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Spare Parts Updated

Trane HVAC Parts & Supplies
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providing insights for today‘s hvac system designer

Engineers Newsletter

aoun 1

Updendowasianisniiviunazus:ansniwvavs:uuniiiduoinnisis VSD
The Impact of VSDs on Chiller Plant Performance

The efficiency of various chiller plant designs
and operation strategies is a hot industry
topic. A recent five-part series in the
ASHRAE Journal provided an excellent
process for designing an efficient modern
chiller plant.

Also reverberating through the industry
is the concept of the all-variable-speed
chiller plant. With the popularity and falling
prices of variable-speed drives (VSDs), the
sentiment of SOAV (Slap On A VSD) has
ramped up. While investing in a VSD on
chiller plant components typically results in
energy savings, the magnitude of savings
and the payback can vary significantly.

The purpose of this Engineers Newsletter is
to compare the impact of the addition of
V5Ds to various chiller plant components
under a few different design and control
conditions. It is our hope that it will provoke
plant designers to explore the range of plant
design and control possibilities on future

projects.
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The Analysis

To provide enough diversity to make
this a useful analysis, the following
examples will be analyzed.

Building Types:
» Chicago office with economizer
» Memphis hospital no economizer

» Miami office no economizer

Base Chiller Plant Configurations:
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Chilled-water conditions 56°F - 42°F Jormuas:zuuridudu (nsrdgiu) AlsTu
(1.7 gpmilon)  ns5IAST:H:

Condenser waler flow 85°F - 94.4°F  auupiuniuussgrriniTiva  56°F - 42°F
conditions (3 gpmiton) {1.7 gpm/ton)
Cooling tower cell per chiller (38.21 gpmMp)  gompiuATAMEET LA 85°F - O4.4°F

anrInTivg (2 gpmJ/ton)
Condenser waler pump per chiller (19W/Mhp)

A =

weRLiY 38,21 )
1. 2. and 3 constant-speed (0.567 kKwW/lon) { kil
chillers ihniAswAumas (19 Wihp)
Fixed tower setpoint control HEF UssanammiaTaainiufy [0.567 kW/ton)

ASHRAE 90.1-2010 Path A compliant

& -
RUUATTHLTIAAN
- o :
W HL THERIRH 1w 85°F

HIRTINU ASHHAE 90.1-2010 Palh A

[1] Per ASHRAE 90.1 2007 - Appendix G Baselne
Builcing

e

1] AuNIARIS U ASHRAE 90.1-2007 - Appendix
G Baseline Building
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The Impacts of VSDs on Chiller Plant Performance

Alternatives: From these base conditions the
analysis will consider:

» optimized control sequences,

» the addition of VSDs to various components,
and

* near-optimum system design conditions.

Because several of the optimized control
strategies considered are difficult to analyze in
commercially available energy modeling software,
a custom program was created to perform the
analysis. It utilizes multivariable quadratic chiller
modeling algorithms and the ASHRAE cooling
tower performance model, deviating from design
setpoints only where specified to evaluate
optimized control. The modeling program
performs an 8760 hour analysis using TMY3
weather files.

The resulting energy performance is reported as
annualized kW/ton. This value is calculated by
dividing total annual chiller plant kWh by total
annual system ton-hrs. It represents a year-long
average of the chiller plant’s performance.

Finally, it is important to note that in order to
maintain a reasonable scope for this analysis, we
considered the energy consumption of only chiller
and heat rejection equipment (condenser pump
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and tower fan).

Figure 1. Base case system performance in annualized kW/ton

sun 1. Us:anSniws: uuriauéu (kW/ten) 1aasnoluavnsmigiu
cond cond - Chicago office with economizer Memphis hospital no economizer Miami office no economizer
Chiller  clg. Twr wir wit. control Cannualized N /ton) (annualized kW ton) (annualired KW /ton)
T Fa Hlow fi hod
e " s et il aisdwing wifsanln [sowewafiuula asdwinowifluend
BTG QesIOns! s:uudslalilumas sukioslnlulmes ssoulugalalTumas

e reElacen 8w
fduly  medofu  (Gemioe) Puced  mediody

base €S 1 spd 3 CF  B5°F

A o Safollunuss kKWAon) anSnmeddarfollunute KWon)
0.5 06 0.7 0B 09 1.0 1.1 05 06 0.7 08 09 10 1.1

(U e=anramadedoliumise kKiiton)
05 06 0.7 OB 09 10 1.1

nSoorfwleliu 1 1n8ow  powoenisZsomFubur 110% peonsaistaewBursly

. 1 chiller
owzonur’ [peDiudecowarudor 1 wion wenotoolu 1 mad

size for 110% of the building full load’
. 1 condenser pump and 1 tower ced|

wfoorfulubu 2 mfow’  wrewonrSotnfuBusraons ool 55% sowmssrstamawdlunely

. 2 chiller® sized for 55% of the building full load',
ownzionur’ [reD0uwdc:vwaowdon 2 wion enofolu 2 mad

2 condenser pumps and 2 tower cells

irgooriulufiu 3 1Afen”  woeosardeom i busraafmar 36 7% LenAsnsmAs LUy
evreionun’ [repfuivuwarwdou 3 wioo wxmodody 3 mad
! S TR T Tt P
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.. 3 chiller® sized fior 36.7% of the bulding full load’,
3 condenser pumps and 3 tower cells

! To represent a reasonable safety foctor
? Equally sized chillers, sequenced to keeo the constont-speed
chillers as fully looded as possible

u — - [=1) L] L .|:1' L] H ol
The Base Case. Figure 1 represents our base case for HuUuvIdaaunsiuyu BlJn 1 Lﬂuuuuqﬂﬂﬂqf'ﬁ'ﬁLﬁfﬂm":uﬂmu

this EN comparison— performance of an all constant speed
system operating with a cooling tower setpoint of 85°F
The left side of the table shows the plant configuration and
operating conditions. Table abbreviations represent the
following:

I I|:_.|'I aars Mewsletter volume 42-4

uazgUNTOIA19 7 *ﬁ"lu‘lﬁmmm VSD LLHﬂ‘F_I"lﬂﬂ Tﬁﬂlﬂ»&ﬂ"‘l
x
ﬂmﬁnuufﬁwmuﬁfﬂmﬂuﬂﬂﬂnﬁﬁnwﬂnqmumww 85°F

WA U Nﬂ-l‘ﬂl.ﬂuﬂ?mj"luLﬁﬂﬂrtlU LY LIUI'I'JJT'ITE'H'B‘H ol AU
FIUIBIANTINAEUH ﬁd*ﬂﬂﬂﬂﬂ'ﬂdi‘”ﬂﬂﬂ’ﬂﬂﬂf‘hﬂﬂﬂﬁ FAN1RB
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The Impacts of VSDs on Chiller Plant Performance

LS constant speed

VS variable speed

1 spd single speed

3 gpm/ton  high flow rate

2 gpm/ton  near optimal flow rate
CF constant flow

VF variable flow

85 constant leaving water

setpoint
Opt real-time optimized tower

water temp. control

The energy performance results for each location
and building type are shown on the right in terms of
annualized performance of kW/ton.

For the two- and three-chiller examples, the lag
chillers are cycled off as soon as the plant load allows.
In an all constant speed system, if the lag chillers are
left on at lower loads, the annualized plant
performance will be worse, approaching or equaling
the energy use of the single-chiller system.

DObservations. From this base case analysis we can
make two observations.

« First, the use of multiple chillers significantly
decreases the energy use of the plant, with the
greatest impact seen in going from one chiller to
two. This occurs because at many part-load hours,
half or more of the pump and fan energy can be
cycled off. This results in a much better balance of
chiller, pump and fan power relative to the cooling
load. At many part-load hours, one or more chillers
also can be cycled off, allowing the remaining chillers
to operate at a more efficient load point.

+ Second, the annual plant efficiency for the Chicago
location looks worse than the others. As chillers
are added, the difference becomes less. There are
two significant reasons.

- Even with airside economizer operation, the
Chicago office has a higher percentage of hours
operating at lower loading on the chillers. With
the entering condenser water being controlled to
85°F, the increased low load kKW/ton of the con-
stant-speed chiller(s) and high relative condenser
pump power results in worse system eficiency
at low-load hours.

- At low loads there are fewer tons across which to
distribute the high flow/high level of condenser
pump energy, resulting in a more pronounced
negative effect on the system annualized
performance.
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