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CENTRAL PLANT

Chilled Water Central Plants typically concise of chiller(s), chiller water pump(s), condenser
water pump(s), cooling tower(s), water treatment system, controls, and energy metering.
Typically chilled water central plants supply systems with cooling loads in excess of 50 tons
that can range from one building to a campus of buildings. Use of cooling towers versus air
cooled condensers found in smaller stand alone HVAC systems can save energy by using wet
bulb temperatures versus drive bulb temperatures to reject heat from the cooling system.
The added components in these systems adds to complexity of operations and a higher level
of operator knowledge and control oversight than stand alone HVAC systems.
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Chiller

General Description and Uses

Chillers and air conditioners use one or more forms of energy to
move thermal energy from one place to another thereby making
one side colder and the other side hotter. Most chillers are
based on using mechanical work with a working fluid (the
refrigerant) to move thermal energy; however chillers can also
be chemical, thermoelectric, thermoacoustic, or magnocaloric.

Vapor compression based chillers or refrigeration systems are
based on moving a working fluid or refrigerant around a cycle
comprised of four main components: compressor, condenser,
expansion device, and evaporator. The compressor moves the
refrigerant around the cycle and adds work (energy) to the vapor
phase of the refrigerant by compressing it. The condenser
rejects the heat from the hot vapor and condenses the
refrigerant to a liquid. The expansion device allows a controlled
expansion of the “hot" liquid refrigerant, which lowers its
temperature and the evaporator is used to transfer heat from
the area.that is being cooled to the refrigerant.

Commonly Used Terms

IPLV (Integrated part-load value): A single-number figure
of merit based on part-load EER, COP, or kW/ton expressing
part-load efficiency for air-conditioning and heat pump
equipment on the basis of weighted operation at specific
increments of load capacities for the equipment. Typically used
for ARI rating purposes. Source:

NPLV (Nonstandard part-load value): A single-number
part-load efficiency figure of merit calculated and referenced to
conditions other than IPLV conditions for units that are not
designed to operate at ARI standard rating conditions. S

i General Info
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# Operation & Training
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How Well are Your Systems Performing?

Inthe “Inputs® beo:
= SeRct the boiding typs from th drop-gown St
= Select the desired reporting units in kBtu/Tt?fyr, kWh/ 2 yr,
Wi fyr, or Whym? fyr,
= Enter the g code.
= verify that the county and state comespond 10 the building
iacavon,
Zee the folowing tables for the specfic information. Emter the
building data in the white celis in the lasz colurmn

Data Details

Performance Performance Performance Petformance Performance

Target 1

Target 2

Target 3

Target 4

Target 5

DOE Reference| 5002 TSD S0 TS0 Low NREL
Oata souces Building Baseline B CEUS Simulation
e Calibrated Az=Builr
Data S S Sl G 3 :
Howrs of opetation (hourshveek] 0.00 S7.00 S7.00 i FiA

Interior lights [slec)

Performance Petformance Performance Petformance Performance

Targer 1
kB rulftZlyr

Targer 2
kBrulfrZ lyr

Target 3
kBrulic2ter

Target 4
kBuutfe2 tye

Target 5
kBrulitZlyr

Eseriar ights [elec]

Process Loads

Interior equipment [elec)

Parformance Perfformance Performance Performance Performance

Target 1
kBualfrZiyr

Target 2
kBrwlfrZlvr

Target 3
kB2 yr

Target 4
kBwufit2 iy

Target 5
kBwufitZiyr

Intetior equipment (gas]

0.00

0.00

210

0.00

Entevior equipment [elec)

358

Q.00

000

0.00

0.00

Your
Building

Performanoe Petformance Petformanoce Peifformance Performance N o
Target 1 Target 2 Target 3 Target 4 Target 5 Building
kBuaift2lyr  kBrwift2iye  kBralft2lyr kBiufft2iye kBrulftZiye kBuulfe2iye

Heating [elec)

Hesting (gas)

Cochng (elec) 853 1390 7.00 12,18 MD
Fans(elec) 0.35 320 | 160 10.44 ND
Pumgs [elec] in 2.00 | 100 0,00 ND
He at rejection [elec) 032 10 | ogo 0.00 ND
Humédification [elec) 0.00 0.00 0.00 0,00 0.00
Heatrecovery (elec] 0.00 o0 | oo 0.00 HD

Your
Building
kB rulfcZ byr

Your
Building
kBualfr2 iy

End Use Energy Performance Targets

Your Building

5

ks Armount | HERW/TE fyr )
4
il *

(']
1 ¥]
i

&
# Performance Terger W Ferformanze Teegue 2 i Pertormance Targue 3
i Ferformance Target d + Performance Target 5 @ Your Bulding Dats

TRe End Use Energy Pedormance TEEets £raph shows the bands of perfarmance for each end ufe. The vBiued B The Righer
bounds represent the basefine valuves; the lower value sofutions represent buldings that have better practices in that specific end

Compare your
building to a range
of standard
benchmarks




Matthew Gudorf
UC Irvine
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Chiller Plant Details

Chiller #1 Trane 1000 R-123 1992
Chiller #2 Trane 1000 R-123 1997
Chiller #3 Trane 1000 R-123 1997
Chiller #4 York 2000 R-134a 2002
Chiller #5 Trane 2500 R-123 1999
Chiller #6 Trane 2500 R-123 2004
Chiller #7 York 3000 R-134a 2007
Chiller #8 York 3000 R-134a 2007

16,000 Tons of nominal chiller
capacity

58 UNIVERSITY of CALIFORNIA - IRVINE




Chilled Water System

AHU coils designed for 39°F supply
System AT of 20-23°F :
PIC-V or Flow Limiters at each AHU
Average load 3,100 tons

Peak load 13,000 tons

74,400 Ton-Hours per day

Flow Capacity @ 30” header is
35,600 gpm

Secondary pump capacity 25,200
gpm @ 100 feet of head

TES pump capacity is 22,700 gpm
@ 90 feet of head

Delivered 0.7kW per ton




)7-2016 the campus changed out AHU coils to
orovide a AT minimum of 20°F at the same time
stacked coils are re-piped reverse return to
eliminate the need for balancing valves.

The system makes use of Pressure
independent control valves and flow

limiters to minimize use and maximize
energy efficiency

Monitoring the

hydronic system at
the building level




Thermal Energy Storage
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Operating Limitations

1 The interconnection agreement is for inadvertent export of power only.
2 Curtailment of the CTG is limited to 7.5MW due to emissions
3 Solar power production cannot be curtailed (PPA)
4 Efficiency of the CTG drops as output is reduced
5 Import electricity cost more than self generation
Import
Electricity

— Total Load

So how is the near perfect ‘: | | | I
management as shown on

the right achieved? UC
Irvine uses TES as an
electrical battery to flatten
and shape load to match
generation!

Time [days]



Corts Paitatag
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909 kW Solar

Rooftop PV

(Mesa Parking)

MacArthur
Substation

University
Research Park

725 kW Solar
Rooftop PV 935 kW Solar

(SC Parking) g Rooftop PV
(SS Parking)

Amoyo Vista  Vista [
Honmar Nt

uci
Substation

SCE

NGCC = Natural Gas Combined Cycle
SCE = Southern California Ediso




Duck curve with large swings
Does it all work?

Add chiller Load and
Charge TES tank

No chiller load
Utilization of TES Tank




Flattest possible load shape
Matched to Generation

Maximize Base Loaded CTG
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ancial Saving

Energy Cost Per Square foot

2009 2010 2011 2012 2013 2014

oad and generation results in financi
of expensive electricity




Next steps

M Save energy and reduce load at each AHU
M Optimize electrical generation and load
M Optimize delta T of CHW system

[] Optlmlze the chillers

approach optimization (difference between the leaving water and the saturated
refrigerant temperature

» |ift optimization (difference between condenser refrigerant pressure and evaporator
refrigerant pressure)

* cooling tower optimization pumps and fans

Plant staff shall select
which chillers to run and
when. The optimization
system shall then
optimize the selected
equipment.

Load shape and
maintaining load will
takes precedence.




Glen Anderson
ETC Group
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+ ETCGroup

ENERGY ENGINEERING FOR A SUSTAINABLE FUTURE

OPENING THE BLACK BOX

2016 Better Buildings Summit
Washington DC
May 11, 2016

Glen R Anderson, PE



OUTLINE

e What drives chiller efficiency?
e How can you check each component of a chiller?

e (Case studies of completing live chiller performance testing

2016 BETTER BUILDINGS SUMMIT
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TooLs TO OPEN THE BLACK BOX

Electrical mpu\\

7 surface temperatures

.y
yint
------------

------

2 pressures from
service ports

Q
2016 BETTER BUILDINGS SUMMIT




COLLECTING AND ANALYZING DATA

Climacheck hardware

Portable for occasional
measurements:

« For commissioning and service

« Connected to local PC or the Climacheck
server

Fixed installations:
Installed in systems for continues
monitoring.

» Connected to local PC or the Climacheck
server

» Energy statistics

Early warnings

2016 BETTER BUILDINGS SUMMIT
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Work is
proportional to
difference between
evaporator and
condenser pressure

REFRIGERATION CYCLE  croppine

Pressure

(P)

Reduce work by

condenser pressure
(Temperature) or
raising evaporator

pressure
(Temperature)
4 ndenser 3 2
g1
=
I
!
5 Evaporator
Enthalpy (H)

2016 BETTER BUILDINGS SUMMIT



OPENING THE BLACK BOX
* Human Head e Chiller

2016 BETTER BUILDINGS SUMMIT



OPENING THE BLACK BOX
e Chiller

e Human Head

P1:

P2

Pressure
A

= Constant
1 .
3 RSy Live Actual
74
/‘ ! COP
“““ i
[

|
|
| T Ll
h3 h2 hs h1 Enthalpy

2016 BETTER BUILDINGS SUMMIT



WHAT THE CHILLER PERFORMANCE TEST DOES

2016 BETTER BUILDINGS SUMMIT




WHAT THE CHILLER PERFORMANCE TEST DOES

Pl =====f ====
I
P24- - f-F=== I-
[ I
| ||
| ] 1 >
h3 h2 hil
Cycle Cycle
Cooling Compression
Capacity Work

2016 BETTER BUILDINGS SUMMIT




WHAT THE CHILLER PERFORMANCE TEST DOES

- O
e
PAS ; v-
'R R R TTE ]
- “
J;': 9:%—'—'— r—: —_— - LP-py e
Actual COP = #mt wifs lcame
- X x D
i, A .,
1

2016 BETTER BUILDINGS SUMMIT



WHAT THE CHILLER PERFORMANCE TEST DOES

hl—h2 kW
h2 —h3 TON

Actual COP =

2016 BETTER BUILDINGS SUMMIT




15T Look INSIDE THE BLACK BOX

* Alocal manufacturing company that had
been aggressively executing efficiency
projects and doing maintenance

* Looking for more effective way to measure
performance

2016 BETTER BUILDINGS SUMMIT



180 ToN WATER COOLED SCREW
CHILLER

2016 BETTER BUILDINGS SUMMIT



OBVIOUS DEGRADATION IN
PERFORMANCE

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110%

% Load

*Due to the chiller issues measured data was only comparable to nominal data at 100% load.

2016 BETTER BUILDINGS SUMMIT



WHY?

Nominal Data Measured Data

Capacity (Tons) 187.8 140
Unit Power (KW) 112.1 109.2 Data suggests
Efficiency (Kw/Ton) 0.597 0.78 1 evaporator
Saturated Suction Temp 39.8 33.7 47 problems
Saturated Condensing Temp 95.4 95
Evap Entering Temp (F) 55.2 56.3
Evap Leaving Temp (F) 44 46.6 .
Evap approach (F) (LWTE - SST) 4.2 12.9 > 2-3% power gain /
Cond Entering Temp (F) 80 80.1 1°F dr0p in
Cond Leaving Temp (F) 90.6 90 refrigera nt temp
Cond approach (F) (SCT - LWTC) 4.8 5
Discharge Temp (F) 114.4 116.6
Discharge Superheat (DT - SCT) 17.2 21.6

* Nominal Data was provided by Trane

* Measurements were done with system at 100% load

*See Appendix Table 1:1

2016 BETTER BUILDINGS SUMMIT



ANSWER

e 2x the Required Qil in the Evaporator

e Compressor had been replaced. Technician
added recommended amount of oil, overfilling
the chiller because of existing oil.

e Excess oil coating the tubes acts as an insulator,
requiring chiller to make colder refrigerant to
deliver necessary cooling, increasing energy.

2016 BETTER BUILDINGS SUMMIT



CLIMACHECK FLOW CHART OVERVIEW

Chiller 8 2013-0¢

Secw in=33.4"C Sechw out = 36.6°C

F 17578 K

Motor Cool act =1

HP=-E8Balg
[Cond =386°C
[Comp. Efficiency = 63. %

Cap. Heat = 1757.8 kW

COP Heat = 5.53

Sys. Eff. Index Heat = 46.1 %

Heat Ref. Temp SEI = 35.1 *C

Comp Cool = 19.1 kw

‘ [ 376kw
LP=26Balgl
[Superheat =16K

Cap. Cool = 1452 1 kW

Sys. Eff. Index Cool = 421 %

Exp. w.in=367°C

Subcool < 1.9 K j Cold Ref. Temp SEl =9.4 °C

i
:
COF Cool = 4.63 :
:

A

SecC out = 6.6 °C SecCin=122"C

ClimaCheck

2016 BETTER BUILDINGS SUMMIT



CLIMACHECK (CONDENSER)

| Secwin=334°C Secw out =368 °C

17578k |

Mataor Coal act =1

Cap. Heat = 1757.8 kW

COP Heat = 5.53

Sys. EFf. Index Heat = 46.1 %

Heat Ref. Temp S5El =351 °C

2016 BETTER BUILDINGS SUMMIT



CLIMACHECK (COMPRESSOR)
—

kMatar Coal act = 1.

£

[Comp. out =51.7 °C

[HP = 2.8 Bar[g)

[Cond. = 33.6 °C

[Comp. Efficiency = 63. X

Comp Cool = 13,1 MW

il

. [ 3176 kKW
1

i
v |LF = 2.6 Barlq)

b [Evap. —6.0°C

' [Comp. in= 7.6 °C

E [Superheat = 1.6 K

ree————

2016 BETTER BUILDINGS SUMMIT



CLIMACHECK (EVAPORATOR)

Cap. Cool = 1452.1 kW
COP Cool = 4.63

Sps. EKf. Index Cool = 42.1 %

| Exp.v.n=367C

Subcool =1.9K d\ Cold Ref. Temp SEI = 9.4 °C

1471.2kW

| SecCout=RR'C Seclin=122'C

2016 BETTER BUILDINGS SUMMIT



ONLINE BENCHMARKING

P

@ ClimaCheck oniine

[30a"c

| 201.6 kW

i-l:'ump Power Tot= 1502.2 kW
[AuxPower Tot=00 kW

2016 BETTER BUILDINGS SUMMIT



STATE OF THE ART CHILLER
OPERATING INEFFICIENTLY

The hour before selected time Values SEI Cool
40 Cool Cap kW
| _ . 1875
ety W 35 SEI Cool
250 | ~=NN S Electr Power kW
I A ———— et 3 294
200 - . Heat Cap kW
=1 25 24 n_HFI )
| 214.8
150 +
| & SH Cool
| i~ =3 |_|:|
100 15 ?G.J‘ -
| 10 FEEI_~:.|..,,_r o ;
s0 B _ Infinity
' 3 Stability
0 PrerRTT v o | IR Last time in operation:
NS YSUDE e e D 27/07/2015 18:37:00
LIS QR U TN T e O e T o S T Y R
0 o O B QDO R O PR R
—— Heat Capacity —— Cool Capacity
Electr, Power —— Rel, Power — SEI COP

Date and Time: |27/07/2015 18:37 o @ ClimaCheck online
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STATE OF THE ART CHILLER
OPERATING INEFFICIENTLY

ClimaCheck onfine

Sub-Efficiences

Refrigerant Cycle nl Compressor n2 Condenser ndco Evaporator ndev

A s ) 1 g
_ 1 = et N 1 o P
b 'y ’ B yam ¢ ~ W,
¥ X : Y b b1 '
.l. o i -1. 1 -'-. \'.
4 u “;'I - ,-. /ﬂl
| o | |I | |! |

Py
| _.-"-.
i iL o -r’ff ﬁlIL

30% higher energy consumption
30,000 kWh/year wasted energy
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KNOW THE PERFORMANCE — MAXIMIZE EFFICIENCY

Time interval to view / resolution Date in interval
) Day ) Week ) Month @ Year /812014 | [interval .
Hour @ Day © Week © Month Refrigerant: R404A.MIX
@gwh O caD coz

Used for energy profiling

e emem e Optimization

HB619 kyCOZ H0B619 kyCOZ DkgCOZ

3154 Outdoor max temp 1 Outdoor avg temp 1 Outdoor min temp 1 Eneragy consumption 1 (¥4 Profile stat 1 Profile nom 1 Sundays . PreQpt Power profile 1
3 S00KWh — — 100°F
@, shaw al
3 000KWh | o
2 S00KWh
0°F
2 000KWh
1 500KWh
I o N | | % \ -
v oooonn ST H TP e H R ey T R
S00Kh - - - - - - - i
Scoping period | Implementation | Validation Performance monitored operation
13 E 7 -
5 okin basellne? S B Ss [ E N E N N [N R A
consumption
nsr;m 3 2;'1;2101 3 2;24.:“‘201 3 an aﬁl‘ma 41 1;“‘201 3 5\-4;2!01 3 5-2?;1201 3 a1 s\-lzm 3

Re-Commissioning - result of structured optimisation

©
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ALL THE DATA YOU NEED

Date Time SecC  SecC  SecC | Ref Low Ref Ref | Super |SecW SecW SecW |Ref High Ref Ref Sub Ref Sub Ref | Comp Power | COP Cap. SecC LigCool Cap. Effic. I
Evap A Evap A Evap A |press. A Evap | Comp heat A | Cond Cond  Cond |press. A Cond  Cond.  Cool @ Exp. cool | Comp | Isen. | input | Cool  Cool A | Flow | Comp | Cool A | CoolA
in (°F) ' out (°F)  dT (°F) | (PS1(g)) [Midpoint] A in (°F) Ain | Aout | AdT [(PSI(g)) Mid Aout | Cond Valve A total & | A out | eff** | Comp. | A (ke A (RT) (RT) | (ow/RT)
21 AeF) | (°F) (°F) | (°F) | (°F) point A& (°F) | Aout | in(°F) (°F) (°F) | A (%) A (kw) (ka/s)
(°F) (°F)

1067 | 2014-06-10 04:00:55 56.1 46.6 9.5 29.21 33.7 37.0 3.4 §0.2 90.1 5.9 114.20 O5.1 84.0 11.1 84.0 11.1 115.2 66.8 109.3 | 4.65 507.7 22.9 31 144.4 0.76
1068 | 2014-06-10 04:00:50 56.1 46.5 9.5 29.17 33.6 37.0 3.4 80.2 90.1 9.9 114,12 | 85.1 534.0 11.1 84.0 11.1 114,83 67.3 109.3 | 4.68 511.6 23.1 31 145.5 0.75
1089 | 2014-06-10 04:00:45 56.1 46.6 9.5 29.24 33.7 37.0 3.3 80.2 90.1 9.9 114.16 05.1 84.0 13.1 84.0 11.1 114.1 68.2 109.3 | 4.75 ©519.5 23.4 31 147.7 0.74
1070 | 2014-06-10 04:00:40 56.1 46.6 9.5 29.24 33.7 37.0 3.3 80.2 90.1 9.9 114.25 05.1 84.0 11.1 84.0 11.1 113.5 68.0 109.3 | 4.81 525.9 23.7 31 149.5 0.73
1071 | 2014-06-10 04:00:35 56.1 46.6 9.5 29.28 33.7 37.0 I3 §0.2 90.1 5.9 114.25 O5.1 84.0 13.3 84.0 11.1 112.8 70.0 109.4 | 4.89 534.3 24.1 31 151.9 0.7z
1072 | 2014-06-10 04:00:30 56.1 46.6 9.5 25.40 St 37.0 3.2 80.2 90.0 0.7 114,32 | 85.2 54.0 11.2  84.0 11.2 i12.6 70.1 109.4 | 4,90 536.1 24.2 31 152.4 072
1073 | 2014-06-10 04:00:25 56.1 46.6 9.5 29.49 34.0 37.0 39 80.1 90.0 9.9 114.45 §5.2 84.0 11.2 84.0 11.2 113.0 68.5 109.4 | 4.86 532.2 24.0 31 151.3 0.7z
1074 | 2014-06-10 04:00:20 56.1 46.6 9.5 29.52 24.0 37.0 3.0 80.1 90.0 9.9 114.52 05.3 84.0 11.3 84.0 11.3 113.9 6B8.2 109.4 | 4.77 521.9 23.5 31 148.4 0.74
1075 | 2014-06-10 04:00:15 56.1 46.6 9.5 29.41 B3 37.0 3.2 80.1 90.0 5.9 114.48 05.3 83.8 11.4 83.8 11.4 115.3 66.3 109.4 | 4.653 506.6 22.8 31 144.1 0.76
1076 | 2014-06-10 04:00:10 56.3 46.6 9.7 259.40 33.9 37.0 57 80.1 90.0 5.9 114.36 95.2 83.8 11.4 83.8 11.4 116.2 65.1 109.4 | 4.54 457.0 22.0 31 141.3 077
1077 | 2014-08-10 04:00:05 56.3 46.5 0.7 25.24 33.7 37.0 e 80.1 90.0 9.9 114,20 & 85.1 83.8 11.2 83.8 11.3 116.8 64.5 109.2 | 4.50 45809 21.7 31 139.6 0.73
1073 | 2014-06-10 04:00:00 56.3 46.6 .7 29.24 33.7 37.0 3.3 80.1 90.0 9.9 114.00 05.0 83.8 11.2 83.8 11.2 116.6 64.6 109.2 | 4.51 492.2 21.8 31 140.0 0.78
1079 | 2014-06-10 03:59:55 56.3 46.6 .7 29.20 33.6 37.0 3.4 80.1 90.0 9.9 114.00 05.0 83.8 11.2 83.8 11.2 116.4 64.9 109.2 | 4.55 494.2 21.9 31 140.5 0.78
1080 | 2014-06-10 03:59:50 56.1 46.6 9.5 29.18 33.6 37.0 3.4 80.1 90.0 5.9 113.93 95.0 83.8 13.3 83.8 11.1 115.2 65.2 109.0 | 4.54 455.4 22.3 31 140.9 077
081 | 2014-06-10 03:55:45 56.1 46.6 9.5 25.14 33.6 37.0 3:5 80.1 90.0 9.9 114,00 & 85.0 83.5 11.2 83.8 11.2 115.9 65.8 109.0 | 4.58 459.4 22.5 31 142.0 077
082 | 2014-08-10 03:59:40 56.1 46.5 9.5 29.15 33.6 37.0 3.4 80.1 90.0 9.9 114,00 & 85.0 83.8 11.2 83.8 11.2 115.5 66.2 108.7 | 4.61 501.3 22.6 31 142.6 0.75
1083 | 2014-06-10 03:59:35 56.1 46.6 9.5 29.14 33.6 37.0 3.5 80.1 90.0 9.9 113.93 05.0 83.8 i 83.8 11.1 115.2 66.7 108.7 | 4.65 505.0 22.8 31 143.6 0.76
1084 | 2014-06-10 03:59:30 56.1 46.6 9.5 29.05 33.5 37.0 3.6 80.1 90.0 9.9 1135.84 845 83.8 13.3 83.8 11.1 114.8 67.3 108.9 | 4.68 510.0 23.0 31 145.0 0.75
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TEST RESULTS FROM ANOTHER 12

CHILLERS
* Low refrigerant

* High refrigerant

e Fouled evaporators / condensers
e Un-balanced flow
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VIEWING DATA WITH A FAMILIAR
PLATFORM

Selected Data Stability 2014-06-10 06:05:49 [ostesens |
B30yt eee e
120
1104 I i

1004 <5 orserisseniineiaisiissiissniasanis N e e e e

Discharge Temp F

= = = Comp Issentropic Eff%

Condensing Temp F

m— Condenser Water Out F
Condenser WaterInF
Evaporator Water InF

= Evaporator Water Qut F

= Saturated Suction Temp F

i

?U

e ‘*:'f.‘

l.“ I.}.i‘. |t. u' ‘ﬁ‘ uﬁh‘

60 = = = Subcooling F

= = = SuperheatF

— COompressor Power KW
50 T o o o e L ot s === == Liquid Line TempF

111 ETTETPP P

30

L S -
o T T T AT e L Grm R e AR TR ea TN T E AR RAANT

P
T et e . ’\ ot T WP
.

Pl e coy
B L P PA N S e Y v -

"y
-~
LrThvrvane m d? = = = mvnrn fe, i ma, msa v anav e va ﬁvavrasw..'sq""‘r“ Wi TRt oyt W L N L A N P Y
-

0210 0220 0230 0240 0250 0300 0310 0320 0330 0340 0350 0400 0470 0420 0430 0440 0450 0500 0510 0520 0530 0540 05:50 0600 0610
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CoMPARE MAIN KPIs

pn—— @ Thunderbird CHLR4 capCool @ Thunderbird CHLRS capCool @ Thunderbird CHLR6 capCool

Chiller 4 has lower load

a%a
800 ton o
N
{2
A ¥
- 5 : ey [/
O T O OO O OO
600 ton ¥4 _oo" o™ O )
O OO0 0T OO OO U000 ¥

400 t / R~ A

Chiller 5 & 6 least efficient

200 tom

G b @ Thunderbird CHLR4 efficCool @ Thunderbird CHLRS efficCool @ Thunderbird CTHLRE
0.60 kw/ton

0.55 k'-ln'.r'.tor' s
0.50 kw/ton ”‘*ﬂﬂ}«
0.45 kW/ton : ot A NPT S

0.40 kW/ton

0.35 kW/ton
10a 11a 12p ip 2p 3p
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LOW REFRIGERANT

Chiller 5 vs 6 before fixes Chiller 6 has refrigerant added
wi——t
5 ‘.\, -"‘{AJ\ 'wl:? :
—— |l 1 “i*\i;,~ff:i‘:' ft."{‘_';
100 kW J
Chiller 6 used more power Chillers 5 & 6 used equal
than Chiller 5 power
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COMPARE SPECIFIC DATA POINTS

[ Histories ] [ F(x) ] l(" | Thu 14-May-2015 | l')

@ Thunderbird CHLR4 subCoolTotalTemp @ Thunderbird CHLR4 superHeatTemp @ Thunderbird CHLRE subCoolTotalTemp @ Thunderbird CHLRG superHeatTemp

9.0°F -
8.5°F
SO e )
7.5°F
14-May-2015 Thu 10:29:58AM MST, 7.05 °F
7.0 %F - |
10:29:58am MST // N \
- Thu 14-May-2015 F s
¥ \.l
I \ -
6.0 °F F——— . : Thunderbird CHLR6 subCoolTotalTemp 8.04 °F \ o
5.5°F Thunderbird CHLR4 subCoolTotalTemp 6.056 °F \
. ® Thunderbird CHLRG superteatTemp  2.299 °F \
5.0°F Thunderbird CHLR4 superteatTe o J 1
. — __q_ )
4.0°F
35°F
- = O
- /
25°F =T - B 00
2.0°F
15°F -
B | - — e __ - ““-—-h__'_'_l_._ _‘-’____—:_--H%
- - T | - 'H-....____\___ .
0.5 °F
0.0 °F
10a 1ia v
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COMPARING DATA - SUPERHEAT

[ Histories ] [ £(x) ]

(]

Thu 14-May-2015

| »

@ Thunderbird CHLR4 dischargeSuperbeatTempClimaCheck @ Thunderbird CHLRS dischargeSuperbeatTempClimaCheck @ Thunderbird CHLRS dischargeSuperHeatTempClin

18.5°F
18.0 °F
14-May-2015 Thu 10:44:15AM MST, 17.608 °F
17.5°F
10-44:15am MST
17.0°F Thu 14-
16.5 °F Thunderbird CHLRG dischargeSuperteatTempClimaCheck 13.64 °F
Thunderbird CHLRS dischargeSuperteatTempClimaCheck 12.065 °F
16.0 °F Thunderbird CHLR4 dischargeSuperHeatTempClimaCheck 10.937 °F
15.5°F
15.0 °F
Oy (
14.5°F yd I'I
A |
fol A0
14.0°°F 4 ¥ \H: - T\-L—_-‘:\ .rr/
| o
. / .
13.5°F Y, o - /
st f .l !
_a / y / f
o, o o ~ f
13.0 °F NR= f
/
d ]
12.5°F ;’/ /H-"—q-"‘i
r
— O of
12,0 °F S N e o
0 — O
11.5°F
o—0, _;"I
11.0°F \\:I_,ﬂ_ B S -t e
10,5 °F
10,0 °F
10a 11a 12p
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COMPARING REFRIGERANT PRESSURE

@ Thunderbird CHLR4 refHighPress @ Thunderbird CHLR4 refLowPress @ Thunderbird CHLRS refHighPress @ Thunderbird CHLRS reflowPress @ Thunderbird CHLRS refHigh

100 psi
35 psi
90 psi — =
. — ——
) B N
Y- e O ———— o S,
14-May-2015 Thu 11:14:01AM MST, 82. ].9|:ﬂ
80psi
75 psi Thunderbird CHLR6 refHighPress 89.244 psi
Thunderbird CHLRS refHighPress B8.442 psi
Thunderbird CHLR4 refHighPress 85.53 psi
70 psi Thunderbird CHLR4 reflowPress 38.281 psi
® Thunderbird CHLRS reflowPress 36.817 psi
® Thunderbird CHLR6 reflowPress 35.579 psi
65 psi
50 psi
55 psi

Chiller 4 dP =47.2 psi
Chiller 6 dP =53.6 psi

35 psi

10a 11a 12p
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COMPARING REFRIGERANT TEMPS

@ Thunderbird CHLR4 refEvapMidpoint @ Thunderbird CHLRS refCondMidPointTemp @ Thunderbird CHLRS refEvapMidpoint @ Thunderbird CHLRE refCondMidPointTemp @ Thunder

90 °F

85 °F 14-May-2015 Thu 10:51:40AM MST, B3.804 °F

10:51:40am MST

80 °F -
I ® Thunderbird CHLRG refCondMidPointTemp 81.62 °F Mt - -
- — 8 of s AT O—O—CO——p

® Thunderbird CHIR4 refCondMidPointTemp 79.28 °F

75 °F Thunderbird CHLR4 refEvapMidpoint REETL
Thunderbird CHLRS refEvapMidpoint 41.902 °F
Thunderbird CHLRS refEvapMidpoint 40.492 °F

Chiller 4 has coldest condenser
&0 °F .
refrigerant and warmest
,, evaporator refrigerant

45 °F




ZEROING IN ON THE CULPRIT

Thunderbird CHLRS Cond Flow Thunderbird CHLRSE Cond Flow
@

@ Thunderbird CHLR4 Cond Fl
2,400 gal/min
o
» : - :I
2,300 gal/min X (
| 1
1
|\ |
2w A=l | 8\ C | \ _
2,200 gal/min I =T L alf © oo, )
.'Ix," .._L_f, I o — o] ! 1
aR A -+ o |\ pe il P ; o
O by I | : i \f ; ([«X \ :
N {f |
2,100 gal/min % 1 1 /A
& l S f |
( | f |
[T Al SR 0 &
] o . L 'I J_II _‘:-J 5
" ) JiRY.& 0 f |
2,000 aal/m | Oy ' | \ 5 . - 4 |}\
£,U00 gal/min £O0, .‘f e 1 I 5 I . B ,r ==
Q. v | il | £ 1 H T ]r' |\
- A Q a _ 4 | ¥ -
DA\ - (]
o O LJ‘T | | :
!

1500 02min | DESIgN flOow is 3,000 GPM
Minimum flow is ~2,250 GPM :
3p

4p

12p ip

1,700 gal/min
Ba 33 10a 11a
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CHILLER PERFORMANCE

All-Variable Speed Centrifugal Chiller Plants, Thomas Hartman, ASHRAE Journal, September 2001

"'l.'|
.
-
aue ~
i - __L_-_____.—-"-"-.:-
-u._* ___________
= 0
o -
t -"h---l ------ --F-'----

o= Al 4% 50% B0'% TO% 80% 0% 100%
Percent Chiller Load (Cooling Capacity)
—— S ([ AS'F (29.4°C) ECOWT = = CS (@ BS°F (29.4°C) ECDWT
VS @ 75°F (23.8°C) ECOWT CS @ 75°F (22.9°C) ECOWT
= VG @ 85°F (18.3°C) ECOWT = = 5 @ as'F (18.2°C) ECOWT
VS @ 55°F (12.8°C) ECOWT CS @ B5°F (12.68°C) ECOWT

Figure I: Performance comparison of constant and variable

speed centrifugal chiller.
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LoADS AREN’T WHAT YOU THINK

What tonnage do you stage on/off the chillers?

@ ClimaCheck CH-2 capCool @ Deer Valley Central Plant 2015 Chiller 2 Cooling Tons

600 tonref
400 tonref A ) |
200 tonref e ‘\- ' /\’;.\_/_._.._--..-— -
0 tonref | L
0.4kW} @ ClimaCheck CH-2 efficCool @ Deer Valley Central Plant 2015 Chiller 2 Efficiency
' ton

0.2kWfon [F VM A {
| . S — — . : T..__ 'l_
| g - T N —— e e——— \-. . -
| \
0.0 kW /ton Y {
200 kN @ ClimaCheck CH-2 powerTotal @ Deer Valley Central Plant 2015 Chiller 2 Power
\V
100kw AYY
7D VA .
/ L — — .~ S N A\
/ 7 s/ N\ -
Okw !

11a 12p 1p 2p 3p 4 55 6p 7p 8 9 10p 11p 122 1la 22 33 42 52 6a 7a B8a 9a
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TEST RESULTS SUMMARY

Site Chiller | #chillerissues |#flow issues| #Otherlssues | % Savings
1 1 1 30%
2 3 2 12%
2 5
2 6 1 1 17%
3 4 1 7%
3 5 2 1 10%
3 6 1 1 18%
4 1 1 1 10%
4 2 1 1 16%
4 3 1 5%
5 1 1 1 5%
5 2 1 1 5%
5 3 1 1 5%
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OTHER COOL SLIDES
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CHILLER PLANT EFFICIENCIES

Source: Ultraefficient All-Variable-Speed Chilled Water Plants, Ben Erpelding, HPAC Engineering, March 2006

High- _ Chiller plants with
New-technology efficiency Conventional — Older correctable design
all-variable-speed  optimized code-based  chiller or operationa
nhillerlplants chiller lplants chillerl plants plafts pmhkarns

Good Fair Needs improvement

oS 05 06 07 08 09 10 11 12

Ene’rﬁl}i‘gient (7.0) (5.9) (5.0) (4.4) (3.9) (3.5) (3.2) (2.9
performance

Bzsad on electrically driven centrifugal chiliar plants In comfort-conditioning applicatdons with 42-F nominal chilled-water-su

°F
Temparature and open cooling towers sizad for B5-F maximum entering-caondenser-water temperaiura. Local climate adjustment Tar
Norh Amanica 15 +0.05 Kw par ton.
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CHILLER EFFICIENCY VS. TEMP

0.400
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0.220

0.200
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ENERGY ENGINEERING FOR A SUSTAINABLE FUTURE



PRIMARY/SECONDARY PUMPING

@File Edit View Insert Dynamic Tools Window Help

D|a|i[o-|@] 5[0 @les|=] Sl el HFE ] o =] mle] o= s 5 |

LR TR A

Bypass Flow = Wasted
Energy

Bypass Flow — Secondary
flow must be < primary flow
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DEATH SPIRAL

10,000 gal/mi @ Chilled Water Flow @ Chilled Water Flow
l galjman

- gal!mm W\M/—_\

@ Chilled Water Return Temp @ Chilled Water Supply Temp @ Chilled Water Return Temp @ Chilled Water Supply Temp

0 gal/min

65 °F

60 °F :
55 °F
50 °F

45 °F

40 °F

e - o o

Sat 20th Sun 21st Mon 22nd Tue 23rd Wed 24th Thu 25th Fri 26th Sat 27th ThuOth Fri 10th Sat11th Sun 12th Mon 13th Tue 14th Wed 15th Thu 16th

';’_ﬂETCGroup ENERGY ENGINEERING FOR A SUSTAINABLE FUTURE
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QUESTIONS?

e Glen Anderson
e ganderson@etcgrp.com
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Thank you!

Matthew Gudorf, UC Irvine
mgudorf@uci.edu

Glen Anderson, ETC Group
ganderson@etcgrp.com

Michael Deru, National Renewable Energy Laboratory
michael.deru@nrel.gov
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