a catfeteria. They occocupy about

b3

.y
=

10,000 sguare feet each. Floor plans ars shown in Appendis

Except for limited sreas, the facility is air conditioned by
an array of eguipment all vear. Alr conditioning is provided

both by chilled water systems and by DX (Direct eipansion?

package units. The combined capacity is approximately 400

tons of refrigeration.



Lighting is fluorescent throughout the facility. The lighting
fivtwres include 49 watts and 110 watts for offices and
productions. The lighting fixtuwres for the production areas
of first floor and second floor are ceiling suspended and

ceiling recessed respectively.

Ernergy consumption at this plant for the twelve-month pericd
March, 1984 through February, 1987 comﬁiatéd of 3,923,190 kwh
of slectricity. This is eguivalent to 13,386 MMBLu of energy.
The total energy cost for the period were NT$8,%12,4606

(US4287,503).  The details of energy consumption and cost and
glectricity rate structures are illustrated in Appendix B and

Appendix C respectivelv.



FROJECT I - INSTALLATION OF HEAT WHEEL SYSTEM FOR

RECOVERING THE COOLED EXHAUST AIR



Introduction

This project discusses eneErgy saving technigues

industrial facility reguiring low relative humidit

door air for ventilation.
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Data and analysis of current H.VY.A.C. system

The additional data of current air conditioning

provided as follows:

system are

Capacity of Water Chiller {(low dew point) ....... 335 USRT %
Fowmer drmput of Water Chiller . eeneennnenesursnnes &GE05 El
Cooling Water and Chill Water Pumps coeeanasenwas & HF/EA
Cooling capacity of air handling unit eoeeweew e SP4000ELLR
Bupply air volume of SHU oo ee e e vn o numunnwnwwwas 0D CFH
Capacity of supply air FEM vvwuunennnnnnennsnnnas 5 HE

Howrs of opsration, one shift (8.5 hrs/dav)eee... 2482 hrs/yre
Cost of electricity per EWH (on peak howrs? oo... NTSE2.01

De T A L I L

T UBR - Unithed Sta Faefrigeration Ton (12000 BTU/RT.
finalysis of current HVAC system

The required room conditions are 68 FDE, 45% RH, esnthalpy, h,
of Z3.59 Bhu per lb dry air with a ventilation rate of one air
change mirnuwbte with 100 sercent outdoor aile. Details of

the room are not considered herse,
Outdoor air conditions selected for this project

8% FWR, enthalpy, he of b dey aiv, wh

design condition in summer of Taiwan. The 4000

air 1s then coolsd and debumidified to 473 FDB,

1

-

@nthalpy, by of 16.2 Btu I dry air so as to
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of refrigeration. This is shown in Figws 1.1. Design

conditions follow along with the necessary enthalpy and

humnidity ratio values taken from the FPsyorometric chart.

VAL systam is caloulated at MTSH167,

arnd the details ars

o bthe above information, the operating cost of ourrent

=

shaown in Appendix D The reductions of capacity and cost for

ariginal air conditiormimnog svstem by using Healh Wheel ak th

et place will be shown as %( Ll owess

1.
T
Fube

Sy P e fore a aee geee cone soen goee sio] of ofe o coe rwe e
(1) fmbient conditions

Temparature (F) Famidity ratio Enthal

ey e T

(A s Fon Y ﬂ.!. Y]
) gz oem P

s ;e ST W 07 24,8

Dutdoor aiv (OA) = &, 00

0FM

fidiiy &ir volums ratio = 08 / = JoA00na = 1,0
(i From hhe RO AN @ Fig.l.2., shows the

L e will be BIZE and .

e drop

L

ollowing caloculations areg applicable to the original

e
=

i}

tallation of air conditioning system. Table 1.1 prasesnts

%
™
2
i
3
0
@

heat whesl per

Dy Bulb Tempsratwrs = F2 - 225 (1,0 (92 - 72y = 75.5 FLR

Enthalpy = 47 — .825 (1.00 (47 -~ 24.8) = 28.7 Btu/lb drvy

1.4

air



The reduction in reguired conling capacity

= (47 - 28.7 Btu/slb) o x 4000 CFM x &0 minAhe » J0O73 1b/CF

ii

ITRP, 400 Btu/hre

= 27 Tons of refrigeration

Takxle 1.2, pressnts a conparison bebwesn refrigeration

defiumidifying process and svehen wibth and withoulh heast wheesl

at o

conditions. However, ths peract

cooling capacity shoald be rounded off to 25 RT

Fefrigeraticor Ton) so to match the standard size of chillesr

wunit. Thersfores, reductions of initial

i

in o rehvospect woulo e of NTSIRE, 250, which nesrly

The anmual dollae

i operating cost o would



Rated efficiency: BZ.3 percent sensible and latent heat

M0

transfers for equal air flow rates in summer

SBummer performance
(free conling and debhumidifvying? Enthalpy)

Outdoor supply air in 2 FDE /83 FuWk = 47

7.0 Btullb
dry air
Room exhaust air in T2 FDhB /4 40 U = 24,8 "
Differencs 20,0 FoE 2202 M

Savimg at HZ2.9 4 efficiency AT 18,3 "

Bupply alyr out TEH.E O et "
P e oy pame e e e ey g - e ' e
Eabhauist ailr owh o ! 4% 1 "

Table 1.2 — Lompariscon between refrigeration dehumidifving
process and system with and withowut heat wheel at design

condl tions

F zss with  SBaving
healt whesl Btullh Saving
Bl dry air dry sir  perosnt

FrooRes BRergy
consumnption
Total refri-

geration cooling 12,5 18,5 59.4

Bystem @nergy
consumptlon
Total retfri-

geration cooling 20.8/3=10.3% 12.53/3=4,2 bl

Ui
iy
£

(COF = 3D

1.6
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Introduction of Heat Wheel

The Heat Wheel Unit (Fig.l.3.—- Enthalpy Recovery unit) is an
air to air regeneration type heat exchanger, designed to
substantially reducse make up air load reguirements in heating

arnd air cornditioning

il

gyshems., [Ff the Healt WHheel is

included

i an initial system design, the reduction in eguipment

capacity coupled with the continuous savings in heating and
air conditioming powsr reguirements make it & very attractive
investment., The Heat bhesl is sgually beneficial when

gupanding or remodeling sxisting svystems. In many cases, bhe

installation of Heat Whesl can totally eliminate the nesd to

LR AR el

imoreass the sysben’s heating or cooling capaoibty.

Duite of

The Heat Whesl is a total alr heat recovery wheel s bobh

oy A8

arnged betwesn the supply and

gxhaust air streams, throuagh the Hest Whesl. Both laternt and

[EC W

transtarred at the

Fanges from TO% - BSY in most

.

When the Heat Whesl is placed bstween two air streams in

HH
.~

counter flow, the alr stream with the lowsr temperature will

cool the slowly rotating Heat Wheel (about 135 rpmd), which in
turn, heats the high temperatuwre air stream. This is known as

"sensible heat tramstfer". As

i
b
it
ot
gt
i

exchanging sensible



ig 1.3~ HEAT WHEEL UNIT
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heat" from one air strzam to &ano

transfers molstuwre betwesn the a

Humidity ratios. Effective trans

1
RS

ssssntial since the larges

e wi e

4 b e

reduces the snergy regquicred for

o

e heat wheel is fabricated of

sensible hest transter. It is bh
absorbant, = B .

Mhe whesl is designed and opscab

o

ive

-, goma aoef
AN

e~

154

e ERT

- g, . o O e
cmee st Srdmprdow

el s

[k I

the room sxh

A

atir withouwt the

wring bhe summer, the whesl achks

pracoolar. During the wintse, @b

prehester. (not appliable to thi

i

n=l

Wheel mounted i a he

)

supported by btwo grease lubricat

i

whael 15 driven by rachional

reducing gear box, mounted i th

o

mort o arrd 4 bemlits drivin

is equipped with two

Lo

=3

ther, the Heat Whesel also

ir flows of differen

fer of latent heat is

£

t oportion of hthe swnmer

moarrtivs , transfer

umidific

]

a metallic base 1 e

P e

e coated with & solid

pro moisture brarnster,

4

i ot

J

P

=i

~arsf EEET

meEss L s countsrdlow
air stresn. The

able £ bttt ared

i

ST

FE
L.

conshantly precondi b

addition of any ne

b

as & predehuwnidifier and

acts as a prahumidifier and

g project due Lid winter

SaVY gaugs sheel casing and

wd sealed ball bearings. The

Forse power motor, with a

d

&

-

casing on a self-adijusting

g oom the rim of the wheel

removeable air-tight side

1.10



panels for esasy access to the rotor and drive equipment

through which the wheel can be removed.

The casing is sguipped with a Puwrge Sector, as standard

s
3
i}
i
1]
o
fot
i
o
o

etween bthe casing and the whsel to prevent a

1

ard

= If—adjusting air made of Hypalon rubber are

i I

leakage. The starndeard Enthalpy Recovery Unit ile designed to

pparate at tempesratw s from 40 F, up to 150 F.
The pesrforpance of a rotary energy eschanger is defined

P

fectivensses and

gocities for most snergy recovery

F o

T [T

zhe and mors installation space. High face

glve the reverse.

sure drop for ova

itous typese of media at

vary from D.4Y o D07 WE. Averag

shiverness value

i

and total heat exchangers lis in the T

L2y

Prressurs Orop.

arvd 1 ol

+ o

I Erg e

for egual supply and exhaust air mass fFlow rates and mornmal

gxohangetr face velooitiess.

Ererg:

wheels normally operate with & mindoum
Feoguilred mailntenance. However, the following guidelines

showld be followed for best performance:

- &2



e u

Cleaning of the medium is needed when lint, dust, or
pther foreign materials build up. Cleaning method
guitable for one type of medium are not necessary

suitable for obther types. Media treated with a ligud

iccant for total heat recovery may nob be wetteds
Lhay are cleansd by vacuuming the wheel face or by
using dry compressed alr to blow oub the passages.
Metallic and nonmetallic media may be vacuumed, blown
out with compressed adr, hot water, or a suitable
solvent., Manufactwer’s cleaning instructions should
e followsd.

Triwve motor amd train shouwld be madintasined in

aroordanoe with manuwfactwrers instrouctions and
reconmandations. Partioular attention must be given

ol motor

Wheels shouwld be inspected regularly for proper belh
chain tension.
Refer to manufactuwrer’s recommendations for spare and

I &340 Lacemsnt PaErTE.

d

i



Advantages and disadvantags of installing Heat UWheel

1. Reduce the cooling load of outdoor air by about 7354,

-4

p
...{

he etfectiveness of healt transfer will reach to 70 -

in omost applications.

~F
v

5
o

e Redurs bhe v comsumption dramatically on &ir

conditioning devices.

Fe Eliming most of the sensible and later

.

F i
oritdoor make-up air which will not only increase the

ity of alr conditioning equipment, but also can

incrsase the fresh a&ir volume by 2~ 4 bimes.

e Bimmle sechand sm anod @asy

mEl rrh S ST,

S leow opseration o 5 and low rolse.

g major i

orvery Wheel

al investment and the progimity reguiremsnt

air arnd the exbhaust

ie based omnoa 10 Elanming

Fordzon and the Life of the hest recovery

35 Sume

HM&ED =

-3
=
it
-
i
N
=1
i
3]
=
io
™
]
i
s
i
ki
3
i

o e 10 vears. The avers operating &and

maintenance rent HVAC syshemn and proposed

whasl have bheen assumed to be wuniform throughout the

Tife of the systemn and are sstimated fto be NTS1AP,037 and

MTHLGE, 227 respechtively. The various sngineering sconomic

teochrd ques such as Pre

rh Worth, Annaal Cost, and

Incremental Benefit Cost Ratio are used for analysis.  The

1.13



decision arrived by using the sang technigues. The FPresent
Warth, Annual cost, and Incremental Bernefit Ratio methods

have been illustrated in Table 1.3.

The following sconomic mdmluxtLunr are caloulated on one

shift operation basis. Fig.l.4 depicits the snginesring
ghrawing of wsing hest wheel in conjunction with the ocwrent
HVAE svsthenm

a.Total capital cost reguired for

tihe gl ementation

iii

D Arrmual operating a&rn

and AL THIOE, 923

el T il

Fa)

o Fraa d srrating cost for cwrent ASD

stem = NT$169

4. The reductions

3
it
4
P}
e
-
=
i
'f:
b3
fag
£
—
-t
s
id

Sosysbem = PTHREE, LLS

@.The simple pavbaok period = .8 vrs
The detailled calocuwlations are shown in Appendix G, Since ths

pavhack psriod is sstimated to bhe 9. at e
i

that this proposal will not be attractive unless the

opaerating shift incre:

Table 1.4. presents the scornomic

~

analveis of using heat wheel for different DDQ’?LJHq Frours.

1.14



Table 1.3 ~ Methods of sconomic analysi

ui

with and without

heat whee1 (1Q vears planning horizon)

{1 Fresent worth Cuwrrent HVAC unit Current HVAC unit
{ooahs) without heat whesl with heat whesl

Irmitial cost (addition? e MTHEERS, Gl

(-
L]

(o]

i

arrating cost
L&HPOITT /16275 CNTHL, O3B, &30

1OReRns 16275 NTHEDD, 59

e d . S By R

1h oworhh

/

MT®1,017,39%
of operating cost

(2 Annual -cost WTH2E5000 ¢ OREF

= BTELE N HE9
Operating cost MTHLAP0ET MTHLIOEFRE
MTH1&%, 037 e MNT#H165,38%

1.

{Z) Benefilt cost ratio

Incremental B/D = L{L1&90ETF ~ 1029275/ 16E751/72588

I

CRF = Capital Recovery Factor = 16275 (MARR = 10%)

Mot: Based on the above analvysis, it indicated that the

installation of heat whesl is accephtable.
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Table 1.4 — economic analyvsis of using heat wheel for
different operating shifts

arne-shil f i twe—-ashift thres—-shift
H.3 hr 14 29 hr

ann. aperating

cost without NTH1A903E7 NT#H273414 S NTS47TFRE0

Loan

heat wheel

cperating cost

whiees

ity m T e e i AT VERY. A E R vy
AMTILAL SA&VINGgS dTH&EGL LS WTH L OEE%4

implenentation

mavback period Gald owr EaD v Eal o owr



Conclusion
Energy recovery should be given careful consideration on
dehumnidifying systems. Total enthalpy exchanging heat wheels

are excellent predehumidifying and cooling devices on 100

percent oubtdoor air svstems. It has been indicated that

using
a heat whgel in conjunction with alr conditioning svstem at
the begining of instellation of the facility would be

justifiable Howevar, to install a heat wheel system may nob

he attractive after the air conditioning svstem has bheen

p- L W o

installed already, unless the length of operating time of air

conditioning svstem incrsases. Moreover, the current

£ 0 fees s qus pee o o s
fFirmamncial

i

and the continuity of business should be

i

arother mador
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AFPENDIX C

CURRENT ELECTRICITY RATE STRUCTURES

Current contract demand = 240 KW
{a). Basic charge = (gontract demand bkwl o NMTE141.468/kw

{b). Variable charge = (gcrn—peak consumption kwhix MNTH2.01/kuh

1 e

4
-
G

Ff-peak consumption kwhy oo
MTEL. 06/ kwh

{c). Pcwer factor adiustment = 3,574 & (FF - 80 =

~“ ;

-

{ ibasic
charge + variable chargsl

{(d}. Over demand penalty charge :

A

(LY i+ over is l: L0 of cornhract

- - o T e o foes em ngee P oo $
PEn&L TY ohar G =LA

demand ~ contract

tiid 1f eover is grester than 10¥% of contract demand, then

penalty charge = {actual on-peak demarnd - contract
demardr w3 ox NTHLI41.46kw

Total billed cost = a + b + o + d

Grand total cost = tobtal billsd cost = (1.0 -+ 5%

wd /a

s

1
&)

Motes On-peak time starts

utis

OFF-peak time starts from 10350 pm to D730 am.

£t
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APPENDIX D
Ernergy Consumptions of Current HVAC Svstenm

for Mercwy Fill FHoom

Make up air volume 4,000 CFM

Ambilent conditions ¢

H

F oair leaving coonling coll = 43 FOB,
42 FWR, equivent fto snthalpy of 1602 Btu/lb of drv air.
Monthly energy consumption of 100¥ make-up air hherough
existing alr handling wnit.

={grnthalpy of average outdoor condition - enthalpy of air

leaving cooling coil of air handling unit) (maks-up air

~ation per dayr lworking day of the

!

morthy (60 min s Ahrd (LO7FE Thoub, F002

Mar . = L = l&GE Bhudlbhy (8.5 hrsddav) My (24
o ST s L SRR W U ) IR B T & B
dave  mornthy (63 min/hry (LO7E lbhscubk,. Fi4

L meye I
~~~~~ IR ¥
fPpr. = (32,1~ 16,2 (4000 (8,3 (23 (60 (.07
- % ¥ d
= 50, 817, Bhul/month

[z = - LHGEY (40 (8.3 (247 (60 (L0785

= FRREE, 400 BhubhAmont

1t e e e P A I r oy SFE T e Py Ty o o, - g e e o,

Jume = (40, E o~ La, 2y (400G (8.5 (25 (HO0)Y {,0T7H;

vy H

= Btuh A morth

-— - 2 ~ 4 e ;4 " o 8 : 2 47l
July = (43,5 — 1&.2) (4000 (8.3) (27) (&0 (075

= 112,776, 3000 RBtuh/month

{hy (L0

..\
G
L
-
d
o

a

R
Fug. = (42,5 ~ 16.2

= 104, H21, 400 Btuh/month

- - ot I . - STals CiTouEn = i (T
Sep. = (Z@8.&6 — 145.2) (4000 (8.3) (25 (&0 (075

o GE0, 000 Brtuhdmonth



e

Oect. B8 16

= A1, 934, 400
Mov = f*U.B - 1é
= 55,845,000
Dec = (24,0 - 1é
= E8, 784, 4
Jan = (24,5 - 1
= I, 477, &00
Faebh = (25.0 - 16
= 24, FEDS, 200

L2 A000) (B.5) 2y (D) (L0735
Btuh/month .
C2) (4000 (B.3) (2T (HO) (.075)

Btuh/month

L2y (A000)Y 8.8y (Zey (DY (0T

BtubhAmonth

- - s g

w2y (000

-
m
Ui
e
a—

i3

(H) (LG7

&

Btuh/month

S2d 1A000 (8.5 (18 (60 (G075

Btuh/month

Total ensrgy consumption = 776,271,400 Btuh/vr
Since bthe psrformance effio of cuwrrant ohiller svstem

1z A

sona@l e bo 1.3 ke

consuwnpti will be

waar o

Calculations

fArnraal K

[ e

o

ton of refrigeration, the actual powsr

84,098 FEH vr which cos FTHELEY, 057 per

conditioni

@i

cureent syvatem.

consumztion

P A BT TR - 'l e ol . . o
o T F e, L, A0 Ay ow L RT ¥ MR
e f)
m R

al
Al

i

S

f

(rost of electrici

= (MTH2.01L/kwh) (84,
= MNTH1EP, 037 /v

DAY

(KIWH /)

D78 lwh Sy



AFFENDIX E
Cost Estimates of Heat Whesl System

First CDStVf Capital Investment

[

1. Heat Wheel Unit (local supplier®s price! = NT$2Z50,000

2. Foundation and installation

of I

= MTHL1O,
Zo Duct work with insulation = NTH40,
4, Booster fan for supply air stream = PNTHE LG, GO

i

. Relocation of cwrernt exhaust fan = NTEH LG, D00

Flectrical woark

-

i

MTHL10, 000

o

. Inmsulate cwrrent edhaust duct =

Misc. and overhead

o

ii

Total Firgt Costs =

Oparating Costs

Hivr Conditioning Bysten w/heat whesl m NMTETL, 205/ yr
Motor of heat whesel
0.2 FW o Vs Syr ow WMTEELOL ek = WTHSRE v

Bocster farm 1.0 horss power (7486 FWY

O 748 W ox 2482 hrsldyr o NTHEZ. 01 7 kwih = WTHEE

e

Maintenance cost of heat wheesl

i

MTHE, OO0 v

i

Total operating and maintenance costs NTH10Z2, 2235/ v

Currency Exchange Rate —eee— JUSSE = NT$3I1 as of 7/31/87.



AFPPENDIX F
Average Outdoor &ir Conditions for First Shift
Each Month in Chi-Tu, Taiwan

je)

Morkh Dy Bulb Frat. Enthalpy
F S Bltu/ll

Mar . & 75 25.8

30 =21

{d e PECRIRI

3
iii
N
L
~d
Feu )
s
~4
-
U\

el >
PuCR Y

ol
.
=
m
s\j
o

4. b

Jul. 87 T 47

7 47,8
FATR I Ba TE 4205

Sepg . a3 TA 28 ¢

s 2

Oct. 7 iy 74 =

ol o o

Mo, T a2 0.8

- e e -y
Dec. 65 7E 2H.0
= £, ) moe
Jan. & s LS e
) o e

G sl AR

Moter: The above data was obtained from local
weather bureadt.



" APPENDIX G

Supply fAir Enthalpy after Heat Wheel
The conditions of supply air after the Heat Wheel are based
on the following equation.
HEZ = H1 -~ E (H1 - HZ)
Whers
Hi = averasge oubtdoor air enthalpy in each month
HZ = current exhaust air enthalpy = 24.3 Bhu/lb dry air
HE = enthalpy of supply air after Heat Wheel
E = Effectivensss of performance of Heat Wheel

- )

= L, @8E5 {obtained from performance chart

i
i
fr
-
-
+
1}
i
B
T
-

in each month sare as follows:

L. 7 Bhu/lb.

1}
]

i

Lol = b £z R o I
25.8 - 24.3) =4

i

Mar. = 25.8 — .&

.

5 peen g e e 4 [ Rl 5 W 4 - ~h Y ne YRS 1
Ppr, = Fd.1 - L8235 (EEL1 2405 = 25,8
ol o i EER el -oB R T . Ma Em P A =)
Mav., = Z5.% - (BES (Z5.9 24,5y = 248,

Jun. = 40,6 — JBI5 (40,6 - 24.5) = 27.3

ale . A e "

- T oo = e S Y m TYY
Jul. = 43.5 — 825 43.35 - 24.3) = 27.8

2 oo c—— I S [ o Lt ¥ P M’ = < [t rovee e -y
FRAG . =R 42,5 - 825 42,8 -~ 24,5 = 77

dim i on f

Bap. = 3IB.H ~ B2 (38,46 — Z24.85) = Z7.0
Oct. = Z3.8 - 825 (33,8 - 24.5) = 24641
Miov. = 0.8 - 828 (Z0.8 - 24.3) = 25.6
Dme. = 26.0 - 825 (2&6.0 - 24.2) = 24.8
Jam. = 24.5 - .825 (24,5 - 24.9) = 24.5 .

, o A Y e ™A 2
st w L LBEE (25,0 - 2403 = 24,4



APPENDIX H
Caloulations of Energy Consumption and Costs
by Using Heat Whesl System

Erergy consumption in each month = (air enthalpy after heat

wheel - des igred air aenthalpy les aving cooling coill) {working

davs/mon: (supply air wol

Jmed {operating nre/day) (air densityl

¢z
[ -1

Vomin/h)

Mar. = (Z4.7 - 146.2) (24 (4000) (8.5

St
—
.
o
\J
o
<
ﬂ\
s
-
Z
il
i_d
haly

T, 212, 000

Bpr. = (25,8 - 1&023 (28 (13530000 = Ih, TG, Q00
May. = (2605 — 16502 (243 = 37,821,
durt. = {E7.35 -~ 1&.32) (287 = 42, 457,
Juld s om (278 - LHLEFYIETY | = 47, 9]

Aug. = (27,7 — 1&0E) { = 45, 747

- g me ; o g empme s
Bep, = (27,0 ~ 16,23 (25

et e L i g eme g e

Oot. = (Z&,1 - L&.20 (25

1 - 4 s e prempme

Move. = (28,46 ~ 168,23 025 (15BZ000)

- e PV M A ey g
LA, ow= L wlae ERCITRED BN G ] (1F
o - § o e e .
Jar. = (2.5 = L&, 2y 024y

Feb. = (24,6 —~ 146025 018 (18530000

D

Arnmwal total energy consumption = 441, 802, 8¢

MWH consumption = 44180

2800 Btulyr o 1712000 Bhtuw o 1.3 BEW/RT
w47, BEE FWH v
Ernergy cost = NT$2.01 » 47862

= NTHERG, 2

fsn)
iit
~r

Total opesrating and maintenance costs (Gppendisx

= WNTEL02, P23/ vr



Arnual dollar savings by using heat wheel

= 169037 ~ 102927

SOy

NTH66, 114/ yr

Implemantation cost (refer to Appendix B)

= NTHIRS, 000

BT N

Ui

imple pavback period

= IESO00/ 66114
= 5.8 vears



PROSECT I1 — RECOVER WASTE HEAT TO HEAT WATER
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Introduction
Waste heat recovery can be accomplished by insertion of heat
uchangé,elaments into process air or wakter streams, or by
the flow of process watsr through heat recovery eguipment.
Heat recoversd from this separate squipment is freguently
usad to prehest cold water entering the service water heater.
tamy processes are used in the commerical and industrial
sector from which waste heat is available. This project will

consider only the heat available from furnaces.

Thers are two sete of beldt furrmnaces locatsd in the heat

treatment room. (Fefer to Fig. 2030 One is a glass

funrmace, and ths obther one a metal annealing furnace. The

major funchion of Lthe glass annealing furnaces is to sliminats

the internal stress of glass envelop of HEGR

ot

Felay) capsules {(refer to Fig.2.13, and the function of metal

armaal ing fwnace ie ho remove bthe oxidation 1

stems of produchts. These two Ffuwrneces sre Filled with

Frydirogen where the combustion talk

combustiable gas). SAfter ths pre comibustiorn, the wast

ensrgy then bwns off from the two vertical buwners which are

located at bkoth end of each furnaces.

Iy crder to conssrve energy and to save bucks, 1t has been

-

consider to install a heat recovery syvstem which caphtures
some of heat that is being thrown away and wse it to heat

water so that the company doss nobt have to buy raw energy Lo



do so. The hot water

process in the

an economic analysis

ErErgy savings and p

analysis of

ntE

[

Lrsatment room which

the oubtdoor

inch thick fibse

aeee s e sven pew fese e 7 de fon i ;e pese poee
corner oFf the room.
local moods over the

brafore Qoing

the air ceorditioning

o e

Ir

to Lmprove

oroduction

Fmpercdld s

F LT AL

Hydiroge

- o g e g PR TIEY SR RS
M CEnSuwmp L an

HZ at 80

Density of

S P b

T .
("] 1

Tinning and Degreasing rooms.

[ T I
Sy ad b

a conventional

atmosphere

gl ass

ot

Fol lowi

imput @nergy o

-

is cwrently used for parts cleaning

-
d

is performed leading t

guanti+iaed

pericd for inveshtnent.

present waste heat

svstem in the heat

exhast

opgrates for removing the

shauwst duct is inswuwlated with 1

il

""" iw located abt ths

I
]

the ocwrent situation, an effort has been

3 information from the support of

o
i

site. (Detalls

the

231 S oErE QL VEn in
— ™
e .
of sach furnace =2 [Tel e’

Mz = H1O0%% Brtudlh
F = L, 00511 1b/cF
+ twn furnaces = L TABED Bhudhe



Heat losses from surfaces and cooling water = 74830 RBtulhr
Current operating howrs/day = 5 hrs

current operating davse/vear = 200 days

From ths above intormation, the total waste
From burn-offe are calowlated to be 100,000 Btu e, 1t is
gguilvalent to 100 MMBtuw/vr of srnergy. This anpunt of heat
will then be removed throuwgh the heat recovery wnit by an
@rhaust fan rated st 1200 cu.ft. pe mirute. The wasite heal
air temperatures befors entﬁfing the heat recovery wnit is

calocuwlated at 167 degree F.
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fAnalysis of current hot water system

The current hot watsr system is supplied by two glectrical

watear heatérs, which consist of a combination of a heating
lement and control assembly for the cleoss control of leaving

Rot waber temperatuwrs. The hob water ds used for parts

Degreasing and Tinning rooms. The clsanin

process of Degreasing uses hot water at a more oF less staady

rate throuwghout the day, while the Tinming room uses bhe hot

orn batoh basis.  From actual msaswremsnt, the cwrent

o
Flow rate

of hot water for Degreasing and Tinming operations

GRH oamd 70 BRFH r chivaely., The sesrvice temperatures
are regquired at 160 F (70 O for bhoth opesrations, and the

& ~wmoof claaning procesees are howrs
o Rk bt Ts T -y 9 g T ey 1 S P R T LR o % 120 - i oy e ren
MooZRE el YEAF . The holdi 1y Wbl uimeEs OF ol water

caLEEe of o owater is dse-

el eensnt, the

polied from an in-house water

bean caloulated that the annual snergy consumption of hot
water would be of 187 MMBtu/yr. Thie is eguivalent to 68,488

b A yvr of electricity. The annual operating cost. i

i

]
T
)
i}
i

imated at NTHIEE, 051/ vir.e The above

are shown in Appendix B



Waste heat recovery system

Fi

o
" oal

i)

FTa and 2.3b present the engineering drawings of the
waste heat recovery system which consists of a new
ventilation system with a heat exchangsr unit. The raw make-
up waler will then go through the heat sschanger to absord

=

the heat From bhe washe heat air st

am. The preheated waber
will be pumped into the existing two water heaters while the
ot water in use, or recirculated the preheated water into a
intermediate storage tank 1+ the hot water is not in use. The
new ventilation system has to be well insulated and the local

1onds of burneoffs showld be entirely encom

rom o bhe new venbilation svstem.

of heat recovery s to capiuwre the waste

rom furnaces which can provide & water heating ensroy

ving of 25 to 100 psros

» The actusd saving achieved

'

ory the matoch and the lanoth of time betwsen hot watesr

e

@i A

Im thise facilitv, the

provide about S33Y of the

F

recovery wnit is similar to a water coill writ.  This

it ntilizes edternded suwrface, finned-tube water coils

mlaced in the exbadst airstream to recover the e hemat @nd

ctranster the healt to the existing water heaters or store it

]

in & storage hanmb. The proposed svstem disgram heat

i

recovery water heating svsbtem is illustrated in Fig.2.4. This
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system oparates generally for

The heat recovery unit, which

1

1 should be rated at

41}

a

rate at 8 gpm. The ool

(T

this

z svestem should

be loe—Fflow,

capacity of pump will 174 K

preneatesd )

h

vl ume ofF

watear storag

ared the L

R Y

arnd to

et e

durinmg the maintenance and breakd

iz generally available as

I o

T
1

e

Low heat machine,

5

D

tanm

ated

ilit

j 17 ]

aast

sensible heat recovery.

&

100, OO0 Bhu/hr of

mtractor showld provide

circuwlating pump for

argd the

gpm at &0 +t head. The

~ Oy

AR S

b & cub. FE (130

with 2Z-in. fiberglass

of M. a0 stainle

cle—iorni ced

s

@ to prevent the

ate bthe changeover

of heat recovery unit.

Besides, insulating all pipes in the syvetem is importart to
gavings and protect personnel from burns.



Economic analysis
The following economic analvysis is based on current operating
houwrs of this facility.

&. annmaal operating cost of sxisting

A

Mot water gvsd

meoannual dollse savings from raoovered

waste he aof furnaces = MNTHAY, LET
e Amplenentation cost = WTH L7 h, GO0

d. payvback period = RS Vs

The above caloculations are shown in Appendix C, in which the

anmual dollar savings did not include the potential snergy

rooin. Thersdsore the

e utilization of waste heat recovery to prehea s hot

i+
i

water is being used widely ip the industrial plant fo

avimogs will be

howrs bhetwesn

= L

Waste heat recovery from furnaces can be achisved by using

{

waste-heat boiler in which the hot exit air from Ffurnaces

will be captwesd to generete steam. In addition, the hesat

recovery can be associated with obther type of building

mecrhanical equipmsnt system applid

tions, such as air-—

conditioning or redfrigeratlon Compressors.
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Calculations

APPENDIX A

of Cuwrrent Waste

Heat

of Furnaces

Hydrogern consumption of sach furnace = 280 S5CFH

Density of Hydrogen

High hsating value o

Tt al “l
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Flow rate of new sxzhaust fan = 1200 OFM

The face area of heat recovery unit = 4 SCFT
Y

Face volicity of heat recovery wnit = 300 FFM



APFENDIX B
Energy Consumption of Current Hot Wate
Calculations @

Hot water usage in Degressing room — Constant f£1ow

Mot owater Flow v in Timming room - Ba a2

Mot water wsage time per hows = 35 min/e

Hot wabter usage in Tinning = 7O GFH

Total hot water wsage = 120 GBFH = 2 GFM

i

Efficiency of eqisting water heaters =

Pl o= mal tamperature ot B0 F
TEZ = Feguired hot water temperaturs at 160 F

Flome i)

s, BE w BUED w0 S0 ow {1&D - ¢ LAEELE w0 1/008
= L2 Ml
Btuw comnsumphion in hobt wsater
= ogpm ok 8.3 1higal xw AD mindhr ow L Bbtadlbk Fox ((TL - V&
= & o {3
cornsumptlon per year
= QOood Btuddur w8 hredSday o

T OMMEL L v

-4
= L/

FWH consumption per yvear .

= {187 FMBtu/yvrd (L kwh /2417 Btur (] f

= LBTOO0OGD w 13410 w 17008

b

6@348@ HNHfVF



Arnual operating cost

-

= (LB4BE kwh/yr) (NTS2.01/kwh) + (12 kw) (NT$141.6) (13 mos/yr)
= NT$1S8, 051/ vr



AFPFENDIX C

Calculations of Waste Heat Recovery Systenm

Air volume of waste heat at 167 F 1200 CFH

Cesigned make—up water flow rate = 3 gpm =

- e

Ti = Temp. F oair entering the heat recovery coil = 1467 F

< rmy T

2 o= Temp. of air leaving the coil = 124 F
TE = Tenp. of make-up water entering the coil = 803 F

T4 = Temp. of heated water leaving the coil
A 2 T, (16TF)

AR
T=
Y pead TEmp (J23.5F)
T+
WATEL.

'ﬁ@wa

1 = Rejschted heat $from waste heat ailr shream
1.

F2 = MHeat to be recoversd through water = (1

Gl = 1300 ofm ¢ density of &ivr o sp.heat of ailr = 650 m/ihr o

- . . ey i I .
= Hoow MowEd w0 D ox (1&T
e s

mo HORPLE Btashe

~

dE o= T gpm

"

B.33 lb/g % &0 mihr w1 Bhu/lb~F x (T4 - 80)

= G2 o= HEFLE

ale

T4 = 104 F

Total anmial ensrgy recovered = FL2 x5 o 200 = H1 MMEBLW/ v

Fower demand savings for constant water flow only

= L83 gpm ® F.3T x 6D w1 o (104 - B



Eguivalent FWH savings in water heater

= {gnergy recoversd) « (conv. factor) = {(i/heater
= HOPLZ x 1/7413F » 1/.€

= 2RE4L kwh /v

Dollar savings in hob waber

= (MTEZ .00 mh o P (MTHELI4L & » 3 kw
= BTS00, 005 v

Met amnmual dollar savinogs

= - (174 HF w 746 » 8 w ZPZ 2 2,010

o= 127

Implemsntation cost

{heat recovery wnitld 4 chact work and

+ e woa T T e e 3 cem e SR 4 2 e s Fropre— H ES - gosm puee pesm
fimstallation of fan and hsat reoowy

(glectrical workld + (preheat water storages tank

+ ({piping, fittings inswlaticon and

(misc. amd overhead)

DM AR RT

i §

saes from the storage

w/onantrol s

labor:

tarmk

minimal, it was not included in the above caloculations.

i



PROJECT I1I - MODIFYING FLUORESCENT LIGHTING SYSTEM



Introduction

The 2nd floor production area illumination is provided by a
wuni-form iayout of B foot ceiling —-recessed fluorescent
fixvtures. This type of lighting fixtwe consumes
appro<imately 220 watts per fixture when eguipped with
standard 110-watt lamps. The current light figtwes were
installed seven years ago. The main reason of using general
lighting system was due to the consideration of unitorm
distribution of illumination for the entire areas.

r

A task lighting {local lighting) system has been considered
to replace the existing general lighting system. The area to
e covered with rnew lighting system at this time will be
Bealing area on the Znd floor. The installation of task
lights includes 4 foot light fixtwes (Z8-watt EE lamp) to be
mounted above the workbench. More detailed information

corncerning this lighting system has been included in the

following chapters.



Analysis of existing lighting system

Fig.Z3.la and Fig.3.1lb show the section view of current
warkbench and general lighting layout respectively. The other
related data of current lighting svstem is provided as

followss

o MNo. of existing light fixtwres = 72 sets

. No. of lamps 8-foot, 110 watts = 144 lamps
c. Illumination level on workplanes = 0 - 530 FC
d. Lamp output at 704 of rated life = 7500 lumens
2. Average life of lamp = 10,000 hrs
f. Operating howrs per year (let shift) = 2,482 hrs

g. Cost of electricity per kwh NT$E.01/ kwh

it

e Demarmd chargs MTH141.48 kw

il

i. Cost of lamps 8—-foot

]

NTH200/1 amp

Je Cost of ballast, B-foot light fixgture NTE7OQ/EA.
k. Average life of ballasts (10 vears) = 30,000 hrs

Based on the above information, it has been calculated that

the total energy consumption will be of 36,830 kwh/vyr. The

annual opesrating cost would be approximatsly NT$LI72,027.

The detailed calculations are shown in the Appesndiz A,
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Analysis of installing task-lighting system

Fig.3.2a presents the task-lighting fixtwres which is mounted
three feet above the workbench and supported by 1" dia. pipe
hrackets and Fig.2.2b presents the proposed task lighting
lavout. In such situakion, the illumination is proportional
to the candlepower of the sowrce in the given direction, and
inversaely proportional Lo the sguarse of the distance from the

spource to workplans.

Because the lack of & fest light fixtures in the local
market, 4 foot fistwre will be used and connected in series
to coordinate with the lengtbth of workbenches of each row.

Thie

tdata of task-lighting svstem are provided as follows:

[i

an MNoe of workbsnches 2 9 benches/row,
12 rows in total = A0 pes

b. No. of reguired task lights,

8 W, EE lamps = 34 lamps
. Illumination lavel to be obtained : = 50 FC
d. Lamp oubtput @ 704 of rahted life = 2,300 lumsn
g. Average life of lamps, I8-watt = 3,000 hras

f. Average life of ballasts @ 10 hrs per lit

]

S0,000 hrs

g« Operating hours per year . = 2,483 hrs
h. Cost of electricity per kwh = NT®2.01

i. Demand charge per kw = NTH141l.6
j. Cost of light fixtwre 4-foot = NT$48&/@a
ko Cost of lamp I8-watt EE lamp = NT$HZZ/1amp
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:Fig3;2b - Propdsédftésk'lighting layout




L. Cost of ballast, 4—-foot fixtures = NT$210/ea
It has been calculated that the total energy consumphtion will

‘he 11,481 kwh/yir. the annual operating costs would be

NTHZ2, 703/ vr.

Economic justifications

The =conomic justifications between current general lighting
and proposed task lighting systems are based on a 10O yvears
planming horizon and the wuseful life of ballasts is assumed
to be 10 yvears. (The life of light fixtures normally last
longesr than ballasts). Because the currsnt lighting system
has been installed for 7 years, the potential replacement

cost of ballasts has to be taken into considerations.

1. The annual operating/maintenances

costs of current 1Laft1ng systeam

NT#$172, 023/ yr

2o The annual operating/maintenance

costs of new task-lighting system

it

NTHZIZ, POE vr

I Reduction in operating costs

E
il

MT$139, 120/ v

4. Toplemsntation costs of

M
i

new htask—lighting system MTH21, 104
H. Simple pavback period = .65 years

The above detailed calculations are also shown in Appendix B.



Analysis for combined lighting system

In order to provide comfort environment, and also reduce the
operating cost of lighting system. A supplementary lighting
syvestem in conjunction with new task lighting system has heen
considered. According to the reguirement of TES (Illuminating
Enginesring Socisty), the minimum illumination level of
supplemaentary lights has to be not less than 20 foot candles
or 20 percent of illumination level of task lights.

(Whichever is greater)

The supplementary lighting can be implemented by using

same of the current general lights with wiring modifications.
Fig.3.3 presents the proposed supplementary lighting lavout.
It has been calculated that the number of lamps required for
supplementary lights will be of 18, Detailed calcoculations

are shown in édppendix C.

Economic justifications between the existing general lighting
and new combined lighting systems are basesd on 10 yvears
planning horizon and 10% of MARR (Mimimum Attractive Rate of
Retuwrn) .

1o Anrmual operating/maintenance

]

cost of current lighting system NT®172, 023

2

2. Annual operating/maintenance

cost of new combined lighting system

1]

NT$S53, 442
Ze Potential annmual dollar savings in

operating cost

i

MT$116,3581
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4.

S

Implementation cost of new

combined lighting system NTHE24, 106

Simple pavyback period 0.8 yrs

The above detailed calculations are presented in Appendix D.

Comparison of general lighting and task lighting systems

1.

"~y

e

S

General lighting provides a uniform level of
illumination on the entire area which permits complete
flexihility in task location.

General lighting svstem reguires more luminariss and
provides wnnesded high illuminations for non—-task
Areas (Such‘aa aisles). Which results in highsr energy
consumption and higher operating costs.

Task-lighting system provides a high level of
illumination on the workplanes with fewsr luminaries
and less powsr consumptions. The operating cost is much
less than that of the general-lighting svstem.

Theltaak lighting is more accessible to fisture
mairternarnce and lamp replacesment than that of general
Lighting svstem.

Task-lighting system may cause armoying glare and
fatigue for nsarby worksrs if the inadeguate lights

installation happens.



Recommendation

To prevent excessive changes in adaptation the task lighting
system, it should be used in conjunction with general lights;
that iﬁ.at least 20 percent of the task lighting level, it
then hecomes supplementary. This combined type of lighting
system shall be achieved by retaining 18 sets of current
Lighting fixtuwres with l-lamp in each fixtwre. By adapting
this svstem, the annual operating cost will end up to

NMT$53, 442 and results in an annual savings of NT$116,381.

This will give a pavback period of 0.8 vears.

Conclusion

Therse are many other avallable methods to save snergy on
lighting systems. Such as using energy-efficient lamps,
solid-state ballasts, and day lighting. Comnected load can be
reduced arnd light level increased by cleaning fixtwres and
replacing existing ¥iumrescent lamps with energy-saving

lamps. When possible, walls and ceilings should be painted

with light colors for better reflectance.

Howgver, direct glare, reflected glare, illumination
uniformity, diffusion, and color affect the overall degres of
comfort provided by the lighting installation and influence
its effectiveness in creating conditions that result in

efficient, accurate performance of visual task.



APPENDIX A
Calculations of Existing General Lighting System
Demand.load
= {Total input watts/lamp) (No. of lamps) (watts to kw
conversion)d
= (11D ow ow 1.25) (144 lamps) (1 kw/1L000 W)
= 12.8 kw

KWH comsumption in lights

i

(demand load) {(hrs of operation)

i}

{17.8 kw) (2482 hirs/vr)

49, 147 kwh/yr

Demand in air conditioning

= (1%.8 kw) (34173 Btulkwh) (lhon—her /12000 Bty (1.1 kw/Rt)Y (.52

= F.1l kw

FWH comnsumption in air conditioning

= (demand load) (hrs of operation) (32413 Bhuw/kwhy (1 ton-
hr /12000 Bhw) (performance efficiency of A/C system) (heat
transmission of dropped ceiling)

= {1%.8 kw) (2482 hrs/yr) (3417 Btu/kwh) (1 ton—hr /12000 Biw
(1.1 kw1l RTY (0.5

= 7,687 kwh/vir

Total EWH consumphion

]

491435 + 7687

56, 830 kwh/vr

Energy cost

li

{Totsl kwh consumption) {(cost of electricity) + {(demand

laad) {demand charge) (12 mos/vir)



{(S468T0 kwh/yr) ($2.01/kwh) + (19.8 + I.1 kw) ($141.6/kw) (12
mos/ yr)

NT$153, 140/yr

l.amp replacement cost
= (No. of lamps) {(cost per lamp)'(liavarage life of lamps)

{hre of operation)

il

(144 lamps) ($200/lamp) (1710000 hrs) (2482 hrs/yr)

NMT$7, 148/ vr
Equivalent annual cost of replacing ballasts

at end of vear 3.

{cost/ballast + installation labor cost/ballast) (MNo. of

ballasts) (PSF, 104U, 3 vrs) (&/F, 104, 10 vrs)

(NTS700 + NT$HED) (128 ballasts) (0.7313) (0.18627)

Ii

MT#®11,733
Total annual operating cost

= {@energy cost) + (lamp replacement cost) + (ballast

replacement costs)

MTH133140 + NTH7148 + MT$11733

I

NTSL72, 02857/ v

NMote: The performance efficiency of the existing air
conditioning (A/C) system is the ratio of total power
consumption of the system and the total toms of
refrigeration. The power consumption of the system includes
the compressor of chiller unit, fans of air handling units,

water pumps, and cooling tower fan.



APPENDIX B
Calculations of Task Lighting Svystem

Demand Load

{38 w/lamp » 1.28) (84 lamps) (1 Ew/1000 w)

il
i

4.0 KW
Flr consumption in lights

= (4.0 kw) (2482 hrs/vyr)

2,782 kwh/vyr
Demand in air conditioning

= 4,0 kw ¥ F413 w 1712000 » 1.1

FWH consumption in air-conditioning

(4.0 kw) (2482 hrssyrd (34173 Btuskwh)y (lton-he /12000 Bhw)
(1.1 Bw/1RTy (0.5

= 1,333 hwh/vr

Total EWH consumption

= QAT + 1553

ii

11,481 kwh/vr

Energy cost

= (11481 kwh/vr) ($52.01/wh) + (4.0 4+ 1.2 kw) (3141.467kwy (12
mos/ve)

NT$Z1, 213/ yr

Lamp Replacement Cost

it

84 lamps) ($28/7lamp) (1/8000 hrs) (2482 hrs/vyr)

i

MNTEF90/vr
Total annual operating cost

= NTHZ1I?13 + NTHI90



= NT$32,903/yr

Implementation cost

(CDSt of new light fixtures) + (new pipe brackets) +

{installation labor cost) + (misc. % overhead 10%)

il

(NT$486 » B84 lamps) + (NT$400 x 50 sets)

+ (NTH8283)

il

MT#£91, 104
Annual dollar savings in operating costs
by using task lights

= NT$172027 — NT$HIZ2R0Z

il

NTH137, 120/vr
Simple pavback period

= Implementation cost/annual dollar savings

li

NTE21106/NT$1391320
= 0,65 vears

Retwn on investment (ROI)

{monies saved in energy cost)/linvestment

system)

139120/91106

1.33

it

-

(MNTHID0 » &0set)

in ensrgy-saving



APPENDIX C

Caleculations of reaguired supplementary lights

Calculations:

1.

y
al

(=39

& minimum 1llumimation level of 20 foot candles is

the. Working surfaces are 3

)l oulathe

sguation to

the ROR (Room Cavity Ratiod results in the following:
(Height from the working swface to luminaries?
(Room length + Room widthy /7 (Room length) (Room

wi ot

s ;o e 5 ey A0S : 8 “ gy s
= {5y (Sy (41 o g7y /{4l (BT

i
F
2

-
b

Thiee COR (L t 3

the luninaries are oceiling recsssed.

P R TLarTs B, . g P iRV R - E or By oue 'S e O Y ot oen " e ovoe tdie ot oo tere ew ) R
According o the Table .01, thse WR (Wall Reslections) and

PRI R, - T LA T K B
Ced lin ] L= HOY . Tabhle 2.3

v gveq geon b - ol - Fand ooy e o, h 2
From T TeEy & DU eef Ltili ol S N

in

lTeans fighuwrs.

For flugrescent lamp i ahic lens fidxturass in a

mrd sms

"clean snvironment" that ars cleaned every 24 months, from

Table 2.4, the LLF (Light loss Fachord will be

Based on the above figuwes, the namber of lamps (1

Qeepat i}

Faquired to be calculated from the foll

L.




\

Number of lanps = (reguired level of illumination) {(Area
to be lity 7 (CWy (LLFY (lamp output at
74 of rated life)
= (20 (41 o« 87 4 (.65 (L83 (T3S0

= 12 1lamps

Bince one lamp will be placed in sach fidture, 18 cuwrrent

will be wutilized as supplementary lights. The

layout is shown in Appendix E. The balance of

ol

lighting Ffixtwes will still be remained at Sealing ar@a

For the reason of saving the cost of removing them.



AFFENDIX D

Caloulations of combined lighting system

Supplementary general lights

Demand load

(110 W X 1.25)

{18 lamps)

2.3 kw

FWH consumption in lights

= (2.5 kw) {2482 hrs/vyr)

2

b, 205 kwh/yr

Demand in air conditioning

= 2.3 kw x I413 x

1A12000

0.4 kw

(1

1.1

kw/ 1000 w)

ElWH consumption in air conditioning

= (2.5 kw) (2482 hrslyr) (2413
(1al kw/1IRTY (0.5

FTO Rwh /v

Total EWH consumphion

= &HR0T + 270
= 7,173 kwh/yr

Energy cost

Ed

= (779 kwh/yr) (NTS2.01/kwh)

(12 mos/vi)

ii

NT$19, 995/ yr

Lamp replacemant cost

(18 lamps) (NT$H200/1lamp)

NT$894/yr

e

(1710000 hrs)

0.5
Btu/kwh) (1 ton-be /12000 Btuw)

(2.5 + 0.4 kw) (NTSE141.6 kw)

(2482 hrs/yr)



Eallast replacement cost
P

= (NTH700 + MNTHEG) (18 ballasts) (F/F, 104,32 yrr

g
—

(AR, 107,10 virs)
= CRTEO) (18 (LTSIEY (L LARTY

AR AN R 0 R Y

7

= NTHEL, &S0 v

Additional operating cost for supplementary lic

,*

i
y
T
™

=H1F995 + $BP4 + 1650
= NT$2Z, 539/ vr

Total operating cost of combined lights

vom 13:\32!")(""‘, S _i)"‘n"‘xl!:““'!"‘!

- e bt weod ot 7
A N KT

= NTHE5, 4427/ v

ITmplemsntation cost

cost of supplementary lights)¥
= R L L0 - REO00

= MTHF4, 1046

Anmual  dollae savings from uwsing combndne Vighting svystem

= 172023 - $554432

NT$116,581/yr

w

imple payback period
= R4 10611652

I T = B

Reatuwrn on investment (ROI

= L L6EEL/P4108

noal



¥ The implementation cost of the supplementary lights will
include discommecting the one extra ballast in each light

fivture (2 ballasts each for sxisting fixtures), and

modifyving the wiring circwit for the indicatesd

18 fixtures.



