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Foreword

This Malaysian Standard was developed by the Working Group on Energy Efficiency for
Cooling Towers for Industries under the authority of the Industry Standards Committee on
Electrical and Electronics Equipments and Accessories.

MS 2670 consists of the following parts, under the general title Code of practice on energy
efficiency and conservation for industrial electrical equipment:

Part 1: Fans
Part 2: Cooling towers
Part 3: Motors

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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Introduction

Cooling towers are heat removal devices extensively used in the air-conditioning,
manufacturing and electrical power generation industry. Cooling towers can therefore
contribute significantly to improving energy efficiency operation of the engineering processes
or systems in which they are connected to.

Large capacity cooling towers are normally custom-built and field erected while the small and
medium ranges are factory assembled or of modular packaged types. Energy efficiency
design and considerations for the large capacity cooling towers are usually well addressed
but the same cannot be said of the packaged cooling towers where their performance can
vary drastically.

This Malaysian Standard has been developed to provide a minimum benchmark on energy
efficiency performance for such cooling towers and includes a table to guide selection for the
most common range of capacities.

Apart from selecting energy efficient cooling towers, proper design, proper installation and
proper maintenance are equally if not, more important to maximise energy savings throughout
the life cycle of cooling towers. All these features are also elaborated and illustrated in this
standard.
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Code of practice on energy efficiency and conservation for industrial
electrical equipment - Part 2: Cooling towers

1 Scope

This Malaysian Standard establishes the selection criteria, installation and performance
requirements to achieve minimum energy efficiency operation for cooling towers. The
performance requirements include re-circulated cooling water quality, make-up water quality,

thermal performance, and drift loss limits. For industrial process cooling, the cooling tower
selection criteria may differ to suit the required process parameters.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

ASHRAE 90.1, Energy Standard for Buildings except Low-Rise Residential Buildings

CTI ATC-105, Acceptance Test Code for Water Cooling Towers

CIT STD 140, Isokinetic Drift Measurement Test Code for Water Cooling Tower

CTI STD-201, Standard for the Certification of Water Cooling Tower Thermal Performance

3 Terms and definitions

For the purposes of this standard, the following terms and definitions apply.

3.1 cooling tower

A cooling tower is a heat rejection device, which extracts waste heat to the atmosphere
through the cooling of a water stream to a lower temperature. The reduction of temperature is
a result of two simultaneous processes. First, there is a simple exchange of sensible heat
between the hot water and the cold air. Second, and more important, is the evaporation of a
portion of the hot water. The heat of evaporation of this portion is supplied by a decrease in
the sensible heat of the main body of water, with a subsequent drop in its temperature.

3.2 cooling tower water blow-down

The portion of circulating water flow that is deliberately removed from the circulating water
system in order to maintain the amount of dissolved solids and other impurities at an
acceptable level.

3.3 cooling tower water make-up

Water added to the circulating water system to replenish the water lost from the system by
evaporation, drift, blow-down and/or leakage.

© STANDARDS MALAYSIA 2014 - All rights reserved 1
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3.4 drift eliminator

An assembly constructed of PVC, wood, or other material that serves to remove entrained
moisture from the discharged air.

3.5 driftloss

Water lost from the tower as liquid droplets entrained in the exhaust air. It is independent of
water lost by evaporation. Units may be in percentage of circulating water flow.

3.6 dry bulb temperature

The temperature of the air as measured by a thermometer whose bulb is dry.
3.7 entering water temperature

Temperature of the circulating hot water entering cooling tower.

3.8 leaving water temperature

Temperature of the circulating cold water leaving cooling tower.

3.9 types of cooling towers

Cooling towers may generally be categorised into the following types:

3.9.1 counterflow film fill cooling tower

In a counterflow tower, air moves vertically upward through the film fill counter to the
downward fall of water.

3.9.2 crossflow film fill cooling tower

In a crossflow tower, movement of air through the film fill is across (perpendicular to) the
direction of water fall.

3.9.3 filmfill

Film-fill type achieves the same effect by causing the water to flow in a thin layer over closely
spaced sheets that are arranged vertically.

3.9.4 forced draught water cooling tower

Mechanical draught tower in which one or more fans are located at the air inlets to force air
into the tower.

3.9.5 induced draught water cooling tower

Mechanical draught tower in which one or more fans are located at the air outlets to induce air
flow through the air inlets.

2 © STANDARDS MALAYSIA 2014 - All rights reserved
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3.9.6 splashfill

Splash-type fill maximises contact area and time by forcing the water to cascade through
successive elevations of splash bars arranged in staggered rows.

3.10  water circulation flow
The amount of hot water flowing into the cooling tower.
3.1 wet bulb temperature

The dynamic equilibrium temperature obtained by a water surface when exposed to air in a
manner such that the sensible heat transferred from the gas to the liquid is equal to the latent
heat carried away by evaporation of water vapor into the gas. It is measured by passing the
air over the bulb of a thermometer covered by a wick saturated with water.

4 General

A cooling tower rejects heat from the cooling water circulating through a heat exchanger such
as the condenser of a chiller. In industrial plants, cooling towers provide a relatively
inexpensive and dependable means of removing low grade heat from the cooling water.
Reducing energy consumption for a cooling tower may be as simple as performing proper and
regular maintenance. New cooling tower designs and improved materials can contribute to
significant reduction of water and energy requirements for cooling. Hence, it pays to select the
most appropriate cooling towers with thorough analysis and proper installation and
maintenance considerations to maximise energy savings.

4.1 System diversity

Under most circumstances, cooling towers will operate under fluctuating ambient wet bulb
temperature and load. Hence, some form of capacity control is desirable to maintain the
prescribed condensing temperatures or process conditions. Multi-cell fan cycling and two-
speed fan motors are commonly used for capacity control as a means to reduce energy
consumption during partial load operation. Variable speed drive for fan control can save
considerable energy and also provide for significantly quieter operation during part load
operation.

4.2 Types of cooling towers

A cooling tower fan can be of forced draught or induced draught configuration for both types
of cooling towers. The heat exchange medium, infill, can be arranged in either crossflow or
counterflow configuration. Two types of infill in use are the splash-fill and film-film.

Towers are typically classified as either factory-assembled or field-erected.

For this standard, the following shall apply:

a) crossflow film fill cooling tower; and

b) counterflow film fill cooling tower.

© STANDARDS MALAYSIA 2014 - All rights reserved 3
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Types of
cooling towers
(Factory-assembled or field-assembled)
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Forced draught [ Induced draught ]
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Splash fill Splash fill Splash fill Splash fill
L Film fill
Film fill Film fill — Film fill

Figure 1. Types of cooling towers

4.3 Cooling tower selection criteria

There are many types of cooling towers that can meet a given cooling duty. Factors that
influence the final selection are dimensions, volume of airflow, fan and pump energy
consumption, materials of construction and water quality. When selecting energy efficient
cooling towers, it is essential to consider the followings:

a) thermal capability of a cooling tower shall be correctly specified and rated, to ensure the
thermal performance meets the heat rejection duty. The thermal capability shall be
verified against the following parameters:

i) entering and leaving water temperatures;
ii) entering air wet-bulb and dry-bulb temperatures; and
iii) water flow rate;

Entering air wet-bulb temperature varies throughout the whole day. Hence, a cooling
tower may be perceived as ‘under designed’ or ‘oversized’ if the entering wet-bulb
temperature is wrongly specified. As such, it is advisable to specify the highest mean wet
bulb temperature applicable to a specific locality. For instance, for a typical electric water-
cooled chiller operating in Kuala Lumpur, it is recommended to specify 36.1 °C (97 °F)
entering water temperature, 30.6 °C (87 °F) leaving water temperature and 27.2 °C
(81 °F) ambient wet bulb temperature to ensure cooling tower performance will be
optimised.
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b) space occupied by a cooling tower;
c) single cell or multi-cell operation to facilitate part load demand;

d) fan power consumption;

e) fan powered by motor of 5.5 kW and above shall be operable down to two-thirds of its full
speed or less to control the leaving water temperature from the cooling towers;

f)  pump head;
g) cooling tower location shall be unobstructed to prevent short-circuiting of air;

h) locating a cooling tower near a fresh air intake for a building is the surest way of
spreading not only biological contamination, such as legionella, but also the chemicals
used in the treatment of the water. Therefore, cooling towers shall never be located near
fresh air intakes to a building. Cooling towers scrub the air that they take in for
evaporation. The contaminants that are in the air entering a cooling tower can easily
become dissolved or suspended in the cooling tower water, thus contaminating the entire
cooling water loop. Therefore, a cooling tower shall never be located near corrosive
exhaust outlets, kitchen exhaust outlets, or industrial exhaust outlets. Factory installations
shall take into consideration the location of process exhausts and predominant wind
directions. Cooling towers shall also be placed away from the resultant downdraft of
contaminants from chimneys, such as those from oil fired boilers which are commonly
used in hospitals and factories;

i)  the minimum horizontal separation measured from the nearest edge of the cooling tower
exhaust/intake to the nearest edge of the outdoor air intake, exhaust air outlet or
operable window shall comply with the separation requirements as shown in Table 1.

Table 1. The minimum horizontal separation requirements for cooling towers

Minimum distance Outdoor air Exhaust air Operable window
apart intake outlet (m)
(m) (m)
Cooling tower 8 8 8
exhaust
Cooling tower 5 8 5
intake

© STANDARDS MALAYSIA 2014 - All rights reserved 5
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lllustration of the minimum separation requirement for cooling towers from outdoor air
intake and exhaust louvers/operable window is shown in Figure 2.

" Outdoor air
Cooling tower ——— ‘t o ¢

b — Minimum ' intake louver/
extaust 3 3
m £ operable window

I Cooling ?
q % R -
| .tower \ Minimum
| intake & 2 . m - Exhaust air outlet
| 1 Cooling L/ louver
;- tower
Minimum - -
8m J Minimum
AREA OF PUBLIC ACCESS Cooling B | 8m BUILDING
tower hasin [ |

Figure 2. lllustration of the minimum horizontal separation requirements for cooling
towers

Horizontal separation shall be:

i)  measured from the nearest edge of the cooling tower intake/exhaust and NOT from
the centre of the cooling tower as shown in Figure 3a.

"

- . |

Horizontal Horizont_al 1
separation separation .
LT . _r . .

— o i - \/

Figure 3a. Horizontal separation measured from the nearest edge of the cooling tower
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i) computed separately from the vertical distance and SHALL NOT be the sum of
horizontal and vertical distances as shown in Figure 3b; and

Horizontal
separation

- b

+
|

Horizontal
separation

L.

3

==

i’ 1, /

5 N

Figure 3b. Horizontal separation measured from the vertical distance

iii) measured from the nearest edge of the cooling tower exhaust to the facade
horizontally and not the directional distance as shown in Figure 3c.

ey
1
L ===

Horizontal
separation
) Horizontal
separation
L T

Y ] g

Figure 3c. Horizontal separation measured from the nearest edge of the cooling tower

j) cooling tower water shall be properly treated with chemicals to minimise scale formation,
corrosion and fouling. The water shall also be properly treated with biocides to control the
growth of microorganisms. Other than chemicals, treatment based on magnetic,
electromagnetic or electrostatic technology for scale control and other non-chemical
biocides such as ultraviolet irradiation for biological growth control are also acceptable.
Under conventional treatment schemes, cycles of concentration (COC) shall not be more
than 5 (where cycle of concentration is defined as the ratio of make-up rate to the blow-
down rate). COC may exceed 5 with non-conventional treatment methods which either
removes the harmful minerals from the water or binds these minerals to prevent them
from reacting. Hence, the lower the levels of calcium or other scale forming minerals
present in the make-up water, the higher is the allowable COC without the risk of reaching
the point of spontaneous precipitation and scale formation;

© STANDARDS MALAYSIA 2014 - All rights reserved 7
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the dosing and dosage of water treatment chemicals shall be determined according to
real time monitoring of the relevant water quality parameters with respect to system
performance to ensure maximum effectiveness and to avoid under-treatment or over-
treatment of the system. This will serve to avoid waste of water at the expense of system
efficiency, effectiveness, and overall system life;

as scale formation and corrosion occurs due to the interaction of various water
parameters, the scale formation and corrosion likelihood due to water quality can be
approximated by using indexes such as the Langelier Saturation index (LSI), Ryznar
Stability index, Puckorius Scaling Index or Larson-Skold index. However, these indexes
can only serve to give an indication that scaling or corrosion might, or might not occur.
Anytime the water is dosed with a chemical that retards or promotes precipitation, the
indexes can easily be thrown way out of proportion, resulting in a system that is either
scale prone or not prone to scale when the index indicates otherwise. Indexes shall only
be used for indication and never for control or dosing;

particle filtration is highly recommended for re-circulating cooling towers in order to
minimise water and chemical consumption. Reduction of suspended solids to minimal
levels (for particles greater than 20 um) allows for better microbial control, thus minimising
use of biocides and also increasing the effectiveness of both chemical and non-chemical
biological control methods. Mechanical filtration, along with proper treatment of the water
in the system, can result in major savings of water that is normally wasted to excessive
blow-down. Thus, mechanical filtration shall always be implemented to reduce suspended
solids to a low acceptable level;

recommended cooling water quality for re-circulation water and make-up water are as per
Tables 2 and 3 respectively;

for industrial and process cooling, source of make-up water with high inlet temperature
and environmental condition shall also be taken into account;

installation of rated fans (with performance fan rated curve from manufacturer) is
recommended; and

fan motor operating more than 750 hours per year shall be of the high efficiency (IE 2)

type. Consider incorporating variable speed drive with temperature sensor installed at the
return condenser water side for energy saving.
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Table 2. Maximum allowable cooling water quality for re-circulation water

Item

Recommended range

pH (< 40 °C)

Total suspended solids (TSS)
Electric Conductivity

Chloride ion (mg CI7/1)
M-alkalinity (mg CaCOas/1)
Total hardness (mg CaCOs/1)
Iron (mg Fe/l)

Silicaion (mg SiO2/1)
Ammonia (mg NH3/1)

75~95

< 50 ppm as low as possible
below 600 ps/cm

below 120 ppm

below 90 ppm

below 150 ppm

below 0.6 ppm

below 90 ppm (critical)
below 5 ppm

NOTES:

1. At COC of 6, maximum allowable limits above are based on inputs of water in Table 3 below.
2. The above maximum allowable cooling tower quality is not applicable for splash fills application.

Table 3. Recommended potable (make-up) water quality

Items

Recommended Range

pH (< 40 °C)

Total suspended solids (TSS)
Electric conductivity (us/cm)
Chloride ion (mg CI7/1)
M-alkalinity (mg CaCOa/l)
Total hardness (mg CaCOs/1)
Iron (mg Fe/l)

Silicaion (mg SiO2/1)

6.5~8.0

<10 ppm

below 100 ps/cm
below 20 ppm
below 30 ppm
below 30 ppm
below 0.1 ppm
below 15 ppm

NOTE. The recommended range is based on the Malaysian water characteristic. This is not applicable

for underground/ surface water.
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4.4

Equipment (cooling towers) performance rating

Equipment (cooling towers) shown in Tables 4 and 5 shall have a minimum performance at
the specified rating conditions when tested in accordance with the specified test procedure.

Table 4. Thermal performance requirements for cooling towers

Equipment Water Temperature Thermal Test
type circulation flow conditions performance | procedure or
rate at rated required CTI
conditions (tower certification
capability)’ code?
Induced draft 97 °F entering water
counterflo]ylv 87 °F leaving water CTIATC-105
and crossflow Al 81 °F wet bulb > 95 % or
, CTI STD-201
cooling tower
Forced draft 97 °F entering water
counterflow 87 °F leaving water CTIATC-105
and crossflow Al 81 °F wet bulb > 95 % or
cooling tower CTI STD-201
' The calculation of tower capability should be computed by CTI Toolkit 3.0 software or equivalent.
2 Inthe event that the cooling tower is not CTI certified under STD 201, conduct a field thermal
performance test to CTI 105 or factory acceptance test by manufacturer.

Table 5. Drift loss performance requirements for cooling towers
Equipment Water Temperature Drift loss Test
type circulation flow conditions performance procedure

rate at rated required

conditions (Percentage of

drift)

Induced draft 97 °F entering water
cognterflo}ylv 87 °F leaving water
ana crosstiow Al o < 0.005 % CTI ATC-140
film filled 81 °F wet bulb °
Cooling tower
Forced draft 97 °F entering water
counterflow 87 °F leaving water
and crossflow All 81 °F wet bulb <0.005% | CTIATC-140

film Filled
cooling tower

10
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4.5 Equipment (cooling towers) energy efficiency and water make-up rating

Equipment (cooling towers) shown in Table 6 shall have a minimum energy efficiency and
water make-up rating when tested in accordance with the specified test procedure.

Table 6. Energy efficiency rating for cooling towers

Equipment Heat Water Temperature Energy Test
type rejection | circulation conditions efficiency procedure
ton flow rate at rating
conditions

Induced 97 °F entering CTI ATC-105
draft water CTI STD-201
counterflow Al Al 87 °Fleaving | <0.045kW/ | ASHRAE 90.1
and ’ water HRT
o 81 °F wet bulb
cooling
tower
Forced draft 97 °F entering CTI ATC-105
counterflow water CTI STD-201
and Al Al 87 °F leaving <0.077kW/ | ASHRAE 90.1
qrossflow water HRT
film filled 81 °F wet bulb
cooling wet bu
tower
NOTES:

1. 1 Nominal HRT is based on cooling water flow rate of 2.4 USGPM @ 97/87/81 °F or 2.12 USGPM
@ 97/87/82 °F or 0.78 m¥/hr @ 37/32/27 °C (for general application).

2. For chiller application (as an example) with 800 refrigeration tons (RT) chiller with condenser water
flow rate of 3 USGPM / RT @ 97/87/81 °F, the nearest selected cooling tower is 1000 HRT.
An illustration of this example is as depicted in Figure 4.

© STANDARDS MALAYSIA 2014 - All rights reserved
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Figure 4. Chiller application with 800 RT chiller
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For industrial process cooling, the cooling tower selection may be different from the above.
Hence, it is advisable to consult the cooling tower manufacturer for energy efficient selection.
Table 7 provides typical manufacturer’s cooling tower selection.

Table 7. Typical manufacturer’s cooling tower selection table

Selection table
Deg F In 95.0 98.6 95.0 97.0 98.0 98.6 97.0 100.0 98.6 100.0 | 100.0
Out 85.1 89.6 86.0 87.0 88.0 89.6 87.0 90.0 89.6 90.0 90.0
wB 80.6 80.6 81.0 81.0 82.0 81.5 82.0 82.0 82.4 83.0 84.0
Deg C In 35.0 37.0 35.0 36.1 36.7 37.0 36.1 37.8 37.0 37.8 37.8
Out 29.5 32.0 30.0 30.5 31.1 320 | 306 | 322 320 | 322 32.2
wB 27.0 27.0 27.2 27.2 27.8 275 | 278 | 27.8 28.0 | 283 28.3
Total Cooling md/hr
maximum tower
permissib (HRT)
le fan
motor
power,
(kW/
tower*)
3.7 100 42 78 50 54 55 74 48 67 69 63 58
55 125 53 98 60 68 69 93 60 84 86 78 73
55 150 63 117 72 81 83 111 72 101 104 94 88
7.5 175 75 137 87 95 97 130 85 118 120 109 102
7.5 200 86 156 100 108 110 148 97 135 138 125 116
7.5 225 95 176 110 122 125 167 108 152 155 141 130
11 250 107 195 122 135 138 185 120 168 172 157 146
11 300 126 234 150 162 166 222 145 202 208 188 176
15 350 150 273 174 189 194 260 168 236 240 220 204
15 375 159 294 180 205 207 279 180 252 258 234 217
15 400 173 314 200 216 220 296 193 270 276 251 232
18.5 450 190 353 220 243 250 334 217 304 310 282 260
22 500 214 390 250 270 276 370 241 337 345 314 292
22 525 225 411 261 285 291 390 255 354 360 327 306
22 600 252 468 300 324 330 444 290 405 414 377 350
30 700 300 546 350 378 385 518 338 473 480 439 408
30 750 321 585 366 410 414 555 360 504 516 471 438
30 800 345 624 400 432 440 592 386 540 552 502 464
37 900 385 702 450 486 495 668 434 608 620 565 520
45 1000 428 780 500 540 550 740 482 675 690 628 584
45 1200 504 936 600 648 660 888 580 810 828 754 700
30x2 1400 600 1092 700 756 770 1036 676 946 960 878 816
30x2 1600 690 1248 800 864 880 1184 772 1080 1104 | 1004 928
37 x2 1800 770 1404 900 972 990 1336 868 1216 1240 | 1130 1040
45x2 2000 856 1560 1000 1080 1100 1480 964 1350 1380 | 1256 1168
* The maximum fan motor power is based on the common motor size (rated kW) where is available.
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Table 8. Water make-up rating for cooling towers

and
crossflow
film filled
cooling
tower

81 °F wet bulb
at 73 % RH

Equipment Heat Water Temperature Water make Test
type rejection | circulation conditions up rating @ procedure
ton flow rate (Percentage
(HRT) at rz.at_ed of water
conditions circulation
flow rate)
Induced 97 °F entering water
draft All All 87 °F leaving water <1.105 % Flow totaliser
counterflow
and 81 °F wet bulb at
crossflow at 73 % RH make up inlet
film filled line
cooling
tower
Forced draft 97 °F entering water
counterflow Al All 87 °F leaving water <1.105 % Flow totaliser

at

make up inlet
line

2The water make-up rating calculation is based on a concentration cycle of 5.

14
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