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Pre- and Post-installation chiller’s efficiency change
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~8.4% chiller’s efficiency improvement,
associated with EcoCOOL treatment




Subject of Analysis — Pilot Chiller#2

Unit : Centrifugal Chiller, 650 Tons capacity
Brand : York

Model: YKEKEKP8-CUF
Compressor Model: YDHE 580DD
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Data Analyzed and Test Arrangement

Pre- and Post- EcoCOOL installation chiller performance parameters were collected
by Customer’s Building Automation System (BAS) and their Fluke Data Logger in 10-
min time intervals for duration of about four weeks (Jun-Jul, 2016) before and about
four months (Sep, 2016 — Jan, 2017) after ECOCOOL treatment

List of parameters monitored is presentedbelow
o Electric consumption, kWh
Cooling Load, Ton-hr
Chilled Water Flow, m”3/hr — converted to GPM (gallons per minute)
Evaporator Water Supply and Return Temperatures, degree (Celsius to Fahrenheit)
Chiller Load (% Loading)
Chillers Efficiency, kW/ton, EER, COP

0O 0O O O O

Some additional data, collected in Oct, 2016-Jan, 2017 (*.txt files), also included
Condenser Water Supply and Return Temperatures, Actual Chilled Water Supply
Temperature Set-point, Compressor Pressures and Oil Temperatures

All available data was utilized in analysis and presented on slides that follow.

Time interval Jun-Jul, 2016 was considered as “baseline” pre-installation data;

period between EcoCOOL installation date of Sep 11, 2016 till the end of September, 2016
was considered as “transition period” assigned for system relaxation.

All data from Oct, 2016 till Jan, 2017 was considered as post-installation data — all this
information was “un-folded”, graphically presented and interpreted in analysis, but only
Oct-Nov, 2016 records having kwWh readings were utilized for calculating average post
-installation efficiency kW/ton



“Before-” and “After-” installation Data
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The Issue Analyzed and Resolution Proposed

The main “problem in hand” is
discrepancy between expected
chiller’s efficiency (less than
baseline efficiency ~0.6 kW/ton),
and actually observed much larger
(much worse) post-installation

efficiency of ~0.9 kW/ton

Proposed Resolution
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Before and After Chiller Efficiency (measured), kw/ton
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The following three claims were derived from our analysis:

* We came-up with higher than presented by BAS pre-installation efficiency 0.96 kW/ton. This efficiency is result of
direct calculation of chiller’s load (tons) from provided chilled water flow and supply/return temperatures.
Post-installation efficiency is in the same range, but slightly (8.4%) better — it’s equal in average 0.88 kW/ton

* Claimed by Customer’s BAS %Load (~70-80%, while max is 95%) can’t be confirmed by existing data neither before, nor

after EcoCOOL installation — all available data indicate, that chiller worked at much lower load of 350-400 tons (while
chillers capacity is 650 tons), at 40-50% capacity. Accordingly, chiller efficiency is 0.9 kW/ton - much more realistic
(than 0.6 kW/ton) value for half-loaded chiller, operating with ~5 degF chilled water deltaT only.

* Additional data (*.txt files) for Oct-Nov, 2016 indicate, that Chilled Water Supply Temperature Set-point was changed
several times for extended periods time intervals from default value of 42F to 43-44F, which also affected comparison
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— BAS-measured vs Calculated
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Before and After Chiller Efficiency (measured and calculated), kW/ton

500*GPM*deltaT/12,000

Ton
deltaT

After Calc kw/ton

After KW/Ton

Before Calc kwjton

——— Beforee KW/Ton

ChWRetT — ChWSupT

06T 91/2Z/11
oz ot/
06 91/1/11
Z09T 91/1E/0T
T0'€T 91/08/01
9 91 /0%/01
TO%T 91/8Z/01
Z00T 91/87/01
ZO£ 9T/82/0T
TO0T 91/LZ/0T
Z0LT 91 /97/01
0.0 91/92/01
zoiL 91 /5Z/0T
ZObT 91/vT/0T
oz 9t/sT/on
zov 91 /ez/ot
Z0TY 91/2%/01
zost et/1Z/01
ZoT 91/1Z/0T
z0'8 91/0z/01
ZO'ST 91/61/01
sTIZ9v/8r/ot
sT.rot/er/or
SzIT9T/LT/0T
5797 91/97/0T
sT191/91/01
ST 9T/51/01
STST 9T/v1/OT
szZT 9T/ET/ON
STS9T/ET/OT
sTZY 9t/TT/0T
STST 9T/1T/01
YT eT/TT/01
stg ot/ot/01
8TST 9T/6/0T
stizz 91/8/01
sv's 91/8/01
svizT 9T /L/0t
2r.61 91/9/01
8tz 91/9/01
§1'6 91/5/01
89T 91/t/01
SUIEZ 91/5/01
89 91/€/01
STET 91/2/01
svioz 91/1/01
stiE 91/1/01
S2.0T 91/06/6
o5 9t/S1/6
0TI IT/1T/6

t “Before” load (tons)

(brown line) and Before (magenta
calculation by Fluke meter

Large difference between After
line) Chiller Efficiencies is due to

Incorrec

120
00
0.80

Before and After Chiller Efficiency (calculated only), kw/ton

v 1a4g

TO8T O1/Z/1T
Z0:Z9T/Z/TT
206 91/1/11

2091 91/18/01 |
06T $1/08/01
T0'9 9T/0%/0T |
ZOET 91/62/0T
2002 91/82/0%

0§ 91/8%/01
2001 91/LZ/01
zoLT s1/9z/oT

Z0:0 97/9Z/0T

zoL9t/sz/ot

01T 91/17/0T
012 91/57/01
o 91/62/01
z0TT 91/ZT/0T
2081 91/1Z/0T
0T 91/12/01
08 91/0Z/01
Z0'ST 91/61/01
szIz9T/8T/01
STy otT/8T/oT |
szrT9T/LT/0t
S291 91/91/01
sz19T/en/or
szg or/st/o1
STST 91/vT/0T
szzzot/et/ot

STS9T/ET/01

SZZ1 91/TV/01

STET ST/T1/0T
st'To1/11/0T |
s¥'8 9T/0T/01

SYST 91/6/01

ST 91/8/01
8vis 91/8/01

8121 91/4/01

8161 91/9/01
srZ 91/8/01
sT691/5/01

8.1 91/p/01

STET 9T/E/0T
st'9 91/5/01

SYET 9T/2/01

80T 91/1/01
8T S1/1/01

EZ.0T 9T/0E/6
05 9T/ST/6

oTT9T/1n/5

8

-

After Calc kw/ton

Before Cak kw/ton

CCTVVWY
STOT 9T/€2/9
ST 91/22/9
ssT9T//9
Sr69T/12/9
sELT9T/02/9
sTIST/OT/e

sueor/aL/e

soLToT/aT/9
SS091/8T/9
sr89tT/a/e
SE9T 91/91/9
sTo9t/or/e
sugot/st/e
SCST9T/MT /8
ssezot/er/e
srLot/en/e
SESTOT/ZT/9
STETOT/TI/9
stLot/Tn/e
SO'ST 9T/01/9
SSTTIT/9
SYeeTE/9
SEPT TR/
szzTot/L/e
sToot/L/e
SOvT 9T0/9
SSTIZ9TA/9
ST OTA/S
SESTOIN/9
sTIZONK/S
susoTk/e

120
100
0.30

SOET 9T/2/9

020
0.00

P12

120

(e 1.0

100

Large Before - After kW/ton difference is
eliminated, when CALCULATED values

are compared.
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(Note: the x-axes are not shown,
because they are different for ;‘ !
Before and After lines)

Chiller’s Load Calculation Details — ChW Flow and Temperatures

Before and After GPM History Charts demonstrate, that both chilled
SN - S water flow and chilled water deltaT were
close in both Before and After installation.
It indicates, that tonnage difference is not
~' | due to difference in performance, but
Al rather due to Fluke’s calculation error
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Tons After from Oct,2016-Jan, 2017
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Chart above compares After-installation chiller load (Tons) (from original data set Oct, 2016), from our

calculation (slide 6 formula), and from additionally provided *.txt files (Oct, 2016-Jan, 2017) Customer’s data.
All data are in good correspondence, confirming formula used in calculations and conclusion made regarding

load operation most of the time
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with load ~50% of full capacity, with ~5 degF deltaT (most of the time), while providing ~44 degF chilled

water supply temperature. That, again, confirms, that cooling load of ~80 ton-hrs/10min, reported in

Data indicates, that chiller operates at load ~300-400 tons (or ton-hrs/hr), which is ~50 ton-hrs/10min,
“Before” load data is most probably incorrect.
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Please note (almost always) perfect correspondence between calculated and measured Cooling Load (tons)




