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Figure TS.1.6 | lllustrative paths of energy from source to service. All connected lines indicate
possible energy pathways. The energy services delivered to the users can be provided with
differing amounts of end-use energy. This in turn can be provided with more or less primary energy
from different sources, and with differing emissions of CO; and other environmental impacts.
[Figure 1.16]
TN Source: IPCC2011 Report
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Figure 1.1 = World primary energy demand by fuel in the GAS Scenario
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Figure 1.6 | Global CO2 emissions from fossil fuel burning, 1850 to 2007. Gas fuel includes flaring
of natural gas. All emission estimates are expressed in Gt CO,. Data Source: (Boden and Marland,
2010).
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Owner - Architect - Engineer
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Percentage Based Fees
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Communications, Energy
Cost
Engineers Consultants
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ANSI/ASHRAE/IESNA Standard 90.1-2007
Energy Standard for Buildings Except Low-Rise Residential Buildings

ANSUASHRAETESMA Standard 90.1-2004
Apparin F)

e 4 — Administration and

enforcement :é,:’ ASHRAE STANDARD
e 5 — Building envelope i ST
« 6-HVAC Buildings Except Low-Rise
« 7 — Service Water Heating e
¢ 8 - Power S g ¥ 6 el ey P AR B Corsriiies. e ARSAE et o Srmns. B
* 9 - Lighting

* 10 — Other equipment

* Appendix G — Performance Rating
Method

1791 Tullie Circle NE, Atkanea, GA 30129
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Climate Zone Definition

- YY)
g, i g%@ Iy
: @3@%}* A

All of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star Wade Hampton
Nome Yukon-Koyukuk
North Slope

Zone 1 includes
Hawaii, Guam,

uerto Rico,
and the Virgin Islands

http://www.ekc.com. tw
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A
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TABLE5.51 Building Envelope Requirements for Climate Zone 1 (A, B)*

REEFREPERE Npnresitattiar =t ee s Residential Semiheated
Opaque Elements ! AseabhiOlimnmiaon  jAsenbly  Insuaton  Asembly  Insulation
L Maimung  Min R-Value  SMaximum Min R-Value  Maximum  Min. R-Value

Boofs

Irsulation Entirely above Deck U-0.360 R-26ci U-0.273 R-35ci U-1.240 R-0.7ci

Metal Building U-0.369 R-33 U-0.369 R-33 U-7.268 NR

Attic and Other r0.192 R-5.3 U-0.153 R-6.7 U-0.459 R-23
Wialls, Above-Grade

Mass U-3.293 NR U-0.857" R-10ei® U-3.203 NR

Metal Building U-0.642 R-23 U-0.642 R-23 U-6.700 NR

Steel- Framed U-0.705 R-23 U-0.705 R-23 U-1.998 NR

Wood- Framed and Other U-0.504 R-23 U-0.504 R-23 U-1.660 NR
Wialls, Below-Grade

Below-Grade Wall C-6.473 NR C-6.473 NR C-6.473 NR
Floors

Mass U-1.825 NR U-1.825 NR U-1.825 NR

Steel-Jist U-1.986 NR U-1.986 NR U-1.986 NR

Wood- Fraued and Other U-1.599 NR U-1.599 NR U-1.599 NR
Sabr Orr Grade Floors

Unheated F1264 NR F1264 NR F1.264 NR

Heated U-1.766  R-1.3 for 300 mm F1.766 R-13for300mm F1766  R-1.3for 300 mm
Opaque Doors

Swinging U-3.975 U-3.975 U-3.975

Norswinging U-8.233 U-8.233 U-8.233

R-value: M2-K/W= 0.17611* HR-SQFT-F/BTU
U-Factor & C-Factor: W/M2-K= 5.678260 * BTU/HR-SQFT-F
F-Factor: W/M-K= 1.729600 * BTU/HR-FT-F
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RIEE2ZASHRAERFIZEE

Assembly  Assembly Max. Assembly  Assembly Max.  Assembly  Assembly Max.

Feneelration Max. U SHGC Max. U SHGC Max. U SHGC
Vertical Glazing, 0%—40% of Wall
Nonmetal framing (all)? U6.81 U-6.81 U-6.81
Metal frami
(cutirmal oreond USSl  qmocozsal  UO% sHGCOZsal U oY SHGCNRal
Metal framing (enfrance doon)®  U-6.81 U-6.81 U-6.81
Metal framing (all other)® U-6.81 U-6.81 U-6.81
Silight with Curb, Glass, % of Roof
0%—2.0% Uan—ll.?.~i SHGCSM—O%‘ L'au—ll.?‘i SHGCan—O. 19 U.n-11.24 ST‘lGCau—NR
2.1%-5,0% U112 SHGC 019 U124 SHGO 016 Ugyp-1124 SHGC 1 -NR
Sylight with Curb, Plastic, % of Roof
096-2.0% L'au—lﬁ.?!} SHGC all—ﬂ,S-l l'au—lﬁ.?g SHGC, an—O.E? Ua]l—lﬂ.?g SI-]GCau—NR
0 19%5.0% U107 SHGC027 U 1079 SHGC ;027  Ug1079  SHGC MR
Sylight without Curb, Al % of Roof
096-2.0% Uan—T.?2 SHGC 3.]1_0'36 l_’au—T.TQ SHGC, an—O.lB L'au—T. 72 SHGCan—NR
2 1%-5.0% Va2 SHGCo-0.19 Va2 SHGC 019 Ugii2 SHGC o MR
"PThe following deBrations apply o1, = continuo s ineulation (see Section 3.2), NE = 1 (neulation) reqUiremert
Exceptionto Section A3.1.3.1 applies.

PNormetal framing includes franing meterials other than metal with or without metal reinforeing or cladding.
“Metal framing includes metal framing with or without thenmal bieak. The “all other” subcategory includes operable windows, fixed windows, and non enfrance doors.

R-value: M2-K/W=0.17611* HR-SQFT-F/BTU
U-Factor & C-Factor: W/M2-K=5.678260 * BTU/HR-SQFT-F
F-Factor: W/M-K=1.729600 * BTU/HR-FT-F
http://www.ekc.com. tw
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2 4t gl 5TV RE B AR M

Design standard for energy efficiency of public buildings
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2005-07-01 SEiE
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[
S RAE
ANERIEDE
#£4.2.1 FEHTHALSESE
SEpX X il

WS, W, AR, R, RUR, WAL, SFIFIRK. W
B GIREE, REPHIL, SEROGMR. HEARNE, #ik

FEIEHLIX A X

A, GfAST, HEW . EIL, Mk, VT, PRANEESE. UM,
FEEGBIK BIX | SR, PR, KB, AR, BB, MR Bl JRED ER.
P, mbma, W, I SRR

SN, KB B, B, AR, JERC, REL RME. AR
TR | PR A, BN, EhE. KoK, VEdE HIBE, R, U
i ML R, L SRS AR

MR MRS, RRIR. MOE. AR, IR, Juin, KW, WO,
Ml W, BEHE, B, BN, T BE. KB, WA,
YL A BB IR, EEAk. RS GREL DTN, TRBE. RIZE.
EREL M. BT, M, YLEL, MR

: TR TR TN LT TN LN UNE
ALK | SN, BETL ML B ML, Wk, WO, W Jok A |
. H :
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INEX
nX

F®4.2.2-5 HRLEMXEFEHERRABANERREIRE

P A | #mABK W (k)
B | <0.99 ASHRAE 036
ShiE (B4EIEEANE) ! <1.5
T 5 S 2 A PR <1.5
HMARY K IEPH RS SC
7P (FHRT W/ (nteK) (%, @ EE/AE)
EEE R <0.2 <6.5 —
£ 0.2 < B R L <0.3 <4.7 <0.56/0.60
e | 03 < WA <04 3.5 <vasns | ASHRAE
AL ) 0.4 < EIEEAMLE <0.5 =3.0 ._4:':0.40/0.59*___ ’
0.5 < FIsEA L <0.7 <3.0 <0.35/0.45
ETUEBES <3.5 <0.35
FE: FOMEPRRE, PR TR - T O P 7R 8 x SRR O PR B 7C SMEEBR
B, PR = TR R R
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IV SE/A(fETHBRMHEDE)

CHHEA RIAZEEEE SR Uar Roofs

ol S I L B )
aome 3m
6—8cmTH 30 ca
RSPIARD Ocm *20Ccm 3.2mrr
r""‘u r I £
P W >,-\
4 1 22 EAn i
saxw .4‘ s I S \
ol B 45 Mﬂls}ﬁkt Sia/ )
: i E AR 16T IR SRR
f.-' RC A5+ 2amex
e i (1) BT ) N0 2 me
— R A TR x\?n’;a- &
B2 FRREMK SR EEAE /8
(2) BikEaMnARacVO( /-‘:W S0LLF.
(3)LEREFH .:fl.../\f C) 284 50 LATeRggs
. e L FAK T VOC) ARmens
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G BEBER
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rz ﬁ BE N —J EKC Energy and Environmental Control, Ltd.

IR B B2/A(fE LB RMPET)

[Glass Wall Detall

[FT7FB T o Boa% R Uar T a2 | 59.2¢ Wall, Above Ground

® / Ll

— —— B RS [Eat
ot HSEAHE T G CRIERAR degr  ui-iR - fugieUi
’ (/W) |(W/ k) [(W/m K))
” 481l 1/ 23.000
f 537 0.1000 1/ 0780
g Zedd @ 0,086
i T EEERT 0.1200 1/ 0310
f 2GR G 0.086
f R 0.0500 1/ 0370
E' RS 0.086 0.6896
i T RS 0.1200 1/0310
f P Sas 1/9.000

HUS[NESS Jense 0
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[1Structure Wall Detall

PiHC I 2 BMAGE H UardT i3 1Y 24 Wall, Above Grade

£/ H

po— I med CJonngrmin | pu ean | PIEEL PR
KRR Rt AR i m)  lmkw) o W) Ur}=IJB Ugi=Ui
(W/nik)) (WA .K))
Y5 1/ 23.000
L% g 0.0003 1/ 0.094
re 0.1000 1/ 1.400
Bk | 0.0009 1/ 0.094
i 0.0023 1/ 45000
‘)J'L";w"_lﬂ R 2.4445
T 0.0023 1/ 45.000
i i ok ket 0.0009 1/ 0.094
re 0.1000 1/ 1.400
ke | 0.0003 1/ 0.094
ISR 9.000
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[OMetallic Curtain Wall Detall

DS O BE R UarfF a1 5 #¢ Wall, Above Grade # / H
| . o [REESH [t
- AR PR (|WERBA MR AR iR g
sl i (RN N winixy  Jowini K
YR 1/ 23000
. S | 00040 | 1/ 210,000
; B 0.1000 1/ 0.042
gad 0.086
! 0 2 0.0120 1/ 0310
& REL 9.000

R EEREITRD

0.3759
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ANSI/ASHRAE/IESNA Standard 90.1-2007
Energy Standard for Buildings Except Low-Rise Residential Buildings

ANSUASHRAETESNA Standard 90.1-2004
Apparin F)

e 4 — Administration and

enforcement (X)) ASHRAE STANDARD
e 5 — Building envelope i ST
« 6-HVAC Buildings Except Low-Rise
« 7 — Service Water Heating pacrenca Bukdogs
¢ 8 - Power Bow g # s gl Bed By P AL S e, T ARAE Banist o e, B
* 9 - Lighting S ————

e 10 — Other equipment

* Appendix G — Performance Rating
Method

American Society of Heating, Refrigerating
and . Ine.

Y791 Tullie Clrvie NE, Atianta, GA 30129

e arhras org
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Lighting System
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Reduce Lighting Power Density

TABLE9.5.1 Lighting Power Densities

Using the Building Area Method

Building Area Type® {‘ﬁe,
Automotive facility 10
Convention center 13
Couwrthouse 13
Dining: bar lounge/leisune 14
Dining: cafeteria/fast food 15
Dining: family 17
Dormmtory 11
Exercise center 11
Gynmasium 12
Health care clinic 11
Hospital 13
Hotel 11
Library 14
Marnufactuming facility 14
Motel 11
Motion picture theater 13

Multifamily

Museum 12
Office 11

B R R B HaKing BuSiness Jense

http://www.ekc.com. tw

arbon 1rus

r*) ﬁ E':E" ﬁE (}ﬁ? fﬁ E:i ﬁ BE ‘/[:\\ EJ EKC Energy and Environmental Control, Ltd.

,&' J
Interior Lighting Power Densities of Baseline Building
-Usina the Space-by-Space Method
TABLE 9.6.1 Lighting Power Densities Using the Space-by-Space Method
Common Space Types® LP':Z].’!]__-,\\"I Building-Specific Space Types LPEI‘QWI

Office—Enclosed 12 Gymnasium/Exercise Center
Office—Open Plan 12 Playing Area 15
Conference/Meeting/Multipurpose 14 Exercise Area 10
Classroony/Lecture/ Training 15  |Courthouse/Police Station/Penitentiay

For Penitentiany 14 Cowrtroom 20
Lobby 14 Confinement Cells 10

For Hotel 12 Judges’ Chambers 14

For Pafonming Aits Theater 36 Fire Stations

For Motion Picture Theater 12 Engine Room 9

Manufactining

Lighting Control of Baseline
Building:

No automatic lighting controls

(e.g., programmable controls or
automatic controls for daylight

utilization)

Low Bay (<25 ft Floor to Ceiling Height)
High Bay (>25 ft Floor to Ceiling Height)

Detailed Manufacturing
Equipment Room
Contiol Room

http://www. ekc. com. tw
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Energy Saving Credit by Lighting Control

TABLE G3.2 Power Adjustment Percentages for
Automatic Lighting Controls

Automatic Control Device(® 0 24Band 4y gy
<460 m
1. Programmable timing contiol 10% 0%
2. Occupancy sensor 15% 10%
3. Occupancy sensor and pro- 15% 10%

grammable timing contiol
Note: The 460 m” condition peitains to the total conditioned floor avea of the building.

http://www.ekc.com. tw
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(8

Daylighting+Artificial Lighting

[l 5-40 L {FHEH ] i di A i 7125 1 wmied Museum of Applied Arts)
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PRERIERER

LIGHT SOURCE EFFICACY SOURCE
(lumens/watt)
Sun (altitude = 7.5 degrees) 90 Im/w (a)
Sun (altitude > 25 degrees) 117 Im/w (a)
Sun (suggested mean altitude) 100 Im/w (a)
Sky T s @
: Sky (average) 125 Im/w (@)
{ Gl (aversge of sy andsun) | WSl £ (@
Incandescent (150 w) 16-40 Im/w (b)
Fluorescent (40 w, CWX) 50-80 Im/w (b)
High Pressure Sodium 40-140 Im/w (b)

http://www.ekc.com. tw
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Daylighting

Source: SRR T BT SG
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Power Sysetm
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POWER

« 8.4 Mandatory Provisions

— 8.4.1 Voltage Drop
* 8.4.1.1 Feeders. Feeder conductors shall be sized
for a maximum voltage drop of 2% at design load.
— 8.4.1.2 Branch Circuits. Branch circuit
conductors shall be sized for a maximum
voltage drop of 3% at design load.

http://www.ekc.com. tw
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Other Equipment
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Motor Effciency of Baseline Building

TABLE 10.8 Minimum Nominal Efficiency for General Puipose Design A and Design B Motors®

Minimum Nominal Full-Load Efficiency (%)

Open Motors Enclozed Motors
Number of Poles = 2 4 6 2 4 6
Synehronous Speed (RPM) = 3600 1800 1200 3600 1800 1200
Motor Kilowatts
0.8 kW — 8.5 80.0 75.5 825 80.0
1.1 kW 825 8.0 840 825 84.0 855
1.5 kW 84.0 84.0 85.5 84.0 84.0 86.5
22 KkW 840 86.5 865 8.5 875 875
3.7TEW 855 87.5 875 875 87.5 87.5
56 kW 875 885 885 885 895 895
T5EW 885 80.5 90.2 805 89.5 89.5
11.1 kW 8595 91.0 90.2 90.2 910 902
14.9 kW 90.2 91.0 91.0 90.2 91.0 90.2
18.7 kW 91.0 91.7 91.7 91.0 924 917
22 4 KW 91.0 9824 924 91.0 924 917
29.8 kW 91.7 93.0 93.0 91.7 93.0 93.0
373 KW 92.4 93.0 93.0 92.4 93.0 93.0
44.8 kW 93.0 93.6 93.6 93.0 936 936
56.0 kW 93.0 9.1 93.6 93.0 941 936
T4.6 kW 93.0 9.1 94.1 93.6 .5 941
933 kW 93.6 M5 94.1 M5 Y5 941
11L9kW 93.6 95.0 9.5 M5 95.0 95.0
149.2 kW 94.5 95.0 94.5 95.0 95.0 95.0
A Nominal effi shall be with NEMA Standod MG1. Design A ond Design B ane Nationnl Electric ion (INEMA) dest

desigrotions for fixed fmm annll and mediam AC squine] coge induction motors,

BEEES NS EELE

i 2 # I
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Motor Effciency Comparison

—— X F(EPACT)

—— XE(PREMIUM)
—ak— ERR(EFF2)
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—N— &8(—R)
/ —O— BE(EUE)
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2 7.5 15 25
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55 (HP)

100
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Samplo Chiller Efficioncy as a Function of Leaving Chillod Water Tompe rature
(with Chilled Water Differantial Temperature held Constant)

Leaving Waler Temperature (deg F)

Figure 3.5a Sample chiller efficiency as a function of leaving chilled-water
temperature, units of kW/ton (with all other parameters held
essentially constant).
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Sample Chiller Efficiency as a Function of Leaving Chilled Water Temperature
(with Chilled Water Differential Temperature held Constant)
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Figure 3.5b Sample chiller efficiency as a function of leaving chilled-water

temperature, units of COP (with all other parameters held
essentially constant).
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Sample Chiller Efficiency as & Function of Condenser Water Differential Tempe rature
(with Entaring Condenser Water held Constant)
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Figure 3.7 Sample chiller efficiency as a function of condenser-water
differential temperature (with other parameters held essentially
constant).
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Part-Load Centrifugal Chiller Efficiency Comparison -
with and without Variable Frequency Drive
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Figure 3.8 Sample part-load centrifugal chiller efficiency with and without
VFD.
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Piping Cost - $225,975.00
Equivalent length of Pipe — 2751 ft.
2751/100=27.51 x 3’tdh = 82.53’tdh
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Piping Cost - $128,960.00
Equivalentlength of Pipe — 1723 ft.
1723/100=17.23 x 3'tdh = 51.69'tdh
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Figure 1-2. Data Center Energy Benchmarking Results for 24 sites
(Total Data Center Energy = 1T Equipment Energy)
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