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Energy End Use 1990 2005
Space heating 587 537
Appliances 167 217
Hot water heating 177 167
Lighting 47 57
Cooking 57 57
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U.s. Energy End Uses (million Btu of consumption per household)
Households AllEnd Space Air Water Refrigerators ~ Other

illions) Uses Heating Conditi Heating Appliances

Major  oning And

Fuels) Lighting
Total 111.1 94.9 40.5 9.6 19.2 4.6 24.7

Type of Housing Unit
Single - 72.1 108 .4 442 11.0 21.7 5.2 29.3
family
detached
Single - 7.6 89.3 41.7 6.7 19.0 4.0 20.9
family
attached
Apartments 7.8 85.0 48.5 6.3 15.6 35 16.3
with2 4
units
Apartments 16.7 54.4 25.0 6.6 12.2 3.0 11.8
with 5 + units
Mobile 6.9 70.4 26.1 9.2 13.3 4.2 21.4
homes
Household Size

1 person 30.0 70.7 37.4 6.1 11.7 3.9 144
2 persons 34.8 96.4 41.9 10.1 18.5 4.9 24 .4
3 persons 18.4 104.1 414 10.7 21.7 5.0 28.8
4 persons 15.9 108 .4 41.0 11.4 24.2 4.8 314
5 persons 7.9 117.1 41.9 13.1 27.2 4.9 34.5
6 or more 4.1 123.8 41.7 12.8 333 4.9 38.4
persons

Source: DOE A Look at Residential Energy Consumption in 1997 ,DOE /EIA -0632(97),U.S.

Department of Energy, 2005.
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JUES DY SR SR PN PCTU TN i oy Ve
Characteristic 1988 1992 1996 2002 2006
Housing units built 39.1 36.8 35.6 33.2 30.6
before 1949 (%)
Average floor area per 85 86 88 90 91
housing unitin m?
Number of occupants 2.6 2.5 2.5 2.4 2.3
per housing unit
Housing units with hot 9.6 6.2 4.1 2.6 1.5

water (%)
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! Walk through energy audit
2 Pattern recognition
3 Regression

7 Artificial Neural Networks(ANN)
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< Base line
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! Degree-Day Method
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3 Detailed energy audit
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ACThers Australian Capital Territory House Energy Rating Scheme

ASHRAE American Society of Heating, Refrigeration, and Air-conditioning
Engineers

BER Building Energy Rating [Ireland]

BRE Building Research Establishment [UK ]

BREEAM BRE Environmental Assessment Method [UK ]

CEN European Committee for Standardization

CBECS Commercial Building Energy Consumption Survey [U.S.]

DEC Display Energy Certificate [UK and Ireland]

DPE Diagnostic de Performance Energétique [France]

EPC Energy Performance Certificate [UK ]

ESPM Energy Star Portfolio Manager [U.S]

EPBD Energy Performance of Buildings Directive

EU European Union

HERS Home Energy Rating System [U.S.]

iSBEM Interface for the Simplified Building Energy Model [UK]

ISO International Organization for Standards

LEED Leadership in Energy and Environmental Design [U.S.]

MOHURD Ministry of Housing and Urban Development [China]

NABERS National Australian Built Environment Rating Scheme

NatHERS National House Energy Rating Scheme [Australia]

PCA Property Council of Australia RICS Royal Institute of Chartered

Surveyors [UK]

REALpac Real Property Association of Canada
RECS Residential Energy Consumption Survey [U.S.]
SCE National Energy Performance Certification System & Indoor

Air Quality in Buildings [Portugal]
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! Artificial neural networks (ANN)
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< Biological neuron
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! Feedforward neural networks
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2 Time series
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? Simple degree-day method

% Variable -base degree -day method
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15 mph wind velocity
DOUBLEHUNG WINDOWS ON WINDWARD SIDE
CFM PER SQFT AREA
DESCRIPTION Small -30" x72" Large -54"x96"

NO W -Strip W -Strip Storm  NO W -Strip W-Strip =~ Storm

Sash Sash
Average Wood 0.85 0.52 0.42 0.53 0.33 0.26
Sash
Poorly Fitted 2.4 0.74 1.2 1.52 0.47 0.74
Wood Sash
Metal Sash 1.60 0.69 0.80 1.01 0.44 0.50
NOTE: W -Strip denotes weatherstrip.
CASEMENT TYPE WINDOWS ON WINDWARD SIDE
CFM PER SQFT AREA

DESCRIPTION Percent Ventilated Area

0% 257 337Z 40/ 457 50/ 607 667 | 757 1007
Industrial 0.65 1.44 - 1.98 - - - 2.9 - 5.2
Pivoted
Architectural - 078 - - - 11 148 - - -
Projected
Residential - - 056 - - 098 - - - 126
Heavy - - - - 045 - - 063 0.78 -
Projected
Hollow Metal— 54 1.19 - 1.64 - - - 24 - 4.3
Vertically

Pivoted
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DOORS ON ONE OR ADJACENT WINDWARD SIDES

CFMPER SQFT AREA
Infrequent Average Use

DESCRIPTION Use 1&2 Tall Building (ft)

Story 50 100 200

Building

Revolving Door 1.6 10.5 12.6 14.2 17.3
GlassDoor-(3 /16" 0.9 30 36.0 40.5 49.5
Crack)
Wood Door 37" 2.0 13.0 15.5 17.5 21.5
Small Factory Door 1.5 13.0
Garage & Shipping 4.0 9.0
Room Door
Ramp Garage Door 4.0 13.5

- Allvalues are based on the wind blowing directly at the wind or door. when the
prevailing wind direction is oblique to the windows or doors, multiply the above values
by 0.6 and use the total window and door area on the windward side ).

- Based on wind velocity at 15 mph. For design wind velocities different from the base,
multiply the table values by the ratio of velocities.

- Stack effect in tall buildings may also cause infiltration on the leeward side. To evaluate
this, determine the equivalent velocity(Ve yand subtract the design velocity(V ).The
equivalent velocity is:

V, = VV.+1.75a (upper section)
Ve = \/V 2+1.75b (ower section)

Where a and b are the distances above and below the mid -height of the building, respectively,

in ft. Multiply the table values by the ratio (Ve -V /15 for doors and one -half of the

windows on the leeward side of the building.

(Use values under "1 & 2 story Building” for doors on leeward side of tall buildings. )



- Doors on opposite sides increase the above values 25 7. Vestibules may decrease the
infiltration as much as 30 7% when door usage is light. If door usage is heavy, the vestibule
is of little value in reducing infiltration. Heat added to the vestibule will help maintain

room temperature near the door.
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[Energy used is a function of the number of degree days, indoor temperature and the number of
hours that temperature is maintained and Is expressed as the energy used per 1000 cfim of air
conditioned.The energy used per year was determined as follows:

Btu /yr = (1000 cfm) (Degree Days /yr) (24 hr /day 1.08) '
Since degree days are base 65°F line. The upper section proportions the hours of system operation
with 168 hr /wk being 100 %.
*1.08 is a factor which incorporates specific heat, specific volume, and time]
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[WE degree hours based on 12 Mos /Yr, 8 Hr/Day Energy used is a function of the WB degree
hours above the base of 66 °F, the RH maintained the No. of hours of controlled humidity. The
base RH is 50 7 which is approximately 78 °F DB 66 °F WB. The figure expresses the energy used

per 1000 cfm of air conditioned or dehumidified. ]
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i3y i 3| e (63585 (5lod e = 36 X 32ﬂ x 0.47 = 2538 cfm

Qs s 3l e 395 ,l0de y2alS'= 8208 — 2538 = 5670 cfm
1 Calld palg> Y- F loges 4y dnxlio b 98T
Q=100 x 10° Btu/year/1000cfm

Slias) 95 48,0=5.67 X 100 x 10° x 4$/10°/0.65 = 3489%

¥ -Floges 4 axlie b e 9
Q=10x10° Btu/year/1000cfm

29> 48,0=5.67 X 10 X 10/12000 x 0.8 x 0.05 x 10/15 = 125%
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BEFORE

NEW WALL & DOOR TO
ISOLATE STAIRCASE

AFTER
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Qeonduction = U.A. AT = 0.1 X 20000 x (90 — 15) = 150000 Btu/

Qem = 1.08 X cfm X AT = 1.08 X 20000 X (90 — 15)
= 1620000 Bt/

Qeotal = 150000 B/ + 1620000 B/, = 177000 Bt/

bl 2 S5l e
Qeonduction = U-A.AT = 0.1 X 20000 x (75 — 15) = 120000 Btu/.
Qerm = 1.08 X cfm x AT = 08 x 20000 x (75 — 15) = 1296000 B/,

Qeotal = 120000 Bt/ + 12960000 Bt/ = 1416000 Bt/

. 1416000
Jolo Lasgio sz abys = [1 = (Gron0)| X 100 = 20%
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City Latitude Solar Degree-  Heat Loss through Roof Btu/
Radiation =~ Days Ft? Year

Langley's U=0.19 U=0.12

Minneapolis 45 °N 325 8382 35250 | 30967 21330 @ 18642
Denver 40 °N 425 6283 26794 22483 | 16226 = 13496
Concord , 43 °N 300 7000 32462 | 27678 19649 @ 16625
NH

Chicago 42 °N 350 6155 27489 23590 @ 16633 = 14190
St. Louis 39°N 375 4900 20975 17438 | 12692 = 10457
New York 41 °N 350 4871 21325 17325 | 12911 @ 10416
San 38 °N 410 3015 10551 8091 6381 4784
Francisco

Atlanta 34°N 390 2983 12601 9841 7619 5832
Los 34°N 470 2061 4632 3696 2790 2142
Angeles

Phoenix 33°N 520 1765 5791 4723 3487 12756
Houston 30 °N 430 1600 6045 4796 3616 2778
Miami 26 °N 451 141 259 130 139 55

a is the absorption coefficient of the building material
a =0.3 (White)
a =0.5 (Light colors such as yellow , green , etc.)

a =0.8 (Dark colors)
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City Latitude Solar Degree-  Heat Loss through Roof Btu/
Radiation =~ Days Ft? Year
Langley’s U=0.19 U=0.12
a=03 a=08 a=03 a=0.8

Minneapolis 45 °N 325 2500 2008 8139 1119 = 4728
Denver 40 °N 300 1750 1892 7379 1043 = 4257
Concord , 43 °N 425 4055 2458 9859 1348 = 5680
NH

Chicago 42 °N 350 3100 2104 7918 1185 = 4620
St. Louis 39°N 375 6400 4059 12075 2326 7131
New York 41 °N 350 3000 2696 9274 1534 = 5465
San 38 °N 410 3000 566 5914 265 3354
Francisco

Atlanta 34°N 390 9400 4354 14060 = 2482 8276
Los 34°N 470 2000 1733 100250 = 921 5759
Angeles

Phoenix 33°N 520 24448 12149 = 24385 = 7258 @ 14649
Houston 30 °N 430 11500 7255 20931 4176 @ 12369
Miami 26 °N 451 10771 9009 24594 5315 14716

a is the absorption coefficient of the building material
a =0.3 (White)
a =0.5 (Light colors such as yellow , green , etc.)

a =0.8 (Dark colors)
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Fbls pely 0-F o900 0 axzlie b
Qgefore = 7 Btu X 103per square feet

Qafter = 2 Btu x 103per square feet
Jol> gm0 =(7 — 2) X 10% X 20 x 103 x 5/10°/0/65 = 769$
Oy (92480 v
ol @

1l pales -8 jloged ) axzlie b
Qgefore = 1 X 103 Btu/sq ft/yr

Qafter = 0.4 X 10°  Btu/sq ft/yr
s 2l (1 - 0.4) x 107 x 20000 = 12000 x 10 Btu/,
ol e

S palg> V- F Jloges a4y daxlio b
Qgefore = 8.5 x 103 Btu/sq ft/yr

Qafter = 2.5 x 103 Btu/sq ft/yr
Gpan pals= (8.5 — 2.5) x 103 Btu/sq ft/yr x 20000 = 120000 X 103%

. 12000+120000 3 _
Jolo 940 =200 5 103 X 0/8 X 0/06 = 5288

b ogs waled wly solpais Kol slalsl Jol> osxddro olulo
JS (95480 =7698 +5288=12978
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INSULATION VALUEFORHEAT FLOW THROUGH OPAQUE AREAS OF

ROOFS AND CEILINGS
Heating Season Degree -Days U value Btu /hr /sq ft/°F)
1—1000 0.12
1001 —2000 0.08
2001 and above 0.05
INSULATION VALUEFOR HEAT FLOW THROUGH OPAQUE EXTERIOR
WALLS FORHEATED ARAS
Heating Season Degree -Days U value Btu /hr /sq ft/°F)
0—1000 0.30
1001 —2500 0.25
2500—5000 0.20
5000 - 8000 0.15

Cooling Season — The recommended U value of insulation for heat flow through exterior

roofs ceilings and walls should be less than 0.15 Btu /hr /sq ft /°F .
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! Luminous Flux
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! Color Temperature
2 Daylight

3 Cool White

4 White

 Warm White

¢ Natural
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! Luminous Efficacy
? Lumens perwatt (Im/W)
3 Point-by -point Method

4 Lumen method



WAV Loy S, 5 (oo ¢ Syl sl pitnns

G ) i g Laylss aiile ouisS oS golans Sl ool p¥ (2g) (0l b (2
0905 a8lol lgz 45 95 e (6,500

Db Olgiee (ool b 658 Sl gy 5l eslanal b a(iredd (R9)) 538 )LE b9

oS el ozl Go9y (l Codgazme ) drlons olgls e 5o (65 |y Lawgie (2Lt

O ol 5Ll g 9m0 cod s @ 508 (salaisasalais S5 51y (olidg, o lpuis

Gy 9 05ys0 L8 & dols Slig, Slasls Gl o3gpel gy ool el o (Solus

o).igo)l)s obw‘é)aﬁ)&: LQQL)LO LS"LWj) susle L’:’)b LS"L"“’j) uLu.ulz.c Lga.u
S oot | oS slaall sl wosbin ity St 001 Jysr

oD dogs @L&.wj) [GIRW @Wﬁél&o -0 ‘_JS‘-\—"

Se-) 0 S9) (2bgy o Collad g3
Vo- Lo JagJe
Yo- LYo G509 a8
o--l3Yo- B30 das sla)ls
Yeou 5 0ee G35 layls
el g Ve &5 > sla)ls
S bel i sl ol (e Slinios g o)lasbinl Gannge (olitvg) o GaxreS

Wlons S3 Lazslay ) Jouzr 53 oS cenl 035 Al solpriy (2lids,



W&aéh/\\"

O U5 S5 )5 sl oabanogs olisgy waw:Y-0 Joa

Saxle gjlilinl | oligy o GaieS 8ylastil
Uiy lwaige Ol
(50! Olie oS (3lja0
SOl (o=59))
(=59

S5 sl Joeo
M. Y. y.
vY. Oe- \o-
of. Y. Yoo
\ 0.
\ 0.
0 Yoo
\o- Yoo
\o- 0

6 sl oo 5 5l
.. Oee Yoo
Yo- Tee Y.
.o .. Y..
Yo- Yoo Yoo
19.. Yoo Oe-
.. O+ Y.
O+ \

oo

b 9 et 3L
aslllae 31
BB ogbd by ailssal
OB 509
Slo> U geges 2l
ploz (so3as lids)
Dol sl plo> g an]
=gl
oL

sl g lhapancgyal

soges syl plos
4508 oo g (emgiorile
oSS

sibe g sl

gl g olus
SKL

seSanss 3Ll
omslyas 3l
SleMb| 4, 3U]



ALKl 5 (oo« SorSI Sl potans

\O’ \.. UKL’
Oliwylows 5 o550
YA Y. Yoo SleMb| 4 ,Uas! 3U]
yYYy. Yoo X3 6@9.0.9 L;’L‘-‘*‘ﬂ)

Y. Ao Yoo egasue gl b o jue

\o- Voo Lgog.‘o..c L;)L....ug)
of. Y. Yo L5 e
Yoo \o.- 339 lo sl 5
Syl Jaogil aolio
0f. Y. Y. o axlad 5Ligo
Yoou O«e clf)lf
Yoo Y. $39°9
YY-. o-- Yo 2l b
9 gy (b bulgo 5 (Sl =gy @ylig PIF appis jo rin wledbl g il

R PR 4."‘)‘—(5'@5) (eI

(2 lgy o Ol g sl Ha30) 90 )5 mha (59 dawgio (olidgy (o) b9, 50
La:QT 380 Jaw g L‘bﬁ‘f’ Sl gy yol )O L G 435890 500 (s dlais & (glakais
a.’a..u O 0w, @L.wj) U‘)"“’ 03,..‘:(5@ u.u_a.: ua.?u...o G»L.uug) A «_i.) u.AAL’ 6‘).,
i g ylgos Sl colpo o BT slagjlasl (gl yo8 aujed ot a0 gl 10 51,18
HB s 4 puiiies jsbas El> 0 5l (g lade a5 il Cjﬁl ol ade Loyls S
w0 dante sla wlSasl 3l am b g Loyl g it 51 wlSal 51 o olil (6 lie 5 oy o0
oy 50 )8 gebans

239 50 e ) )90 (o)



rg;r.;,;&aéh/\b

F1 XA
LuXLiXLyXCu

N = V-0 abal,
oS

359)5e sl wY olass N
(Foot—Candle))Jé.'-o)}o Lg).g)ls ‘_g‘).I)Lud)j.c L;’L‘-’*‘ﬁ) o oFy
(Ft*) ‘

S,k ST die (659 )L Cond Oygots cupe ol L g)lopops cupe (CU
odijlu (sl S SULS 50 (510,00 40 oy molie 05l oo iyyas oY jload abble
33,5 oo )|
Al eales locSin SJUIS 50 55 g5 Lo polie T oY (295 55 5Ls LU
2335 oo
o Gl b ¥ (255 (69 5L U3 S0l ol T Sl iy Ly
30,5 0 a3l abgs o (sla SPLLS y0 45 sl o)
so¥ 95 5oL Olhn 0 copd (ol FElz b S e w595 Gl oy i

L elcwY sl eolanl ( olidgy (o) mlaw (ol (ol s6)d cudyiomla
Sad by 5l ol jo b olidsy presw 650 YL a3k 5 6900
chw Juols g Bras gl rals o 4 JpuuS Sligos 5l oolawl g caarogs
sl axalys 50l (olidgy i 50 G5 Bras gm0 (250 SN

! Coefficient of utilization
2 Lumen output per lamp
3 Lamp depreciation factor

4 Dirt depreciation factor
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! Tungsten Halogen
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! Reflector or R -Lamps
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! Parabolic aluminized reflector (PAR)

2 Ellipsoidal reflector (ER)
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! Mercury vapor lamps

2 High intensity discharge (HID)
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! Fluorescent lamps
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' CcFL
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! Metal halide lamps



W&aéhﬁO

ol Jlie slagesY AY -0 g

i S g 5Lindy poiw SLOCY (F-Y-1-0
slecwY aas Slaslo aS el )0 adsa slacwY glslsl SO oo ) Bu oY
05531 0B Sl 5 w3l osex Sl o )3 a5 Sglis ol b o)ls 090
o 2 9 35S0 Joe YU 5Lad )0 0 5 05 5108 50 oo la e (ol 098 oo oolin]
e 298 o il ) L2 i (Sl caed 9)La8S oo (slacaad 09, 90 4 ol
G453 1800 3905 ;0 (3] (Glod g 084y yhunadl Vo, 0 3ga 10 ;L i ¥ Jls 518

el 08 sl
4880 Yo B0 (e g yidion 092 )Bw slacwy @ e Lol (ol (g5lailely ol
ol Jeds i3 g, by 5B g wilsi e By ot b 90 o Ll e

S Jgere sles ;0 a8 casla gl 4o duls o 3939 Y -l (g3laslel, 5 Y gbo

! High and low pressure sodium lamps
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! LED
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! Light Emitting Diode
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! Pulse -width modulation (PWM)

2
< Inverter
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! Coefficient of utilization (CU)
2 Light Loss Factor (LLF)

3 Electrical ballast



ppwJ..aBH\"

Sz 9 5 il Sz 50 Loy il ol Sylind Sl s Sl 5 i
2l iz Bl oligs ool yae (2315 1105l i b (5551 Bpae 205 g

ooyl sale )15 515 51 1t slmr 5 saulss slaca o adsl (silaslel, 55
S bl s g0 Yl (S0 L Jlosl b s (58,5 555, -0 s
Sl oottt b SgSIl slacall . cotls salss o 5ol o o oz ialS
gy 5a 33 (S by s 5 08l (ol o5 057 5laly ¢ il i 2Ll
ool paizme hylie 69l 5l LIE ol ol il g >hb s aules oo
11 oS eV e 5 1S o w3 w3 Uls3 e SLodl (ol - sl 0,5

903 (Fhb (6550 520 & alide Ll

3 o b e 055md oY aas cubll hls Shlae ol Ygens
h (S5m0 3B 08 oo (taloS st 0)bgd |) qued el el (Sogu)d (arsels
OBl e e - A5 e oY yes Jsb inlidl b (65350 SeeS el ol wiled Ol
W31 5 S g0 aad |y (ligen yoo 59 Oy 095 s5boas cs¥l (Sjgu g0 o &S

S0 SS9l SOy bl s 4 55 i

Skl (658 L 45 0S, o by sl |y oY SopSIl sla el Yoans
19002 ShIs YU sl uslS)d 50 515 ;0 adss slacwY ogn o ad )T Y QT}‘
e & (SogpSIl el bl ain 00 HZ (uil5)S &) o (520 (65

S o ol (5599 5L 50 SYL (59000 £V JBlas ((FekHz) 5YL I 5,3

b S il co Syt ansVl il glgil co0iiS G pmn s 4y i, gl
Sayp pSoiz (1ol Corge ol ol canled i) Silge ygon |y oY

g g0 s ey gludl sl Jloxxl g coas ey ¢ cnas



V€[ la) Kol 5 (greon « SopSl sl gt

Tl aslds g aisS oo codlly i (00 HZ) (ol )15 (uslS8 cde 4y Sl sla sl
i (S el e Yol yo St ol adylo S g gl inl ¢ SIS il 3
S Jps 035 0 )l B0 palS 5 (55 Glessly ol ol 5 0K )30
i Gl S g (Foooo Hz ) YU IS Luils)s el 4y SopsUl slacal

NORIRRVAPES

5 S yoe Job il oo goyw oyl shls Sl glo il aS ol e 4
b (Sgpsdl ¥l a1 > (43 y0 Yooo 390 ,3) w2 oo alS o) cwY
S99 53) 33,5 o0 ¥ yae Ll s Slailinl g canslie Giole S oils

(4ye VDooo

b g ogd oo dlyo Soud cu¥l calisee o cond 5l (S9! sla ¥l o
575 4 e ol Bl 5l pizman 00,500 Jlosl oY sla S ol 4 4z g
S b by Sl 51 Saud e (Sl sl il s 008 oo cdadlone (5350

VFBe 0ga>) aslo  (SopSdl sle eVl do s (g ymiion el Sl slo il
S50yt ZVo sl o ge YL IS uilS)s e a4 SogpaSl el 8k 5l (il
o9 VAW L (695 )la Lad L) FoW ool Jleglgrear) 093 o0 555 510 59
393> FoW slige ¥ SO 50,8 gy sl (L@ il jo a5 oy 1S o
5oL abate Sl glaasll b a5 ol 0ds _oams (-35)5 o Cipuan YW
2 155 Sy sl eV il el ol 992 ol 50505
ol Sl oo (g2l 5 (2l )yl 5 axsb e blo |y ol 50 SISl whlae 3,8

2085 0 gl s e Sl Y Oley 9 aie RIS s ol (ol L3S uad

Sl Sige)la Lanl oo ZAA d9az ;0 9 220 5 i SopSIl eVl Blgs coyo
Ml;SA ZA Sgd=> 43 g 7\°)‘)"-‘°SQT[°3'~"’ «_iu}a)Lﬁj 7?)‘).)[‘,5(5&.49]«5]‘ WJYlJ



W&aé”-b

SoySdleas¥b Vo -0 gl

S Sl (Y-0
53 9 4L Rl (o2 S B Oliae & )l Sl S35l Span il ans S5 b
wiliz il 3,8 can 50 1y @)l i 50 B Bpas AVl i pol> Jl>
ol ealis 5l e Fsil Olailor 6)5en b (el oamie YUl oy o
Slieile daysnals wisle Jslaze g)lol ez 6351 (235b (2213l e alinse
S5l ol sl (Ghmmgt 4 aldl oS sloolKius 5 Sl oy e
Sipl (97 4p0 Sluoga 3l lis b 55l Bpan slocmzy wilosS ()l
S lalis 03l (6)1o] Shiagirs b 08 o S olye & ol

Bras 593l g £95 s dus (65,5 iz hilo Wladgs aS aes o lis by s
ol b jo . aies 2alS 2V sgux Uy (o)l (s (65,5 Bran ailys oo Oligas

s lads o |y Glgt Cupmae lhaasin (g lsl Sliges Bl eles Ly

' EPA
2 DOE

7 Energy Star



Vel by 8o, g (sraee (oSl (sl pitinns

sl ool (e gastin e 4 b SgalS 4T Sloj diges Glaisds oS o

I T3l e oS olKiass liie jsboas b aigd BranS > S oylg aiilys o
Jgaz g &lg FO L0 L b BraseS el O o)lg asslys co cudlad adbos e

Golol Sliuga ;0 (65,5l Bran €= 0 Jgu>

Typical Electrical Power Management
Product Consumption(TEC) Preset Default Times
kWh /week) Min)
Color copiers,scanners ,and fax 0.1ipm +2.8 5-30
machines (ipm <32)
(Specifications depend on the )
0.35ipm—5.2 5-60
ipm:image per minute) )
(32<ipm<58)
0.70 ipm—26.0 5-60
(ipm >58)
Monochrome 1.0 5-15
printers ,scanners ,and fax (ipm < 15)
machines
0.1 ipm—0.5 5-60
(Specifications depend on the
(15<ipm<40)
ppm:pages per minute)
0.35ipm—10.3 5-60

40 <ipm<82)

0.70ipm—39.0 5-60

(ipm>82)

! Sleep
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Country /Region
Australia

Brazil

Canada

China

European Union
India

Japan

Korea

Mexico
Philippines

United States

Compliance Status
Mandatory
Voluntary
Mandatory
Mandatory
Mandatory
Voluntary
Voluntary
Mandatory
Mandatory
Mandatory

Mandatory

Products'
R,FR,WH
R,FR
All
R,CW,RAC
R,FR
R,RAC,A/C
A/C
R,A/C
R,FR,RAC
A/C
All
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! Products are: Refiigerators(R ), Freezers(FR), Clothes Washers(CW), Dishwashers(DW), Clothes Dryers(CD), Water

Heaters(WH), Room Air-Conditioners(RAC), and Central Air-Conditioning(A /C)

2 Energy management systemEMS)
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! Ultrasonic sensors
2
< Inftared sensor

3 Audio sensors
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Space Application Range of Energy Savings (/)
Office (private) 25—-50
Office (open space) 20—25
Rest rooms 3075
Conference rooms 45—-65
Corridors 30—40
Storage areas 45—65
Warehouses 50-75

U Electric Power Research Institute
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! Dry Bulb Temperature

2 Wet Bulb Temperature
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! Dew point Temperature
2 Specific humidity

3 Relative humidity
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! Mass of dry air

2 Air specific volume
3 Air specific enthalpy
? Sensible heat

7 Latent heat

¢ Sensible heat factor
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! Discomfort Index (DI)
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! Psychrometric chart

2 Simple heating
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! Simple cooling
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! Heating with humidification
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Saturated air
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! Design conditions
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SUMMER WINTER
) ) With Without
TYPEOF Peluxe | Commercial Practce Humidification Humidification
APPLICATION Dry- [Rel. [Dry-| Rel. | Temp. |Dry- | Rel. | Temp. | Dry- | Temp.
Bulb (Hum |Bulb| Hum | Swing |Bulb | Hum | Swing | Bulb | Swing
CCY| @& |CC)| @ | CCy |CC) | | CCy |CC)| €C)
GENERAL
COMFORT
23.5] 50 25 | 50 23.5 | 35 -1.5 | 24
Apt.,House, Hotel, =2
- - - - 1 - - to -
Office
245 | 45 26 | 45 24.5 30 -2 25
Hospital, School,
etc.
RETAIL SHOPS
(Short term
occupancy) 245150 |55 SO 22 35 -1.5 23
Bank, Barber or - - — - 1 - - To - =2
Beauty Shop, Dept. | 25.5 | 45 |26-3| 45 23530 | =2 | 24
Store, Supermarket,
etc.
LOW SENSIBLE
HEAT
FACTOR 245 55 |25.5| 60 22 40 -1 23.5
APPLICATIONS - - - - 0.5 - - To - -2
(High Latent Load) 25.51 50 ]26.5| 50 235 | 35 -1.5 1245
Auditorium, Church,
Bar, Kitchen, etc.
FACTORY
COMFORT 25 | 55 |26.5| 60 20 35 -2 21
Assembly Areas, - - - - 1.5 - - to - -3
Machining Rooms, 26.6 | 45 30 | 50 22 30 -3 235
etc.
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! All Air Systems

2 All Water Systems

7 Air— Water Systems

4 Direct Expansion Systems

? Evaporative Air cooling Systems
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! Single -Duct, Constant Volume Systems (CAV)
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! Single-Duct, Variable Air Volume Systems (VAV)
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! Dual-Duct, Constant Volume systems (CAV)
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! Multi zone Systems
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! Dual-Duct, Variable Air Volume Systems
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! Natural Convection and Low Temperature Radiation Heating Systems
2 Panel Heating and Cooling

3 Fan Coils

4 Two Pipe Induction Systems

7 Water Source Heat Pumps

¢ Radiator

7 Convector
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! Stack effect
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! Split-System Air Conditioning Units

2 Packaged Air Conditioning Units (Package Units)
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! Direct Evaporative Cooling Systems

2 Indirect Evaporative Cooling Systems
3 Chiller

YCompression Chillers

3 Absorption Chillers

®Centrifugal Chillers
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! Coefficient Of Performance (COP)
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! Cooling Towers

2 Air Cooled Condensers
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! Step control
2 Bimetal

3 Protective relay
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! Photoelectric cell photocell)
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! Solenoid valve

2 .
< Three way motorized valve
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! Indoor Air Quality (IAQ)

2 Volatile organic compounds (VOCs)
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' UV Light Bulb



i Jad Y.V

5 Ygana & Ol IS 33, & 5 58 45 35 00 plosl (G5UsS slaald e sahas
S 0 Ll (005 e iley

lso S1>99,5 g Sllga> 2 9 90 032 9 (358 50 Jesd 5l S @3 1led i -

‘3.@ (50993 9 bd)JJT u‘)o (;J)“SJ‘ ud.:;- \Lo.w)l.:).«.l.d -

SS90 )8 55 9,80 (590 Jd 3l o sl g oy i+ Jlad S alis -

Mg pne slooai¥ly wlyd gSe 00 b sl 3lae lyd galS i Tla yulis -
OllS howwls sloes S gL Jod

Gob 3l b ugns 5 BsySL ggrbasls lagy oLd JI slajl8 i+ TIO, yalid -
FeadllSged

Sil9n 5158 L (Y5l ugpg digas Olyiedr) W ugys 0y o3l 1S9 92 s -
(7> Sl 0 oyl (ASsba g

Lo g0 SIS Slooar T Bl g lga calali s e g0 -

lgo (gdiuai olliws ¥ -V gl

! Plasma Filter
2 Activated Carbon Filter
3 High efficiency particulate air (HEPA ) Filter

4 photocatalyst
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! Exhaust Fan
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< Brake horsepower
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Deluxe

TYPEOF
APPLICATION

Dry-| Rel.

SUMMER
Commercial Practice
Dry- | Rel. @ Temp.

Bulb| Hum  Bulb  Hum Swing

©C)
GENERAL COMFORT 23.3

Apt.,House, Hotel, Office, -

Hospital, School, etc. 24.4
RETAIL SHOPS
(short term occupancy) 24.4

Bank, Barber or Beauty -
shop, Dept. Store, 25.6
Supermarket, etc.

LOW SENSIBLE
HEATFACTOR
APPLICATIONS

(High Latent Load)
Auditorium, Church, Bar,
Kitchen, etc.

FACTORY

COMFORT

Assembly Areas,

Machining Rooms, etc.

(%)
50
45

50

45

55

50

55

45

°C)
25

(%)

50

45

50

45

65

50

60

50

©C)

0.5

WINTER
With Humidification
Dry- = Rel. Temp.
Bulb = Hum Swing
cC) °C)
23.3 35 -1.5
- - To
24 .4 30 -2
22.2 35 -1.5
- - to
23.3 30 -2
22.2 40 -1
- - to
23.3 35 -1.5
20 35 2
- - To
22.2 30 -3

Without
Humidification
Dry- | Temp.
Bulb | Swing
cCy G
23.9

- 2
25
22.8

- 2
23.9
23.3

- 2
24 4
21.1

- 3
23.3
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. Temperature Range Insulation Thickness
Piping System
(F) dnches)
Heating
High pressure steam 306 to 400 1.5-2.0
Medium pressure steam 251 t0 305 1.0—1.5
Low pressure steam up to 250 1.0
Condensate 190 t0 220 1.0
Hot water up to 200 1.0
Hot water Over 200 1.0
Cooling
Chilled water 40 to 60 0.75—1.0
Refrigerant and Brine Below 32 1.0—1.5

Cules cdlgd plo Ol Il )l Olals (g awlbxe Baal (Lilgs oo 0-9 )logas
2055 )18 oolazwlsyge Jlw sloo g aale



YVl Loyl g o 5350 3> (s ptans

Jhw slos 5 le coalies eyl plo Sluam|b st (65 gole slaals) 5| )l wlils s0 -2 l3ge

4 UGM &9y99 A_ig)é 9 e CaolBrs L» GMLC s.:L?L..:‘ )| J@L> Lnga@,m

Sl 5l (Gl il 5l Jol> sanis 5 Gle caal g > sloagie alags
Gele £ 9 oo golaidl gaigy Cbsl Clus (ol g oo il cou o]
095 (el o (Sl Gl Jolo saa g gole sl oasad SHlas )0 yee 4y ax il

Opdo 0 Dygeo Crare



o Jad [ YV

KB sy i (34
cogere Slapd 5l b 1 i e 50 DU gloo)S ISl 51 S
by b sl o aras BB Soluas oS o oits ol .0l oo bogild g Y Ll
b aals oo 4 1) g3k (55l SWl Wlgi oo S8 (25 o Sl oS
Wl ey dus o/ A sojlailay Bligan ;L VLS L by it SO 50 diges lgica

3l 250y Jlo 50 aole i gan ;i VBoo 51 oo

03,43 (5lgh (S (Siow (V0-4
L1y Sl G ans 5l 4z BB s 5 42815 2050 3,15 Ygona 03,28 slga
& s 5 03B (5550 Caend 53 03,88 (sTs Logas aa3 e olazsl 5y
JAS 5 955 aialyd 52550 45 Sl 5 1 s Lagi b ol o JUanil S0 slo s
20,550 1,8 eolals, go duad ' Silogas

(59939 Sl L3 (il g -l ool T 100,23 (slgo wys Lol s
bime oz Lulpd )5 00,08 Glon ol 095 g0 0318 H5uyeeS Ko 4 (S Ol
ool s SO Y- psal 005 e cdlys (Vbar b og VeekPa o8 ,Lid)
a3 oo Giales |y a8 o0l (Sl 5390 S L aS g (5ylwon,n8

Distribution

[
BE .
A
D rccclii'er OO
— =
Air Compressed »

airdryer  Ajr filter Equipment

Electric
motor

08,5 (519 ptanenr Gl 00l (Dlod :Y -4 g

! Pneumatic control



YVVILoy Sy 9 e <3570 ) (s potans

30 - Bran g auies (Il 1olo Ko al> o s 45 00,88 glep i IS 2050

235 35n rmiliy § (DI (rmens g <> o 31 S22 2yl (See 9B Jsbo

ol Hl0y93 50 gols Coenl 5l 00,88 lgr wituw (55,5

9 ylSal) Glgsie 00,08 ls Sapiunn Spas 1al5 g Gilodige jskiies
i 58 el Gacgemma Jlislo 5 09250 Ll 4 azgi Ll SSUsS sla s,

Slr (ogee ,88] dix (Byro & £9290 i Glugaly jshieds gzgcnll  cdS

A Al sy b pitcew ol Brae als

gpeS 00,28 Slor g Glaptens (B )0 1609 Slsr s a5 e
Ol o8 olad b Sle BTl oug 9 U518 Lagmes 511 (63,9 (Sl9 cacgae
b g ¥e2C) 009 YU el Sow (53955 slgp ool Gloo oS oo cidlyo 5)ls 1,8
553 YU sl oo 45 jsblas il ipsS < g L (s1s0 5 Yozl 5 (YL
O, Lid s S u-“’l-’ 12 5L59550,8 Sl g yaS 4 (5955 STsm (sled
Jlasl sl (olodly) coas ol (o050 by (SopSIl (5550 Bran (b3l ol (50 9
sl jgmipaS (699)5 Sl SLod L2l gz Slosl B8, gy 4 g peS
e dS o0 28lyo |y bz 0y Slgp jguyeS BRI, ol (e oS
cilo oo (BL STS g8 0 oy Gloj B gy Lo slgo a5 o051 Olialol
g (g gole byl by
Olags o Lioyge Hlad anin &S Sl g s tals
ke slop jlad 5l xS g bl JSs @ gz e (ol soaiS Spas
il Srae (ol Gln &5 Sebee Sty rol H5uyeS Slep e
HLed VOkPa ya (gl aS aeo oo lis b pase b ol >gy5 Lid g yeS
sl 5Ly 50 0SSl (5t (699)9 (S5 1) Ol 0 i (9>
Sloo S $9) 505 6500 e Sl ols ol i (29> slaylad

g 5o Gt Goyb 3l 00,8 lgr lals yiolidl Cge olilo Hlid 5 )lo 00,8



RS I AR Ay

e ;L8 (255l ool 5L30; 50 (55055 (3158 (2015 Olie 11 - 0000

900,88 (glga i) 0 Ay yorie (2)el i ) (SIS 0929 :lgn (Lo LS jens @
o 225 45" ljlaums 098 00 00,85 (5158 otacas 35 gz ¥ (53l (rrizean
Oy ool 5o 45 09 o Slptin i Lasuine ol slaojlasl 5 oot olwliss



YVE Loy, 5 (Sas <3570 )l (S ot

S b 0 ol oanS Grae Sl a5 olaoley ;o s> a5 0gi o)Ll Wb
l8 092> B9 o ) lg2 jgim aSl,> 1510 599 00,28 5lgn A OBl o
5P ools yam pegdle jlid (2oli8l s 7 hkae 1 (bl e o5 5 ole ool s (958!

A0 o il La oeis 5l BT slee yliue ¢ S ySU

112" =
114"~
=
=
Lu
-
S 18" Cost of Electricity = 2 7¢/&xWh
G
=
L
=
=
5 1/16'
1132
1 L 1 i 1 1 I
0 5001000 3000 5000 7000 9000 11000
DOLLARS/YEAR

Yoo PSi jLid o (619 it ;o (gt (555 UgS (glocwalies 3l oab (saiie wlali:V -q jlages



Lo, 5]y 9 (§aom0 ¢ tlopan 1505 9 L poimnsn

RS Jad




YV ey Sl 5 (Sraon (sl Olyag g b pinn

ouS>

L oot o] 9 Sz ¢ SOy 4y az g3 b g 4t dS Juad )i Colis s anlol yo
Salss ax1o Bt (ol Srree K grts & Jad ol ) (sinlopw Sl g
05655 Jelge 73 0l 5 355 (sirloe (slopiuns slo Ty (Byme 3| gl o
Sll g cuaS byl )0 H5e byl quip @ casgeme Dl Sz
el OB cohsS Wl 5o WSS cages sla)Sal) 7pid 5 (stplop Sl pitans
295 S pass 51 (651000500 gy (G058 & 4z i b slol o mjlon oo o i
9 s ol 08ee S0 slacg) 5 Loyl 350 50 [ s Llucsl g g.lae
S5 adsS W)l )0 el oS 5 rgd Sl Ogelim 5 (SbL i o

Al aelgs Eon  cioloyw sladcges



w5 Jad [ ¥VY

2905 SBpt S Lol Baa s olal 55 il i o5 wSolea
Olse 5 192 Ol Ctpus oo coghy (il o ol alts 030 oald gorkae
Lol 55 (Lo 52 & e azuiliz Jlo sl Sl § Gl 4255050 oYl
Gl et daly St jlars Cgllae Ll aals 53 43T (958l SIS aebne
els dalss (o9 5], 63l Bpan

ST 9 ST Az i b g anddS fad ez y0 endpshe Cobie sasll o
@ Spae Coaxsy )0 Bt ool HJESHN 28 5 cloloye bt 5 Sl
SRl g (Srren Loy b atecly pralie (g (vlope (1o ptcns iy (Byae
Sbb i )0 098 0wl culinl sloasly 5 S350 (shelepe Slapies e
Halorw Sladegorme 355 Cod S 5153 S50 (slo JoSto 9 (295 (i 55 Joad
S § Sl 9 adsl paplan Sl & axgi b 8T wales )8 consse
alop Sl (ol saze 7,0 & Juabd (] )5 load Bpre i Jad 50 (Laalope
IRRRVAPES:

Gide (SoySIl (65,50 Brans duoyd Fo dgaz oS sl o Slis 84390 a3 4 Ll
b3l el (ptolops Ol g o picn 355 & bgpe Jlo o5 Jgad yo S
Sy e s LS Jad )3 (oSl 55l slalolis pXatar bl & azgi b
45l (D Gatug (IS0 9 yrend & xS pas 5 Jgolid (5)los sl
Ol e Syl in) b il 5 ioloyus Sl pians 4silrdan s oo sl

S35y (ot Lo g (SLB riammuns (1-1e
Oleizlo 055UsT sla i stalop L5 el B b (53550 (stalopms (Sl s
e had 40) 23,5 o )8 ooliul y50 55UsS (sl slajlislo g lag sl 5o

(g w‘).n



S sbacgeze g oLzl s ololb sa8lesgn 4055 o gt ol Lle
5 o0l 5l sla yloxlus uys Yo 3gam oS cenl o Siles Lol L sien Slawus
leys Wi 5)9iS (ol gupe g Necooe 5| 55 Slaloasl duo)s Fesga
Wi 0 S350

Gacqazo olpad 43 a5 (3550 sloloyw it Gl slosle Siileus V-Ve ygas
A2 o wled |y cunl axd) )15 4 sLulgn

LEJS)“’ G.uJLa).u.' W)' oolw L;‘daLou :) —\')_:9..04

sl anld 50 g5 sl 5 paresgu slasylins 5k 5 degars yigy )0 jslaiedy
@ ¥Y-Vo gl wliee |y e ool Olg oo 6350 Gioloyw Slopianw 2bj)l
)5 (s 09,55



23 Jad| YV

Supply air fan Chilled water pump Compressor Condenser pump Cooling tower fan

Air Water Refrigerant
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Cooling coil Evaporator Condenser Cooling tower
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Post-conversion power consumption

Component Full load (kW) 757 load kW)
Chiller -8.80 -6.60
Pumps 8.60 8.60

Chiller + Pumps -0.20 2.00
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2 Integrated Part Load Value (IPLV)
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Enrgy use (kW)

combined

Chiller

Cooling tower

Condensor-water temprature
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Evap. Cond.  Refrigeration Increase in
Power
Condition Temp Temp Capacity (kW /ton)
Consumption
©Cy °C) (tons) )
&W /Ton)
Normal 7.2 40.5 17.0 0.69 -
Dirty
7.2 46.1 15.6 0.84 20.4
condenser
Dirty
1.7 40.5 13.8 0.82 18.3
evaporator
Dirty
condenser
1.7 46.1 12.7 0.96 38.7
and

evaporator
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Weightage / Daikin Blue Star
Power
10 8.99 7.12
Consumption
Total room -cooling
10 9.1 9.88
effect
Dehumidification 5 3.65 4.78
Net total sensible
5 4.84 3.71
effect
Energy Efficiency
20 20 17.75
Ratio (EER)
Maximum
operating condition 10 10 10
test

Noise Level 8 6.49 6.8



YA Loyl g (o ¢ solo s Ol 9 b pienn

55 Sygeo oy 5 pamaiio Sl g b (g3lailel, 5 sl wiylyd

S35 4295 R Oliee SW 1 (5,55l ogo il )3 (63655 (sl gunilanS s
9

Srae Curdy Sgar 50 Sl oo 3b (9 e 53 SIS SbyguilaS s
sl sl

Ol ases b e g 0,5 e (Sley slroygs Shls a5 5525 gi sl )
b il Brae (2al5 50 Wlgs oo amilasS cuas Jome (0053 50 w3 alal S
Al e Aoy 10 dgu>

3o plin 4 a5 a8 (oo mald ) Bl (2l G5 sladsS 5o () Gpsb wlS
oo Olie & 551 Spas cuiionla B oga oslanul a0 sl Lo ol
S o als

Bles olos 5l 950 o2 soslisal pas g Jlo 05 sbajgy Jsbo yo ooy s
h sz odiJeosss (F3930 5k o 9 8l Glusly danie lacaeY Bl polas
A2 o als

5 > el el sl cowlio (50,208 YVOC b YFC Jlos (sod9amme
JRE L‘B).o Lad olaihil yim 50,5 3w el JoS Wliwgo s (glod pudiid desyo
Dl (ol anse s 65l )

Olgiee 310,18 (pgllae Lulys )5 plaxslo Sgym @)l azys a5 oo oley 5o
Gl 4 a5 9 (8 ks S 9 (ormb g sl eoliul g J5S 505 (hgels b
1,5 S8 555l Spae

Lad gadss g Syl 8 cele SO dgas 50 sioloyw e 535 jogels
b (5350 g ded g pladl wlgs o

9155 Lawgs oaads o slse s g g (Al 08 o 5l eolixa]
OBl codpicnla B ogs oo Lad 055 LS la tdu )0 Loy Sl (ulas|
29 mald adlse (B )0 Ol 005 Gagals (1> 5 S Blayd (59 2 oo i



2 Jad| YAV

2 2% 23 Vo 0992 B (555l Bran Sgngn il 9 08 b fosS Slojgd 35 s -
casls aales

3 slasS cad b o gl e (Byme & eded b 50 bl ot -
S 3l Lol sl VL (Sog (ol 031 Jolas glsl b anslie )3 )90l (Shog syl
A Oy SYb Caegus i Slhed goadyle o jo laJeS sl arws ol 5l eolaiwl Koo
e Ol sy Yo ol ol il Ol gages S 2015 ogllan (slod
Sl ygsyaS (35008 0l g Lod lilugs paie ¢35l 981 Jolas glgil & s
5l Ol (2,05 il Brae (1l )z iz ool pebans )] 3 005381 o5
A dlgs e

O Sk Gouidddey Wli2d 9 (il G piwsm (8-10

Floyw S i
Sl o 5 Gl 5 il ad 0 JoSe Glaptunw p554
atlaio o lll slo Siog Clusl b g pgusye bl lras wpaz sle555l5:sS
b 35 el Gl s e Cong 5] ) (7 5 Oline b Wl oo
o o3l (55 9 4l zly) L (5555 5 o et 31 (90105 (e 0 250 02 5o

g o axo 0

oA g3 O yig_goﬁbé SLa s (1-0-10
(5:L>UL‘>9}L\.> S dwg o;)lf UMQ[S A_QJJle ‘OMA.Jy Oy A_JTLSO).A}Q Glﬁ,w
S s (52l 13 098 g0 i soloys (585859 ,L sl (soy90 51 0,515 e
19 3y o Gopmd liul 658 WL 0,5 L3 oolatulsyge pere Sl
4930y g0 ol ALl o 50 pols St ol 5o Led dgame il ls a5 oo gtnn
s3Lasl 5 6ypiyar s 285 copllan ianger 3 Lo bl ailiz 5,5 e 3

Ol cnl Y &Sl 85wy B0t Wb Sy Ol oS e 5l (5Sopn



VAN Lo, Sy g (S  stoloyw Dlngaes g b it

w‘ui‘o..c “‘“—’)-’u-’“\-’j 03,“: Oy (_,’JLw)l UTJ}QM L_sLOQ)‘)JL).«_)L)‘s’LoOL’OMOJ.A}O

955 yled 4 L5 Sl Kl 8)lge (B y0 aS

Syl (oo g (B pitannsnn (Y-0-10
S (loyw Gt S cagas )0yl (Syre ay it Jad o bl
5Ls el sl omlin (anS Algs o W i 31 azwd ol Logas co axsls,,
e aS el ()] SoLis o s ys - 239 sl dy St dod 9 St (sl a8l poloyes
Bl 200 VO 3905 50 ilg5 oo Jsfine cutS b (g e cdnloyu plsw SO (555
S s 4255 BB (sble o0 51 (S - asb Jolee cady b b (00515 0055 s 5|
el (5355 g2 oo 4 e Syl (A5 a0 ooy
Sainses 09,5 s & sagas G el S o LI (60505 ool pos (5o ot
39 50 o | o — oty 3 iy ot (55 plopes
ooles (b (oloyw duld 095 (ol )0 seaiae (S (vl Slopiuc @
Sy yge Sl ohd el by osbye glaay B 0 lee g O it
5ysS s l)8 03,5 2l 30 laylsyol g psmspe (ol (sl ydsS
b 192 Gtolop bpius ol )0 ipulitanyd (Gpes cholorw Sloptasn @
Sy (Fnlop piman o bawgs oS (2lge g 385 Slop pulitasnysd oles
35S o0 Do lad s lan Joe S o ccwl s S s

Lo yl50 a5 dited (ol gt paiitns i (e sdulops (St 3| (6,500 €99
A2 go ewd 3l 09> )l oy )bEle b (b Jae 5l g b i Slea
it 1 it (ol 51 (51505 ¢ gSaSgunle (soud (5,0 dos (slmoaS s

! Direct Evaporative Cooling System
2 Indirect Evaporative Cooling System
7 Indirect-Direct Evaporative Cooling System (IDEC)
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! Desiccant

2 Desiccant Enhanced Evaporative Air Conditioner (DEVap)
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10% interest factors.

Single- Single- Uniform Uniform-
payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value

Future value  Present value of uniform whose future  with present  of uniform

of $1 of $1 series of $1 value is $1 value of $1 series of $1

1 T+0r+1 i i(1+0)" 1+ir+1

1+ ; - .

@+ i A+mel  @+irxl  i@+in
1 1.100 0.9091 1.000 1.00000 1.10000 0.909
2 1.210 0.8264 2.100 0.47619 0.57619 1.736
3 1.331 0.7513 3.310 0.30211 0.40211 2.487
4 1.464 0.6830 4.641 0.21547 0.31147 3.170
5 1.611 0.6209 6.105 0.16380 0.26380 3.791
6 1.772 0.5645 7.716 0.12961 0.22961 4.355
7 1.949 0.5132 9.487 0.10541 0.20541 4.868
8 2.144 0.4665 11.436 0.08744 0.18744 5.335
9 2.358 0.4241 13.579 0.07364 0.17364 5.759
10 2.594 0.3855 15.937 0.06275 0.16275 6.144
11 2.853 0.3505 18.531 0.05396 0.15396 6.495
12 3.138 0.3186 21.384 0.04676 0.14676 6.814
13 3.452 0.2897 24.523 0.04078 0.14078 7.103
14 3.797 0.2633 27.975 0.03575 0.13575 7.367
15 4177 0.2394 31.772 0.03147 0.13147 7.606
16 4.595 0.2176 35.950 0.02782 0.12782 7.824
17 5.054 0.1978 40.545 0.02466 0.12466 8.022
18 5.560 0.1799 45.599 0.02193 0.12193 8.201
19 6.116 0.1635 51.159 0.01955 0.11955 8.365
20 6.727 0.1486 57.275 0.01746 0.11746 8.514
21 7.400 0.1351 64.002 0.01562 0.11562 8.649
22 8.140 0.1228 71.403 0.01401 0.11401 8.772
23 8.954 0.1117 79.543 0.01257 0.11257 8.883
24 9.850 0.1015 88.497 0.01130 0.11130 8.985
25 10.835 0.0923 98.347 0.01017 0.11017 9.077
26 11.918 0.0839 109.182 0.00916 0.10916 9.161
27 13.110 0.0763 121.100 0.00826 0.10826 9.237
28 14.421 0.0693 134.210 0.00745 0.10745 9.307
29 15.863 0.0630 148.631 0.00673 0.10673 9.370
30 17.449 0.0673 164.494 0.00608 0.10608 9.427
35 28.102 0.0356 271.024 0.00369 0.10369 9.644
40 45.259 0.0221 442.593 0.00226 0.10226 9.779
45 72.890 0.0137 718.905 0.00139 0.10139 9.863
50 117.391 0.0085 1163.909 0.00086 0.10086 9.915
55 189.059 0.0053 1880.591 0.00053 0.10053 9.947
60 304.482 0.0033 3034.816 0.00033 0.10033 9.967
65 490.371 0.0020 4893.707 0.00020 0.10020 9.980
70 789.747 0.0013 7887.470 0.00013 0.10013 9.987
75 1271.895 0.0008 12708.954 0.00008 0.10008 9.992
80 2048.400 0.0005 20474.002 0.00005 0.10005 9.995
85 3298.969 0.0003 32979.690 0.00003 0.10003 9.997
90 5313.023 0.0002 53120.226 0.00002 0.10002 9.998
95 8556.676 0.0001 85556.760 0.00001 0.10001 9.999
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12% Interest factors.

Single- Single- Uniform Uniform-

payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value

Future value  Present value of uniform whose future  with present  of uniform

of $1 of $1 series of $1 value is $1 value of $1 series of $1

1 A+m+1 i i1+ (A+in+1
1+ ; - ; ; ; ;

1+ i 1+ir+1 1+i)"+1 i1+
1 1.120 0.8929 1.000 1.00000 1.12000 0.893
2 1.254 0.7972 2.120 0.47170 0.59170 1.690
3 1.405 0.7118 3.374 0.29635 0.41635 2.402
4 1.574 0.6355 4.779 0.20923 0.32923 3.037
5 1.762 0.5674 6.353 0.15741 0.27741 3.605
6 1.974 0.5066 8.115 0.12323 0.24323 4.111
7 2.211 0.4523 10.089 0.09912 0.21912 4.564
8 2476 0.4039 12.300 0.08130 0.20130 4.968
9 2.773 0.3606 14.776 0.06768 0.18768 5.328
10 3.106 0.3220 17.549 0.05698 0.17698 5.650
1 3.479 0.2875 20.655 0.04842 0.16842 5.938
12 3.896 0.2567 24.133 0.04144 0.16144 6.194
13 4.363 0.2292 28.029 0.03568 0.15568 6.424
14 4.887 0.2046 32.393 0.03087 0.15087 6.628
15 5.474 0.1827 37.280 0.02682 0.14682 6.811
16 6.130 0.1631 42.753 0.02339 0.14339 6.974
17 6.866 0.1456 48.884 0.02046 0.14046 7.120
18 7.690 0.1300 55.750 0.01794 0.13794 7.250
19 8.613 0.1161 63.440 0.01576 0.13576 7.366
20 9.646 0.1037 72.052 0.01388 0.13388 7.469
21 10.804 0.0926 81.699 0.01224 0.13224 7.562
22 12.100 0.0826 92.503 0.01081 0.13081 7.645
23 13.552 0.0738 104.603 0.00956 0.12956 7.718
24 15.179 0.0659 118.155 0.00846 0.12846 7.784
25 17.000 0.0588 133.334 0.00750 0.12750 7.843
26 19.040 0.0525 150.334 0.00665 0.12665 7.896
27 21.325 0.0469 169.374 0.00590 0.12590 7.943
28 23.884 0.0419 190.699 0.00524 0.12524 7.984
29 26.750 0.0374 214.583 0.00466 0.12466 8.022
30 29.960 0.0334 241.333 0.00414 0.12414 8.055
35 52.800 0.0189 431.663 0.00232 0.12232 8.176
40 93.051 0.0107 767.091 0.00130 0.12130 8.244
45 163.988 0.0061 1358.230 0.00074 0.12074 8.283
50 289.002 0.0035 2400.018 0.00042 0.12042 8.304
55 509.321 0.0020 4236.005 0.00024 0.12024 8.317
60 897.597 0.0011 7471.641 0.00013 0.12013 8.324
65 1581.872 0.0006 13173.937 0.00008 0.12008 8.328
70 2787.800 0.0004 23223.332 0.00004 0.12004 8.330
75 4913.056 0.0002 40933.799 0.00002 0.12002 8.332
80 8658.483 0.0001 72145.692 0.00001 0.12001 8.332
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15% Interest factors.

Single- Single- Uniform Uniform-

payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
E/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value
Future value  Present value of uniform whose future  with present  of uniform
of $1 of $1 series of $1 value is $1 value of $1 series of $1
) 1 T+0m+1 i i(1+ i) (1+im+1

1+ 1+ ; P 3 1 i

i T+m+1 1+i)n+1 i(1+i0)
1 1.150 0.8696 1.000 1.00000 1.15000 0.870
2 1.322 0.7561 2.150 0.46512 0.61512 1.626
3 1.521 0.6575 3.472 0.28798 0.43798 2.283
4 1.749 0.5718 4.993 0.20027 0.35027 2.855
5 2.011 0.4972 6.742 0.14832 0.29832 3.352
6 2313 0.4323 8.754 0.11424 0.26424 3.784
7 2.660 0.3759 11.067 0.09036 0.24036 4.160
8 3.059 0.3269 13.727 0.07285 0.22285 4.487
9 3.518 0.2843 16.786 0.05957 0.20957 4.772
10 4.046 0.2472 20.304 0.04925 0.19925 5.019
11 4.652 0.2149 24.349 0.04107 0.19107 5234
12 5.350 0.1869 29.002 0.03448 0.18448 5.421
13 6.153 0.1625 34.352 0.02911 0.17911 5.583
14 7.076 0.1413 40.505 0.02469 0.17469 5.724
15 8.137 0.1229 47.580 0.02102 0.17102 5.847
16 9.358 0.1069 55.717 0.01795 0.16795 5.954
17 10.761 0.0929 65.075 0.01537 0.16537 6.047
18 12.375 0.0808 75.836 0.01319 0.16319 6.128
19 14.232 0.0703 88.212 0.01134 0.16134 6.198
20 16.367 0.0611 102.444 0.00976 0.15976 6.259
21 18.822 0.0531 118.810 0.00842 0.15842 6.312
22 21.645 0.0462 137.632 0.00727 0.15727 6.359
23 24.891 0.0402 159.276 0.00628 0.15628 6.399
24 28.625 0.0349 194.168 0.00543 0.15543 6.434
25 32919 0.0304 212.793 0.00470 0.15470 6.464
26 37.857 0.0264 245.712 0.00407 0.15407 6.491
27 43.535 0.0230 283.569 0.00353 0.15353 6.514
28 50.066 0.0200 327.104 0.00306 0.15306 6.534
29 57.575 0.0174 377.170 0.00265 0.15265 6.551
30 66.212 0.0151 434.745 0.00230 0.15230 6.566
35 133.176 0.0075 881.170 0.00113 0.15113 6.617
40 267.864 0.0037 1779.090 0.00056 0.15056 6.642
45 538.769 0.0019 3585.128 0.00028 0.15028 6.654
50 1083.657 0.0009 7217.716 0.00014 0.15014 6.661
55 2179.622 0.0005 14524.148 0.00007 0.15007 6.664
60 4383.999 0.0002 29219.992 0.00003 0.15003 6.665
65 8817.787 0.0001 58778.583 0.00002 0.15002 6.666
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20% Interest factors.

Single- Single- Uniform Uniform-
payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n
Uniform Uniform
Future value series series Present value
Future value  Present value of uniform whose future  with present  of uniform
of $1 of $1 series of $1 value is $1 value of $1 series of $1
) 1 T+0m+1 i i(1+i)n (1+im+1
1+ 1+ iy ; i 3 1 i
i T+r+1 1+i+1 i(1+i0)n
1 1.200 0.8333 1.000 1.00000 1.20000 0.833
2 1.440 0.6944 2.200 0.45455 0.65455 1.528
3 1.728 0.5787 3.640 0.27473 0.47473 2.106
4 2.074 0.4823 5.368 0.18629 0.38629 2.589
5 2.488 0.4019 7.442 0.13438 0.33438 2.991
6 2.986 0.3349 9.930 0.10071 0.30071 3.326
7 3.583 0.2791 12.916 0.07742 0.27742 3.605
8 4.300 0.2326 16.499 0.06061 0.26061 3.837
9 5.160 0.1938 20.799 0.04808 0.24808 4.031
10 6.192 0.1615 25.959 0.03852 0.23852 4.192
1 7.430 0.1346 32.150 0.03110 0.23110 4.327
12 8.916 0.1122 39.581 0.02526 0.22526 4.439
13 10.699 0.0935 48.497 0.02062 0.22062 4.533
14 12.839 0.0779 59.196 0.01689 0.21689 4.611
15 15.407 0.0649 72.035 0.01388 0.21388 4.675
16 18.488 0.0541 87.442 0.01144 0.21144 4.730
17 22.186 0.0451 105.931 0.00944 0.20944 4.775
18 26.623 0.0376 128.117 0.00781 0.20781 4.812
19 31.948 0.0313 154.740 0.00646 0.20646 4.843
20 38.338 0.0261 186.688 0.00536 0.20536 4.870
21 46.005 0.0217 225.026 0.00444 0.20444 4.891
22 55.206 0.0181 271.031 0.00369 0.20369 4.909
23 66.247 0.0151 326.237 0.00307 0.20307 4.925
24 79.497 0.0126 392.484 0.00255 0.20255 4.937
25 95.396 0.0105 471.981 0.00212 0.20212 4.948
26 114.475 0.0087 567.377 0.00176 0.20176 4.956
27 137.371 0.0073 681.853 0.00147 0.20147 4.964
28 164.845 0.0061 819.223 0.00122 0.20122 4.970
29 197.814 0.0051 984.068 0.00102 0.20102 4.975
30 237.376 0.0042 1181.882 0.00085 0.20085 4.979
35 590.668 0.0017 2948.341 0.00034 0.20034 4.992
40 1469.772 0.0007 7343.858 0.00014 0.20014 4.997
45 3657.262 0.0003 18281.310 0.00005 0.20005 4.999
50 9100.438 0.0001 45497.191 0.00002 0.20002 4.999
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25% Interest factors.

Single- Single- Uniform Uniform-
payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value
Future value  Present value of uniform whose future  with present  of uniform
of $1 of $1 series of $1 value is $1 value of $1 series of $1
) 1 A+in+1 i i(1+i)n (1+ir+1
@+ 1+ ] A+in+1 i\ i i\
1 )£ 1+im+1 i(1+1)
1 1.250 0.8000 1.000 1.00000 1.25000 0.800
2 1.562 0.6400 2.250 0.44444 0.69444 1.440
3 1.953 0.5120 3.812 0.26230 0.51230 1.952
4 2.441 0.4096 5.766 0.17344 0.42344 2.362
5 3.052 0.3277 8.207 0.12185 0.37185 2.689
6 3.815 0.2621 11.259 0.08882 0.33882 2.951
7 4.768 0.2097 15.073 0.06634 0.31634 3.161
8 5.960 0.1678 19.842 0.05040 0.30040 3.329
9 7451 0.1342 25.802 0.03876 0.28876 3.463
10 9.313 0.1074 33.253 0.03007 0.28007 3.571
1 11.642 0.0859 42.566 0.02349 0.27349 3.656
12 14.552 0.0687 54.208 0.01845 0.26845 3.725
13 18.190 0.0550 68.760 0.01454 0.26454 3.780
14 22.737 0.0440 86.949 0.01150 0.26150 3.824
15 28.422 0.0352 109.687 0.00912 0.25912 3.859
16 35.527 0.0281 138.109 0.00724 0.25724 3.887
17 44.409 0.0225 173.636 0.00576 0.25576 3.910
18 55.511 0.0180 218.045 0.00459 0.25459 3.928
19 69.389 0.0144 273.556 0.00366 0.25366 3.942
20 86.736 0.0115 342.945 0.00292 0.25292 3.954
21 108.420 0.0092 429.681 0.00233 0.25233 3.963
22 135.525 0.0074 538.101 0.00186 0.25186 3.970
23 169.407 0.0059 673.626 0.00148 0.25148 3.976
24 211.758 0.0047 843.033 0.00119 0.25119 3.981
25 264.698 0.0038 1054.791 0.00095 0.25095 3.985
26 330.872 0.0030 1319.489 0.00076 0.25076 3.988
27 413.590 0.0024 1650.361 0.00061 0.25061 3.990
28 516.988 0.0019 2063.952 0.00048 0.25048 3.992
29 646.235 0.0015 2580.939 0.00039 0.25039 3.994
30 807.794 0.0012 3227.174 0.00031 0.25031 3.995
35 2465.190 0.0004 9856.761 0.00010 0.25010 3.998
40 7523.164 0.0001 30088.655 0.00003 0.25003 3.999
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30% Interest factors.

Single- Single- Uniform Uniform-

payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
E/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value

Future value  Present value of uniform whose future  with present  of uniform

of $1 of $1 series of $1 value is $1 value of $1 series of $1

) 1 1+i)r+1 i i(1+i0)" (1+i)"+1

(1 +0r - - -
1+ i T+m+1 T+in+1 i1+

1 1.300 0.7692 1.000 1.00000 1.30000 0.769
2 1.690 0.5917 2.300 0.43478 0.73478 1.361
3 2.197 0.4552 3.990 0.25063 0.55063 1.816
4 2.856 0.3501 6.187 0.16163 0.46163 2.166
5 3.713 0.2693 9.043 0.11058 0.41058 2.436
6 4.827 0.2072 12.756 0.07839 0.37839 2.643
7 6.275 0.1594 17.583 0.05687 0.35687 2.802
8 8.157 0.1226 23.858 0.04192 0.34192 2.925
9 10.604 0.0943 32.015 0.03124 0.33124 3.019
10 13.786 0.0725 42.619 0.02346 0.32346 3.092
11 17.922 0.0558 56.405 0.01773 0.31773 3.147
12 23.298 0.0429 74.327 0.01345 0.31345 3.190
13 30.288 0.0330 97.625 0.01024 0.31024 3.223
14 39.374 0.0254 127.913 0.00782 0.30782 3.249
15 51.186 0.0195 167.286 0.00598 0.30598 3.268
16 66.542 0.0150 218.472 0.00458 0.30458 3.283
17 86.504 0.0116 285.014 0.00351 0.30351 3.295
18 112.455 0.0089 371.518 0.00269 0.30269 3.304
19 146.192 0.0068 483.973 0.00207 0.30207 3.311
20 190.050 0.0053 630.165 0.00159 0.30159 3.316
21 247.065 0.0040 820.215 0.00122 0.30122 3.320
22 321.194 0.0031 1067.280 0.00094 0.30094 3.323
23 417.539 0.0024 1388.464 0.00072 0.30072 3.325
24 542.801 0.0018 1806.003 0.00055 0.30055 3.327
25 705.641 0.0014 2348.803 0.00043 0.30043 3.329
26 917.333 0.0011 3054.444 0.00033 0.30033 3.330
27 1192.533 0.0008 3971.778 0.00025 0.30025 3.331
28 1550.293 0.0006 5164.311 0.00019 0.30019 3.331
29 2015.381 0.0005 6714.604 0.00015 0.30015 3.332
30 2619.996 0.0004 8729.985 0.00011 0.30011 3.332
35 9727.8060 0.0001 32422.868 0.00003 0.30003 3.333
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40% Interest factors.

Single- Single- Uniform Uniform-
payment payment series series
compound- present- compound- Sinking-fund Capital present-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value
Future value  Present value of uniform whose future  with present  of uniform
of $1 of $1 series of $1 value is $1 value of $1 series of $1
) 1 A+i)n+1 i i(1+i) 1+ir+1
1+ - - -
1+ i T+)"+1 T+in+1 i1+
1 1.400 0.7143 1.000 1.00000 1.40000 0.714
2 1.960 0.5102 2.400 0.41667 0.81667 1.224
3 2.744 0.3644 4.360 0.22936 0.62936 1.589
4 3.842 0.2603 7.104 0.14077 0.54077 1.849
5 5.378 0.1859 10.946 0.09136 0.49136 2.035
6 7.530 0.1328 16.324 0.06126 0.46126 2.168
7 10.541 0.0949 23.853 0.04192 0.44192 2.263
8 14.758 0.0678 34.395 0.02907 0.42907 2.331
9 20.661 0.0484 49.153 0.02034 0.42034 2.379
10 28.925 0.0346 69.814 0.01432 0.41432 2414
1 40.496 0.0247 98.739 0.01013 0.41013 2.438
12 56.694 0.0176 139.235 0.00718 0.40718 2.456
13 79.371 0.0126 195.929 0.00510 0.40510 2.469
14 111.120 0.0090 275.300 0.00363 0.40363 2.478
15 155.568 0.0064 386.420 0.00259 0.40259 2.484
16 217.795 0.0046 541.988 0.00185 0.40185 2.489
17 304.913 0.0033 759.784 0.00132 0.40132 2.492
18 426.879 0.0023 1064.697 0.00094 0.40094 2.494
19 597.630 0.0017 1491.576 0.00067 0.40067 2.496
20 836.683 0.0012 2089.206 0.00048 0.40048 2.497
21 1171.356 0.0009 2925.889 0.00034 0.40034 2.498
22 1639.898 0.0006 4097.245 0.00024 0.40024 2.498
23 2295.857 0.0004 5737.142 0.00017 0.40017 2.499
24 3214.200 0.0003 8032.999 0.00012 0.40012 2.499
25 4499.880 0.0002 11247.199 0.00009 0.40009 2.499
26 6299.831 0.0002 15747.079 0.00006 0.40006 2.500
27 8819.764 0.0001 22046.910 0.00005 0.40005 2.500
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50% Interest factors.

Single- Single- Uniform Uniform-
payment payment series series
compound- Ppresent- compound- Sinking-fund Capital Ppresent-
amount worth amount payment recovery worth
F/P P/F F/A A/F A/P P/A
Period
n Uniform Uniform
Future value series series Present value
Future value  Present value of uniform whose future  with present  of uniform
of $1 of $1 series of $1 value is $1 value of $1 series of $1
) 1 A+m+1 i i1+ (A+in+1
1 +qr 1+ . (A+ir+1 1 . 1
1 )"+ 1+in+1 i(1+1)
1 1.500 0.6667 1.000 1.00000 1.50000 0.667
2 2.250 0.4444 2.500 0.40000 0.90000 1.111
3 3.375 0.2963 4.750 0.21053 0.71053 1.407
4 5.062 0.1975 8.125 0.12308 0.62308 1.605
5 7.594 0.1317 13.188 0.07583 0.57583 1.737
6 11.391 0.0878 20.781 0.04812 0.54812 1.824
7 17.086 0.0585 32172 0.03108 0.53108 1.883
8 25.629 0.0390 49.258 0.02030 0.52030 1.922
9 38.443 0.0260 74.887 0.01335 0.51335 1.948
10 57.665 0.0173 113.330 0.00882 0.50882 1.965
1 86.498 0.0116 170.995 0.00585 0.50585 1.977
12 129.746 0.0077 257.493 0.00388 0.50388 1.985
13 194.620 0.0051 387.239 0.00258 0.50258 1.990
14 291.929 0.0034 581.859 0.00172 0.50172 1.993
15 437.894 0.0023 873.788 0.00114 0.50114 1.995
16 656.841 0.0015 1311.682 0.00076 0.50076 1.997
17 985.261 0.0010 1968.523 0.00051 0.50051 1.998
18 1477.892 0.0007 2953.784 0.00034 0.50034 1.999
19 2216.838 0.0005 4431.676 0.00023 0.50023 1.999
20 3325.257 0.0003 6648.513 0.00015 0.50015 1.999
21 4987.885 0.0002 9973.770 0.00010 0.50010 2.000
22 7481.828 0.0001 14961.655 0.00007 0.50007 2.000
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Five-year escalation table.

Present Worth of a Series of Escalating Payments Compounded Annually
Discount-Escalation Factors for n = 5 Years

Annual Escalation Rate

Discount
Rate 0.10 0.12 0.14 0.16 0.18 0.20
0.10 5.000000 5.279234 5.572605 5.880105 6.202627 6.540569
0.11 4.866862 5.136200 5.420152 5.717603 6.029313 6.355882
0.12 4.738562 5.000000 5.274242 5.561868 5.863289 6.179066
0.13 4.615647 4.869164 5.133876 5.412404 5.704137 6.009541
0.14 4.497670 4.742953 5.000000 5.269208 5.551563 5.847029
0.15 4.384494 4.622149 4.871228 5.131703 5.404955 5.691165
0.16 4.275647 4.505953 4.747390 5.000000 5.264441 5.541511
0.17 4.171042 4.394428 4.628438 4.873699 5.129353 5.397964
0.18 4.070432 4.287089 4.513947 4.751566 5.000000 5.259749
0.19 3.973684 4.183921 4.403996 4.634350 4.875619 5.126925
0.20 3.880510 4.084577 4.298207 4.521178 4.755725 5.000000
0.21 3.790801 3.989001 4.196400 4413341 4.640260 4.877689
0.22 3.704368 3.896891 4.098287 4.308947 4.529298 4.759649
0.23 3.621094 3.808179 4.003835 4.208479 4.422339 4.645864
0.24 3.540773 3.722628 3.912807 4.111612 4.319417 4.536517
0.25 3.463301 3.640161 3.825008 4.018249 4.220158 4.431144
0.26 3.388553 3.560586 3.740376 3.928286 4.124553 4.329514
0.27 3.316408 3.483803 3.658706 3.841442 4.032275 4.231583
0.28 3.246718 3.409649 3.579870 3.757639 3.943295 4.137057
0.29 3.179393 3.338051 3.503722 3.676771 3.857370 4.045902
0.30 3.114338 3.268861 3.430201 3.598653 3.774459 3.957921
0.31 3.051452 3.201978 3.359143 3.523171 3.694328 3.872901
0.32 2.990618 3.137327 3.290436 3.450224 3.616936 3.790808
0.33 2.939764 3.074780 3.224015 3.379722 3.542100 3.711472
0.34 2.874812 3.014281 3.159770 3.311524 3.469775 3.634758
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Ten-year escalation table.

Present Worth of a Series of Escalating Payments Compounded Annually
Discount-Escalation Factors for n = 10 Years

Annual Escalation Rate

Discount
Rate 0.10 0.12 0.14 0.16 0.18 0.20
0.10 10.000000 11.056250 12.234870 13.548650 15.013550 16.646080
0.11 9.518405 10.508020 11.613440 12.844310 14.215140 15.741560
0.12 9.068870 10.000000 11.036530 12.190470 13.474590 14.903510
0.13 8.650280 9.526666 10.498990 11.582430 12.786980 14.125780
0.14 8.259741 9.084209 10.000000 11.017130 12.147890 13.403480
0.15 7.895187 8.672058 9.534301 10.490510 11.552670 12.731900
0.16 7.554141 8.286779 9.099380 10.000000 10.998720 12.106600
0.17 7.234974 7.926784 8.693151 9.542653 10.481740 11.524400
0.18 6.935890 7.589595 8.312960 9.113885 10.000000 10.980620
0.19 6.655455 7.273785 7.957330 8.713262 9.549790 10.472990
0.20 6.392080 6.977461 7.624072 8.338518 9.128122 10.000000
0.21 6.144593 6.699373 7.311519 7.987156 8.733109 9.557141
0.22 5.911755 6.437922 7.017915 7.657542 8.363208 9.141752
0.23 5.692557 6.192047 6.742093 7.348193 8.015993 8.752133
0.24 5.485921 5.960481 6.482632 7.057347 7.690163 8.387045
0.25 5.290990 5.742294 6.238276 6.783767 7.383800 8.044173
0.26 5.106956 5.536463 6.008083 6.526298 7.095769 7.721807
0.27 4.933045 5.342146 5.790929 6.283557 6.824442 7.418647
0.28 4.768518 5.158489 5.585917 6.054608 6.568835 7.133100
0.29 4.612762 4.984826 5.392166 5.838531 6.327682 6.864109
0.30 4.465205 4.820429 5.209000 5.634354 6.100129 6.610435
0.31 4.325286 4.664669 5.035615 5.441257 5.885058 6.370867
0.32 4.192478 4.517015 4.871346 5.258512 5.681746 6.144601
0.33 4.066339 4.376884 4.715648 5.085461 5.489304 5.930659
0.34 3.946452 4.243845 4.567942 4.921409 5.307107 5.728189

Vel Sy
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Fifteen-year escalation table.

Present Worth of a Series of Escalating Payments Compounded Annually
Discount-Escalation Factors for n = 15 years

Annual Escalation Rate

Discount
Rate 0.10 0.12 0.14 0.16 0.18 0.20
0.10 15.000000 17.377880 20.199780 23.549540 27.529640 32.259620
0.11 13.964150 16.126230 18.690120 21.727370 25.328490 29.601330
0.12 13.026090 15.000000 17.332040 20.090360 23.355070 27.221890
0.13 12.177030 13.981710 16.105770 18.616160 21.581750 25.087260
0.14 11.406510 13.057790 15.000000 17.287320 19.985530 23.169060
0.15 10.706220 12.220570 13.998120 16.086500 18.545150 21.442230
0.16 10.068030 11.459170 13.088900 15.000000 17.244580 19.884420
0.17 9.485654 10.766180 12.262790 14.015480 16.066830 18.477610
0.18 8.953083 10.133630 11.510270 13.118840 15.000000 17.203010
0.19 8.465335 9.555676 10.824310 12.303300 14.030830 16.047480
0.20 8.017635 9.026333 10.197550 11.560150 13.148090 15.000000
0.21 7.606115 8.540965 9.623969 10.881130 12.343120 14.046400
0.22 7.227109 8.094845 9.097863 10.259820 11.608480 13.176250
0.23 6.877548 7.684317 8.614813 9.690559 10.936240 12.381480
0.24 6.554501 7.305762 8.170423 9.167798 10.320590 11.655310
0.25 6.255518 6.956243 7.760848 8.687104 9.755424 10.990130
0.26 5.978393 6.632936 7.382943 8.244519 9.236152 10.379760
0.27 5.721101 6.333429 7.033547 7.836080 8.757889 9.819020
0.28 5.481814 6.055485 6.710042 7.458700 8.316982 9.302823
0.29 5.258970 5.797236 6.410005 7.109541 7.909701 8.827153
0.30 5.051153 5.556882 6.131433 6.785917 7.533113 8.388091
0.31 4.857052 5.332839 5.872303 6.485500 7.184156 7.982019
0.32 4.675478 5.123753 5.630905 6.206250 6.860492 7.606122
0.33 4.505413 4.928297 5.405771 5.946343 6.559743 7.257569
0.34 4.345926 4.745399 5.195502 5.704048 6.280019 6.933897
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Twenty-year escalation table.

Present Worth of a Series of Escalating Payments Compounded Annually

Discount-Escalation Factors for n = 20 Years

Annual Escalation Rate

Discount
Rate 0.10 0.12 0.14 0.16 0.18 0.20
0.10 20.000000 24.295450 29.722090 36.592170 45.308970 56.383330
0.11 18.213210 22.002090 26.776150 32.799710 40.417480 50.067940
0.12 16.642370 20.000000 24.210030 29.505400 36.181240 44.614710
0.13 15.259850 18.243100 21.964990 26.634490 32.502270 39.891400
0.14 14.038630 16.694830 20.000000 24.127100 29.298170 35.789680
0.15 12.957040 15.329770 18.271200 21.929940 26.498510 32.218060
0.16 11.995640 14.121040 16.746150 20.000000 24.047720 29.098950
0.17 11.138940 13.048560 15.397670 18.300390 21.894660 26.369210
0.18 10.373120 12.093400 14.201180 16.795710 20.000000 23.970940
0.19 9.686791 11.240870 13.137510 15.463070 18.326720 21.860120
0.20 9.069737 10.477430 12.188860 14.279470 16.844020 20.000000
0.21 8.513605 9.792256 11.340570 13.224610 15.527270 18.353210
0.22 8.010912 9.175267 10.579620 12.282120 14.355520 16.890730
0.23 7.555427 8.618459 9.895583 11.438060 13.309280 15.589300
0.24 7.141531 8.114476 9.278916 10.679810 12.373300 14.429370
0.25 6.764528 7.657278 8.721467 9.997057 11.533310 13.392180
0.26 6.420316 7.241402 8.216490 9.380883 10.778020 12.462340
0.27 6.105252 6.862203 7.757722 8.823063 10.096710 11.626890
0.28 5.816151 6.515563 7.339966 8.316995 9.480940 10.874120
0.29 5.550301 6.198027 6.958601 7.856833 8.922847 10.194520
0.30 5.305312 5.906440 6.609778 7.437339 8.416060 9.579437
0.31 5.079039 5.638064 6.289875 7.054007 7.954518 9.021190
0.32 4.869585 5.390575 5.995840 6.702967 7.533406 8.513612
0.33 4.675331 5.161809 5.725066 6.380829 7.148198 8.050965
0.34 4.494838 4.949990 5.475180 6.084525 6.795200 7.628322
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EQUIPMENT LIFE

To estimate equipment lifefor life cycle cost analysis,This table can
be used.

Equipment Service Life Statistics

Percentiles
Equipment Item Mean Median Model(s) 25% 75% N
UNITARY EQUIPMENT
Room Air Conditioners
(window or through-the-wall) 10 10 10 5 10 38

Unitary Air Conditioners
1. Air-cooled—residential 14 15 15 8 20 29
(single package or split system

2. Air cooled—commercial /industrial 15 15 15 10 20 40
(single package—through-the-wall
or split system)

3. Water cooled—electric 16 15 15-20 10 20 17

Unitary Heat Pumps

1. Air source—residential 11 10 10 10 125 12

2. Air source—commercial/industrial 15 15 15 11 15 13
(single package or split system)

3. Water source—comm./industrial 13 13 10 10 20 8
Computer Room Conditioners 18 15 15 15 20 23

ROOF TOP HVAC SYSTEMS

Single Zone 15 15 15 10 20 30
Heating, ventilating and cooling or

cooling only

Multizone 16 15 15 10 20 25

Heating, ventilating and cooling or
cooling only

(Continued)



Percentiles
Equipment Item Mean Median Model(s) 25% 75% N
HEATING EQUIPMENT
Boilers
1. Steam —steel watertube 30 26 40 20 40 30
—steel firetube 24 25 25 20 30 14
—cast iron 30 30 30 20 35 12
2. Hot water —steel watertube 24 23 20 20 27 12
—steel firetube 23 24 30 17 30 16
—<cast iron 30 30 30 20 40 13
3. Electric 14 15 15 7 17 9
Burners
Gas—forced and natural
and oil-forced 22 20 20 17 27 58
Furnaces
Gas or oil 18 20 20 12 20 35
Unit Heaters
Gas or electric 14 13 10 10 20 28
Hotwater or steam 23 20 20 20 30 30
Radiant Heaters and Panels
Electric heaters 11 10 10 5 25 6
Hot water or steam panels 26 25 20-25 20 30 7
AIR HANDLING AND
TREATINGEQUIPMENT
Terminal Units
1. Induction units 26 20 20 20 30 16
2. Fan coil 21 20 20 16 22 28
3. Diffusors, grilles and registers 35 27 20 20 50 26
4. Double duct mixing boxes— 21 20 20 15 30 20
constant or variable air volume
5. Variable air volume (VAV) boxes 24 20 20 20 30 7
single duct
Air Washers 20 17 30 10 30 6
Humidifiers 18 15 10 10 20 23
Ductwork 35 30 50 24 50 31

(Continued)
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Percentiles
Equipment Item Mean Median Model(s) 25% 75% N
Dampers including actuators 15 20 20 15 30 20
Fans (supply or exhaust)
1. Centrifugal—forward curve or 27 25 20 20 40 43
backward inclined
2. Axial flow 23 20 20 10 30 16
3. Wall-mounted—propeller type 17 15 20 10 20 15
4. Ventilating—roof mounted 17 20 20 10 20 22
HEAT EXCHANGERS
Coils
1. DX 22 20 20 5 27 21
2. Water or steam 24 20 20 20 30 49
3. Electric 15 15 10-15-20 10 20 9
Shell and Tube 25 24 20 20 30 20
COOLING EQUIPMENT
Reciprocating Compressors 18 20 20 12 20 7
Chillers —packaged—reciprocating 19 20 20 15 20 34
—centrifugal 25 23 20 20 30 28
—absorption 24 23 20 20 30 16
HEAT REJECTION EQUIPMENT
Cooling Tower —metal—galvanized 18 20 20 10 20 33
—wood 22 20 20 15 27 25
—ceramic 33 34 20 20 5 6
Air-cooled Condenser 20 20 20 15 25 27
Evaporative Condenser 18 20 20 15 20 13
GENERAL COMPONENTS
Insulation
1. Preformed—Dblock, molded, etc. 27 20 20 20 30 43
2. Blankets, batts 29 24 20 20 40 23
Pumps
1. Circulating, base-mounted 19 20 20 13 24 37
2. Circulating, pipe-mounted 12 10 10-15 6 15 28
3. Sump and well 15 10 30 6 30 25

(Continued)



Percentiles
Equipment Item Mean Median Model(s) 25% 75% N

4. Condensate and receiver 18 15 15 10 25 25
Engines, Turbines, Motors
1. Reciprocating engine 19 20 20 20 20 12
2. Turbines—steam 30 30 40 24 30 13
3. Electric motors 18 18 20 13 20 24
Motor Starters—across line

or magnetic 19 17 20 10 30 34
Transformers
Dry type or oil-filled 31 30 30 20 40 49
Controls and instrumentation
1. Pneumatic 21 20 20 15 24 34
2. Electrical 17 16 20 10 20 24
3. Electronic 15 15 10-15 10 20 16
4. Automated (computer) building 22 20 20-25 10 25 8

control systems
Valve Actuators
1. Electric 16 14 10-20-30 5 25 18
2. Hydraulic 15 15 20 5 24 8
3. Pneumatic 18 20 20 10 25 26
4. Self-contained 14 10 5-20 5 24 9
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