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Disclaimer

central plant, the Amini Center was

removed from the central cooling plant and
provided Iits own independent primary

chilled water loop. This redesigned system |
serves as the baseline of comparison for -
my thesis depth redesign. For the .
remainder of this presentation, the - —
“Existing System” refers to the Amini .
Center’s independent cooling plant.




Building Information

# » | ocation: Durante, California (L.A. Suburb)
&1« Size: 3-Stories, 59,800 sf New
% Construction
5 . Occupancy: Clinic, Lab, Office, Moderate
8 Hazard Storage
e Design-Bid-Build
== « Construction Dates: 06.11.07 — 01.22.09
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Building Load Profile

A b’

Design Day Cooling Load Profile

Cooling Capacity (Tons)
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Existing Mechanical Systems

e (2) Primary Pumps in Mech. room
kY - Rooftop AHUs & Scattered FCUs
« CV and VAV terminals

=« PRVs step down HPS to LPS

==
¥« HX makes HW for building coils
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Existing CHW System Flow Diagram

$ - 185 Ton Chillers
%+ 7.5 HP Primary

' Pumos pppppppppp
« 2-way control valve {}Eéﬁ
& » 5" CHW piping g

EXISTING SYSTEM FLOW DIAGRAM

e 42 deg. F CHWS
e Loop Fluid = Water
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EXxisting Primary Loop
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Annual Energy Consumption

h

MONTHLY ENERGY CONSUMPTION
By META Enginesrs

——— Month'y Energy Consumplion ——

Utfty Jan Feb Mar Bor My June July Aug Sept Cict Mow Dec Tetal
Alternative: 1 Baseline AC Chiller
Electric
On-Fk Cons. (kW) ] a a a a 55,053 a ] a 228,264 =
Off-Fk Cons. (kW) BE.416 53,535 55 £56 TIEES T2AE2 74472 TIA4E 57.510 7308 857,999 F
MIG-Fk Cons. (kW) 58524 53,557 102,555 A1 105,508 BT 108,255 56,754 55,520 1,000,122
Or-PE Demand (KA ] a a a a = a ] a 525
PR Demang (R 408 430 4z 415 443 07 a3 437 41z 510
Mi-FE Demang (k) 444 450 420 FH FEH 523 3 472 453 g3
Purchased Steam
On-PE Cons. (Herms) ] a a a a 7 1 a7 40 a ] a 175
O#-PE Cors. (Herms) 155 105 TE 50 x F:] =] Fr3 % 28 53 141 725
MK-PE Cons. (thermes) E] 105 118 L) 100 51 45 54 4 10 104 13 1,068
On-PE Demarc (thermshr 2 a a a a 1 1 1 1 a 2 a
Oft-Pr Demand {thermsr) 2 2 1 1 1 1 1 1 1 1 1 2 F
Mid-Pk Demand (thermsr) 1 1 1 1 1 1 1 1 1 1 1 1 1
Energy Consumption Environmental Impact Analys's
Building 138,128 StwifI-yaar) 02 P Dty Avalable
Source £11,184 Shaif2-year) S02 o Data Avalable
NOX Mo Dats Avala

Floor Area £3,101 2

Froject Hame: TRACE® 700 vE.2 cakulaisd &t 1208 AM on 04222005
Datazet Hame: CHCDETRACET DT ProjectsiZ O Easelnednc Albermafve - 1 Maonthly Energy Consumption report Page 1 of 1




Utility Rate

A b

Amini Center Input Rate Structure | Utingy Schaduls
[ Utility | Customer Charge | Time Hour | Summer Wiirer
lectric Demand 12:00 - 1:00 1
On Peak (Oct. - May) - - - -
Mid Pesk (Oct. - May) 10.36 SIKW 1a0-200 | 2
Off Peak (Oct. - May) . 10.36 KW zo0-300 | 3 " o
27569 Simonth
On Peak {Jun. - Sept.) men 25.84 SIKW Tm0.400 | = = 3
Mid Peak (Jun. - Sept.) 156 KW : : _ & o
Off Peak (Jun. - Sept.) 10,38 SKW 400 - 240 3 i 13
Electric Conzumption - 5000 - 20D & o o
: On Peak {Oct. - May) - - - a &30 - 7200 T =
Off Peak {Oct. - May) - 0.135 3/kwh — - E
Mid Peak (Oct. - May) - 0.174 Sikwh % 7oo-g0C ) &
On Peak {Jun. - Sept.) - 0.1599 3/kwh &000 - 20k 9 w
Off Peak {Jun. - Sept.) - 0172 3/kwh \ [ 5
Mid Peak {Jun. - Sept) - 0.135 Slkwh SO0-70:0a | 1a o
* Rates are based on SCE rate schedule e 10:00-11:00 | 1t %
- 11:00- 1200 | 12
X - 1200-1:00 | 13
aip 100-200 | 14 i
i) w
e = T - Z00-300 | s
o st il : 2 &
“a . Z00-400 | 18 o =
of o 400-500 | 47
i - — - -
o= £ B - S00-600 | 18
o 700 - 7210 19
S, e 700-E00 | 20 =
e g00-%00 | E
oogn - 10:0d | 22 = -
10:00-11:00 | 23 Eﬁ
=
i1:00-12:00 | 24 || OFFPEAK
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MONTHLY UTILITY COSTS

By META Enginesrs

—— Monthly U5ty Costs ——

Froject Hame:

Dzt Mame: CHCDETRACETITProjsctsCOH Easeine.dnc

Utsty Jan Feb Mar Ao May June July Aug Sept Ozt Mow Dec Tota
Alternative 1
Electric
on-Fk Cons. (5 e e e e e 12,424 12,208 14,033 11,854 o e e EILTEZ
Of-Fi Cons. 8200 8120 241 100388 10,321 2347 11,450 10,355 10,540 10,500 aEEs 10,440 121,805
\id-Fi Cons. 15,785 14,855 15,332 15,353 15,730 10,215 BE07 11,585 BEET 19,338 17158 15,435 17T,
an-Fk Demand a ] a ] a 13088 14,121 14,085 13,845 a a a 5154
Of-Fk Demand 4307 4343 4335 4407 4574 4350 5380 5243 5138 4213 4438 4385 5524
MId-FE Demand 402 4788 4782 4348 5021 753 B0ET 5182 7528 5318 4881 453 70538
Tofal (51 M.ET0 33385 373 3320 3522 57,531 50,551 E3.455 EE014 40,142 35440 =11 533,070
Month'y Total (51 34,670 33,365 37,137 35,320 3B,522 57,531 50,851 3455 EE014 40,142 35440 3111 533,070
Building Area = 53,101 £
Utility Cost Per Area = 10004 Sift

TRACE® 700 vE 2 cakulat=d at 12108 AM on 021222009
konthly Uty Costs report Fage 1ol 1

3




Primary Loop First Cost

Basaline First Cosis
Product Tolsl Unite Guantity CostUnit Swb-Tolal
Chilllier incl. Labor =+ O&P {135 Ton] $113,500.00
CHW Plping - 5" Incl. Labar + Q&P [ Sr0.00
CHW 90 deq Fiings - 5™ Incl. Labar + 082 ¥370.00
CHW 45 deq Flings - 57 Incl. Labar < &R ¥455.00
L JCHW Tee Filtings - 57 Incl. Labor = &P 3555.00
8 JCHW Fiping Insulabion - 2° on 37d Indl. Labor + OD&F [ $14.00
' alwak Incd. Labor + Q&P 54.800.07
Contngl Walkee Incl. Labor + O&P 31.225.00
Ibratlon'Selsmic Restraints Incl. Labar + O&R 54.,000.00
CHW Pump - 300 gpm @ 7.5 Hp Incl. Labor + O&P 52.950.00
race Wiring Incl. Lakar + O&2 H52.50

DO Conbrols 512,000.00

o JEleCTrcEl - CHWP Hook-up 31.750.00
g [Eleciical - Chiller Hook-Up $2.500.00

| IFip= Tesing - S00-T000 LF 51.750.00
fialer Balancing [PUMpS) 51.700.00
fTater Chemical Treatment 55.000.00

0.75%

Todal:
Escalation: 15% 3402232 |




Mechanical Redesign Objectives &
Analyses

I.- '_m.-l w —
o R

B » Reduce annual energy cost
B * Maintain reasonable first cost
# » Reduce chiller demand load

. Design Ice Storage System
» Shift Load to off peak hours
1+ Cheaper Utility Rates
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Mechanical Redesign

W ¢ |ce Storage System
» |ce making chillers & storage tanks
£+ Primary Pumps
% * 25% Ethylene Glycol f
e . (2) 3-way modulating valves
¢ » Internal melt ice-on-coil system

™ . Control Sequencing
L
- — Full Storage
— Load Leveling Partial Storage
— Demand Limiting Partial Storage
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~ Ice Storage Flow Diagram
' 3
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d | LB
Full lce Storage System 1

e Entire o'n-peak capacity shifted to off-peak hours
% ¢« Large chillers and storage capacity

_ Full Storage
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4

COH Full Slorage Scenarlo
Hour Clg [Tongj Cooling Moge Summer Winber
1 247 Sallsfy Load & Charge
2 236 .
3 228 " » e
— : |
e . s e
E 220 - o o
. 23.5 .
g 138.5 Salisfy Load
g 131.1 . e
T 1261 - §
11 156.4 . &
12 1525 . =
13 1803 Discnanging
14 156.7 . ¥
15 1734 - x g
18 175.1 . E %
17 174.0 .
18 156.3 .
1 1252 .
20 299 Zallsty Load & Chargs E
] 255 . g
22 25.9 . = .
23 256 . o E
24 258 . FEPEAK
Or-Peai Tan-hr = 1,016.4

Mon-Paak Ton-hr = 1,159.6
Tolal Ton-hr = 2176.0
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Full lce Storage System

185 Tn Chillers

« 38 deg. F CHWS
e Loop Fluid =25%
Ethylene Glycol

e 5 HP Primary Pumps . | iy sl =
e (2) 594 Ton-hour Tanks . = *Wﬂ
* (2) 3-way modulating £ ;szm;fcj\ﬂ_w :
: control valves — ol
g« 232 gpm L3 =
e 5" CHW piping I o
s

MECH. RM. LAYOUT — ICE STORAGE SYSTEM




Annual Energy Consumption

.

MONTHLY ENERGY CONSUMPTION
By META Engineers

—-— Month'y Energy Consumption ——

Uty Jan Feh Mar Agr May June July Aug Sept Ot Mo Dec Tetal
Alternative: 3 Thermal Storage - Full Load Storage
Electric
On-Fk Cons. (KWh) a a a 41,558 =08z 43812 ITETT a a 161,357
Off-FEk Cons. (kW) 3,771 71433 w313 TT35E %5 112 1,057 2781 &7 807 TTEET 588,788 -
MId-FE Cons. (KWh) 51,354 7EAH Erlnd o] E0.574 71537 55,381 23,014 85208 538,158 4
On-Pi Demand (KA a a a T el s et a a a a3
Crt-P Demand (KA 405 430 443 4T 513 510 ) i Fr] 412 513
Mid-PE Demand (KA A4 433 453 =7 513 24 512 27 40 43 524
Purchased Steam
On-PE Cors. (therms) a a a a a i 4 a7 40 a a a 175
O#-Pk Cors. (therms) 122 105 T8 = = ] = Fr] = ] &3 141 745
Mi-PE Cors. [therms) 135 105 18 EYS 100 =1 4 =] 4 1] 104 113 1,088
On-PE Demand (hemssr) a a a a a 1 1 1 1 a a a
Ot-PE Demara (hemssr 2 2 1 1 1 1 1 1 1 1 1 2 2
Mid-PE Demana (hermssr) 1 1 1 1 1 1 1 1 1 1 1 1 1
Energy Consumption Environmental Impact Analysis
Building 137,967 Ehwiiiz-year) 02 P Dusts Awalable
Source 407,707 Bhw(HI-year) S02 Mg Data Avalable
MNOX Pig Data Avalable
Floor Area EEREL

TRACE® 700 vE 2 calculaie=d at 11:45 FM on 0411372003

Froject Hame: Oy of Hope Aminl Medical Canber
Altemadive - 3 Moninly Energy Consumpbion report Page 3 of 4

Dizzet Hame: CHCDETRACET DO Projects' T 0s_Cold Alr DIsZ frc




Utility Rate

"“
Amini Center Input Rate Structure | Utinty Schadule
| Utility |  CustomerCharge | | Time Hour | Summes Wirier
. §Electric Demand 12:00 - 1:00 i
On Peak (Cct. - May) - - - -
Mid Peak (Oct. - May) 0 SACW 1200 - 2000 2
Off Peak {Oct. - May) 256,19 r th 10.36 W 2700 - 220D 3 g g
On Peak {Jun. - Sept ) ' Simen 0 KW 300-400 | 4 ] &
Mid Peak [Jun. - Sept) 0 SIKW — - % S
Off Peak (Jun. - Sept ) 10,35 SKW 400-50C | 3 T i
Eectriu: Consumption - 5000 - 20D & o o
On Peak (Oct. - May) - - - . &00 - 700 7 3
Off Peak (Oct. - May) - 0.139 Skwh — -
Mid Peak (Oct. - May) - 0.174 S&kwh % 7O0-EOC | &
On Peak (Jun. - Sept.) - 0.193 Skwh &000 - B0l a w
Off Peak {Jun. - Sept.) - 0.172 Skwh \ o0 - 10:00 10 5
Mid Peak (Jun. - Sept. - 0.135 Sikwh — - o
* Rates are based on SCE rate schedule with CPP incentive - 10:00-11:00 | 11 %
BT JE—
= 11:00 - 12:00 12
gl - 12:00- 100 | 12
« Utility Rate Incentives o210 |
r—— =
o e T e o 0 : 2700 - 2200 15 = E
!" Fo o - e 3000 - 4200 18 o =
i =i L TS ol - -
s O 400-500 | 17
Y e ,:J,h :“— 3 = ; 4 _‘ - '_—"‘—._J = 5700 - 620D 18
— & E00-700 | 12
R 700- 600 | 20 =
— BO0-0:00 | 2 5
&od0 - 10:00 22 = .
10:00- 1100 | 23 Eﬁ
vl
11:00-12:00 | 24 JFF-2PEAK




L]

~ Full Storage Annual Energy Cost
| %

Pt

———  Monthly Utility Costs

X.

Lility Jan Feb bar Apr May June July Aug Sept ot Mo Cec Toral
Alternative 3
Electric
PR Cons. (5] I I I I I 8,534 7,836 8,384 7,821 I I I 35,224
Crtt-PE Cons. (5] 10,528 10,200 10,888 11,733 12,078 10,812 13,271 12,585 12,813 12,452 11,087 11,388 138,371 -
Mi3-PE Coms. (5] 14,852 13,358 16,333 14,502 16,405 11,353 10,851 12,533 10,228 16,473 15,251 14,005 185,383 !
3 C#-Fx Demand (3] 4,207 4,35 4,328 4,813 4,585 4313 E31E £,285 5,170 &83 4,834 4,287 Eg,101
i) Miz-Fx Demand (5] a a a a a a a a a a a a a 3
Total {£) 25,8481 28,168 31,871 31,004 33,3285 35,515 37,075 39,387 35,852 34,018 31,048 25,875 395,579
-.‘ ‘
Waonthly Totwal (3] 23,441 28,185 31,571 31,004 33,325 3508 37,078 38,387 35,852 34,018 31,028 23,87S 335,578 -;%

Building Area = 83101 f#
IMility Cost Per Area= 747 BR°




Full Storage Primary Loop First Cost

Full Siorage Firet Costa
Product Tolal Unlie Gusntily CostfUnit Swb-Tolal
LIRET IMECL L30ar + Lk | an;j : . 13,20
CHW Piping - 5" Incl. Labar + O&P T2 _F L 0000 §50,4708

CHW 90 deg Frillmgs - 57 Incl. Labar + D& 1 E& a7 3370.00 5173000
CHW 4% deg Fiiings - &7 Incl. Labor + &2 1 E& 1 345500 LR
CHW Tee Filtings - 57 Incl. Labor = &P 1 E& 13 3655.00 58,51

CHW Piping Insulation - 2 on 5 d Incl_ Labor + C&P 72 F - $14.00 $10,05

f/aves Incl_ Labor + O&F 1 LS - $€.000.00 ss.ucj

Kcorral valee Incl. Labor + Q&F 1 E& . 51,385.00 a7

PibrasioniSeismic Restraints Incl Labar + Q&P 1 LS - $4,500.00 54,5008

fcHW Pump - 232 gpm @ 5.0 Hp Inci. Labor + O&P 1 E& 2 $3,325.00 $7.5500 ;
|

I'[:-:-: Conirois 1 LS - $15.00000( 51 E.I:IIII .

51,750.00 53,5008

] B JElecirical - CHWP Hook-up 1 E&

SR

0 [Electical - Chiller Hook-up 1 EA §2 500.00 55,0008
= |Excevation and Hauing 413 C - 520.1B 53,341

E ’i Gravel Fill Incl. Labor + O&F 744 SF - $0.45 53
IT-':rTm:-'i. SOG Incl. Labor = O&P 110 LF - $4.35 .;.3;
IrFormwars Wals Incl. Labar + D&P 1560 SFCA - 56,55 510,37
kconorete S0G Inel. Labar + 08P 744 g - 53.41 §2.537)
Kconcrete Wals Incl. Labar + Q&P 33 ¥ - §25.50 51,0050
[5tesl Beam Incl Labor + D29 28 LF - §51.00 §1.4204
 |5tesl Grating Incl. Labor = &P 744 SF - $15.00 $11,16
IEerg.- 2ne Gyco 2040 ZAL - $10.05 s::.s:q
Jice Storage Urlts 1 E& §74,500.00 | 51430004
| |
IFipe Teztng - 500-1000 LF 1 E& 1 51,750.00 51,7504
[viater Salancing (Pumps) 1 EA $1,700.00 $3.4008

Iq_"u:nr'u'r EEIonIng 1 = 1 k5 Ed,a-d.-.dfl

Tosal: F504.003
671,603

3

3

Escalation: 15%




Load Leveling Partial Ice Storage
System

Partlal on-peak capacity shifted to non-peak hours
Design Day: chiller Operates at full capacity 24-7
Bldg. Load < Chiller capacity — chiller stores excess capacity

Brlldl? Load > Chiller capacity — storage capacity discharges to supplement
chiller

£ . Small chillers and storage capacity
~ o~ ..
Partial Storage-Load Lwe]mg

h: i '-:hnlugmﬂ ﬁﬁ-ﬁ.

i '-'iim;tr.rmm




Load Leveling Partial Ice Storage
S¥§tem

COH Load Leveling Scenaris

Hiur

Clg {Tans)

Coaling Mooe

Eummer

Winbar

247

Salisfy Load & Charge

236

223

JEO) Y T

220

2135

220

235

1362

Satsify Load & Discharge

OFF-PEAK

DFF-PEAK

131.1

1£E.1

156.4

16235

ML PEAK

13 160.3 -
14 1867 - E
15 1734 - x E

a = =
1€ 1751 g g
17 174.0 -

1663

15 1252 *
20 289 Salisfy Load & Charge -
[=V)
21 28.5 . .
z &
2z 26.9 * = v
23 256 . =
' o g

258

OFF-FEAK

r-Feai Ton-hr=
Mor-Paai Tor-hr =
Taotal Ton-hr =

1,016.4
1,139.6
2AT6.D




~ Load Leveling Partial Ice Storage

D AR Sizin
¥ % 9

.FI.ES-LII'I"FUIZH'IEZ
Total Coolng Load = Total Chilier Capachy (1) {No heat or pumg los5es)

Tomal Chilker E-'apﬂl:"j' - H.d-“Cm'l' -IEEHI':W“'F + Hm‘:n::n |,2]

Hepeg nours charging slorage
Coteg capaciy whan charging starage
Hacorg hours drect coollng uring an-p2ak perod
- capaciy whan cooling during an-peak pericd
Hocomp nours direct cosling during aft-paak perlod
Coceny capacty whan cooling during off-peak pericd \ |
Quick Chiller Sizing Equation (Combine (1) and (2)) .\ b :
fcoH Mominal Chiller Capacity (3) = 117 Tane |
Mominal Chiller Stze = Total Coollng Load | [H g SRy + HocosCRecons = Hocop CRocow) (3) I Hav 12 =1
g 0.7 Assumed :-%
= H & -
Here hours charging siorage j Moo
CRypy capachy ratio when charging slorage CRocos 0.85 Assumed
Hpearg &
H H
P hours drect coollng uring an-p2ak perod CRooms 185 Assumed
CRpoes capachy ratio when cosling durng on-peak pariad
Hacemy. hours dlrect caoling suring off-peak perod Quick Storage Size
CRocom capaciy ratio when cozling duing off-peak pariod
Sa0rage Capacty = Total Cooling ad - (TCpemy, + Thecem + THucag) 4]
Full S%orage Syssem HeorsCPipoem = [ I TCinzene 1ofal capacity when direct conling during on-p=ak [Tan-hre)
0 ooy {utal capadity when drect cocling during off-p2ak (Tan-rrs)
~oH mptions: TCazerr {on-hours direct cooling while simultaneously charging [Tan-hrE)

Supply 36 deg. solution to load
Chilier Uipstream tanks provides 22 deg solution during lce making [ioreas cepaniy = w2s Tonrs ]




Load Leveling Partial Ice Storage
System

125 Tn Chillers

e 38 deg. F CHWS

e Loop Fluid = 25%
Ethylene Glycol ' )

e 5 HP Primary Pumps . i el =
« (1) 761 Ton-hour Tank . i@, _____ *’“ﬂ
* (2) 3-way modulating £ % ;ng:::s;f\(j\ﬂ_m :
: control valves — ey
g« 157 gpm L3 =
* 4" CHW piping I ==
B




Annual Energy Consumption

A b

MONTHLY ENERGY CONSUMPTION
By META Engineers

——— Month'y Energy Consumgption ——

Uity Jan Feb Mar Agr May Jung July Aug Sept Dot Mow Dec Toal
Alternative: 2 Thermal Storage - Load Leveling
Electric
a a a b A= 53384 &0,857 521314 a a a 224,302 -
57588 5LTIE BEETE T1EIT 71024 55347 BT THESE TTAST 7358 B T2OIT B57,853 4
MId-FE Cons. (KW LR 81,385 100033 83888 102EOT 5148 57,014 5848 55024 1064TD 33,531 84,571 583,472
On-P Demand (KA a a a a a 453 454 451 450 a a 454
and (KA 354 408 05 413 430 433 451 7 a7 440 415 451
Mid-PE Demand (KA 433 433 440 442 Fri 445 Eti) 434 453 434 443 4g8
Purchased Steam
On-FE Cons. [Hermes) a a a a a i 4 a7 40 a a a 175
Of-FE Cons. [Herms) 159 105 T8 =0 ] ] M Fr] = = &3 1 745
Mig-Fk Cons. [Hierms) 135 105 18 X 100 51 F =4 43 1 104 13 1,068
Or-Pr Demard (thermsihr) a a a a a 1 1 1 1 a a a
Of-Fi Demand (thermsing 2 2 1 1 1 1 1 1 1 1 1 2 2
Mid-Fk Demand (thermsinr 1 1 1 1 1 1 1 1 1 1 1 1 1
Energy Consumption Environmental Impact Analyss
Building 135,508 StwiHl-year) 02 P Dats Avalable
Source 403,324 BhwiHI-yvear) s02 Pig Data Avalable
MOX Pig Data Avalable

Floor Area £3,101 %2

Froject Hame: &y of Hope Aminl Medical Cenfer TRACE® 700 vE.2 cakculyizd at 1145 FM on D&/132009

Datazet Name: CHCDETRACETIDProjectsiC CH_Cold Alr DisZ frc Altermafive - 2 Mondhly Energy Consumption report Pape 2 of 4




Utility Rate

"“
Amini Center Input Rate Structure | Utinty Schadule
| Utility |  CustomerCharge | | Time Hour | Summes Wirier
. §Electric Demand 12:00 - 1:00 i
On Peak (Cct. - May) - - - -
Mid Peak (Oct. - May) 0 SACW 1200 - 2000 2
Off Peak {Oct. - May) 256,19 r th 10.36 W 2700 - 220D 3 g g
On Peak {Jun. - Sept ) ' Simen 0 KW 300-400 | 4 ] &
Mid Peak [Jun. - Sept) 0 SIKW — - % S
Off Peak (Jun. - Sept ) 10,35 SKW 400-50C | 3 T i
Eectriu: Consumption - 5000 - 20D & o o
On Peak (Oct. - May) - - - . &00 - 700 7 3
Off Peak (Oct. - May) - 0.139 Skwh — -
Mid Peak (Oct. - May) - 0.174 S&kwh % 7O0-EOC | &
On Peak (Jun. - Sept.) - 0.193 Skwh &000 - B0l a w
Off Peak {Jun. - Sept.) - 0.172 Skwh \ o0 - 10:00 10 5
Mid Peak (Jun. - Sept. - 0.135 Sikwh — - o
* Rates are based on SCE rate schedule with CPP incentive - 10:00-11:00 | 11 %
BT JE—
= 11:00 - 12:00 12
gl - 12:00- 100 | 12
« Utility Rate Incentives o210 |
r—— =
o e T e o 0 : 2700 - 2200 15 = E
!" Fo o - e 3000 - 4200 18 o =
i =i L TS ol - -
s O 400-500 | 17
Y e ,:J,h :“— 3 = ; 4 _‘ - '_—"‘—._J = 5700 - 620D 18
— & E00-700 | 12
R 700- 600 | 20 =
— BO0-0:00 | 2 5
&od0 - 10:00 22 = .
10:00- 1100 | 23 Eﬁ
vl
11:00-12:00 | 24 JFF-2PEAK




2. F

_oad Leveling Partial Ice Storage
| Annual Egergy Cost

2

Electric

an-Pk Cons. (5] 256 25 258 226 226 11,622 10,857 132,387 10,757 226 226 2ZE 47,78E E
Of-PE Cons. (5] 5,EE2 2,587 5,358 10,227 10,144 5,988 11,740 11,074 10,748 40,325 5,541 10,284 424,322
MId-FE Cans. (5] 15,377 14,451 17,70 15,855 18,204 10,406 10,040 11,522 5,870 18,826 1,537 15,006 173,536 :
Cit-PR Demans (5] 4,079 4,222 4,158 4,283 4,456 4,538 4,673 4,627 4,631 4,55E 4,304 4,138 52,705
Mid-FE Demard (5} ] ] ] ] o ] ] ] ] o ] ] o
Tokal (51: 28,374 27,516 31,556 I0,EE 33,060 35, 7ES 37,344 35,640 36,046 33,566 0,738 18,685 IWE,TIE >
Monithly Todal (3] 28,374 7 EE 31,555 30,551 33,060 2z 7ed 37,344 ITEID 3E,04E 33,266 0,738 23,585 355,718

Hulding Area = 83,101 f°
UtSty Cost Perfrea= 745 556

-




Load Leveling Partial Ice Storage
Primary Loop First Cost

Load Levallng Partlal Storage First Cosls
Product Tolsl Unliz  Guanirby

oA ncl. Lanor = LaH | anj [ 1
CHW Piping - 4" Inci. Labor + D&P 633 _F 1 $46.50 533,611
CHW 00 deg Fiitings - 4™ incl. Labor + 08P 1 EA 3 5240.00 5,120
CHW 4E deg Flitings - 4™ incl. Labar + C&P 1 EA 1 5276.00 $375
CHW Tee FItings - £ Incl. Labor = O&P 1 EA o 3360.00 52,240
CHW Piping Insdlabon - 2 on 4°d Incl Labor + O&P CEE) F - £12.00 55,009
| [ValveE I Labor + O&F 1 L5 1 3520000 | 5,200
= JConirol Vake Ingl_ Labar + O&F 1 EA 2 3138500 | 52770
— Wibston'Selsmic Restranls Incl. Labor + DAF 1 L5 - 3450000 | 54,500
~ JcHW Pump - 157 gom @ 5.0 Hp Ingl_ Labor + O&F 1 EA 2 5370000 | s7.0of g 3
DOC Controis 1 L5 1 $15,00000 | $15.000

31.750.00 33,500
32,500.00 53,000

~__ [EEsica - CHWR Hook-up 1 ER
.| [Electncal - Crimer Hook-up 1 EA
|
| [Excevation and Hauing 269 cY 1 520.1E §5,476
Gravel Fll Ingl. Labor + O&F 484 SF - $0.45 5213
§ |Formwors S0 Indl. Labor = C&F 91 F - 5435 £305
Formwark Wals incl. Labar + &P 1275 SFCA - SEEE 58 479
fConcete SCG ol Labor = C&P 484 SF - 5341 51,650
fconcrede Wals Incl Labor + 0&P 3E CY - 525 50 5921

[ ]

f5teel B=am Incl. Labar + &P 2F _F - 551.00 51,423

s [5t=ei Grating Incl. Laber = CaP 454 oF - £15.00 57,260

[Efylerz Gyl 13386 | GAL - T1005 T13,263

g Jice Storage Unitz 1 EA - $54.00000 | $34,000
|

fPip= Tesing - 500-1000 LF 1 EA - 3175000 | 51,750

fviater Salancing (Pumps) 1 EA 2 §1,700.00 | 53,400

|:l:|r"|'r ssloning 1 TG i 1.75% 298514

401,003
Ma1.124

Todal:
13%

Escalation:



Demand Limiting Partial Ice Storage
System

Partial on-peak capacity shifted to non-peak hours

B Similar to load leveling w/ on-peak exception

e Chiller capacity reduced to 45% during on-peak hours
Mlddle of road chillers and storage capacﬂy

= il e

Partial Smrage-]}emand Limiting




Demand Limiting Partial Ice Storage
System

COH Demand LImEng Scenario
Hour Cig {Tons) Cooling Mode Summer Viirter
1 247 Satlsfy Load & Charge
2 36 -
3 2R - % w
4 730 - Q &
5 1.5 - L i
& 220 " o o
7 235 -
g 133.5 Satisty Load & Discharge
g 131.1 - w
10 1431 - g
11 155.4 - ch
12 162.5 - o
13 160.3 45% Chllier Cap. & Dlscharge
14 166.7 - -
15 173.4 - % a
15 175.1 - E E
17 174.0 -
18 166.9 -
19 125.2 -
20 790 Satlsty Load & Charge E
7 735 - |
72 758 - y .
23 26.6 " % EJ
22 " DOFF-PEAK

Cn-Peak Ton-nr = 1,016.4
Mon-Peak Ton-ar = 1,158.6
Toial Ton-Ar = 21760




- Demand Limiting Partial Ice Storage
__ Sizing
A

w

.FI.ES-LII'I"FUIZH'IEZ
Total Coolng Load = Total Chilier Capachy (1) {No heat or pumg los5es)

Tomal Chilker E-'apﬂl:"j' - H.d-“Cm'l' -IEEHI':W“'F + Hm‘:n::n |,2]

Hepeg nours charging slorage
Coteg capaciy whan charging starage
Hacong hours drect cooling Suring on-peak perod
- capacity wh=n cooling during an-peak period
Hocomp nours direct cosling during aft-paak perlod
Cocary capacity wh=n cooling during off-peak period 3
Gulzk Chiller &lzin ation |Combing |1} and
9 Equ | i (2 P fooH Hominal Chillar Capatity |3) = 138 Tons |
- N -ln 12
hominal Chiller Size = Total Coolng Load | (HeagCReay + Hoceep CRocee; * Hocony CRpan) [(3) | CH:“ 97 Assumed
H 5
— EZEf
Heps noUrs changng storage B R 035 ABELMEd
CRig capacity ratio when charging shorage | Moo 7
Hacong hours drect cooling Suring on-peak perod CRpoag 045 Assumed
CRpoes capachy ratio when cosling durng on-peak pariad
Haocomy nours drect cocling during of-peak period fQuick Storage Size
CRocom capaciy ratio when cozling duing off-peak pariod
Slorage Capachy = Total Cooing 1930 - (TCocms = TCazam + THpomg! (4]
TC total Capachy when direc? cooling during cr-peak {Tor-hrs)
Fuil Stora 12m Fogens ™ -0 e
9= 5 oo CFlocems _. TCpoom otal capacty when direct cooling during ot-peak {Tar-hrs)
TG tan-hours drect coolng while simultansausly ch (Ton-hrs
COH Assumptions: e & ¥ crangn ' }

Suppiy 38 deg. solution to load
Chilier Upsiream tanks provides 23 deg solusian during loe making [etorage Capacty = 253 Tontre ]




Demand Limiting Partial Ice Storage
System

g2 © 140 Ton Chillers
M + 5 HP Primary Pumps

e (2) 476 Ton-hour Tanks

* (2) 3-way modulating

: control valves

g 1/6 gpm

e 4" CHW piping

¢ 38 deg. F CHWS

e Loop Fluid =25%
Ethylene Glycol ' i

MECH. RM. LAYOQUT — ICE STORAGE SYSTEM

---------
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Annual Energy Consumption

A b

MONTHLY ENERGY CONSUMPTION
By META Engineers

——— Month'y Energy Consumgption ——

Uity Jan Feb Mar Agr May Jung July Aug Sept Dot Mow Dec Toal
Alternative: 4 Thermal Storage - Demand Limiting
Electric
a a a 45,300 55,311 FER-— a a 207,183 -
£5,247 53,358 EEREH TLAE 72742 55804 EHEE ] 7788 57,388 T2IT 585,248 4
MId-FE Cons. (KW 57578 BEATE 10442 HAE  0ITIS EEEEE] 55,281 S3 I8 104302 418 EELh 1,003,748
On-P Demand (KA a a a a a 43z 434 424 a a a 432
and (KA [ 41z 410 418 435 4Tz 47 1 ) 420 4 a7z
Mid-PE Demand (KA 418 430 431 433 EtH aTe 4TS Frl 138 443 433 478
Purchased Steam
On-FE Cons. [Hermes) a a a a a i 4 a7 40 a a a 175
Of-FE Cons. [Herms) 159 105 T8 =0 ] ] M Fr] = = &3 1 745
Mig-Fk Cons. [Hierms) 135 105 18 X 100 51 F =4 43 1 104 13 1,068
Or-Pr Demard (thermsihr) a a a a a 1 1 1 1 a a a
Of-Fi Demand (thermsing 2 2 1 1 1 1 1 1 1 1 1 2 2
Mid-Fk Demand (thermsinr 1 1 1 1 1 1 1 1 1 1 1 1 1
Energy Consumption Environmental Impact Analyss
Building 138,470 StwiHl-year) 02 P Dats Avalable
Source 409,216 BawiHI-year) s02 Pig Data Avalable
MOX Pig Data Avalable

Floor Area £3,101 %2

Froject Hame: &y of Hope Aminl Medical Cenfer TRACE® 700 vE.2 cakculyizd at 1145 FM on D&/132009

Datazet Name: CHCDETRACETIDProjectsiC CH_Cold Alr DisZ frc Altermafive - 4 Mondhly Energy Consumption report Pape £ of 4




Utility Rate

"“
Amini Center Input Rate Structure | Utinty Schadule
| Utility |  CustomerCharge | | Time Hour | Summes Wirier
. §Electric Demand 12:00 - 1:00 i
On Peak (Cct. - May) - - - -
Mid Peak (Oct. - May) 0 SACW 1200 - 2000 2
Off Peak {Oct. - May) 256,19 r th 10.36 W 2700 - 220D 3 g g
On Peak {Jun. - Sept ) ' Simen 0 KW 300-400 | 4 ] &
Mid Peak [Jun. - Sept) 0 SIKW — - % S
Off Peak (Jun. - Sept ) 10,35 SKW 400-50C | 3 T i
Eectriu: Consumption - 5000 - 20D & o o
On Peak (Oct. - May) - - - . &00 - 700 7 3
Off Peak (Oct. - May) - 0.139 Skwh — -
Mid Peak (Oct. - May) - 0.174 S&kwh % 7O0-EOC | &
On Peak (Jun. - Sept.) - 0.193 Skwh &000 - B0l a w
Off Peak {Jun. - Sept.) - 0.172 Skwh \ o0 - 10:00 10 5
Mid Peak (Jun. - Sept. - 0.135 Sikwh — - o
* Rates are based on SCE rate schedule with CPP incentive - 10:00-11:00 | 11 %
BT JE—
= 11:00 - 12:00 12
gl - 12:00- 100 | 12
« Utility Rate Incentives o210 |
r—— =
o e T e o 0 : 2700 - 2200 15 = E
!" Fo o - e 3000 - 4200 18 o =
i =i L TS ol - -
s O 400-500 | 17
Y e ,:J,h :“— 3 = ; 4 _‘ - '_—"‘—._J = 5700 - 620D 18
— & E00-700 | 12
R 700- 600 | 20 =
— BO0-0:00 | 2 5
&od0 - 10:00 22 = .
10:00- 1100 | 23 Eﬁ
vl
11:00-12:00 | 24 JFF-2PEAK




- Demand Limiting Partial Ice Storage
- Annual ‘E'Qergy Cost

w

Electric

¥
on-Fk Cons. (5] = = = 2 2 10,757 10,057 11,453 5388 36 38 I 44,345
Ak Cons. (5] 5757 2.07E 5,454 10,341 10,383 5744 12,353 11,607 11,353 10,358 2638 10,387 125,072 ¢
Mid-Fk Cons. (5} 15,534 14,541 7,544 18,748 15,347 11,151 10,530 12,47 10,308 18,552 15,858 15,202 177,434 -
Oft-Fk Demard (5} 4,127 4271 4247 4,331 4508 4,737 4388 4237 4,341 4752 4353 4128 54,077
MiZ-PE Demand (5] ] ] ] ] ] ] ] ] ] ] ] ] ]
-
Tofal (E:  ISETH 25,243 31,347 31,075 33,451 35,488 37,728 40,048 35,528 34,558 31,148 30,034 400,338 -
o
'
&
Monthly Todal (35 23,571 28,243 31,541 3075 33481 35458 T 40,045 35,528 34,553 31,948 3p,0at 4opEas g

Budding Area = 53,101 7°
LitSty Cost Per fdmea= 75550




Demand Limiting Partial Ice Storage
Primary Loop First Cost

Demand Limifing Pariial Siorage Firet Costs
Descripiion Product Tolsl Unlie Guantity CosbUnit Seb-Toial

Chilier Incl. Labor + O&P (140 Tan| 1 i 533,000.00

n L H oar +Ja
CHW Piping - 47 Ingl. Labor + D&P T4E 50
%IEI—"‘J ol deg Fitings - 4 ncl. Labar + D& $240.00
¥ = mJs - NEL. Labar + I fi.
CHW 45 deq FIngs - 4° ncl. Labor + O&P §276.00
¥ 128 FlILngs - NCl, Lafor = L all.
CHW Tee FIlings - 2° Incl. Labor + O&P TI50.00
JCHW Piping Insulalion - 2 on 4°d Indl. Labor + O&F - - £13.00
diveb 1Mol Latar + L oL N
| [EEaE Q&P 5 55,500.00
b Jcontrol vaive incl Laor + O&F - 51,885.00
- / I\ibration/Selsmic Resiraints incl. Labar + O&P 5 - 54,500.00
A | JcHW Pump - 176 gpm @ 5.0 Hp Incl. Labor + D&F - 53,700.00

'JOCC Controiz - §15.000.00
 [Elecirical - CHWP Hook-up - 51.750.00
- [Electrical - Shller Hook-up ? §2 500.00
|
[Excevation and Hauling ¥ ' $20.18
& NGravel Fil Inci_ Labor + D&P 3 5 - $0.45
fFormmank 505G Incl. Labor + O&P ' $4.35
IFEI‘I’"I'!.'IIIH. Walks Incl. Labor + 0&F L = L $6.65
fConcrete SOG incl. Labar = Q&P 3 F - §3.41
fConcrete Wals incl. Labar + 042 Y - §25.50
f=teel B2am ncl. Labor + &2 - £51.00
= [Steel Grating Incl. Labor = &P &F - $15.00
[Etnyiene Ghcal 1 §10U05
fice Storage Units - $61,000.00
|
{Fips Testing - 500-1000 LF - 51.750.00
fviater Salancing (Pumps) - 51,700.00

ICEF‘]"I’ £sloning 1 it

Todal: k% L
Escalation: 15% 353815



185 Ton IRl Chiller Zelecton (Assumsd Existing)

.-I" I.' Er

% cHws | cHwR Flow Rate FO (1 | Cap. y SrmaryiSecondary
. |l 5 s I ]
8% 205 185

'\-

1&3 Ton Chiller Seleciion (Full Storage Scanario)

" i cHws | cowe JaT deglrow Rat ron | can I Primany/Secondary
I. E (deg F) (SPM) (Tans| Inllltl.m'lll. bl s oOn3oe

-—-———j

140 Ton Chiller Ssleciion {Demand LimEing Partial Starage Jcenarnia)

Chiller
i CHWNS CHWR Flow Rateg 2D (1L S . 2rimanyrSecandary
B B S S e S

EEER N T N N I I N ET T

120 Ton Chiller Selection (Load Leveling Partial Storage Scenarkd)

cHws | chwR aT [deg)Fiow Rate Fo N PrimarySecondary
E (deg F) (SPM) '"F"—'t'-l':"'"". bl s DN NE e

EEER R T S R R R T E e T [




1
.
innual Cost Annual Savings
|_Peak | Of-Peak § Mig-Peai | Peak | Off-Peak J Mid-Peak | * ™

isona | serese |ouoize| sue | sw | e | seeom | S0
NS RETor RSN R N T MEEEE M

-
-
Exising Sys
o35 Leveing
Pl Storage

s ceiigf e | e [ me | e




lce Storage Redesign
Recommendation

8¢ | oad Leveling Scenario

— Lowest first cost

— Lowest Annual cost

— Smallest Chiller and pump size

— Smallest ice storage capacity 3
— Smaller piping 8.
— Roof framing smaller




Advantages / Disadvantages

o
r..-.t.

e Advahtagés « Disadvantages

— Lowest Annual cost - — First cost

— Smaller Chiller, pump, - Physical size and
and piping sizes = weight of storage ‘i

— Slight energy savings tanks |
(cleaner energy off- - — Ethylene glycol need -
hours) — Increased controls and [

- — Ultility Incentives length of piping
== _ | ower CHWS Temp.
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