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“What’s natural is the microbe. All the rest — health, integrity, 
purity (if you like) — is a product of the human will, of a 

vigilance that must never falter.”
– Albert Camus

French-Algerian philosopher,
author and journalist;  winner of the Nobel Prize in Literature

(November 7, 1913 – January 4, 1960) 
in La Peste (The Plague), 1947

We are going through a global cataclysm that will for ever change the way we 
think, act and, indeed, live. How we relate to each other and to various other 
species is going through a profound change. Human interaction, business 

transactions and everything we take for granted will change beyond recognition, and 
soon. How exactly it will change will depend on how the society and governments 
respond to the novel coronavirus and its economic fallout. It is not our intention to 
try to predict these changes. We shall just state the obvious: those who adapt to the 
change while it is occurring will have the fi rst-mover advantage.

The Finance Act 2020 off ers a few goodies for the HVAC industry. First, a policy 
has been announced to allow private companies to build data centre parks. “It will 
enable our fi rms to skilfully incorporate data in every step of their value chains,” 
said the Finance Minister while introducing the Finance Bill. It will also support the 
clause in India’s personal data protection bill, which stipulates that data collected by 
foreign companies such as Facebook and Google from the country must be stored on 
Indian servers. Till now, this clause had been considered unrealistic, given the lack of 
infrastructure in India. Another signifi cant measure is the allocation of Rs.4,400 crore 
to help states draw up schemes to improve air in cities that have a population of one 
million and more. In addition, the government proposes to shut down high carbon-
emitting thermal power plants. Utilities running them would be advised to close them, 
if their emissions are above the norms. The land so vacated will be put to alternative 
use.

In this issue, we bring you a ball by ball coverage of ACREX India 2020. We also 
carry an article on energy conservation in HVAC&R systems; and a write up on Solar 
Decathlon India – a contest mooted to cultivate a crop of engineers and architects 
ready to design net-zero-energy-water-waste buildings that are resilient to climate 
change. Another article on lean management, and the second part of the series on 
insulation, also form a part of the fare this issue off ers. And, of course, we have all the 
usual departments that keep you abreast of happenings in the industry in India and 
all over the world. Happy reading!

Rakesh Kumar, Managing Editor
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Johnson Controls Launches Range of Air 
Quality Products

Johnson Controls India introduced a wide range of air quality 
products during ACREX 2020.

The kitchen scrubber that was 
on display is UL listed, comes with 
solid state pulse width modulating 
power supply and extra deep elec-
trostatic collecting cells with spiked 
ionizing blades, and features mo-
torized water wash manifolds with 
spray nozzles in the ESP section.

The ceiling/wall mounted air 
cleaner follows the Coanda airfl ow 
model, three speed fan, remote 
control, indoor air self-circulation 
and permanent fi lter.

Also on display was the Trion 
brand ESP fi lter for AHU, FCU and 
duct applications, capable of cap-
turing ≥0.01μ particulate matter, 
with low resistance, washable and 
cycle use, sterilizing capability, 
modular design and small size.

The Trion residential air purifi er 
on display uses patented UVC germi-
cidal technology to destroy biologi-
cal contaminants; reduces or elimi-
nates symptoms of allergies, asthma 
and other maladies triggered by 
mold, bacteria and their metabolic 
products; reduces the spread of in-
fectious diseases caused by bacteria; 

destroys airborne viruses; removes VOCs through carbon absorp-
tion; uses a high effi  ciency pleated fi lter media; and is ozone-free. 
The Sterilaire UV lamp on display kills mold, bacteria and viruses.

Dry All Introduces Filter Drier with Leak 
Detection Technology

Dry All has introduced the world’s fi rst fi lter drier with leak 
detection technology, to pin point the location of refrigerant leaks 
quickly in HVAC&R systems. This innovation was declared runner-
up in the Innovative Refrigeration Products category at REFCOLD 
India Emerson Awards 2019.

The technology involves Tracer Wafer (TW) from Spectroline, 
USA – small tablets impregnated with a fl uorescent dye – inserted 
in the fi lter drier at the manufacturing stage. The dye moves out of 
TW when it comes in contact with compressor oil along with the 
refrigerant, and mixes with the complete oil charge in the system. 
Later on, if there is a leak, the fl uorescent dye in the system will show 
up at the point of leakage. The dye can be detected at the point 
of leakage with the help of a UV torch when seen through yellow 
glasses. This helps the technician to quickly detect the exact point 

hat’s newWW

Trion electronic filter bank

Trion air purifier

of small, multiple and intermittent leaks in any HVAC&R system. This 
method is cost-eff ective and requires no special skills.

This leak detection technology has been incorporated in the 
full range of Dry All fi lter driers, and is also available in core-and-
shell type of fi lter driers. 

For more information, please email info@dryall.net.in

Magna Chemicals Introduces Green Caustic for 
AC Cleaning

Magna Chemicals, Singapore along with Business Plus, 
Mumbai has introduced Magna White powder, a biodegradable 
Green scourer. It is a highly concentrated powdered alkaline 
cleaner and degreaser that enables rapid penetration and is able 
to remove oil, grease and dirt from surfaces.

The product is non-fl ammable and non-corrosive. It does 
not attack metals like copper and aluminium, and contains rust 
inhibitors. It can be used on most surfaces that are water safe. It 
is versatile and no special clothing is required while handling it. 
It can be used in HVAC and industrial equipment and machinery, 
to clean walls, concrete fl oors and equipment. Magna White has 
a pH of 11.5±0.5, bland odour and good stability. It is non-toxic, 
and works with hard water up to 500 PPM. It needs to be diluted 
with water in the ratio of 1 kg of powder in 100 litres of water. 
It may be used at temperatures of up to 85°C. It does not have 
a fl ash point.

For more details, please visit www.businessplus.solutions

Pureblu Technologies Launches ‘Smart 
Dealer’ 

To meet the twin challenges of increasing competition 
and higher manpower costs, Pureblu Technologies – a start-up 
that builds technology tools to help small enterprises increase 
their efficiency in the field of HVAC&R – has developed 
software that addresses the service challenges of the air 
conditioning industry, viz. tracking of customer complaints 
and their status, updating customer data and handling service 
reports, AMC tracking and renewals, warranty claims on 
OEMs, field team  productivity, and back end administration 
dependability. 

So far, the options available for service management were 
limited to generic software. ‘Smart Dealer’ from Pureblu is a cloud 
based paperless service management software priced on a per 
technician per month basis. It can be accessed from anywhere, 
as it is cloud based, and the administrator controls access to 
the software. It manages customer data with machine and AMC 
details, and tracks technician and back office administration 
performance. It keeps data secure. It is paperless; service reports 
are made by technicians on their phone app, and the customer 
and business owner can access them instantaneously. Machine 
history is automatically updated. The software sends a daily 
morning sms update to the owner to let him know what is 
pending for service.

For more information, please email ap@pureblu.in
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ndustry NewsII
Blue Star Launches ‘Premium-Yet-Affordable’ ACs

Panasonic India announced in Hyderabad on 
February 20 the launch of its new range of connect-
ed air conditioners. “We are expecting aggressive 
growth. Catering to the growing preference for con-
nected air conditioners; with this launch, we aim to 
take our market share to 10%, with 25-30% growth 
in the air conditioner segment in FY 2020-21”, said 
Gaurav Sah, Business Head Air Conditioning Group, 
Panasonic India. The growth in FY 2019-20 was 6%.

Panasonic’s new connected AC range off ers a 
customised sleep mode feature that allows users to 
program diff erent temperatures through the night 
for a comfortable sleep. The new range provides 
convenience with the artificial intelligence (AI) 
enabled Miraie App, comfort with better cooling 
via JetStream and aero-wings technology, and 
health with its Nanoe-G technology, Sah said. The 
new range of IoT-enabled Panasonic inverter split 
air-conditioners is priced starting from Rs.35,990.

Panasonic India Launches Connected ACs

In preparation for the summer of 2020, Blue Star has 
launched its new range of residential air conditioners, catering 
to the expectations of customers who desire premium, high-
quality ACs but at attractive prices. With this strategic foray into 
the ‘Premium-Yet-Aff ordable’ segment, Blue Star has rolled out a 
range of 3-star inverter split air conditioners available at prices 
starting from Rs.31,990 for a 1 ton 3-star inverter split AC and 
from  Rs.37,990 for a 1.5 ton 3-star inverter split AC. These ACs are 
highly energy effi  cient and operate on eco-friendly refrigerants. 
They come with built-in voltage stabilisers that ensure trouble-
free operation across an input voltage from 160V to 270V. 
The product launch took place at The Trident, Nariman Point, 
Mumbai on March 13.

Blue Star facilitates purchase of these ACs through zero 
interest EMI options. All Blue Star inverter ACs are backed by a 

Samsung India to Re-enter Window and Fixed Speed 
Split ACs

Samsung India is re-entering the window and fixed speed split air 
conditioner segments in India from the year 2020 with a mass pricing 
strategy, in a bid to regain its market share that dropped after it exited these 
products a few years back to focus on the premium segment. The Korean 
giant has restructured its air conditioner business by forming a separate 
division, with senior vice president of consumer electronics business Rajeev 
Bhutani as the chief.

Bhutani said the new division has de-merged the company’s room AC 
business from consumer electronics and system air conditioning from its 
business-to-business vertical to give them dedicated focus. Samsung will roll 
out 300 franchise-owned stores exclusively for the AC business, to sell both 
room ACs and system air conditioning, he said. Samsung also plans to expand 
its AC service infrastructure by 50% to cater to the increased business.

The Rs.15,000 crore AC market has been growing at a CAGR of 15% in the 
last fi ve years. This product is poised to become the fastest growing in the 
home appliances segment driven by low penetration (5%), improvement in 
living standards, rising summer temperatures and electrifi cation.

(Source: ET Bureau, December 12, 2019)

comprehensive warranty for the fi rst year, and 10 years for the 
compressor.

Apart from the ‘Premium-Yet-Affordable’ range of air 
conditioners, Blue Star has also launched a series of innovative 
ranges of split air conditioners:  
• 5-star inverter split AC with an ISEER of 5.41. 
• 5-star inverter split AC with in-built air purifier, which 

can remove 99.78% of particulate matter PM2.5 and has a 
microbial kill rate of 99.999%. It can be operated in winter as 
an air purifi er without the compressor being switched ON.

• Next-gen Wi-Fi-enabled 5-star inverter split AC, which can 
be controlled from anywhere in the world, with smart 
options such as energy budgeting, customised sleep modes, 
climate control, and dual user setting; it can also be operated 
through voice commands in both English and Hindi by using 
an appropriate interface device. 

• 5-star inverter split AC that can deliver up to 30% more than 
the rated cooling capacity based on the heat load inside 
the room; this model was introduced in 2019 and will be 
continued in 2020. 

• 4-star inverter split AC with hot and cool technology.
• Inverter split AC with ‘iRest,’ a fuzzy logic function which, 

when activated, switches automatically from cooling mode 
to fan only mode at a pre-designated time, to provide 
comfort for undisturbed sleep.

• Future ready 3-star inverter split AC complying to the 2021 
BEE energy-effi  ciency norms, with an ISEER of 3.90.

B. Thiagarajan, MD, Blue Star and C. Haridas, VP Sales & 
Marketing at the product launch

continued on page 14
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Voltas Beko Plant for Home Appliances Goes Live Voltas Invests Rs.65 Cr to set up 
New Manufacturing Unit in Gujarat

The 1,000 crore greenfi eld manufacturing facility of Voltbek Home Appli-
ances, a  joint venture between Voltas and Europe’s consumer durables major 
Arçelik, was inaugurated on January 29 at Sanand in Ahmedabad. It will lever-
age Arçelik’s global expertise in manufacturing and product development and 
Voltas’s strong brand presence and country-wide sales and distribution network.

The new factory will produce home appliances under the Voltas Beko 
brand. Its portfolio will include direct cool refrigerators, which comprise about 
80% of the refrigerator market by volume, and the facility will reach its annual 
production capacity of 2.5 million units by 2025. It will primarily cater to 

the needs of the Indian market while 
exploring opportunities to export.

The factory has been set up with an 
investment of more than Rs.1,000 crores 
and is spread over 60 acres. Pradeep 
Bakshi, managing director and CEO, 
Voltas Limited said since its launch in 
2018, Voltas Beko has established itself 
as one of the fastest growing consumer 
durables brands in the country and is 
expected to sell close to half a million 
units by the end of this fi scal year.

Voltas Limited, a leading player in the 
Indian HVAC market, has set up a new 
manufacturing facility at Waghodia, Gujarat 
with an investment of Rs.65 crores. The Tata 
Group company has announced that the 
new manufacturing unit, which houses R&D 
and testing facilities also, will help it meet 
the growth aspirations of the Indian HVAC 
market and also address the current capacity 
constraints at its existing plants.

The new facility is situated within Siddhi 
Industrial Infrastructure Park, Gujarat and is 
spread across 32.05 acres, the company said. 
Variable refrigerant fl ow systems, packaged 
air conditioners, ductable split units, chiller 
packages and air handling units are the prod-
ucts manufactured at the Waghodia plant. 
The air conditioner manufacturer plans to 
procure its input requirements from suppliers 
located within a radius of 75 km.

Levent Çakıroğlu, CEO of Koç Holding 
A.Ş. – the parent company of Arçelik 
– with Voltas Chairman Noel Tata at 
the inauguration of the factory

Fujitsu General Starts AC Business with Direct 
Sales Structure

16th Municipalika Held in Bengaluru

Fujitsu General announced on January 21 the start of its air condi-
tioner business in India with a direct sales structure, through its sales 
subsidiary Fujitsu General (India). The company intends to improve its 
brand image by strengthening marketing activities and after-sales ser-
vice, and aims to expand its air conditioner business in India by enhanc-
ing sales channels, appointing new distributors and opening stores. 

The 16th edition of Mu-
nicipalika, the annual exhibi-
tion cum conference on sus-
tainable city solutions, was 
held from February 12 to 14 
in Bengaluru. It was inaugu-
rated by B.S. Yediyurappa, 
Chief Minister of Karnataka. 
The keynote address was de-
livered by Amitabh Kant, CEO, NITI Aayog.

Municipalika provides a large networking platform for 
governments, experts, entrepreneurs and service providers to 
collectively fi nd solutions to urban challenges. The event attracted 
participation from over 300 cities and 1500 delegates, with over 
200 exhibitors from diff erent parts of the world.

New Frascold Plant on Stream

The new manufacturing facility of Frascold India at 
Gallop Industrial Park in Ahmedabad, which was inaugu-
rated in April 2019, is fully on stream. Spread over 17,000 
sq. ft. in a plot of 35,000 sq. ft. area, it has two production 
lines for manufacture of condensing units (CUs). The fac-
tory is certifi ed to ISO 9001: 2015.

The product line-up includes screw and reciprocating 
CUs and racks – both air and water cooled. The range 
on off er is 0.7 to 50 HP in reciprocating and 40 to 160 
HP in single screw, with multiple compressor racks 
also available. The annual production capacity is 7,000 
condensing units.

For the purpose of training of fi eld technicians, there 
is a demonstration unit. The factory also has an R&D 
facility equipped with modern design software. It is in the 
process of developing a CO2 condensing unit.

Assembly line for air cooled reciprocating condensing units

B. S. Yediyurappa lights the lamp to 
inaugurate Municipalika

ndustry NewsII
continued from page 12
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ulletin BoardBB
Thermax Bags Low Carbon Hero Award

Belimo Celebrates 100 Million Actuators

Dr. Rupesh Iyengar Wins ASHRAE Developing 
Leader Award

Pankaj Dharkar Honoured
by NCRAC

Thermax Absorption Cooling and Heating business has 
been conferred with the Low Carbon Hero award 2019 for its 
Elazig City Hospital installation in Turkey. Constituted by the 
Sustainable Production and Consumption Association (SPCA) 
at Istanbul, Turkey, the award aims to support organizations 
achieving perfection in low carbon economy in production 
and consumption. Thermax received the award for the second 
consecutive year – the fi rst being for MNG Mall, Erzurum, Turkey 

At the beginning of the year 2020, Belimo reached a mile-
stone by producing its 100 millionth actuator. These actuators 
have been incorporated in the HVAC systems of hundreds of 
thousands of buildings around the world. Belimo, the Switzer-
land based global player in fi eld devices for controlling and 

The ASHRAE Developing Leader 
Award 2019 was presented to Dr. Rupesh 
S. Iyengar from Bangalore during the 
ASHRAE Winter Conference 2020 in 
Orlando, Florida. It was presented by 
ASHRAE past president Sheila Hayter. 
The award is meant to recognize mem-
bers who started their involvement in 
ASHRAE as soon as they joined the Soci-
ety, and is decided on the basis of points 
earned through involvement in a variety 
of categories. The award is also a plat-
form for identifying future leaders of ASHRAE. Dr. Iyengar was felicitated 
with a plaque in recognition of his involvement with ASHRAE and its 
activities, especially the YEA. 

Dr. Iyengar is a practicing MEP consultant and the youngest 
Distinguished Lecturer of ASHRAE, who speaks on Zero Energy Buildings, 
Thermal Comfort and Indoor Environmental Quality across the globe. 
He is the director of Services Consultants having offi  ces across India, 
Singapore and the USA. He is also a consultant on UNEP programs.

Pankaj Dharkar, Past National President of 
ISHRAE, has been honoured at National Conference 
on Refrigeration and Air Conditioning (NCRAC) as 
the ‘Doyen of HVAC-R Industry’. The Conference 
was organised by IIT Madras in association with K. 
L. N. College of Engineering, Madurai from February 
22 to 24. It was supported by ISHRAE and ASHRAE.

for gas engine waste heat recovery-based comfort cooling and 
heating.

Elazig City Hospital, implemented by the Ministry of Health, 
Turkey is one of the most prominent hospitals in the country with 
a capacity of 1,038 beds. Equipped with world-class amenities, it 
also shares responsibility towards the environment as it saves 3.7 
million units of electricity and reduces carbon emissions by 3,450 
tons annually. The energy effi  cient solution from Thermax for its 
cooling and heating needs contributes to these savings. 

Thermax’s two exhaust gas fi red chiller-heaters of 350 TR 
each utilize the waste heat of exhaust from gas engines (2.5 
MW) to heat and cool water. The hot water is used for sanitation 
purpose and sterilization of medical equipment. Also, hot and 
chilled water are used for comfort cooling and comfort heating 
for seasonal requirements.

Thermax has installed more than 65 chillers in Turkey 
including at Istanbul Atatürk Airport (cargo terminal), Garanti 
Bank and Elif Plastics. 

regulating heating, ventilation and air conditioning systems, 
continues its growth by catering to the demand for innovative 
products that sustainably increase comfort, energy effi  ciency 
and safety in buildings.

For more information, email: info.india@belimo.ch

Elazig City Hospital

Pankaj Dharkar at NCRAC

Rupesh Iyengar displays the 
plaque, with Sheila Hayter
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Energy Conservation
in HVAC&R Systems
By Shankar Chatterjee
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(HVAC Projects), from where he retired at the age of 65 in 2013. 
Post superannuation, he handled a special assignment for one 
year in Al Futtaim Engineering LLC, UAE for a district cooling 
project in Doha.

Modular chiller packages in series result in high ∆T

Introduction
Saving energy has emerged as the most crucial of all criteria among industries in today’s 
context. The HVAC&R industry is no exception. Consumption of electricity and water are 
two major areas of concern. In tropical countries, around 25% of the power generated 
is consumed for air conditioning of buildings that also require extensive use of treated 
water for cooling tower makeup. Therefore, HVAC&R is one of the highest potential 
areas with immense scope for conserving energy.
The accelerated rate of power consumption in the recent past for operation of HVAC&R 
systems in large commercial buildings, particularly in the Gulf countries, is a rapidly 
growing concern. A study of relevant aspects indicates that precise design, selection of 
energy efficient equipment, intelligent BMS automated operation, methodical scheduling 
and strict adherence to preventive as well as routine maintenance can yield substantial 
reduction in consumption of power to the tune of 25% to 30%. This article suggests 
some effective means of conserving energy in HVAC&R.

22 Air Conditioning and Refrigeration Journal March - April 2020



23

Modular Chilling Packages to Produce High ΔT 
The innovative concept of connecting chillers in series is 

capable of yielding higher chilled water ΔT – around double the 
ΔT of conventional systems – making it extremely energy and cost 
eff ective. Apart from a remarkable improvement in input kilowatt/
TR, it permits substantial cumulative cost reduction on account of 
initial cost of installation, operation and maintenance. In order to 
maintain the same system friction head, the chilled water piping 
along with accessories can be downsized accordingly. Due to the 
reduced GPM, pumps and motors may be downsized to match 
the volume fl ow rate, requiring lower cable rating. The following 
example illustrates how cost of pumping gets reduced. 
Example

A 100 TR chilling plant designed for a 90F ΔT and a chilled 
water fl ow rate of 2.5 GPM/TR calls for 250 GPM water circulation. 
When ΔT is enhanced to 180F, the required fl ow rate – and thus the 
friction loss – would reduce drastically, cutting down the cost of 
pumping that constitutes a substantial part of the operation cost 
of any chilled water system. The net reduction in GPM/TR would 
depend on the increased cooling capacity of the terminal devices 
in Btu/TR. If the cooling capacity increment is around 85% of the 
increased ΔT, the reduced fl ow rate would be 250/2 x 0.85 = 1.47 
GPM/TR. Equipment like air handlers, cooling coils and FCUs will 
reduce in size, almost in direct proportion to the increment in ΔT. 
Moreover, larger coil face area reduces resistance and enhances 
cooling effi  ciency. In addition to this, the lower airway resistance 
reduces power consumption.

Two-stage Water Chilling using Combination of 
Absorption and Centrifugal Chillers

Chilling water for commercial and industrial air conditioning 
in two steps, i.e. fi rst in absorption chillers and then in centrifugal 
chillers, is an effi  cient and well established method of conserving 
energy. This method was adopted very successfully in a district 
cooling project in early 1980s at Shinjuku Towers, Tokyo, Japan. 

The process allows return water from the load to pass through 
absorption chillers first, to pre-cool the water to a moderate 
temperature that is subsequently passed through centrifugal 
chillers for chilling it further to the designed temperature. The 
cumulative decrease in temperature across the combination of 
chillers is usually designed around 150F. Higher COP of absorption 
chillers results in reduced energy input, while apportioning of 
the quantum of heat rejection between chillers depends on the 
selected capacities. 

The benefi t of circulating the water fi rst through the absorption 
chillers is to yield higher COP and sustain no loss of energy due 
to the low return chilled water temperature during part load 
operation.

Selection of Energy Effi cient Equipment
Selection of energy efficient chillers and all other major 

equipment at the time of procurement is a great opportunity for 
saving energy throughout the life span of the system. Making 

the right selection of chillers calls for ascertaining whether the 
system is for catering to a constant or a variable load. If the 
selection is not made specifi cally for a steady load condition, the 
chillers would operate below full load capacity for a vast majority 
of the operating time. Therefore, for constant load operation 
only, chillers may be selected based on Full Load Value (FLV). 
For variable load, chillers must be selected based on Integrated 
Part Load Value (IPLV), representing the weighted average of the 
effi  ciencies evaluated at various load conditions.

Sizing of Chillers
Appropriate sizing of chillers is very important for energy 

efficient operation. An oversized chiller would always operate 
below the rated capacity for want of adequate load, and not be 
able to produce the best performance. In the worst case, it may 
even tend to surge. On the other hand, undersized chillers would 
get overloaded whenever full load is applied and may trip due to 
high head pressure. 

In case of oversized chillers, inefficiency and power 
consumption worsen at low load conditions.

Storing Thermal Energy
Storing of thermal energy and using it at an opportune time is an 

eff ective method of acquiring energy at reduced cost. The production 
as well as distribution cost of electricity is considerably low at night. 
Hence, storing thermal energy during off  peak tariff  hours and using 
it during peak tariff hours of the day saves the cost of power. A 
thermal energy storage system stores energy in built-up ice at 320F, 
derived from the latent heat of fusion of ice, i.e. 144 Btu/lb. 

Varying Chilled Water Temperature
Performance rating of chillers used to be typically based on 

a constant supply temperature, i.e. around 440F. So chillers were 
operated at a nearly steady design supply water temperature. 
Varying chilled water temperature at low load conditions is now 
a proven method of conserving energy. At low load conditions, a 
higher supply temperature satisfi es the cooling load. The elevated 
chilled water temperature permits chillers to operate at higher 
suction pressure, thus reducing power consumption. The saving 
of energy is approximately 1% per 0F increase in supply chilled 
water temperature. 

Staging Compressors
Operating a minimum number of compressors close to 

full load capacity is always more benefi cial than running more 
compressors on partial load, as it results in reduced kW/TR. Chillers 
with multiple compressors have the advantage of staging. Auto-
sequencing of compressor staging helps to a large extent to avoid 
part load operation at low loads. 

Controlling Condenser Water Temperature
The condensing pressure of the refrigerant depends on the 

temperature and flow rate of cooling water through a given 

Energy Conservation in HVAC&R Systems
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condenser, with all other design aspects remaining unchanged. 
During low ambient wet bulb conditions, the increased cooling 
tower effi  ciency reduces the temperature of the cooling water. A 
lower water temperature reduces the condensing pressure and 
thus the compression ratio, enabling the compressor to expend 
less power to produce the design capacity. Saving of energy is 
around 0.5% per °F reduction of water temperature. 

Ensuring Air Tightness of Absorption System
Performance and energy consumption of absorption chillers 

depends to a large extent on air tightness. Hence, penetration 
of air into the system and preventing generation of gases like 
hydrogen must be ensured. With corrosion inhibitor mixed in the 
solution, a protective hard fi lm of oxide (Fe3O4) forms on the steel 
inner surfaces of the machine and prevents the corrosive solution 
from coming in direct contact with steel, thereby protecting it 
from any corrosive damages and minimizing generation of non-
condensable gases like hydrogen within the system. 

Optimizing Suction Vapour Superheat
The most important purpose served by superheating of vapour 

before exiting the evaporator is to ensure complete vaporization 
of the liquid refrigerant, which prevents any fl ood-back of liquid to 
the compressor and wasting of the useful potential of refrigerant. To 
obtain the desired output by expending minimum energy, it is very 
important to ensure the correct superheat. However, a higher than 
required superheat setting will cause the following adverse eff ects: 
• Reduced evaporator capacity and refrigerating eff ect.
• Higher compressor suction manifold and discharge 

temperature.
• Higher compression ratio, thus power consumption.

Enhancing Sub-cooling
Adequate sub-cooling permits each pound of liquid refrigerant 

to produce increased refrigeration eff ect, thus enhanced system 
capacity. Sub-cooling achieved in the condenser gets off set due 
to friction and liquid lift. The liquid must remain sub-cooled till it 
enters the expansion valve to avoid fl ashing. Thus, for the liquid 
line, the critical design criterion is to limit the generation of fl ash 
gas that reduces expansion valve capacity and refrigeration eff ect 
due to friction losses.
Sub-cooling enhances the refrigeration eff ect, but does not reduce 
BHP as motor speed remains the same.

The limited storage space of air cooled condenser for liquid 
often calls for providing a receiver. If the condenser is provided 
with a sub-cooling coil integral to the condensing coil, a receiver 
is required to be installed with shut-off  valves and a bypass line. 
During normal operation of the system, the receiver valves must 
be shut off  to bypass the liquid and should be opened only when 
the system is required to be pumped down. This is because at no 
point of time a receiver remains fully fl ooded with liquid, but a 
part of the receiver above the liquid level always contains vapour. 
Therefore, as the sub-cooled liquid enters the receiver, a part of 

the vapour inside the receiver, upon coming in contact with the 
sub-cooled liquid, instantly condenses and becomes saturated 
liquid that off sets the eff ect of sub-cooling. 
Inadequate sub-cooling calls for using liquid-to-suction heat 
exchanger in case of some refrigerants.

Ensuring Optimum Refrigerant Charge
Refrigeration system charge may call for topping or trimming 

for the correct amount of refrigerant that yields the best system 
performance by ensuring the following:
• The system must never fall short of liquid, which will prevent 

the evaporator from being fully active.
• Liquid level in the condenser must be contained within the 

sub-cooling zone and not encroach into the condensing area 
to reduce the condenser capacity, thus increasing condensing 
pressure. 

Ensuring System is Free of Non-condensable 
Gases

Non-condensable gases increase the discharge pressure and 
temperature abnormally in a refrigeration system. The gases tend 
to get accumulated in a non-agitated zone in the top portion 
inside the condenser, causing elevation of condenser pressure due 
to its partial pressure characteristics and calling for higher power 
consumption.

Preventing Wasteful Reheat
Preventing wasteful reheat of supply air is a good idea to 

conserve energy. Limiting reheat to a minimum to control the 
relative humidity needs additional refrigeration. So, one must 
ensure the following: 
• The lowest supply air temperature that is achievable must be 

established by the design.
• The dehumidifying coil must be selected for correct moisture 

content of the coil leaving air.
The above measures also assist in reducing fresh air load and 

erosion of cooling eff ect due to fan HP.

Figure 1: Schematic diagram of air cooled condenser with integral 
sub-cooling coil and receiver

Energy Conservation in HVAC&R Systems
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Provisioning for Fouling Factor
Over a period of regular operation, the heat transfer coeffi  cient 

of tubes of a shell-and-tube condenser gradually reduces due to 
fouling of the tubes on the water side. Fouling is basically due to the 
precipitation of mineral solids from water sticking on tube surface. 
Periodic preventive maintenance permits copper and non-ferrous 
tubes to regain the initial heat transfer capacity. To retain the rated 
condenser capacity during the period between maintenances, 
the condenser needs to possess adequate extra tube surface that 
will prevent condenser performance from deteriorating during 
regular operation. So, while selecting a condenser, as a safeguard 
against reduced heat transfer coeffi  cient due to scale formation 
that elevates the condensing pressure and compression ratio thus 
elevating kW input, one must use a standard minimum fouling fac-
tor. For copper and non-ferrous tubes, the recommended minimum 
value of fouling factor is 0.0005. This internal fouling factor must 
be multiplied by the ratio of the external to internal tube surfaces.

Adherence to Best Refrigerant Piping Design
However accurately a refrigeration system is designed, without 

proper sizing and laying of the piping, it is not possible to obtain the 
desired system effi  ciency. Piping design calls for limiting the pressure 
drop caused by friction and liquid lift in order to optimize refrigerant 
velocity that will permit adequate heat exchange and be suffi  cient to 
return oil back to the compressor. Restricting the friction calls for us-
ing a minimum number of bends and risers in piping design.

Adherence to Best Water Piping Design
This area must ensure a few key energy conserving concerns 

like:
• In open circuits, the available nett positive suction head 

(NPSH) must be higher than the required value to avoid 
cavitation.

• Pump suction must be provided with a minimum straight 
length of pipe to avoid turbulence.

• Pump suction must have eccentric reducers with fl at side on 
top to prevent air entrainment.

• Both pump suction and discharge connections must be 
provided with long radius elbows.

• When not in operation, the system must get automatically 
isolated by IN/OUT motorized valves.

• Water circuits must be installed with suffi  cient auto air vents at 
selected top-most elevations.

• The velocity of water in the headers not exceeding 12 ft/sec is 
considered a good design. 
The overall friction loss must be restricted to a minimum to 

reduce the pumping cost and heat gain. 

Using Closed Circuit Cooling Tower
Using closed circuit cooling tower drastically reduces the need 

for cooling water and the associated cost of pumping. Unlike other 
towers, by using a closed loop tower, condenser water is prevented 
from evaporating, thus ensuring 100% recirculation. The cooling is 

obtained from evaporation of much smaller quantity of water that 
is sprayed over the water coils. 

Selecting Correct Wet Bulb Temperature
Appropriate selection of wet bulb temperature is a matter of 

immense importance. The effi  ciency and size of a cooling tower 
are dependent to a large extent on the design ambient wet bulb 
temperature. Hence it is important to select it as correctly as 
feasible. The design wet bulb range usually varies between 800F 
and 860F, depending on factors like:
• The maximum average WB temperature that actually occurs at 

the location.
• The procurement and operating cost. 

If the entering wet bulb temperature is below the selected 
wet bulb, the capacity of the tower increases due to higher rate of 
evaporation. But if the entering wet bulb temperature is higher than 
the selected wet bulb temperature, the tower capacity decreases 
as the diff erence between hot water and wet bulb temperature 
decreases, causing retarded system effi  ciency and thus higher 
power consumption. In case the actual WB temperature remains 
equal to or below design, it does not increase input power.  

Recycling of Cooling Tower Fans
Large water chilling facilities have cooling tower cells with high 

capacity fans that account for the third highest power consumption 
after chillers and pumps. A need based recycling of the fans 
provides a great opportunity to save power. The individual cells of 
the cooling tower, installed with isolation valves in the supply and 
return lines, are either dedicated to a set of chillers or may have a 
common supply header that distributes hot water from the load 
to the individual cells of the tower through balancing valves. A 
decrease in the cooling load causes staging of the compressors or 
partial load operation of the chillers. When such low load conditions 
exist, automatic cycling of the fans through BMS reduces power 
consumption and thus overall cost of operation. 

Periodic Treatment of Cooling and Chilled Water 
Appropriate treatment of cooling and chilled water and 

system cleanliness are closely related to energy conservation. The 
impacts are: 
• Cycle of concentration (COC) is primarily dependent on the 

quality of make-up water. The target value of COC with very 
hard and very soft make-up water varies widely. It ranges from 
as low as 2 in case of very poor water quality, to as high as 
exceeding 30 in case of very good water. 

• The softer the water, the lesser are the chances of scale 
formation that retards heat exchange.

• The cleaner the water, the lesser is the scope for clogging of 
strainers that could increase pumping cost.

The higher the COC, the lower is the required make-up water 
quantity and the rate of bleed, thus promoting conservation of both 
water and system energy.

Energy Conservation in HVAC&R Systems
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Energy Effi cient Plant Room Ventilation 
Quick removal of the heat dissipated by the mechanical 

and electrical equipment employed in HVAC&R applications 
not only reduces power consumption but also enhances its life. 
For example, compressors employed in an R-22 HVAC system 
with discharge temperature around 270°F, release considerable 
amount of heat in the surroundings. In case this heat is not 
removed quickly enough, it will result in accumulation of the 
dissipated heat and gradual increase in plant room temperature, 
increasing the power drawn by equipment. For a low temperature 
application, the discharge temperature would be even higher due 
to higher compression ratio, thus higher rate of heat dissipation. 
Efficient ventilation warrants prompt exhausting of the warm 
plant room air and pumping in cool air that would result in 
adequate number of air changes. If this is not achieved by natural 
ventilation, necessary exhaust and fresh air fans need to be 
installed. This may need centrifugal fans with the required duct-
work ahead of it to overcome static pressure. Care should be taken 
if the plant room is located in a basement.

Effective plant room ventilation is a simple and inexpensive 
means of energy conservation. 

Availing Advantage of Natural Cooling
Utilizing cool ambient air is an eff ective means of conserving 

energy. The HVAC&R plant can be fully or partially substituted by 
fresh air. All that is needed to avail this is to construct the required 
duct work with dampers and controls for permitting the air handlers 
to draw and circulate ambient air. This is ideally suited for offi  ce 
HVAC plants that are started up regularly in the morning and run till 
evening. Flushing of indoor air by the cool outdoor air for an hour 
before starting the plant removes accumulated heat and ventilates 
the building. Before air conditioning was invented, outdoor air used 
to be guided and drawn into buildings and exhausted after fl ushing 
them. The same art of natural cooling was practiced in ancient pal-
aces, by adopting appropriate architecture and building orientation 
that would facilitate the concept. In dry climates, desert/air coolers 
draw roughly 1 watt/sq. ft. of space to run a propeller fan and a 
small pump (i.e., just 10% of the energy needed for air condition-
ing) to fi lter, cool and humidify 100% fresh outdoor air. Besides, this 
is environment-friendly as cooling is obtained from evaporation of 
water at constant WB temperature and not from a refrigerant. 

Incorporating Heat Reclaim Condenser
This is an effective method of saving energy by reducing 

load on the condenser inlet temperature and cooling tower, and 
simultaneously producing warm water that can be used in the 
kitchen, wash room, etc. without expending additional energy. 
Necessary controls and motorized isolation valves regulate the 
operation. The condensing surface of the side arm condenser 
acts as an extended condensing area, enhancing the overall 
condensing capacity and reducing the condensing pressure, and 
thus the power. The amount of water that bypasses the main 
condenser reduces the load on the cooling tower.

Incorporating Heat Recovery System
The function of a heat recovery system is to recover the 

heat from the hot outgoing air from the building. It is a way to 
better utilize the existing resource and minimize the amount 
of heat surrendered to atmosphere. This amount of waste heat 
recovery could be as high as 90%. A heat recovery system can 
be employed in any building, offi  ce complex, factory, etc. The 
buildings employing heat recovery system need to be as much 
air-tight as possible for energy effi  cient performance, and this is 
the precise advantage of newly constructed buildings. 

Utilizing Passive Cooling
This is the method of keeping the building cool by minimizing 

solar heat gain, adopting simple techniques and natural processes 
that are not aided by any electrically driven machine. In the process, 
passive cooling permits limiting of green-house gases emitted 
due to the consumption of fuel. There are several techniques 
of passive cooling, of which solar shading is the most widely 
adopted, being economic and easy to provide. Passive cooling is 
primarily a method to meet the heating and cooling requirements 
of buildings by natural fl ow of heat energy, i.e. by conduction, 
convection or radiation, without using electrical power. The 
principle on which a passive cooling system functions is:
• All types of heat gain are minimised into the building.
• Any heat gained by the building is driven out through a 

natural process.
In order to accomplish the above, the system needs to depend 

on a natural heat sink, having a temperature lower than the room 
air temperature, for promoting the intended heat transfer.

Incorporating VAV System
Unlike conventional air conditioning systems wherein the 

supply air temperature is varied keeping the air fl ow constant to 
control the space temperature, a VAV system uses the concept of 
varying the fl ow of air instead of temperature. This enhances the 
energy effi  ciency substantially by reducing fan power. The use of 
Direct Digital Control (DDC) with microprocessor, in a large HVAC 

Figure 2: Schematic diagram of parallel flow heat recovery cooling 
water circuit
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system with multiple zones having VAV boxes, permits even more 
energy-effi  cient operation. 

Employing VRF System
A VRF system, usually charged with energy-effi  cient R410a, is 

by far more energy effi  cient and advantageous than conventional 
systems. The varying compressor speed and precise metering of 
refrigerant to the evaporator commensurate with demand make 
VRF systems suitable for varying loads and multi-zone systems. 
They are available as heat pump and heat recovery systems (for 
simultaneous heating and cooling). The designer, upon verifying 
design criteria, must make a choice between heat pump and heat 
recovery system. 

Compared to various conventional systems, VRF systems yield 
very high COP as mentioned below: 
• Above 6 in case of VRF cooling system.
• Nearly 4 in case of VRF heating system.

Ensuring Perfect Alignment
Alignments between various equipment like compressor to 

motor coupling, pump to motor coupling, cooling tower gear box 
to extended shaft coupling, cooling tower fan motor to extended 
shaft coupling, air handler fan fl ywheel to motor pulley, and ven-
tilation fan fl ywheel to motor pulley call for precision alignment. 
The higher the perfection, higher is the saving of energy and lesser 
is the sound and vibration, thus enhancing the life span of bear-
ings. For V-belt drives, it must be ensured that the complete set of 
belts delivered from the factory are from the same batch. 

Ensuring Correct Diagnosis for Trouble 
Shooting

In order to resolve a system problem causing deterioration 
of performance, one should not jump to conclusions, but should 
have all the relevant data readily available for a thorough study 
prior to analyses. Doing things fi rst time right avoids interruption, 
cost and ineffi  cient operation.

Retrofi tting of Equipment or System
One of the most eff ective avenues of conserving energy is 

to retrofi t individual equipment or the system as a whole at an 
appropriate time. It could prove to be immensely rewarding 
to go in for retrofi tting as soon as it becomes the need of the 
hour. Certain common performance factors that often prompt a 
designer to opt for retrofi tting are: 
• Inefficient heat transfer capacity of DX evaporator or air 

cooled condenser coil due to loose bonding of fi ns on tubes 
after prolonged operation can mean enormous preventive 
maintenance costs.

• Too many plugged-off leaky tubes in shell and tube type 
evaporators and condensers that exceed the manufacturer’s 
recommendation (which is usually less than 2% of total tubes). 

• Inadequate compressor efficiency, requiring higher power 
consumption for the rated output.

• Narrowing of inside diameter of cooling water piping resulting 
from gradual formation of hard scale during prolonged plant 
operation with inadequately treated water.
However, when a plant has outlived its useful life or requires 

additional refrigeration capacity to cater to enhanced system load 
that exceeds the rated capacity of the existing system by far, the 
system calls for substantial retrofi tting by a more energy effi  cient, 
compact and durable one. 
Example

A primitive R-22 air conditioning system, which had been 
in operation for decades, has a battery of 6 x 100 TR chillers, 
installed with open type reciprocating compressors, that yields 
a 7°F evaporator approach, 90F ΔT across chillers and 0.85 IkW at 
rated full load. Each of the chillers permits 75% unloading of full 
load capacity during low load conditions, which means the system 
capacity can go down to as low as 25 TR if a single compressor is 
loaded only 25%. This could be an ideal candidate for substantial 
retrofi tting by the following: 
• Energy effi  cient hermetic/semi hermetic, variable CHW fl ow 

screw or scroll chillers, which yield 50F evaporator approach, 
110F ΔT across chillers and 0.55 IkW at full load, requiring 
a much smaller footprint, thus saving plant room space. 
Incidentally, effi  ciency of screw chillers is higher at part load 
than at full load, which is an additional advantage.

• The existing refrigerant R-22 may be retained or replaced 
by an even higher energy effi  cient refrigerant like R410A or 
R407C, in order to avail the following advantages:

 a. Higher refrigeration effect per pound of refrigerant, 
requiring less weight of refrigerant. 

 b. Marginal scope for raising supply chilled water temperature 
if the design calls for it.

 c. Higher working pressures, thus higher ΔT across condenser 
and less GPM/TR.

 d. Environment friendly, lower weight, lower area for 
installation and lower handling cost.

 e. Down-sized pump, water piping, AHUs, FCUs, motors, 
electrical panels, and cable ratings.

This system can also employ 2 x 300 TR centrifugal chillers, 
each consisting of 1 x 300 TR or 2 x 150 TR compressors. Since 
centrifugal compressors are capable of operating with less 
than 10% of full load capacity, they would perform even at the 
theoretical minimum system load, i.e. 25 TR. Chillers with twin 
compressors, moreover, will have the additional advantage of 
staging compressors commensurate with system load. At 50% 
system load, one of the 300 TR chillers can be shut down while 
the other can be run on full load for catering to the cooling need, 
avoiding partial load operation that is not energy-effi  cient.

Fewer Compressors at Full Load are Better 
Than More at Part Load

The advantages of running fewer compressors at full load are:
 • Substantially lower capacity cooling and chilled water 

pumps for handling less GPM/TR.

Energy Conservation in HVAC&R Systems
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 • Smaller cooling and chilled water pump-motor sets 
requiring smaller diameter piping.

 • Smaller size water piping and line accessories like valves, 
NRVs and strainers.

 • Lower size electrical panels, with energy-efficient soft 
starters compatible with VFDs.

 • Lower ratings of cables and all the electrical components 
involved.

 • Energy-efficient, compact double skin air handlers with 
drive package within the AHUs. 

 • Quieter operation, lesser vibrations and lower weight, thus 
suitable for roof top installation where required.

Adherence to Strict Preventive Maintenance 
Schedule

Adherence to a strict preventive maintenance schedule is 
needed in order to prevent wastage of energy on account of 
various aspects. Some of the very common aspects are: 
 • Scaled up tubes of water cooled condenser and dirt 

accumulation on fi ns and tubes of air cooled condenser 
cause high condensing pressure and discharge temperature, 
which results in reduced capacity and higher power 
consumption, thus increasing the cost of operation. 

 • Sludge formation in chilled water tubes and dirt 
accumulation on fi ns and tubes of induced or forced draft 

evaporators reduces heat transfer capacity. The retarded 
heat exchange reduces cooling effi  ciency, calling for more 
power to produce the desired cooling.

 • A clogged strainer in the liquid line also can reduce cooling 
effi  ciency drastically. 

 • Clogged strainers at cooling and chilled water pump suction 
reduce pumping effi  ciency. Cooling water being an open 
circuit, can cause pump cavitation that is highly undesirable. 

 • A clogged strainer in return water from the cooling tower 
also aff ects pumping effi  ciency. 

 • Clogged strainers in chilled water line to air handlers reduce 
cooling eff ect and effi  ciency.

 • Clogged air filters before and after DX evaporator coils 
and chilled water coils in the air handlers reduce cooling 
capacity and cause waste of energy. 

Conclusion
Conservation of energy, apart from being the need of the 

hour worldwide regardless of industry and application, is possibly 
the most crucial objective that must be pursued as an ongoing 
processs. Nothing could be more rewarding than adherence to 
the best practices of energy conservation. It is quite evident from 
the foregoing that these best practices are not rigorous, complex 
or long-drawn, but rather simple. Therefore, they should be top of 
the mind of everyone in the fi eld of HVAC&R.  

Energy Conservation in HVAC&R Systems
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ANTI-MICROBIAL INSULATION

ArmaFlex AluArmaFlex Class 0 Plus

» Antimicrobial technologies minimise 
the presence of mould and fungi to offer 
a greater level of product protection. « 

Figure 1: Unprotected surface

Figure 2: Surface 
protected with Microban

KEY FEATURES:
• Durable and high resistance to mechanical abuse
• Aesthetically appealing silver finish
• Very high Water Vapour Diffusion Resistance, μ ≥ 12,000
• Excellent fire resistance

KEY FEATURES:
• Active protection against microbes such as bacteria and 
fungi/mold/mildew
• Promotes better indoor air quality
• Extremely low thermal conductivity, λ0°C ≤ 0.033 W/(m·K)
• Very High Water Vapour Diffusion Resistance, μ ≥ 10,000
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Solar
Decathlon
India: 
Future-ready and
Future-proof Buildings

Synopsis
The Solar Decathlon India is an initiative 
to create the next generation building 
industry workforce to combat Climate 
Change. The international competition 
platform will reach out to 500,000 
engineering and architecture students 
across India, and more in the rest of 
the world, and invite them to design 
net-zero-energy-water-waste buildings 
that are also resilient to climate change 
impacts. The student teams will develop 
affordable and market-ready solutions 
with the help of mentors provided during 
this year-long annual challenge. Their 
work will be showcased to industry, 
investors and government officials to 
move the construction industry toward 
these solutions. Solar Decathlon India 
will be open for registration in June 2020. 

By Prasad Vaidya and Jaydeep Bhadra

About the Authors
Prasad Vaidya is the Director of the Solar 
Decathlon India and a Senior Advisor to the 
Indian Institute for Human Settlements (IIHS) and 
Alliance for an Energy Efficient Economy (AEEE). 
Jaydeep Bhadra is a building energy efficiency 
expert working on policy issues as a Research 
Associate at AEEE. 

The Need for Solar Decathlon India
E xtreme weather events due to Climate Change are becoming more frequent and most 

cities have started experiencing temperatures above 40°C. Meanwhile, energy demand in 
India is expected to increase by 1.5 million TWh in the next 30 years and cooling demand in 
buildings is expected to grow 20-fold in the next 20 years. To limit global warming to 1.5°C, 
we need to move from using oil and coal to zero-carbon by 2050. Net-zero-energy-buildings 
(NZEBs) are the building industry’s solution for a clean energy transition. They reduce cooling 
demand and energy consumption, and generate renewable energy. The design strategies and 
technologies employed in these buildings make them resilient to climate change impacts. 

Many countries already require NZE performance of buildings, and these regulations go 
into eff ect at or before 2030. ASHRAE’s vision is aimed at producing market-viable NZEBs 
by the year 2030. This march to a clean energy future appears inexorable, given the recent 
changes by large investment fi rms. In January 2020, BlackRock – the biggest asset manager 
in the world – decided to lower its exposure to the risk of fossil fuels by reallocating capital. 
JP Morgan and Goldman Sachs have both pledged to rule out future fi nancing of oil drilling 
and new mines for thermal coal. These are signs of signifi cant change. In the building 
industry and student body, those who can deliver buildings with net-zero-performance will 
be the leaders in the near future. 

Of the 5,00,000 engineers and architects enrolled in building sector courses in 
India, only about 100 can design net-zero-energy buildings as of now. These are the 
students who have participated in Solar Decathlon competitions held in other countries 
and achieved energy consumption reductions of 50% or more (see Figure 1). However, 
participation at a larger scale can only happen when we have an Indian version that 
addresses local issues and priorities. Solar Decathlon India will combine online education, 
hands-on problem solving, and mentoring by experts to develop expertise in designing 
and building net- zero and resilient buildings and provide thermal comfort for all – an 
urgent social need1. The Solar Decathlon India will demonstrate the workability and 

1 Solar Decathlon India is also tied to achieving India Nationally Determined Contributions for the 1.5°C pathway, 
and to 8 out of 17 Sustainable Development Goals. It responds to the India Cooling Action Plan (ICAP) for an 
integrated approach for energy efficiency and large-scale deployment of low energy alternatives to conventional air-
conditioning systems. The participants will also become experts at implementing energy efficiency building codes.
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affordability of these solutions. It will build on the success of 
the past Solar Decathlons, which began as a student challenge 
in the USA and have spread to Europe, China, the Middle East, 
Africa and Latin America. 

Partners and Participants
Solar Decathlon India will be conducted by the Indian 

Institute for Human Settlements (IIHS) and the Alliance for 
an Energy Efficient Economy (AEEE) under the aegis of the 
Indo-US Science and Technology Forum, in collaboration 
with the US Department of Energy.   The challenge is open to 
all colleges from India and the world over. Interdisciplinary 
teams will innovate affordable net-zero-energy-water-waste 
buildings. They will compete and work on real building projects 
by partnering with a developer/client to propose affordable 
market-ready solutions. Each team will be guided by a faculty 
advisor. Developers, real estate companies, manufacturers and 
professionals can partner with teams and draw benefits from 
the student exploration and innovations. The students’ work 
in the Solar Decathlon India will give the college and faculty 
members opportunities to gain recognition as leaders in 
addressing climate change. The competition will be launched 
in June 2020, and will run over an entire year (see the annual 
schedule in Figure 2).

The teams will be provided with online education modules 
related to building science, energy effi  ciency, renewable energy, 
water suffi  ciency, cost estimation, etc., and access to software 
and a Technical Resource Group of individuals with experience in 
net-zero-buildings. In the fi rst stage during the odd semester, the 

teams will attend the online educational sessions, gather inputs 
from their Project Partner and defi ne their project approach. A 
signifi cant level of pre-design analysis is expected during the 
development of the concepts. The students will submit their 
work for preliminary reviews in August and November, and those 
who have done the due diligence will be selected for the next 
stage. The faculty advisors will be invited to a mid-year faculty 
conference, expected to be held in December. 

In the second stage during the even semester, the students 
will develop their design with engineering and construction 
details. Calculations, performance simulations, cost estimates 
and other financial metrics are expected for their evidence-
based design. The teams will submit their work and present it 
to a jury of industry professionals in April. Teams with promising 
solutions will be selected for a six-week incubation hub in the 
third stage. The incubation hubs will bring in expert mentors to 
work with the teams and help them make their solutions market-
ready by responding to the feedback from the jury and Project 
Partners. 

Past Experiences and Results 
Solar Decathlons held in other countries have produced 

some remarkable results. Solar Decathlon students go on to 
become leaders and innovators in the building industry and 
beyond. Alumni Decathletes can be found in countless start-
ups and are working in impactful roles at nearly every major 
technology and building company. Alex McDonald is a 2015 
alumnus, now developing innovations at Tesla. Alison Knopf, 
a 2011 alumna, has founded Artemis, a visionary agricultural 
management platform. Teresa Hamm Motley of the 2011 Solar 
Decathlon is designing zero energy schools at architecture fi rm 
VMDO. And the list goes on. 

In 2014, Team Shunya was a collaboration between IIT 
Bombay (IITB) and Academy of Architecture with a combination 
of architects and engineers in the team. They designed and 
constructed a prototype apartment for Mumbai that operated 
at net-zero-energy for Solar Decathlon Europe (see Figure 3). 

In 2017, Team Kill Bill from CEPT University participated with 
no prior experience of a competition with such a comprehensive 
brief. They partnered with the industry to get useful technical 
inputs. With mentoring from the faculty, the team made it to 

Figure 1: Energy use reduction achieved by Indian teams (for Net 
Zero)

Figure 3: IIT-B with their house, 2014Figure 2: Schedule for the annual competition

Solar Decathlon India: Future-ready and Future-proof Buildings
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the fi nals and presented their work in the USA and won the fi rst 
place (see Figure 4). 

In 2018, Team Shunya from IIT Bombay designed and 
fabricated a prototype housing unit for the new capital city of 
Amravati for Solar Decathlon China. It was an all-engineer team 
of 70 students, undergrads and postgraduates, with nine faculty 
members guiding them.

In 2018, Bhanuben Nanavati College of Architecture (BNCA) 
participated by introducing the competition in the curriculum. 
Multiple teams worked on the problem, and the best work was 
chosen to represent the college. They designed a net-zero-

energy home in the mountain regions of north India, using local 
materials as a response to the transportation challenges in the 
region (Figure 5). Their team of architects learned to carry out 
energy analysis and delivered a design that included a ground 
source heat pump radiant heating system.

In 2018, Team Kill Bill vol 2 from CEPT undertook an elementary 
school project in Jodhpur. Going beyond the competition brief, 
they attempted the Living Building Challenge. They partnered 
with an industrial unit to develop an insulated wall assembly using 
CSEB blocks, (Figure 6), which reduced the embodied carbon 
content by 75%.

In 2019, Team Kill Bill 3 from CEPT developed a prototype 
multifamily block that could be morphed to deliver net-zero-
energy performance in a variety of sites across the hot-humid 
climate zone of India. Their design integrated natural ventilation 
and active cooling approaches along with renewable energy 
systems, and the solution provided resilience against climate 
change impacts.

Call to Action 
Solar Decathlon India will be open for registration starting 

June 2020. If you are a collegiate team (participant), stay tuned 
for further details. If you are a developer or real estate entity, this 
could be your opportunity to engage with innovative student 
teams and test out affordable solutions for climate change. 
Registered teams as well as interested partners will be listed 
on the Solar Decathlon India website. Get involved for a better 
tomorrow!

Figure 5: Residence by BNCA, 2018Figure 4: CEPT– first place, 2017

Participant Reactions
 “When I saw the fi nal presentations, I was just fl oored. 

And I said - this has to travel across the breadth of this nation. 
It was a transformational experience for me as well as the 
team.” Ashok B. Lall, Industry partner, CEPT 2019 

“The Solar Decathlon gave my team the opportunity to 
address social issues and environmental crises, target real 
issues and prove ourselves. It was a platform for finding 
solutions.” Bhavya Jyothi, IITB 2017

“It is a unique training that prepares students to become 
the next generation of building professionals. The synergies 
created while working on the competition helped us 
to develop an approach to handle building design and 
performance in a more integrated and tactful manner.” 
Yashima Jain, CEPT 2017

“Having worked on this project has prepared us well for 
any large-scale project, even if it is to launch a satellite!” Jay 
Dhariwal, IITB 2014

“Design competitions often seek out the best of what 
abilities the participants have. The uniqueness of the Solar 
Decathlon is going the extra mile by providing learning 
material and videos to enhance these abilities.” Nidhi Joshi, 
BNCA 2019

“We see a change in the students. I see that they are 
more confident because they have worked on a real-life 
situation and real projects.” Namrata Shirodkar, Faculty 
Advisor, BNCA Teams 2018-2020

Figure 6: CSEB block assembly, CEPT, 2018

Solar Decathlon India: Future-ready and Future-proof Buildings
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The 21st edition of South Asia’s largest show of the HVAC industry, 
ACREX India 2020, was held at India Expo Mart Limited, Greater 
Noida in the National Capital Region of Delhi from February 

27 to 29. Organized by ISHRAE, produced by NürnbergMesse 
India, and endorsed by ASHRAE, it focused on indoor air quality, 
sustainable buildings and HVAC technology. Exhibitors and visitors 
from over 25 countries including Belgium, the Czech Republic, 
Egypt, France, Germany, Italy, Japan, Korea, Malaysia, Saudi Arabia, 
Spain, Switzerland, the Netherlands, the UAE, the UK, Ukraine and 
the USA participated.

The watering of plants to inaugurate the exhibition symbolised 
the ACREX 2020 theme of Shudh Vaayu, Deergh Aayu (Clean Air for 
a Longer Life). At the entrance to the exhibition halls, a live exhibit 
titled Shudh Vaayu, Deergh Aayu (SVDA) showcased advanced 
techniques and mechanical systems that support and accentuate 
natural ventilation in houses, eff ectively demonstrated with the 
help of instruments measuring various air quality parameters.

The COVID-19 pandemic acted as a dampener, with almost 100 
overseas exhibitors cancelling their stall bookings at the last minute. 
But the large number of visitors belied fears of reduced footfall. 
With over 300 exhibitors and 15,000 visitors, the show achieved its 
objectives quite well. Heads of several associations from overseas 
visited the expo, including Darryl Boyce, President ASHRAE who 
came with fi rst lady Francine, ASHRAE Presidential Members Jeff  
Littleton and Bjarne Olesen, REHVA President Frank Hovorka and 
Vice President Dr. Kemal Gani Bayraktar, REHVA Editor-in Chief 
Jaap Hogeling, AHRI CEO Stephen Yurek, IIF/IIR Director-General 

Sushil Choudhary (Chair – ACREX India 2020), Darryl Boyce 
(President, ASHRAE), Frank Hovorka (President, REHVA), Stephen 
Yurek (President, AHRI), C. Subramaniam (Chair – National Steering 
Committee, ACREX India 2020), Didier Coulumb (Director-General 
– IIF/IIR), Richie Mittal (President-elect, ISHRAE), Vikram Murthy 
(National President – ISHRAE), and Saurabh Bhanot (Country 
Head, Sanhua) water the plants to inaugurate the expo

By Rakesh Kumar Managing Editor, Air Conditioning and Refrigeration Journal

ACREX India 2020:ACREX India 2020:
A Ringside ViewA Ringside View

Didier Coulomb, and Bangladesh Refrigeration & Air-conditioning 
Merchant Association (BRAMA) Director Mohammad Asaduzzaman.

With mounting numbers of tall buildings, shopping malls, 
hypermarkets and smart cities in the pipeline, India has been 
expanding its HVAC market, which is likely to reach USD 5.9 
billion by 2024. Growing infrastructure-based developments, 
technological advancements and increasing tourism activities, 
extreme climatic conditions, rising disposable incomes, growing 
construction activities in both commercial and residential sectors, 
medical tourism and the expanding IT and ITeS sector, and various 
government initiatives aimed at improving energy effi  ciency are the 
other major factors that are driving this growth.
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The Curtain Raiser gives a foretaste 
of the menu that lies in store for visitors 
to ACREX. The Curtain Raiser for ACREX 
India 2020 was 
held on February 
26 – the eve of 
inauguration of 
the exhibition – at 
Le Meridien, Delhi. 
Sanhua India was 
the event partner.

Sushil Choudhury (Chair – ACREX 
2020) welcomed the delegates and event 
partner Sanhua. He said that the HVAC 
industry is about the built environment, 
with temperature and humidity now 
being joined by a third dimension – indoor 
air quality – as important parameters. A 
live exhibit at the expo, named Shuddh 
Vaayu, Deergh Aayu (SVDA), will explore 
this dimension. He informed the audience 
about the last minute cancellation 
of over a hundred Chinese stalls and a 
corresponding number of Chinese visitors 
due to the COVID-19 pandemic.

ISHRAE President Vikram Murthy ad-
dressed the gathering after Ganesh van-
dana. He refreshed them about EXCELL, 
his presidential theme for the current year. 
He said that ACREX is about bringing ev-
eryone in the industry together.

Alex Wang, Global Sales Director – 
Sanhua, who had to cancel his visit due to 
the virus scare, had sent a video message 
that was played. Saurabh Bhanot, Country 
Head – India and Sub-continent, Sanhua, 
made a presentation on the China-based 
company.

Vishal Kapur conducted a question-
answer session on ‘HVAC Make in 
India – Opportunities and Challenges’. 

Chirag Baijal (MD – Commercial HVAC, 
India Region, Carrier Airconditioning and 
Refrigeration), Sudip Bhattacharyya (Senior 
VP – Manufacturing and Deputy Plant 
Head, Daikin India), Saurabh Bhanot and 
Vikram Murthy participated in the session. 
Questions asked by Vishal Kapur, the media 
and the audience were answered by the 
panel.

The next activity 
was the launch of RE-
HVA-ISHRAE Guide-
book on ‘Indoor Envi-
ronment Quality and 
Energy Efficiency in 
Educational Institu-
tions’.

This was followed by conferring of 
awards for distinguished service rendered 
to ISHRAE. H. M. Jhangiani Journal Paper 
Awards were presented for the two best 
articles published in the Journal and its 
Cold Chain supplement during 2018. These 
awards were bagged by Sanjib Seal for his 
article on Energy Effi  ciency Trends in Data 
Centers in the January 2018 issue of the 

The Curtain Raiser

Sushil Choudhury

Frank Hovorka gives 
an introduction to 
the Guidebook

Vikram Murthy Saurabh Bhanot

ACREX India 2019: A Ringside View

Journal, and Madhavi Ramachandran 
for her article on How Blockchain and 
IoT Applications are Transforming the 
Cold Chain in the June 2018 issue of Cold 
Chain.

Employer Recognition Awards were 
bagged by Voltas Ltd., Mumbai and KNND 
Associates, Bangalore.

Chirag Baijal, Sudip Bhattacharyya, Sau-
rabh Bhanot, Vikram Murthy and Vishal 
Kapur during the question-answer session

Sanjib Seal receives the Journal Paper 
Award

Madhavi Ramachandran receives the 
Journal Paper Award

Voltas receives Employer Recognition 
Award

KNND Associates receives Employer Recog-
nition Award

Vishal Kapur, Jaap Hogeling (Editor-in-
Chief, REHVA Journal), Frank Hovorka (RE-
HVA President), Nivedita Jadhav (ISHRAE 
Treasurer), Nitin Deodhar (Chair, Guide-
book Task Force) and Vikram Murthy launch 
the Guidebook

Kavita Sharma (NürnbergMesse India) 
proposed the vote of thanks.
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The Exhibition

Advance Valves  exhibited pre -
insulated valves with PUF of 70 kg/m3 
density; butterfl y valve with electric actuator 
in IP 68; and high pressure butterfl y valve. It 
also displayed its pressure independent 
control valve made for the fi rst time in India 
in its Himachal Pradesh plant; and large 
size balancing valve for district cooling, 
available up to 1200 mm diameter.

Ad v a n t e k  A i r  Sys t e m s  o f fe r s 
complete solutions for air side products, 
viz. air handling units, evaporative 
cooling systems (direct and indirect), TFA, 
scrubbers etc

AHRI (The Air-conditioning, Heating 
and Refr igerat ion I nst i tute)  is  an 
association of manufacturers that develops 
standards for, and certifies performance 
of, several air conditioning, heating and 
refrigeration products. Its certifi cation are 
internationally recognised.

ALP Aeroflex is a manufacturer of 
EPDM and nitrile rubber insulation sheets, 
tubes and accessories for thermal and 

Blowtech displayed its cabinet fan, 
fresh air unit, kitchen exhaust fan, heat 
recovery ventilator, and electrostatic 
precipitator for commercial kitchens.

Breathe-Easy is the exclusive partner 
of Switzerland-based IQ Air in India. It 
showcased its ACREX award winning 
HealthPro 250 air purification system 
that controls particles down to 0.03μ 
size as well as TVOCs and gases with its 
hyper-HEPA filter. It also displayed its 
purification systems for homes, offices, 
cars, hospitals, ICUs, isolation rooms, 
data centres and laboratories, capable 
of maintaining positive and negative 
pressures.

BP Refcool is an integrated solutions 
provider in the HVAC&R chemicals, 
service tools, energy recovery systems 
and gas leak monitors space. It started 
in 2015 with the manufacture of high 
capacity oil-less refrigerant recovery 
machines,  and now offers multiple 
solutions from its own as well as global 
brands like Yellow Jacket.

acoustic insulation. It exhibited its Aerocell, 
Accosound, Aflex-ECO and ElastoRoof 
brands of insulation products.

Armacell offers flexible foam for 
equipment insulation and engineered 
foams for thermal, acoustic and mechanical 
applications. It displayed its range of 
thermal and acoustic insulation, including 
Class 0 cladded insulation.

ASHRAE kept on sale its publications, 
enrolled new members, gave away its 
merchandise and apprised visitors of its 
activities.

Bitzer  launched its HSK 95103-
320 semi-hermetic compressor during 
ACREX 2020. It also displayed its screw 
compressor with automatic voltage 
control; and ACREX award winning Orbit 
series hermetic scroll in the 10 to 40 TR 
range suitable for low GWP refrigerants 
R32, R452B and R454B, available with or 
without inverter.

ACREX India 2019: A Ringside View
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Cani Merchandizing  offers high 
energy efficiency solutions and a wide 
range of products such as Polyolefin 
insulation, thermally powered VAVs, chilled 
beam technology and high performance 
cooling towers, tested and approved to JCI 
and CTI standards.

Carel ACR Systems offers controls 
for air conditioning, refrigeration and 
retail equipment; and solutions for 
humidification applications. It displayed 
its range of controls.

Ca r ya i re  G ro u p  a n d  N i co t ra -

Gebhardt showcased their purifi ed fresh 
air unit, Class 1 fire and smoke damper, 
multi-stage cooling system, large velocity 
low fl ow fan, and EC fans.

DB-Aire is a recently incorporated 
Indian subsidiar y of Dunham-Bush 

of Malaysia. It showcased its range of 
compressors and HVAC solutions. Its booth 
had an interactive wall with lit fl oor, which 
aroused a lot of curiosity.

Department of Science & Technology 
had a stall, aptly called ‘Startup Gallery’, to 
showcase its clean energy initiatives.

DRI and Bry-Air are companies of the 
Pahwa group. They displayed their compact 
dehumidifier, data centre air purifier 
with gas phase filtration, refrigeration 
dryer, adsorption chiller, indirect-direct 
evaporative cooler, energy recovery wheel 
and anti-bacterial pads.

ebm-papst showcased its commercial 
and residential ventilation systems, 
GreenTech EC motor with integrated 
drive, and industrial and commercial 
refrigeration systems. It also displayed its 
ACREX award winning intelligent solutions 
using IoT.

GMCC and Welling, both part of the 
Midea group, have been marketing their 
compressors and motors respectively in 
India for the last 10 years, and GMCC is now 
setting up a manufacturing facility near 
Pune for rotary compressors including 5 

Star inverter compressors, with an initial 
capacity of 1.5 million. They displayed their 
wide range of compressors and motors

G o d r e j  A p p l i a n c e  s h o w c a s e d 
its Tropical Green inverter and non-
inverter ACs suitable for R32 and R290, 
manufactured at Shrivali near Pune. While 
the company is a pioneer in R290 ACs in 
India, it is now focusing more on R32 due 
to shift in consumer demand.

Greenheck displayed its CE certifi ed 
axial and centrifugal fans, dampers, fire 
cum smoke damper, and fresh air unit.

Grundfos Pumps India displayed 
energy eff icient pumps and smar t 
pumping solutions for applications 
such as heating and hot water systems; 
cooling and air conditioning; industrial 
applications; pressure boosting and liquid 
transfer; groundwater supply, sewage and 
waste water; and dosing and disinfection 
systems. 

Haier India displayed its range of air 
conditioners, including those recently 
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introduced by the AC manufacturing 
facility at its Ranjangaon Industrial Park.

Highly India displayed its range of 
compressors including fifth generation 5 
Star inverter GS-D series approved by the 
Bureau of Indian Standards, twin rotary 
inverter of 1.5 TR capacity, and non-
residential-AC compressors for commercial 
applications up to 8 TR.

ISHRAE had a prominent stall near the 
main entrance, showcasing and selling its 
publications and merchandize, enrolling 
new members, apprising the visitors of its 
multifarious activities, and accepting book-
ings for REFCOLD 2020 and ACREX 2021.

Kehems Technologies launched its AH-
RI-certifi ed water cooled screw chiller with 
fl ooded evaporator, with a range up to 700 
TR and COP of 6.1 to 6.3, during ACREX 2020.

Kubic India had a stall showcasing 
Midea chilled water products like ceiling 
concealed fan coil unit, high static fan 

coil unit, one-way and four-way cassettes, 
tower AC, and fl oor-cum-high wall FCU – 
with UVC lamps, and a complete range of 
BLDC motors. It also exhibited pressure-
independent control valves for FCUs and 
AHUs from Ballorex of Germany.

LU-VE exhibited its slimline evaporator 
unit for hotels; commercial cooler with jet 
streamer; Alfa Laval (rebranded Alfa LU-VE) 
ammonia evaporative cooler; and freon 
evaporative unit in SS 304L with epoxy 
coated aluminium fins and copper tubes 
from its Indian subsidiary Spirotech.

Magneto Clean Tech is a supplier 
of cooling, heating, environment and air 
purification products. Its products are 
designed by a team of scientists, engineers 
and artists, and maintain technological 
standards and aesthetic benchmarks.

Nutech Engineering is a manufacturer 
and distributor of HVLS fans, air handling 

units, air washers, heat recovery units and 
activated chemical treated fresh air units, 
and has handled projects of national impor-
tance like atomic, thermal and nuclear pow-
er plants as well as international projects.

Paharpur Cooling Towers is the largest 
cooling tower manufacturer in India, with a 
wide range of products for the HVAC, power 
and other industries. It exhibited its Spartan 
adiabatic cooler and condenser.

Sachins Impex is a part of the Mhatre 
Group, established in 1982. It specialises 
in the manufacture of grilles, diffusers, 
dampers, louvres and accessories. 

SafeRef is the Indian distributor for 
brazing alloys from Harris Products (USA); 
non-residential-AC compressors from 
Highly India; TruPlus axial fans, shaded pole 
motors, capacitors, vacuum pumps and 
high pressure coil cleaners; and low- and 
medium-boiling point compressors from 
Huayi of China. Its booth exhibited this 
range of products and introduced Huayi 
condensing units in the Indian market.

continued on page 44

42 Air Conditioning and Refrigeration Journal March - April 2020



43



44

ACREX India 2019: A Ringside View

Sanhua showcased its wide range of 
packaged solutions for cold rooms and for 
scroll and screw chillers. It also displayed 
its ACREX award winning electronic ball 
valve for R32 that takes care of the latter’s 
flammability; electronic expansion valve; 
microchannel condenser with aluminium 
alloy fi ns and tubes complete with controls, 
and microchannel condenser for CO2.

Secure Meters Ltd. showcased its 
ACREX award winning Bean Bag Cool smart 
energy management system for HVAC.

Standard Refrigeration, a distributor 
of Emerson products, displayed Emerson 
controls and Trion brand IAQ-related 
products for particulate matter, VOC and 
microbial control.

Systemair showcased its smart AHU 
with EC fan, controllers, and display unit; 

jet fan for basement ventilation; inline 
fan insulated from inside; air curtain; and 
terminal devices.

Testo India ,  a subsidiary of the 
German multinational Testo, showcased 
its range of electronic portable testing 
and measuring instruments; products 
for temperature, humidity, dew point, 
pressure, air velocity, RPM, sound, light 
and compressed air fl ow measurement; 
and data loggers, wireless data monitoring 
systems, fl ue gas analysers and thermal 
imagers.

United Nations Industrial Develop-

ment Organization (UNIDO) had a stall 
to familiarise visitors with its activities 
round the globe.

Voltas exhibited its magnetic bear-
ing centrifugal chiller that is available 
in 100 to 1300 TR range with a COP of 
6.5 and IPLV of 11. It also displayed in-
verter ductable ACs in the range of 5.5 
to 22 TR, window ACs, split ACs, water 
dispensers, chest freezers, visi-coolers, 
air coolers and air purifiers. The stall 
also showcased Voltas-Beko range of 

home appliances such as refrigerators 
and top- and front-loading washing 
machines.

Zamil Air Conditioners  is  fully 
owned by Zamil Industrial Investment 
Company of Saudi Arabia, with a presence 
in MEP projects, steel, glass, insulation 
and concrete. It also undertakes turnkey 
projects in factories, hotels, high rise 
buildings, airports, hospitals, coal mines, 
power plants, refineries, etc. Its current 
area of strength is contract manufacturing 
of air conditioners.

Zeco Aircon was the winner of two 
ACREX awards for its smart AHU and nano 
fibre filter. In addition to showcasing 
these products, it displayed its ventilation 
products, fan coil units, and air purifi ers 
with photo-hydro-ionisation technology.

Ziehl-Abegg introduced its ACREX 
award winning ZA bluefi n EC blue in the 
Indian market, with a range of 310 to 
630 mm diameter, maximum 6 kW power 
rating, IE 5 equivalent, with vibration 
sensors. It also displayed its ZA blue 
galaxy cloud based system. 
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After a hectic fi rst day at the exhibi-
tion, the evening of February 27 reju-
venated the invitees with a spectacular 
show at the IEML lawns, hosted by Dai-
kin India. The ACREX Awards of Excel-
lence Night was meant to celebrate the 
spirit of ACREX and those who toil to 
serve the industry.

Sushil Choudhury, Chair – ACREX 
2020, opened the event by welcoming 
the participants and Daikin India – the 
host. He also thanked the exhibitors, 
as well as those 100 plus companies 
from China who had to cancel their stall 
bookings at the last minute due to the 
COVID-19 scare.

Vikram Murthy recalled that this 
is the tenth year of ACREX Awards, 
instituted to recognise the best exhibits 
in the expo and to inspire excellence.

 Sanjay Goel (Director & Senior Vice 
President, Daikin India) thanked the large 
gathering. He revealed that there were 65 
self-nominations for ACREX Awards, from 
which the awardees were selected. He gave 
a brief introduction to Daikin, and expressed 
happiness that the company was one of the 
fi nalists of the Global Cooling Prize. 

ACREX Awards of Excellence were 
presented to products showcased in 
the exhibition in various categories. The 
following exhibits received the awards 
in various categories.
Energy Effi  ciency

Sushil 
Choudhury

Vikram 
Murthy

Sanjay
Goel

Zeco Aircon was the second runner-up for 
its smart AHU

ebm-papst was the first runner-up for its IoT 
solutions

Secure Meters Ltd. was the category winner 
for Bean Bag Cool smart energy management 
system for HVAC

ACREX Awards Night

Indoor Air Quality

Innovation

Sustainable Design

Zeco Aircon was the first runner up for its 
nano fibre filter

Advance Valves was the second runner-up for 
its pre-insulated valves

Sanhua India was the first runner-up for 
its electronic ball valves

Ziehl-Abegg was the category winner for 
ZA bluefin fan

Danfoss was the second runner-up for its 
gas detection system

Sanhua India was the first runner-up for 
its CO2 micro-channel heat exchanger

Bitzer was the category winner for Orbit 
series compressors

Breathe-Easy was the category winner for 
HealthPro 250 air purification system
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The award winning products were 
selected by an eminent jury chaired 
by Pramod Dhir and comprising Sushil 
Choudhury, Sanjay Goyal, Amod Dikshit 
and Anoop Ballaney.

On this occasion, three standards 
prepared by ISHRAE were launched. 
Vishal Kapur – National Chair, Technical 
Committee – briefed the audience 
on the technical activities of ISHRAE. 
The fi rst standard to be launched was 
the Draft Standard on Commissioning 
Process for HVAC Systems.

The next standard to be launched 
was the Draft Standard on Air Filters for 
General Ventilation – Technical Specifi ca-
tions, Requirements and Classification. 
The last standard launched was the fi nal 
ISHRAE-RAMA Standard 20003: 2020 – 
Standard for Air Handling Units.

thrust areas of ASHRAE, commended 
the eff orts by ISHRAE to organise ACREX, 
and wished it all success.

A highlight of the evening was the 
signing of a Memorandum of Under-
standing (MoU) between ISHRAE and 
AHRI.

This was followed by the felicita-
tion of all those who toiled throughout 
the year to make ACREX 2020 a grand 
success. On the dais were members of 
the Host Committee, National Steer-
ing Committee, Workshop Committee, 
Team aQuest, HQ staff , Team Nürnberg-
Messe, and staff of Delhi Chapter of 
ISHRAE.

The launch of ACREX India 2021, 
scheduled from February 25 to 27, 
2021 at Bangalore was symbolised by 
releasing a brochure.

The events of the evening were 
interspersed with scintillating dance 
performances by the Double Shake 
troupe.

Jury members being felicitated by C. 
Subramaniam, Vikram Murthy, Kavita 
Sharma (NürnbergMesse) and Satyendra 
Mehra (NürnbergMesse)

Vishal Kapur addresses the audience

Vikram Murthy, Shiv Batra, K. Ramachandran, 
Vishal Kapur, V. Manjunath and Shankar 
Sapaliga launch the draft standard on 
commissioning

Felicitation of ACREX 2020 team

ACREX 2021 brochure being realised to launch of the event

Vikram Murthy, Vishal Kapur, Shankar 
Rajasekharan, V. Manjunath and Shiv Batra 
release the draft standard on filters

Vikram Murthy, Vishal Kapur, Ashish 
Rakheja, V. Majunath and Shiv Batra release 
the standard on AHU

It was now time for distinguished 
guest Darryl Boyce, ASHRAE President, to 
address the gathering. He outlined the 

Stephen Yurek, AHRI President and 
Vikram Murthy sign the MoU

ASHRAE President Darryl Boyce addresses 
the gathering

continued on page 48
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ACREX Hal l  o f  Fame ce lebrates 
excellence and innovation in building 
designs, systems and technologies, and 
being inducted into the Hall of Fame is 
the ultimate recognition in the Indian 
building industry. There is a rigorous 
objective evaluation of live operational 
data from buildings by a distinguished Jury 
of scientists, architects and technocrats 
supported by a Technical Committee of eminent designers and 
engineers from across the nation. The annual event to induct an 
iconic building into the Hall of Fame is eagerly awaited by the 
industry for months. 

The fi fth edition of ACREX Hall of Fame – powered by Danfoss 
– was held at Jaypee Greens, Greater Noida on the evening of 
February 28. ACREX 2020 Chair Sushil Choudhury welcomed the 
delegates, with a special welcome to Chief Guest Dr. Sanjay Bajpai, 
Head, Technology Missions Division, Directorate of Science and 
Technology (DST). He expressed gratitude to Danfoss for supporting 
this initiative. 

ISHRAE President Vikram Murthy explained the process for 
selection of a building for induction into the ACREX Hall of Fame, 
which is scientifi c and transparent – based on data measurement 
and validation for at least one year. 

Ravichandran Purushothaman, 
President – Danfoss India and 
the host of the evening, thanked 
ISHRAE for providing Danfoss 
with the opportunity to support 
this initiative to build tomorrow’s 
India. He spoke about the rapid 
urbanisation in India leading 
to increase in greenhouse gas 
emissions, 70% of which are from 
cities. He emphasised that the 
world has lost the fi rst part of its battle against climate change, and 
the poor suff er the most due to this; but technology is becoming 
a liberating force. He declared the resolve of Danfoss to become 
carbon-neutral by 2030, and expressed the belief that we can do the 
same as a nation.

Ravichandran Purushothaman 
addresses the round table 

Sushil Choudhury welcomes 
delegates

Ravichandran Purushothaman, 
host of the evening

Vikram Murthy explains the 
process of induction

ACREX Hall of Fame Night
On the Sidelines…

Danfoss Round Table
On the sidelines 

of ACREX Hall of 
Fame powered by 
Danfoss, Danfoss 
India invited the 
media for a round 
table on its perfor-
mance and Vision. 
It was addressed by 
Ravichandran Puru-
shothaman – President; Anuraga Chandra – Head, 
Cooling Sales, India Region; and Palanisamy Lakshman 
P. – General Manager, Sales.

Ravichandran Purushothaman was positive about 
two provisions in the Finance Bill 2020. The fi rst is a 
blueprint for agricultural growth, and doubling the 
capacities of fi sheries and milk. He called it the next 
wealth creation idea. The challenge is to embrace 
the relevant technologies. The second provision is 
the introduction of a third annual crop between the 
traditional Kharif and Rabi crops – a solar ‘crop’ when 
the farmers would produce energy through solar 
farms, with the help of government incentives. He 
envisaged that bulk milk chillers will soon be solar 
operated.

He also briefed the media about the Hall of Fame, 
which Danfoss has partnered for the fi fth consecutive 
year. He said that since cooling has a low penetration in 
India, it is poised for a high growth phase. He described 
cooling as a dirty business; it uses coal based electricity, 
a compression cycle using chemicals, and throws 
the extracted heat to the environment. There is a 
strong technological challenge – to make the HVAC&R 
industry environment friendly and sustainable.

Outlining the strategy of Danfoss, he spoke about 
a culture of continuous innovation with 6-7% of sales 
revenue being ploughed in as investment in R&D, and 
acquisition of technology companies. The second part 
of the strategy is the digital path, with emphasis on 
electronics and Internet of Things (IoT), and presenting 
real time data to the customer. Helping both these 
strategic initiatives is the company’s core strength in 
cooling.

He mentioned that the Hall of Fame is a fl agship 
programme to recognise iconic buildings in India. 
The idea is to use the ACREX platform to sensitise the 
building industry to energy performance and decar-
bonization.
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Dr. Sanjay Bajpai outlined the 
eff orts made by India in the last fi ve 
years to combat climate change, 
including increased emphasis on 
global partnerships and enhanced 
public-private collaboration. He 
proposed two missions jointly by 
the government and ISHRAE: sus-
tainable buildings, and a horizontal 
platform for information sharing tools. Highlighting the gov-
ernment’s seriousness about energy effi  ciency, he gave the 
example of Global Cooling Prize instituted by the government. 

At this stage, the Jury for the award and the Technical 
Committee that evaluated the entries were felicitated. Prof 
K. Vijay Raghavan, Principal Scientific Advisor (PSA) to the 
Government of India, headed the Jury that comprised D. Nirmal 
Ram (ISHRAE presidential member), Dr. Ajay Mathur (Director-
General, TERI), Ar. Shiela Sri Prakash, Krishna Nagahari L. 
(Danfoss), Vikram Murthy and Sushil Choudhury. The Technical 
Committee comprised R. S. Kulkarni (Chair), N. S. Chandrasekar, 
Manoj Chakravorti and G. C. Modgil.

Four nominees made it to the fi nal stage of selection for 
ACREX Hall of Fame this year: Adobe Systems, Noida; Indian 
School of Business (ISB) Mohali; ITC Kohenur, Hyderabad; and 
Vestas Wind Technologies, Ahmedabad. The air was thick with 
excitement when Vikram Murthy pulled out the name of the 
winner from an envelope. The hall reverberated with deafening 
applause when ISB Mohali was announced as the building wor-
thy of induction into the Hall of Fame in 2020. The plaques sym-
bolising the induction were presented by Vikram Murthy, Sushil 
Choudhury, Ravichandran Purushothaman, D. Nirmal Ram and 
Dr. Sanjay Bajpai. Representatives from ISB Mohali headed by 

Arunangshu Ghosh – Senior Director Operations; Chhavi Lal 
from the Architect, Perkins Eastman; Mandar Kaprekar from the 
Consultant, Gibbs India; and K. D. Singh from the Contractor, 
Aircon Engineering were on the stage to receive the plaques.

ISB Mohali, an IGBC Platinum-rated campus, is spread 
across 70 acres, of which 14.6 acres have green cover. It has 
instituted several sustainability and energy efficient prac-
tices across the campus, including a one-of-a-kind geothermal 
HVAC system with zero water discharge. All the buildings in 
the campus sport white rooftops that reduce heat island ef-
fect, with insulation above and under the deck for the entire 
campus, decreasing load on the air conditioning systems. The 
School composts all its organic waste on the campus to be 
used for horticulture, and has a highly effi  cient cross-wave 
modular rainwater harvesting system. In the past, ISB Mohali 
has been the recipient of several awards such as the Smartest 
Educational Building in India, Most Energy Effi  cient Educa-
tional Building in Punjab, and the Best Green Campus Award. 

All the other nominees were also recognised. On this occasion, 
a coff ee table book on ACREX Hall of Fame 2020 was released.

Dr. Yash Shukla from Center 
for Advanced Research in Building 
Science & Energy (CARBSE), CEPT 
University has compiled a Com-
pendium, summarising the learn-
ings from ACREX Hall of Fame 
inductees over four years, titled 
‘Exemplar Edifi ces – Blueprints for 
a Sustainable Future’, which was 
released on this occasion.

ISHRAE President-elect Richie Mittal proposed the vote of 
thanks.

The Jury and Technical Committee being felicitated

Release of the coffee table book

Release of the Compendium on learnings from ACREX Hall of Fame 
inductees

ISB Mohali gets inducted into the ACREX Hall of Fame

Richie Mittal proposes the 
vote of thanks

Dr. Sanjay Bajpai

March - April 2020  Air Conditioning and Refrigeration Journal 49



50

ACREX India 2019: A Ringside View

The war paint was visible all over the hall. The afternoon 
of February 29 saw a pitched battle between the six student 
teams who had clawed their way into the Grand Finale. And 
the audience was cheering the gladiators in the arena. 

The stage was set for the annual event that is an eagerly 
awaited part of ACREX: aQuest – an engineering quiz contest 
powered by Johnson Controls-Hitachi. ISHRAE Student 
Chapters from all over India fight it out every year in the 
preliminary rounds, culminating in the Grand Finale that 
coincides with ACREX. In addition to four teams that made it 
through the preliminary rounds to the finals, there were two 
wild card entries. Johnson Controls-Hitachi top cuns were 
present to spot their potential managers from among the 
contestants.

Gautham Baliga set the tone for the afternoon by giving 
an introduction to the quiz for the benefit of the audience, 
which included ASHRAE President Darryl Boyce and heads 
of several other international organisations. The Quiz Master 
was the redoubtable Shahriyar Atai, who has the knack for 
reading the pulse of the audience and setting it racing, com-
bining a rare stage presence with spontaneous wit and musi-

Gautham Baliga introduces 
the quiz Shahriyar Atai livens up the air

cal talent. He enthralled the audience with some impromptu 
numbers before getting down to the serious business of con-
ducting the quiz. Calling the teams to the dais, he explained 
the rules of the game. The teams were: Ramesh Karthick (the 
Facebook aQuest winner) and Sagar Suman from Institute of 
Engineering and Management (IEM), Kolkata; Biswayan Chat-
topadhyay and Sagnik Datta from IEM, Kolkata; Jeet Vyas and 
Jay Vaghela from Lalbhai Dalpatbhai College of Engineering 
(LDCE), Ahmedabad; Ajay Kumar and Mukesh Kumar from 
Chitkara University, Punjab; Neel Maradia and Kishan Patel 
from LDCE, Ahmedabad; and Balakumaran R. and Logesh 
Karthick M. from Thiagarajar College of Engineering, Madurai. 
The last two were the wild card entries. 

The gruelling contest consisted of a general round and a 
buzzer round. Audience interest was kept alive through musical 
interludes and questions for the audience. 

In a nail-biting fi nish, Ramesh Karthick and Sagar Suman 
walked away with the coveted fi rst prize. The second prize went 
to Jeet Vyas and Jay Vaghela. The third place was wrested by 
Biswayan Chattopadhay and Sagnik Dutta. 

The prize money was Rs. 50,000, Rs. 30,000 and Rs. 20,000 
respectively. In addition, every one of the finalists has the 
opportunity to interview at Johnson Controls-Hitachi. And 
NürnbergMesse added a surprise bonus: it will sponsor the 
winning team members to attend a trade show of their liking in 
Germany. Auf wiedersehen, Ramesh Karthick and Sagar Suman!

The finalist teams sweating in their hot seats

Questions to the audience keep them engaged

ASHRAE President Darryl Boyce hands over the first prize to 
Ramesh Karthick and Sagar Suman
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Workshops and Seminars

On the Sidelines…

 Interview

As usual, the ACREX schedule was 
packed with concurrent events to offer 
a wholesome experience to visitors for 
three days. There were seminars spread 
over February 27 and 28, and workshops 
on February 28 and 29. Voltas was the 
Knowledge Partner.

T h e  f i r s t 
seminar, on ‘Heat 
Pump Technol-
ogy for Commer-
cial and Indus-
trial Applications 
– Asian and In-
dian Case Stud-
ies’, was unique 
in the sense that 
both the overseas speakers – Akihiro Takeu-
chi and Koki Watanabe from Japan – had to 

Gaurav Mathur

Head – Busi-
ness Develop-
ment (Build-
ing Services), 
Grundfos India
was one of the 
luminaries of 
the HVAC in-
dustry present 

at ACREX India 2020 to share insights 
into the company’s journey. The Journal 
interviewed him on the sidelines of the 
expo. Here are some excerpts:

Journal (J): What is the focus of 
Grundfos India’s participation in ACREX 
India 2020?

Gaurav Mathur (G): Grundfos India, 
a global pump and system manufacturer, 
is showcasing its highly efficient and 
sustainable HVAC systems at ACREX 2020. 
The company is a preferred OEM partner 

cancel their fl ights at the last minute due to 
COVID-19. A never-say-die spirit and technol-
ogy came to the rescue; they delivered their 
presentations live through video-conferenc-
ing and answered questions. The seminar 
was conducted by Prashant Desai. The other 
speakers were Rahul Pathak from Emerson 
and Kshama Jain from Kehems Technologies.

The topics of the other seminars were Low 
GWP Refrigerants, Low Energy Cooling and 
Occupant Health, Indoor Environment Qual-
ity, and High Performance Buildings in India.

The fi rst workshop, held on February 28, 
was on the topic ‘Project Management Tools 
and BIM’. The session coordinator was Dr. 
Yash Shukla (CEPT University), and the speak-
ers were Dr. Yash Shukla, Ajaj Kazi (Voltas), 
Praful Astakar (CBRE), Kinshuk Aggarwal 
(SSSA Architects), Bimal Patwari (Pinnacle 
Infotech), Sanchayan Chatterjee (Bentley 
Systems), and C. Subramaniam (ISHRAE Presi-
dential Member).

The second workshop, held on February 
29, was on the topic ‘HVAC Commissioning – 
the Right Practices’. Ajaj Kazi gave the welcome 
address, and Aneesh Kadyan (Director – Oper-
ations for a real estate services fi rm) delivered 

for HVAC manufacturers worldwide for 
integrated and digital hydraulic solutions.

J: How is Grundfos India responding to 
the evolving customer needs of the HVAC 
industry?

G: Digital transformation is happening 
in most markets and industries. The HVAC 
industry is without any doubt one of them. 
This transformation requires a great eff ort 
which should be shared across the complete 
value chain. Grundfos is best equipped to 
customise solutions for any HVAC applica-
tion from its broad product platform. 

J: What is your central showpiece at 
ACREX 2020?

G: The key solutions exhibited at 
ACREX 2020 include the MAGNA3, which 
is a cutting-edge innovation in the HVAC 
portfolio. This circulator pump range has 
the highest energy effi  ciency rate in the 
market and finds its application across 
industries and commercial buildings. With 

Prashant Desai con-
ducts the seminar on 
Heat Pump Technology

Aneesh Kadyan deliv-
ers the keynote address

Vishal Kapur, Vikram Murthy and N. 
Sridhar (Voltas) at the inauguration of 
the knowledge sessions

the keynote ad-
dress. The other 
speakers were 
Prashant Desai 
(Director – ELM 
Enterprises), M. 
Selvarasu (IGBC 
Fellow, LEED Fel-
low and Faculty, 
and USGBC), Cliff  Sarjeant (Bentley Systems), 
Eric Melquiond (President, Eurovent Cer-
tita Certification), and K. Ramachandran 
(ISHRAE Presidential Member).

A highlight of the schedule was a UNEP-
ISHRAE conference on District Cooling, 
supported by Tabreed, on February 29. It 
was arranged through the good offi  ces of 
Ashwini Mehra. It was inaugurated by Atul 
Bagai, Head, India Country Offi  ce, United 
Nations Environment Programme (UNEP). 
The speakers were S. P. Garnaik, Executive 
Director, Energy Efficiency Services Ltd.; 
Arijit Sengupta, Director, Bureau of Energy 
Efficiency; Benjamin Hickman, Regional 
Technical Advisor, UNEP; C. Subramaniam; 
and Sudheer Perla, Julien Borredon and 
Irshad Hussain from Tabreed.

an Energy Effi  ciency Index (EEI) well be-
low the European Association of Pump 
Manufacturers (EuP) benchmark level, it 
enables energy savings up to 75 percent, 
compared to a typical fi xed speed circu-
lator pump. 

J :  What other solutions are you 
exhibiting at ACREX 2020?

G: While MAGNA3 is a wet runner 
circulator pump, TPE3 pump is a dry 
runner. TPE3 is a quantum leap in-line 
vertical pump with in-built controller, 
Delta-P and temperature sensor, and 
variable frequency drive with an IE5 
effi  ciency class – an all in one package 
that can be used in heating, cooling and 
district energy systems. It can conserve 
approximately 85% more energy than 
a typical circulator pump in the market 
and is supplied with wireless technology 
that enables it to connect with up to four 
single TPE3 pumps. 
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Introduction
For four decades now, university professors and researchers have been studying Toyota 
and trying to understand what they do and how. Toyota was the mother of Efficiency 
Innovation, yet contributing to economy, growth and jobs. Today these studies have 
been documented into books. The mistake most make is in trying to copy the templates, 
andthey fail. What works is applying the thinking as enumerated below. There has been 
an oversupply of seminars, training and master classes. Almost everyone has heard about 
lean manufacturing and claim varied degree of expertise; many claim to be ‘doing it’, some 
even claim to have become ‘Lean’. Why, then, are we yet to see an OEM replicate Toyota 
or Mysore Kirloskar? Why do all lean claimants fall short of being truly lean? Let us revisit 
the fundamentals tounravel this mystery.

Paradigm Shift in Market Place
Markets everywhere are witnessing the trends 

of customer empowerment, mass customisation 
and disruption. These trends have made products 
better, more customer-centric and cost eff ective and 
even changed the way businesses are conducted. 
Lesser lead times for product introduction, shorter 
product life cycles, fluctuating demand, varying 
share of businesses, just-in-time (JIT ) supplies 
and expectations of annual price reductions have 
characterised business over the past decades and 
are here to stay. 

Old business models that worked well before 
are no longer effective. Some are not even relevant; 
disruptions of various kinds are a given, forcing 
companies to revisit their business strategies and 
processes to find innovative ways of delighting 
customers continuously by offering products and 
services that exceed their expectations in areas 

This is the fourth in a series of articles on Lean 
Manufacturing, written specially by the author for 
readers of the Journal.

By Sanjeev Baitmangalkar  Principal Consultant, Stratmann Consulting, Bangalore

About the Author
Sanjeev Baitmangalkar has forty years of core competence in strategy and management, Lean 
Manufacturing, innovation, industrial marketing, Business Process Re-engineering, turnarounds and 
leadership development, and running large organizations in India and abroad. He was among the pioneers 
who introduced Lean Manufacturing in India in the early 1990s, and is credited for the transformation 
of Mysore Kirloskar’s Hubli factory as India’s first full and comprehensive lean factory, commended by 
Jeffery Liker (author, The Toyota Way) among many as “one of the top total lean enterprise turnarounds.” 
Taking over the reign from Americans and turning around the Bridgeport joint venture in South East Asia 
was another success story. His work has been used in teaching Operations and Strategic Management 
at IIM Ahmedabad and other institutions. His professional career includes roles as Managing Director 
of Roots Multiclean Ltd. – a German joint venture with Hako Werke; Director and CEO of Texmaco in 
South East Asia; and Vice President and SBU Head of Mysore Kirloskar.
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of features, quality, price, purchasing and convenience of use. 
This is the only way of gaining and retaining the competitive 
advantage in the market place. Companies that succeed in 
creating value for their customers by offering outstanding 
products and services at competitive prices will be able to 
survive and prosper. It is not a one-time effort; it must be 
a continuous activity that results in ever-increasing value 
delivery to customers.

Going about the Change Process
Bringing down the cost of production through improving 

productivity by elimination of wastes from the value stream has to 
be the major objective for all industries. The Lean Manufacturing 
System, which is a systematic approach to productivity and quality 
improvement through waste elimination, can be a major enabler 
in the cost reduction drive of companies. The main objective 
is to deliver what, when and where the customers want, using 
minimum of human eff ort, inventories, resources and fl oor space 
at the highest possible response speed. 

Profit is relative to satisfaction and efficiency, but also a 
blinder, for many businesses do not realise how much money 
they lose when they make some profi t. The principles that Taiichi 
Ohno fi rst pronounced after decades of work are known to us as 
the Toyota Production System. Outside Toyota, they are known 
as Lean Manufacturing in manufacturing business processes and 
Lean Management in non-manufacturing business processes, and 
they off er all organisations with the best option to fi nd strategic 
solutions to gain competitive advantages. 

Lean is an end-to-end solution and constantly needs a 
value stream perspective. It is a top-down eff ort. I have found it 
easy to work on the change processes across the value stream 
simultaneously at all places, starting fi rst from the customer end.

Critical Success Factors
Among the critical success factors are acquiring knowledge of 

lean methodology, top management involvement and support, 
and employee involvement. The key principles are – doing things 
diff erently, believing that change is continuous, accepting that the 
leadership needs training, and learning to be equipped with the 
knowledge necessary for lean transformation and for building a 
lean culture and to lead the transformation across the organization. 
Top Management Support

Lean Manufacturing System is the best known competitive 
strategy today, an improvement that would touch every aspect of 
the working of a business, and it calls for major readjustments. Such 
an eff ort can only succeed with the active and visible involvement 
of the top management. In places where the CEO is not on site or 
at the core value stream, he must empower an implementor with 
authorization to take all the decisions – meaning the buck stops 
with him. The lean initiative must be elevated to the state of company 
level number one strategic initiative. Organizational responsibilities 
should be rearranged in such a way that shop fl oor managers, 
instead of the conventional departments, would be responsible 

for value streams. Operators should run the production without 
interference from staff  and management, whose job then would 
be to make systemic improvements, train the workmen and 
participate by assisting operators to solve problems. Lean metrics 
should be made a part of the annual performance appraisal.

Lean is a top-down eff ort. Change and transformation require 
to be led from the top, with a focus on the entire value stream from 
the customer to the last vendor. Delegating the leadership to the 
middle may at best result in small isolated improvements with no 
impact on the fi nancials. Every CEO wants his company to become 
lean, but most have excuses for not leading the transformation, 
resulting in it being delegated to the middle management. It does 
not work that way, because in such cases the biggest disrupters of 
the process are the uninvolved top management, sending their 
company to the graveyard of failed lean attempts. Some years ago 
there was an intense discussion in the global lean community on 
professional networks discussing the various reasons why people 
fail with lean, and the reason for failure attributed by most was top 
management not being involved as they should.
Employee Involvement

Involving the employees who will have to work in the lean 
transformation right from the start of the change process is 
essential. The objectives should be clearly explained to the 
employees, and their ideas for improvements must be solicited 
and seriously considered. If explained properly and if there are no 
hidden agendas of the management, the employees will normally 
be happy to participate in the improvement process.

Methodology
It is not always necessary but can be an advantage to implement 

Lean Manufacturing System with the help of a Sensei (a teacher who 
has enterprise lean transformational experience and success stories 
under his belt). In a majority of cases, businesses in existence aspire 
to become lean. I do not believe in a model cell creation for many 
reasons. A lean journey begins by understanding ‘value’ (lean’s fi rst 
principal) and then developing a strategy to deliver that value in the 
most effi  cient way. Remember, lean is strategy work. Understanding 
the customer demands in terms of cost, quality, delivery logistics, 
lead times, demand rate and fluctuation bandwidth, sale rates, 
prevalent gaps, customer satisfaction levels, product strategy, 
generic strategy if used, competitive forces and competitors, 
SWOT, core competences, portfolios analysis, etc. is necessary for 
designing a company’s lean journey. These variables are specifi c to 
every company and diff er from one another. Nothing is engraved 
in stone, nor is there a single template that one can apply to all 
businesses in all segments to transform them to become lean. That 
is why every company’s lean journey needs to be strategised and 
designed specifi cally. Templated thinking will just not work, period.

Most companies work on the push system, where variations 
are internally produced – usually from weak marketing, production 
and procurement systems – and are visible in frequent plan 
changes or schedule interruptions. So excess inventory and 
wastages of various kinds are only to be expected. Therefore, 

In Pursuit of Lean Excellence
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knowing that a company is engaged in the push system is in itself 
actionable information. Lean is a strategy that has to be applied 
end to end (customer to last vendor), so I recommend applying it 
across the value stream concurrently. Many make the mistake of 
thinking that lean is meant for the shop fl oor. Most lean teachers 
or trainers jump to the shop floor, struggling to make it lean, 
whereas the triggers of variables could be completely elsewhere. 
Lean being a discipline of the higher order, top managements will 
have to imbibe and practice the new attributes of lean systems, 
processes, behaviour, routines, work ethics, personal discipline, 
commitment and a vision of the entire value stream. Begin your 
lean journey at the customer interface, and set things right there 
so there are no surprises in the subsequent processes.

Results you can Expect
• Cutting down upto 90% of present order-to-delivery times
• Reduction in lead times by upto 90%
• Cutting down inventory by 75-90%
• Performing at above 99% on-time delivery
• Quality improvement above 95-99% of current levels
• Reducing fl oor space usage by 30-50% 
• Cost reduction upto 60%
• Reduction in number of vendors upto 80%
• Increased market share to dominance upto 85%
• Permanent price reduction to customer (not discount) – 

30% has been demonstrated
• Upping the profi tability by many times
• No signifi cant addition to manpower; surplus could be 

redeployed in growth areas
• Profi tability becomes independent of the economic situation
• High level of motivation among all stakeholders and a 

motivated environment
• Continuous learning culture

How Much Time will it Take?
The rate of change or the speed of change is directly 

proportional to the willingness of the top managements 
to change and their effectiveness in leading the change by 
exhibiting behaviour and routines. Lean implementation is 
usually over a period of time. It is not a fl y-by-night operation. It 
is not mechanical readjustment of broken-down or dysfunctional 
systems or processes. It is about bringing in a cultural change 
and a change in the way of thinking and doing. It involves 
people, old ways or old culture, habits, comfort zones, beliefs, 
hardened attitudes and resistance to change. That is why it takes 
diff erent time frames for diff erent companies to get to signifi cant 
levels of lean results. At Mysore Kirloskar, Hubli our initial phase 
took about two and a half to three years before we could display 
decent lean thinking and behaviour. Toyota began its journey 
after the Second World War and is still learning and changing. 
That is why lean is a journey and not an event. However, you begin 
to see the vast benefi ts of change from the early stages if you do 
things right. 

A Few Benchmarks from the Mysore 
Kirloskar Case
1. New product development – drawing board to market: 

almost 30 machine models in one hundred days only 
(without CAD, CAM)

2. Permanent price reduction to customer for the same 
machine specifi cations as before: 30 percent downward 
revision, not discount

3. Overall cost reduction through productivity improvement: 
60 percent

4. Productivity improvement: fi ve hundred percent revenue 
growth in three years, during which vendors reduced 
by eighty three percent and manpower right sized 
downward by twenty fi ve percent 

5. No borrowings for operation of the factory
6. Vendors paid within a week from delivery and acceptance
7. ERE brought down to one fourth of its original percentage 

in three years
8. Inventory turns improved over twelve times in three 

years, making it the industry’s envy and setting a new 
standard

9. Customer satisfaction was nearly one hundred percent

The Ultimate Lean Test 
Implementing lean correctly will help reduce costs through 

productivity improvements, standardisation, rationalisation, 
people development and empowerment. Costs are reduced by 
increasing the velocity of material and information fl ow using 
JIT techniques. The process involves translating a customer 
order into delivery, and hence the need for the entire value 
stream vision. We have examples where fi fty to sixty percent of 
costs have been reduced in the face of rising costs beyond the 
organisation’s control, such as raw materials, power and fuel, 
foreign exchange and wages. The lean test ultimately is how your 
customer benefi ts. How will you advantage him to advantage 
yourself and distance the competitor? One way is by sharing the 
savings or cost reduction with the customer. Has your customer 
benefi tted from the lower price of your product? Will you be able 
to repeat it? If yes, lean is in your DNA. 

In the Mysore Kirloskar example, the company gained 
dominant market share to the extent of making the competition 
redundant and recording a market share of over eighty five 
percent in most products and forty two percent in CNC lathes, 
resulting in a revenue growth of fi ve hundred percent in three 
years. Passing this test qualifi es you to that elite lean club.

In the Bridgeport PMT joint venture case, a concurrent dual 
strategy was used, one part of which was to import the components 
from Taiwan and assemble the machines in Indonesia. This was 
a classic case of setting up a lean supply chain that enabled 
them to build and sell machines with handsome profits, yet 
advantaging the customer with products at lower price points 
than the Taiwanese manufacturers themselves. The high velocity 
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of part movement and precision coordinated working enabled 
them create history that brought the President, ambassadors and 
ministers to come and see what created such magical change.

Will Lean Tools make you Lean?
The word ‘lean’ might have become a cliché. Everyone has heard 

about it, everyone knows it from their perspective. Companies in 
Europe and America have developed production systems using 
some twelve to sixteen tools aided by a tool improvement meas-
uring systems. Companies in India exposed to such systems have 
followed suit in formalising such production systems. Some have 
tried to use Kobayashi’s 20 Tools and called it lean. Toyota uses more 
than ninety tools and techniques and that really is the JIT basket; 
there are other things too. How can you expect to replicate Toyota 
results using a small percentage of Toyota’s JIT basket, and expect 
change by continuing to do things in the same old ways? There is a 
connection between diff erent tools and they work in a connected 
supportive way. If all tools and techniques are not in the repertoire 
of the user, gaps will show up in the results. How can you- expect 
organisations trying to use a dozen odd tools, struggling to cope 
with demand changes, unable to build lean thinking along with the 
necessary routines and behaviour changes, to ever replicate lean 
results like Toyota or Mysore Kirloskar? Tools alone will not make a 
company lean; we chose appropriate tools to solve problems and 
not randomly apply them with the expectation to become lean.

In Pursuit of Lean Excellence

There is STRENGTH inNUMBERS…
>7,000,000 

residential and 
commercial products 
on the AHRI Directory 
of Certified Product 
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>100 
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The Air-Conditioning, Heating, and Refrigeration Institute (AHRI) is the trade association representing
manufacturers of HVACR and water heating equipment across the globe. AHRI is the source for equipment 
performance standards, certification programs, information, and turnkey solutions that facilitate regulatory 
compliance and support energy efficiency. Learn more about AHRI online at ahrinet.org.
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All About Insulation
Chapter 2

Important Formulas

In this chapter we shall discuss the important formulas used 
while selecting insulating material, as also the desired properties 
of insulation to be looked at while selecting insulation material.

Conversion of Values from FPS to SI Units
It is observed that engineers depend on conversion tables 

for converting values from one system to another. Most of the 
software available for calculations of heat load are in FPS units 
and the excel formats prepared by users are combinations of FPS 
and SI systems. For example, transmission load is calculated in 
FPS units and results are then converted into SI units.

It is therefore necessary to learn how to convert values from 
one system to another without referring to conversion charts or 
tables. The ASHRAE Handbook, or any other book such as that 
written by W. F. Stoecker exclusively for conversion, gives only 
conversion tables but does not indicate how these values have 
been arrived at.

Eff ort is therefore being made so that engineers and designers 
can easily convert from one system to another, if conversion 
tables are not readily available. 

We shall explain below some of the essential conversion 
calculations and important properties to be considered while 
selecting insulation material.

Thermal Conductivity (K or λ): W/(m·K)
Thermal conductivity (λ) is a specifi c material property. It 

represents the heat fl ow in watts (W) through a 1m² surface and 
1m thick fl at layer of a material when the temperature diff erence 
between the two surfaces in the direction of heat fl ow is 1 Kelvin 
(K). The unit of measurement for thermal conductivity in SI units 
(λ) is W/(m·K). 

In FPS units (Btu/hr.sq.ft.°F per inch thickness), it is the rate of 
heat transfer in Btu per hour per square foot of area per degree 
Fahrenheit temperature diff erence per inch thickness.

Thermal conductivity  depends on the  temperature  and 
pressure  for materials and fluids. For some materials,  thermal 

By Ramesh Paranjpey

About the Author
Ramesh Paranjpey is a mechanical engineer with an M.Tech. in refrigeration from 
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co n d u c t i v i t y   m ay  a l s o  d e p e n d  u p o n  t h e  d i re c t i o n 
of heat transfer.

The thermal conductivity values of building insulation 
materials are generally given at 24°C, according to ASTM 
standards.

Thermal conductivity of materials increases as the 
temperature increases.

In order to convert thermal conductivity ‘K’ value given 
in Btu.in/h.ft2.°F, we need to multiply FPS value by 0.1442 
to get ‘K’ value in SI system (W/m.K) as given in conversion 
tables.

How this has been worked out is explained below:

 

       

Hence, when we multiply thermal conductivity in FPS unit by 
0.1442 we get thermal conductivity in SI unit as W/m.K

Please note the major diff erence between FPS and SI system. 
In FPS, ‘K’ value is for per inch thickness whereas in SI system 

it is per meter thickness, 
hence ‘K’ value in SI is not W/m2. K, but W/m2/m.K= or W/m.K
Many engineers argue that the units mentioned above for 

calculations are incorrect and hence this clarifi cation is being 
given.

Thermal Resistance (R): m2.K/W
The thermal resistance (R) describes the thermal insulation 

eff ect of a constructional layer. It is obtained by dividing the 
thickness (d) by the thermal conductivity value of a building 
component or material: R = d/λ (in accordance with EN ISO 

This series of articles is meant for Refrigeration and Air 
Conditioning practicing engineers, consultants and technicians. It 
is not meant to replace a text book and hence uses information in 
a manner that is easy to understand for all users. The information 
is restricted to cooling applications and does not cover heating 
insulation requirements. It supersedes all the publications earlier 
issued by ISHRAE on the subject of Insulation.
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6946). The unit of thermal resistance (R) is (m²·K)/W (m÷W/m.
K=mxmxK/W). In building components comprising several 
layers, the thermal resistances of the individual layers are added 
together.

 In order to calculate heat gain, we need to fi rst calculate 
overall thermal resistance ‘R’ off ered by the structure composing 
of various materials.

The formula for overall resistance in FPS units is 
Thermal Resistance (R): Hr.°F.ft2/Btu, or in SI units is m2 .K/W

We therefore need to multiply FPS value of ‘R’ by 0.17611 to 
get values in SI units as m2.K/W

Thermal Conductance (C): (W/m2.K) or Btu/h.ft2.°F 
It is the reciprocal of thermal resistance.
Btu/h.ft2.°F x 5.678(1/0.17611) =W/m2.K
Conductance equals conductivity multiplied by thickness, in 

units of W/m².K.
Difference between thermal conductivity (K)W/m.K and 

thermal conductance (W/m2.K):
Thermal conductivity is a material property and means its 

ability to conduct heat through its internal structure. 
Conductance, on the other hand, is an object property and 

depends on both its material and thickness. 
Conductance depends on the dimensions of the conductor, 

but conductivity does not depend on the dimensions.

Overall Heat Transfer Coeffi  cientor Thermal Transmittance 

(U): W/m2.K
It is the heat fl ow in watts (W) through 1 m² of a building 

component when the temperature difference between the 
surfaces in the direction of heat flow is 1K. U-value can be 
calculated from U = 1/R for a given construction, and is generally 
represented in W/(m²·K).

The overall heat transfer coeffi  cient ‘U’ is the reciprocal of 
all resistances acting as barriers for heat from travelling from 
outside to inside the refrigerated space, since heat would 
always try to travel from higher temperature region to lower 
temperature space.

Overall heat transfer coefficient is the reciprocal of ‘R’ or 
1/0.17611=5.67823

The calculation is as under:
Overall coefficient of heat transfer (U) BTU/Hr.ft2.°F x 

(5.678263) =W/m2.K

 

Therefore, when we convert from ‘U’ in FPS units to ‘U’ in SI 
units we need to multiply by 5.67823.

Surface Film Conductance (f): W/m2.K or Btu/h.ft2.°F
The surface of any material off ers resistance to heat fl ow.
The value depends upon its refl ectivity, degree of roughness, 

whether horizontal or vertical in direction, its length and air 
velocity over the surface.

The reciprocal of this resistance is the surface fi lm conductance 
(f ), which is expressed in the same units as conductance (C).

Volumetric Heat Capacity (ρc): J/m3.K
It is the change in heat stored in a unit volume of material 

(m3) for unit change in temperature (K).

Specifi c Heat Capacity(c): J/kg.K
The specific heat capacity of a material is the amount of 

heat needed to raise the temperature of 1kg of the material 
by 1K (or by 1°C). A good insulator has a higher specifi c heat 
capacity because it takes longer to  absorb more heat before 
it actually heats up (temperature rising) to transfer the heat. 
A good insulator has a higher specifi c heat capacity because 
it takes time to  absorb more heat before it actually heats up 
(temperature rising) to transfer the heat. High specific heat 
capacity is a feature of materials providing  thermal mass 
or thermal buff ering (decrement delay).

Table 1: Specific heat capacity of common materials
M aterial cp = J/(kg∙K)

Water 4190

Wood and wood-based materials 1600

Rigid polyurethane foam (PUR/PIR) 1400 – 1500

Wood-fibre insulation boards 1400

Mineral wool 1030

Air (ρ=1.25 kg/m³) 1000

Aluminium 1000

Other metals 800

Heat fl ux or Thermal Flux (q): W/m2

It is sometimes also 
referred to as  heat flux 
density, heat-fl ow densi-
ty or heat fl ow rate inten-
sity, and is the fl ow of en-
ergy  per unit of area per 
unit of time. In SI units it 
is watts per square meter. 
(q) W/m2 is the time rate 
of heat transfer through 
unit area.

Thermal Diff usivity: (mm2/s)

The thermal conductivity of a material is a measure of the 
ability of the material to conduct heat through it. Thermal 
diff usivity of a material, on the other hand, is the thermal 

Figure 1: Heat flux is heat flow 
through unit area
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inertia of that material. This is the main diff erence between 
thermal conductivity and thermal diff usivity. 

Thermal diffusivity measures the ability of a material 
to conduct thermal energy relative to its ability to store 
thermal energy. For example, metals transmit thermal energy 
rapidly (cold to touch), whereas wood is a slow  transmitter. 
Insulators should have low t hermal diffusivity. Thermal 
diff usivity of copper = 98.8 mm2/s; whereas for wood = 0.082 
mm2/s. Lower the thermal diffusivity, better is the insulator.  
The equation is: 

Thermal Diff usivity (mm2/s) = Thermal Conductivity/Density 
x Specifi c Heat Capacity

Thermal Emissivity: (ε)
Surface emissivity is the amount of infrared energy emitted 

by a specifi c material. In the insulation industry, surface emissivity 
is a major factor in the eff ectiveness of the product, yet it is often 
overlooked and overshadowed by thermal conductivity or ‘K’ 
values.

Emissivity is a measure of the effi  ciency in which surface emits 
thermal energy. It is defi ned as the fraction of energy being emitted 
relative to that emitted by a thermally black surface (black body). 

A black body is a material that is perfect emitter of heat 
energy and has emissivity value as 1. A material with an emissivity 
of 0 would be considered a perfect thermal mirror.

For example, if an object had the potential to emit 100 units 
of energy but emits only 90, that object has emissivity of 0.9. 
In the real world there are no perfect black bodies and very 
few perfect infrared mirrors, so most objects have emissivity 
between 0 and 1.

Placing a layer of low-emissivity material (like aluminum or 
copper) in the insulation acts as a ‘radiant barrier’ and decreases 
the amount of infrared radiant heat that reaches the insulation 
below. 

Depending on the level of existing insulation, low emissivity 
metal can reduce the total heat fl ux through the ceiling by as 
much as 50%. It is especially eff ective in warm climates where a 
large portion of the home’s energy usage goes toward cooling.

The accuracy of the values given is almost impossible to 
guarantee as the emissivity of a surface will not only alter with 
regard to texture and colour, but also with its actual temperature 
at the time of measurement.

Refl ective Thermal insulation

Refl ective thermal insulation material is typically fabricated 
from aluminum foil with a variety of core materials such as 
low-density polyethylene foam, fi ber glass or similar insulation 
materials. When aluminum foil is used as a facing material, 
refl ective thermal insulation can stop 97% of the radiant heat 
transfer.

Chapter 2 shall be continued in the May-June 2020 issue 
of the Journal.

All About Insulation
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The occupants perceive the built environment through 
their five senses – smell, taste, sight, touch and sound. The 
five elements of nature – earth, water, fire, air and ether, which 
make up the built environment, affect physical, emotional, 
intellectual and social well-being of the occupants through 
these five senses. Health and physical well-being of the 
occupants can be enhanced by improving the features of the 
built environment.

A holistic ‘whole body and mind’ approach – treating 
a person as a whole including his/her body and mind – is 
required for enhancing the well-being of occupants. The whole 
body and mind approach addresses physical function and the 
ability to recognise emotion, think and communicate. This 
requires a conducive atmosphere and a blended behavioural, 
humanistic and spiritual psychological approach within the 
working environment. The holistic approach enhances physical, 
emotional, intellectual and social well-being and ultimately the 
quality of life of the occupants.

Health and well-being of an individual is addressed holistically 
only when the following aspects have been addressed: physical 
– body function, emotional – ability to recognise, intellectual – 
ability to think, and social – ability to communicate.

IGBC Health and Well-being Rating System 
It is widely published that more than 50% of the world lives 

with non-communicable diseases (NCDs) and 60% of the critical 

Introduction
In 1948, the World Health Organization (WHO) defi ned health 

as “a state of complete physical, mental and social well-being and 
not merely the absence of disease or infi rmity.” This defi nition is 
used even today.

In 1986, the WHO further clarified, “Health is a resource for 
everyday life, not the objective of living. Health is a positive 
concept emphasizing social and personal resources, as well 
as physical capacities.” This means that health is a resource 
to support an individual’s functioning in the wider society. A 
healthful lifestyle provides the means to lead a full life.

More recently, researchers have defi ned health as the ability 
of a body to adapt to new threats and infi rmities. They base this 
on the idea that modern science has dramatically increased 
human awareness of diseases (both communicable and non-
communicable) and how they work, in the last few decades.
Wellness is an extremely powerful element that can play a 
signifi cant role in occupant engagement, productivity, talent 
retention, creativity and innovation.

How people ‘function’ and ‘feel’ within personal and social 
circles strongly refl ects the kind of environment they live in. 
The way people ‘function’ refl ects their connection with their 
surroundings. Therefore, the built environment plays a vital role 
in the health and well-being of the occupants and should be 
closely knitted with people-centric design.

The Green Building Movement in India

IGBC Facilitates
Healthy Buildings in India
By V. Suresh Chairman, Indian Green Building Council (IGBC)
M. Anand Principal Counsellor, IGBC
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medical cases in India are related to NCDs. The ‘sick building 
syndrome’ is sharply on the rise. Addressing this imperative, 
Indian Green Building Council (IGBC), part of CII, launched an 
exclusive rating system focusing on the health and well-being 
of occupants in the year 2017. The rating system is designed to 
address national priorities and encourages designing spaces that 
are closely knitted to people-centric aspects. 

The IGBC Health and Well-being Rating System showcases a 
blend of ancient wisdom with latest trends and technologies to 
create healthier and happier buildings. The guidelines include 
important concepts of monitoring, measuring and maintaining 
good indoor air quality; enhanced visual, thermal, olfactory, 
acoustical and ergonomic comfort; quality of water; people-
friendly policies and many other occupant-friendly practices.

Anticipated Benefi ts
Healthy living practices and measurement techniques in the 

built environment can help address the following:
Creating Awareness amongst Occupants

• Awareness on indoor air quality, water quality and consumption 
requirement, along with their impacts.

• Awareness on importance of fi tness, nutritional choices and 
eco-friendly practices.

Improvements in Built Environment

• Improved visual, thermal, olfactory and acoustic comfort for 
building occupants.

• Improved hygiene and better sanitation.
• Caring environment and safer surroundings.
Positive Impact on Occupant Health 

• Lower sickness rates, spread of diseases, physical strain and 
associated health impacts.

• Enhanced fi tness levels.
• Reduction in health hazards and related communicable and 

non-communicable diseases such as chronic respiratory diseases 
(CRD), cancer, visual and hearing impairments, cardiovascular 
diseases and bone and joint disorders.

• Improved quality of life, health and well-being.
Financial Benefi ts

• Reduction in medical expenditures.
• Reduction in absenteeism.
• Increased productivity.

Trending Healthy Building Features
Ideally, a healthy building caters to aspects of physical well-

being, emotional well-being, intellectual well-being and social 
well-being. Some of the trending healthy building features that 
the industry is adopting are:
Controlling and Providing Improved Indoor Air Quality

• A large number of green buildings are adopting the ‘3Ms’ 
approach of measuring, monitoring and maintaining of indoor 
air quality (including CO2, CO, SOx, NOx, PM2.5, PM10 and TVOC) 
on a continuous or quarterly basis. Indoor air is widely regarded 
to be 2-5 times more polluted than outdoor air. In many 
offi  ces and commercial spaces, the measured parameters are 
displayed in all regularly occupied spaces to create awareness 
among occupants. 

• Use of tested indoor plants to purify and provide quality fresh 
air to all regularly occupied spaces. Select species of indoor 
plants are widely being used in combination with activated 
charcoal and special aggregates as air purifi ers in the industry. 
They add aesthetic value to the environment.

• Use of electrostatic filters, HEPA filters, photo-catalytic 
oxidation process and ultraviolet germicidal irradiation (UVGI) 
technology has been proven effi  cient and eff ective in reducing 
the sick building syndrome.

Improved Daylighting and Visual Comfort

Circadian rhythms are physical, mental, and behavioural 
changes that follow a daily cycle. They respond primarily to 
light and darkness in an individual’s environment. Daylight 
and appropriate illumination play a crucial role in the way 
we function. Façade and illumination design are now being 
planned based on the concepts of circadian lighting, brightness 

Launch of the rating systemIGBC Health and Well-
being Rating System

Display of IAQ parameters

Indoor plants purify air and add aesthetic value

The Green Building Movement in India
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Lighting impacts the circadian rhythm

relationship and glare control. This helps improve visual comfort 
and occupant health. 
Biophilic Design and Connectivity to the Outdoors

Surveys indicate that occupants feel better when they are 
provided access to natural elements and nature. We spend 
approximately 90% of our lives indoors. Biophilic design is 
focused on bringing experiences of nature to the occupants in 
the built environment. There is also a growing body of evidence 
through research that shows the spaces we inhabit have 
distinct physiological and psychological impacts on us. Biophilic 
experiences can reduce stress, improve cognitive function, and 

The Green Building Movement in India

enhance mood and creativity. These and other outcomes can 
increase health and well-being as well as productivity. 
Enhanced Acoustical Comfort

Acoustic problems are the number one grievance and a 
leading source of dissatisfaction. Overlooking sound can have 
a detrimental eff ect on an occupant’s ability to work creatively, 
collaboratively and productively. However, a well-designed 
workplace that solves sound transmission issues, would feel 
comfortable to employees. This will ultimately have a positive 
eff ect on the business bottom line. Considering reverberation 
time, noise criterion, noise isolation class, etc. during design of 
the space can help improve acoustical comfort immensely.
Low Emitting Materials

Majority of the materials used indoor, such as interior products, 
paints, coatings, adhesives, housekeeping chemicals, etc. emit 
high levels of volatile organic compounds (VOC). It is important to 
reduce concentrations of chemical contaminants that can damage 
air quality, human health and the environment. Green and healthy 
buildings encourage the use of low emitting materials.

Conclusion
Going the healthy and green way is indeed the need of 

the hour. Small but signifi cant steps will make a diff erence to 
us, people around us and eventually th e global community. 
Adopting health and well-being practices must become a way 
of life for all of us.

30% lower 
ENERGY COST

Indoor Air Quality
Energy Costs

Bipolar Ionization = Improved IAQ
Plasma Air uses safe and effective bipolar 
ionization technology installed in a building’s 
HVAC system to disperse positively and 
negatively charged oxygen ions, creating pristine 
indoor air similar to that found in nature. These 
ions neutralize VOCs, bacteria, and virus and 
attach to airborne pollutants, dropping them 
from the breathing zone.

Improved IAQ = Reduced OA
For both new construction and retrofit projects, 
HVAC engineers can drastically reduce first 
costs and ongoing energy costs by implementing 
Plasma Air technology and utilizing ASHRAE’s 
IAQ Procedure. Plasma Air controls the 
contaminants of concern (COC) in indoor air 
allowing outside air intake to be reduced by 
up to 66%.

NIHAL Enterprises - Mumbai Mail ID - nihalenterprises@gmail.com
Tel - (91) 22 24382224 / 9869367232

www.plasma-air.com

Learn how Plasma Air’s products can work for you.

91% reduction
MOULD

95% reduction
BACTERIA

95% reduction
 VOCs

86% reduction
 FINE PARTICLES

SERVEX
AIR DISTRIBUTION

Finest Quality
Fast/Express Deliveries
Pan India Sales
24/7 Customer Support

Authorised Channel Partners for Belimo Actuators and Valves for 
HVAC including Thermostats & BTU meters

Servex Engineers & Farbricators Pvt. Ltd.
B-60, New Rajender Nagar, New Delhi.
Contact: +91 9810059592 / +91 9999978870
Email: servekfabricators@gmail.com / anilservex@gmail.com
Web: www.servex.in
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nternational newsII

Eorovent Issues COVID-19 Recommendations 
for Air Filtration and Ventilation

Eurovent Middle East, as the region´s industry 
association for Heating, Ventilation, Air-Conditioning 
and Refrigeration (HVACR) equipment manufacturers, is 
calling on healthcare facilities, building owners, operators 
and facility management providers to carefully observe 
its EME-GEN – 20004.00 recommendations issued on 
March 21 to reduce the risks related to the spread of 
airborne viruses through ventilation and air-conditioning 
systems.

The recommendations may be downloaded from: 
https://eurovent.me/?q=articles/covid-19-recommendations-
air-fi ltration-and-ventilation-eme-gen-2000400

Three Industry Events Postponed, One 
Cancelled, Because of Coronavirus Spread

Four major upcoming industry trade fairs have been post-
poned or cancelled because of the spread of the coronavirus. 
Messe Frankfurt’s Light + Building fair, which was due to start 
on March 8, has been delayed until mid-September. Mostra 
Convegno Expocomfort 2020, planned for March 17-20 in 
Milan, Italy, is postponed until September 8-11. The 31st China 
Refrigeration Expo, scheduled to be held on April 8-10 in Wu-
han, the epicentre of the epidemic, was postponed with a spe-
cifi c time and place to be announced later. The Japan Refrigera-
tion and Air Conditioning Industry Association announced the 
cancellation of HVAC&R JAPAN 2020, originally scheduled for 
March 3-6 at Makuhari Messe, outside Tokyo.

REHVA Drafts Guidance Document to Deal with COVID-19

In response to the novel coronavirus pandemic, REHVA 
experts have drafted a guidance document, based on collected 
bibliography, on how to operate and use building services in 
areas with coronavirus outbreak to prevent the spread of the 
virus. The document was developed by REHVA volunteers with 

the help of experts from around the world. REHVA has set up a 
Covid-19 guidance webpage to update the documents as new 
evidence is available. The document may be downloaded from: 
https://www.rehva.eu/fileadmin/user_upload/REHVA_covid_
guidance_document_2020-03-17_fi nal.pdf

ASHRAE Resources Available to Address COVID-19 Concerns

ASHRAE, a global society advancing human well-being 
through sustainable technology for the built environment, 
has developed proactive guidance to help address the novel 
coronavirus disease 2019 (Covid-19) concerns with respect to 

the operation and maintenance of heating, ventilating and 
air-conditioning systems.

The guidance may be downloaded from: https://www.
ashrae.org/technical-resources/resources

Danfoss Develops Turbocor for Air-cooled Chillers

Danfoss has recently developed Turbocor TTH/TGH models 
optimized for high-lift applications such as air-cooled chillers. 
This technology extends the application of oil-free centrifugal 
compressors. The major air-cooled chiller manufacturers are 

targeting markets like the Middle East, where the ambient 
temperature is very high. The TTH/ TGH models are suitable for 
not only air-cooled chillers for high-temperature climates, but 
also heat pump applications in Europe.

Ingersoll Rand Introduces Future Climate Company, Trane Technologies

Ingersoll-Rand plc introduced on December 11, 2019 its 
pure-play climate company, to be named Trane Technologies 
plc. Through its strategic brands, Trane and Thermo King, and 
portfolio of climate-focused innovations, Trane Technologies 
will create effi  cient and sustainable solutions for buildings, 
homes and transportation.

Michael W. Lamach, chairman and CEO of the current 
Ingersoll Rand, will be chairman and CEO of the future Trane 
Technologies. The company will continue to aggressively 

pursue Ingersoll Rand’s 2030 sustainability targets, designed 
to create positive impact for the society and enable a premier 
performing company. Dave Regnery has been appointed 
president and chief operating officer. He currently serves 
as executive vice president for Ingersoll Rand’s Climate and 
Industrial segments, overseeing financial and operating 
performance and reporting to Lamach.

For more information, please visit www.tranetechnologies.
com
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nternational newsII
YORK® YZ Magnetic Bearing Centrifugal Chiller Platform Extended to 2,020 TR

Johnson Controls announced 
on January 28 the launch of its ex-
panded YORK YZ Magnetic Bearing 
Centrifugal Chiller platform, ex-
tending the use of magnetic bear-
ings up to 2,020 TR. This expansion 
in capacity builds on the award-
winning YORK YZ chiller that is op-
timized around R-1233zd(E) and 
utilizes an inherent series coun-
terfl ow design with patented heat 
exchangers.

The advanced, aerodynamic design includes two single-stage 
compressors that are paired in a series counterfl ow arrangement, 

reducing the lift on each compres-
sor to improve overall full-load and 
off -design performance. The dual 
compressor design allows for each 
compressor to run individually, pro-
viding redundancy and improved 
off-design performance at lower 
loads. The design also increases 
turn-down capabilities at low loads 
by continuing to provide cooling 
on one circuit in the unlikely event 
of a failure or an unplanned shut-

down. For more information on the YORK® YZ magnetic bearing 
centrifugal chiller, visit www.York.com/Next

YORK YZ magnetic bearing centrifugal chiller utilizes a 
new dual-compressor design to expand cooling capacity up 
to 2,020 TR

VTS Group Goes in for Global 
Rebranding

The VTS Group, celebrating its 30th 
anniversary in 2019, has presented a new 
website, giving itself a new tool for modern, 
efficient and intuitive communication. The 
launch of the new website, which took place 
in December 2019, is the culmination of the 
rebranding process that has been taking place 
in the Group in recent years. 

The new website retains all its attributes of 
reliable communication, while gaining greater 
transparency, readability and easier, more 
intuitive navigation, created on the basis of 
the best User Experience standards. While 
building the assumptions for the new website, 
the company focused on a timeless message, 
firmly embedded in values that remain un-
changed.

Please visit www.vtsgroup.in

ENGIE Refrigeration Launches Redesigned Air-cooled 
PENSUM AIR Series

ENGIE Refrigeration GmbH 
of Germany has started the year 
2020 with a new product – the 
redesigned air-cooled PENSUM 
AIR series, available on the in-
ternational market. The chiller 
has a high efficiency in medi-
um performance ranges and is 
suited for use in mid-sized offi  ce 
buildings and public institutions. 
PENSUM AIR already meets the 
future requirements of the F-gas 
Regulation 2030 and the Tier 2 
Ecodesign Directive.

The redesigned series has a performance range between 50 and 400 
kilowatts. It uses refrigerant R-454B that has a low GWP value. The PENSUM 
AIR is available in four diff erent lines: Basic Cool, Free Cool, Super Silent and 
Reversible Heat, each with up to 18 models. 

ENGIE Refrigeration PENSUM Air 
Black Line 1 (Picture Credit: ENGIE 
Refrigeration GmbH)

Jeff Bezos Pledges $10 billion to Climate Change Fight

Amazon Chief Executive Officer Jeff Bezos pledged on February 17 an amount 
of US$10 billion to fund scientists, activists, non-profit organisations and other 
groups fighting to protect the environment and counter the effects of climate 
change.

Cutting emissions will be challenging for Amazon. The e-commerce company 
delivers 10 billion items a year, and has a massive transportation and data center 
footprint.

Bezos, the world’s richest man, is among a growing list of billionaires to dedicate 
substantial funds to battle the impact of global warming. Jeff Bezos
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United Technologies Appoints Board Members for Future Independent Carrier

United Technologies Corp. (UTC) announced on January 
2 the appointments of an executive chairman and members 
of the board of directors for Carrier, a global provider of 
HVAC, refrigeration, fire, security, and building automation 
technologies.

John Faraci, currently a member of the UTC board of 
directors, will serve as executive chairman of Carrier. David 

Gitlin, who was previously appointed president and chief 
executive offi  cer of Carrier, will join the board, as will current 
UTC director Jean-Pierre Garnier. The eight-member board will 
also include independent directors John Greisch, Charles Holley, 
Mike McNamara, Michael Todman and Virginia Wilson. The 
new board becomes eff ective upon the completion of Carrier’s 
planned separation from UTC in 2020. 

nternational newsII

Danfoss Targets CO2 Neutrality 
Latest by 2030

The Danfoss Group has, within recent years, 
lowered its global energy intensity considerably. 
Now, additional activities have been initiated to 
further reduce energy consumption and transi-
tion the remaining energy demand at all Dan-
foss operations towards renewable energy. The 
company has committed to change its car fl eet 
to all electric latest by 2030. These initiatives are 
steps towards being CO2 neutral in the company’s 
global operations latest by 2030. 

To further emphasize Danfoss’ commitment to 
combat global heating, it is joining the UN Global 
Compact’s campaign on ‘Business Ambition for 
1.5°C – Our Only Future’, and has committed to 
setting science-based targets. With this, Danfoss 
has joined the global movement of leading 
companies aligning their businesses with the 
most ambitious aim of the Paris Agreement: to 
limit global temperature rise to 1.5°C above pre-
industrial levels.

Danfoss Wins Product of the Year Award at 
AHR Expo 2020

Danfoss’ CO2 Adaptive Liquid Management (CALM) solution has 
won the Product of the Year award in the refrigeration category at 
AHR Expo 2020. Every year, ten Innovation Award winners compete for 
Product of the Year. Danfoss forged ahead with its refrigeration solution 
that combines Danfoss’ liquid ejector and adaptive liquid control case 
controller algorithm to fully utilize the evaporator surface in display 
cases and cold rooms.

John Galyen, chairman of AHRI; Darryl Boyce, ASHRAE president; Peter 
Dee, sales director – food retail, North America, Danfoss; and Mark 
Stevens, show manager, AHR Expo, celebrate Danfoss winning Product of 
the Year award

Wearable Cooling and Heating Patch Could Save Energy

Engineers at the University of California at 
San Diego, USA have developed a wearable 
patch that could provide personalized cooling 
and heating at home, work, or on the go. The 
soft, stretchy patch cools or warms a user’s 
skin to a comfortable temperature and keeps 
it there as the ambient temperature changes. 
It is powered by a fl exible, stretchable battery 
pack and can be embedded in clothing. 
Wearing it could help save energy on air 
conditioning and heating. Keeping a building’s 
set temperature 12 degrees higher during the summer, for 
example, could cut cooling costs by about 70 percent.

The work is published in the May 17 issue of the journal, 
Science Advances. The device is at the proof-of-concept stage.

The patch is made of thermoelectric 
alloys – materials that use electricity to create 
a temperature difference and vice versa – 
sandwiched between stretchy elastomer 
sheets. The device physically cools or heats the 
skin to a temperature that the wearer chooses. 
The researchers embedded a prototype of 
the patch into a mesh armband and tested it 
on a male subject. Tests were performed in a 
temperature-controlled environment. In two 
minutes, the patch cooled the tester’s skin 

to a set temperature of 89.60F. It kept the tester’s skin at that 
temperature as the ambient temperature was varied between 
71.6 and 96.80F.

(Source: UC San Diego News Center, May 17, 2019)

Wearable cooling and heating patch

continued on page 70
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ASHRAE Releases Revised 
Version of Data Center 

Standard

ASHRAE has released a revised 
version of its energy standard for 
data centers. ANSI/ASHRAE Stan-
dard 90.4-2019, Energy Standard 
for Data Centers, establishes the 
minimum energy-efficiency re-
quirements for the design and op-
eration of data centers, with special 
consideration to their unique load 
requirements compared to other 
buildings. Standard 90.4 applies 
to data centers with a conditioned 
floor area greater than 20 W/ft2 
and IT equipment loads greater 
than 10 kW, and contains specifi c 
requirements for mechanical and 
electrical systems installed in new 
data centers or in data center addi-
tions/alterations that require new 
mechanical or electrical systems.

2020 ASHRAE Winter Conference and AHR Expo Successful

ASHRAE concluded a 
successful 2020 Winter Con-
ference and AHR Expo, held 
February 1-5 in Orlando, 
Florida, USA. This year’s con-
ference attracted over 2,800 
buildings-related engineers, 
architects, contractors, stu-
dents and other industry pro-
fessionals.

ASHRAE celebrated its 
125th anniversary with paper sessions chronicling the progress of key industries and 
the evolution of energy modeling. An updated edition of the Society book, Proclaiming 
the Truth, was released at the conference in addition to a composite video highlighting 
ASHRAE’s history, which debuted at the plenary session. 

The Winter Conference technical program featured more than 300 presentations, with 
interest surrounding this year’s new track, Big Data and Smart Controls, where session 
topics included smart sensor technologies, occupant behavior in buildings and cost-
based control of supply air temperature.

The AHR Expo off ered more than 1,900 exhibitors, with 300 companies exhibiting for 
the fi rst time. The three-day show occupying 506,000 net square feet of exhibit space, 
attracted attendees from more than 160 counties. 

A view of AHR Expo

nternational newsII
continued from page 68
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Johnson Controls-Hitachi India Starts New 
Skill Development Centre in Tirupati

Extending its commitment towards skilling and making 
the youth of Andhra Pradesh (AP) more employable, Johnson 
Controls-Hitachi Air Conditioning India Limited (JCH-IN) 
launched on December 20 its third Skill Development Centre 
in Tirupati. Present at the occasion were Balli Durga Prasad 
(Member of Parliament from Tirupati), Challa Madhusudhan 
Reddy (Chairman, Andhra Pradesh State Skill Development 
Corporation – APSSDC), Dr. Arja Srikanth (Managing Director 
and CEO, APSSDC) and Gurmeet Singh (Chairman and Managing 
Director, JCH-IN) along with dealers, business partners, students 
and ITI staff . 

JCH-IN collaborated with APSSDC and Industrial Training 
Institute to impart skill training in AC repairing and maintenance 
so as to create new job avenues for rural youth in AP. Last year 
the company had launched two skill development centres at 
Vijayawada and Kakinada in AP. The company will subsequently 
launch two more centres at Ananthpur and Bobbili, taking the 
total number of skill development centres in AP to fi ve, covering 
the entire state.

This state-of-the-art centre at Tirupati will off er courses in AC 
repair and maintenance for four batches of 20-30 candidates in 
a year. The duration of the courses will be 3 months. While the 
syllabus will be provided by JCH-IN, the certifi cation will be done 
jointly by the company and APSSDC. These centres will provide 
training that will enable unemployed youth and school dropouts 
to take up the course. 

JCH-IN, the India unit of the joint venture between 
Johnson Controls, U.S.A. and Hitachi Appliances, Japan is 
undertaking the project as a part of its corporate social 
responsibility (CSR). The company will bear the entire cost of 
running the centres. 

 
Hitachi’s Engineering Excellence Centres to 
Create Over 50,000 Cooling Experts by 2025

Johnson Controls-Hitachi Air Conditioning India Limited 
(JCH-IN) announced on February 13 its plans to create more 

than 50,000 world class technicians and cooling experts by 
2025 through its four state of the art Engineering Excellence 
Centres located in all four metro cities of the country. This will 
further strengthen the company’s leadership in the Indian 
market.

Since the inception of its four EECs in Delhi, Mumbai, 
Chennai and Kolkata in 2017, the company has imparted 
training to more than 15,000 trainees. It has invested more 
than Rs.15 Cr. in establishing these four regional excellence 
centres. 

Hitachi’s EEC initiative is in line with the government’s  Skill 
India  project, as technicians usually lack formal training or a 
course needed to become subject matter experts. With these 
training centres, the company endeavours to enable India’s 
technical talent pool with global industry expertise and improve 
their quality of life. 

Stakeholder Workshop on Informing and 
Reforming India’s AC Servicing Sector

– By Ashwini Mehra

The Council on Energy, Environment and Water (CEEW) – 
a think tank that   analyses and advises on critical questions 
concerning energy, environment and water – along with Shakti 
Foundation, organised a stakeholder workshop on ‘Informing 
and Reforming India’s AC Servicing Sector’ on December 
12. Among the invitees were representatives from ISHRAE, 
Refrigeration and Air-conditioning Servicing Sector Society 
(RASSS), and Refrigeration and Air Conditioning Manufacturers’ 
Association (RAMA). 

The objective was to have a preliminary discussion for 
the implementation of the India Cooling Action Plan (ICAP) 
relating to the RAC servicing sector, which  the Ministry of 
Environment, Forests and Climate Change (MoEFCC) has 
appointed CEEW to take forward. Shakti Foundation supports 
MoEFCC initiatives.

An elaborate presentation was made by CEEW  on 
‘Standardising Training and Establishing a Universal Certifi cation 
System in India’, which subsequently  formed the basis for the 
interactive round-table discussion held on the subject. The 
inputs from the stakeholders were:
1. The Certifi cation Agency for trained technicians should only 

be a Government agency  like National Skill Development 
Council (NSDC).

2. The training provided by the Electronics Sector Skills Council 
of India (ESSCI) should be structured in such a way that the 
trained person is licensed or registered depending on the 
level of competence achieved.

 There were suggestions to either establish two levels, viz. 
Apprentice and Technician,  or to have three levels:

 A1: (Basic) Competent for Preventive Maintenance
 A2: (Technician) Competent for Installation
 A3: (Advanced) Competent for Troubleshooting
 There could be suitable colour coded badges issued 

ervice newsSS

Gurmeet Singh cuts the ribbon in the presence of Balli Durga Prasad, 
Challa Madhusudhan Reddy and Dr. Arja Srikanth
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to successful candidates for easy identification of their 
competence level by the RAC customer or user.

3. I t  was strongly felt that the training imparted by 
OEMs is of high quality and this should be somehow 
captured.  Either the training provided by OEMs in their 
training centres be recognized by ESSCI as equivalent 
to their NOS 4  level ‘Employable’, or joint certification 
be  issued by NSDC and the industry to all the OEM-
trained personnel. 

4. Industry-trained technicians are estimated to contribute 
nearly 50% to the pool of   technicians   available in the 
country, and they are regarded as well-trained resources for 
the servicing sector.
There was a suggestion that on each RAC, a sticker giving 

the refrigerant used and the competence level of the technician 
authorized to handle that machine, be affixed, e.g.: ‘R32; A3 
Technician’. This way, only the appropriately trained technician 
will be allowed to service or repair the machine. Proper 
installation and servicing will also save on the use of refrigerant 
gases that have a high GWP.

Despite the industry-felt shortage of trained manpower 
in the RAC servicing sector, ESSCI finds it difficult to get 
enough students to enrol in their training centres, and this 
affects their business  viability. It was suggested that these 
training programs should be mainly held during the off-
season monsoon period.

Meeting on Upskilling Air Conditioner Service 
Technician Training

– By Ashwini Mehra

The second Advisory Committee Meeting on ‘Upskilling 
Air Conditioner Service Technician Training’ under the Pradhan 
Mantri Kaushal Vikas Yojana (PMKVY) was held on December 
11. The meeting was organised by ESSCI and chaired by Geeta 
Menon, Joint Secretary, MoEFCC. ISHRAE was represented at 
the meeting by Ashwini Mehra and M. P. Agarwal. RAMA was 
represented through the service heads of Hitachi, Blue Star and 
Voltas. Mahendar Singh Payaal, Head – PMKVY from NSDC and 
Dr.  Amit Love were also present.

The objective of the meeting was to assess the training 
programs conducted by ESSCI under the Skill Development 
Scheme financed by the Ministry of Skill Development and 
Entrepreneurship. MoEFCC had engaged the Indian Institute of 
Corporate Aff airs (IICA), a Government body, to come out with 
an Impact Assessment Report, on which a presentation was 
made during the meeting  by Mukesh Kumar – Chief Program 
Executive, IICA. While the report speaks well about the logistics 
and infrastructure of training, it was found that the theoretical 
training was based on three-year old technology and the demo 
machines used were old.

RAMA suggested greater emphasis on Good Installation 
Practices and gas recovery from serviced and old machines.  It 
was also felt by industry representatives that there was a need to 

provide tool-kits to all candidates; manufacturers were requested 
to provide the kits, possibly as part of their CSR initiatives.

Other suggestions included conducting the course in 
regional languages, and creating greater consumer awareness 
leading to a situation where users and customers specifi cally ask 
for trained technicians with NSDC certifi cation for the servicing 
of their RACs.

Geeta Menon approved the training of 40,000 additional 
technicians by ESSCI and requested all to see that the training 
module fi ts in with the Indian Cooling Action Plan requirements 
under RAC Servicing Sector. She acknowledged ISHRAE support 
to the servicing sector.

Skill Development Centre on a Shoe-string 
Budget

– By Ashwini Mehra

Raju Refrigeration Service is a non-descript service-cum-skill 
development centre hidden in the bye-lanes of Visakhapatnam. 
Raju is ITI-trained and runs a 90 day course from his house/
garage to train AC technicians, who need to be 10th standard 
pass or fail, and are enrolled after an oral test.

Hands-on training is provided on AC and refrigerator cut-
outs and some ingenious contraptions to teach basics like wet 
bulb temperature, thermostat control, etc. The workshop/lab 
even extends to Raju’s drawing room. There is one machine for 
troubleshooting and, and a combination AC-refrigerator.

The fee is a modest Rs.1,000 pm, i.e. Rs.3,000 for the full 
course, and almost 100% placement is assured with channel 
partners of major AC companies, who are well known to Raju 
and who have begun to be dependent on him to provide skilled 
manpower. Many students are from rural backgrounds, and the 
training is in the vernacular language.

To supplement his earnings, Raju also carries out servicing 
of equipment, and a does bit of contracting. His showpiece is 
a TU- 142 Naval Surveillance Plane installation on display on 
the beach front, for which he charged the government a mere 
Rs.1,00,000.

Raju takes Ashwini Mehra to show his naval installation
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The location of all forms of faults on 
even relatively simple refrigeration systems 
is conditional on a thorough knowledge of 
such factors as:
• The build-up of all components, their 

mode of operation and characteristics.
• Necessary measuring equipment and 

measuring techniques.
• All refrigeration processes in the 

system.
• The infl uence of the surroundings on 

system operation.
• The function and setting of controls 

and safety equipment.
• Legislation on the safety of refrigeration 

systems and their inspection.
Before examining faults in refrigeration 

ERVICE IN THE CLASSROOMERVICE IN THE CLASSROOMSS

Faults on Refrigeration 
Systems, General

This section deals with common faults 
in small, relatively simple refrigeration 
systems.

The faults, fault causes, remedies and 
effects on system operation mentioned 
also apply to more complicated and large 
systems.

However, other faults can occur in such 
systems. These and faults in electronic 
regulators are not dealt with here.

Fault location without the use of 

instruments

After gaining a little experience, many 
common faults in a refrigeration system 
can be localized visually, by hearing, by 
feel, and sometimes by smell. Other faults 
can only be detected by instruments.

Categorisation

This section is divided into two parts. 
The first part deals exclusively with 
faults that can be observed directly with 
the senses. Here, symptoms, possible 

Trouble Shooting
Commercial
Refrigeration Controls

Part 25

This series is being reproduced from  Fitter Notes with permission from 
Danfoss Industries Pvt. Ltd., Chennai

causes and the effect on operation are 
given.

The second part deals with faults that 
can be observed directly with the senses, 
and those that can only be detected by 
instruments.

Here, symptoms and possible causes 
are given, together with instructions on 
remedial action.
Knowledge of the system is required

An important element in the fault 
location procedure is familiarity with how 
the system is built up, its function and 
control, both mechanical and electrical.

Unfamiliarity with the system ought to 
be remedied by carefully looking at piping 
layouts and other key diagrams and by 
getting to know the form of the system 
(piping, component placing, and any 
connected systems, e.g. cooling towers 
and brine systems).

Theoretical knowledge is Necessary

A certain amount of theoretical 
knowledge is required if faults and 
incorrect operation are to be discovered 
and corrected.
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systems, it could be 
advantageous to look 
briefly at the most 
important instruments 
used in fault location.

In the following 
description of faults in 
refrigeration systems, 
parts 1 and 2 take as 
their starting points 
the piping diagrams, Figure 1, 2 and 3.

The systems are dealt with in the direction followed by the 
circuit. Fault symptoms that can occur are described in circuit 
order. The description starts after the compressor discharge side 
and proceeds in the direction of the arrows.

Visible Faults and their Effect on the System Operation

Visible faults Effect on system operation

Air-cooled condenser
a) Dirt, e.g. grease or dust, sawdust, 

dried leaves.
 [Lack of maintenance]

b) Fan stopped. [Motor defect]
  [Motor protector cut-out]
c) Fan rotates in wrong direction.

 [Installation error]
d) Fan blades damaged.
e) Fins deformed

 [Rough treatment]

Faults under a), b), c), d), e) create:
• Increased condensing pressure.
• Reduced refrigeration output.
• Increased energy consumption.
For an air-cooled condenser, the difference 
between air inlet and condensing 
temperatures should lie between 10 K and 
20 K, preferably at the lower end.

Water-cooled condenser
with sight glass: See “Receiver”.

For a water-cooled condenser, the difference 
between condensing and water inlet 
temperatures should lie between 10 K and 
20 K, preferably at the lower end.

Receiver with sight glass
Liquid level too low.
 [Insufficient refrigerant in system
 [Overcharged evaporator]
 [Overcharged condenser during cold 

period]
Liquid level too high.
 [Overcharged system]

Vapour/vapour bubbles in liquid line.
Low suction pressure or compressor cycling. 
Low suction pressure or compressor cycling.

Excessive condensing pressure possible.

Receiver stop valve
a) Valve closed.

b) Valve partly closed.

System stopped via low-pressure control. 
Vapour bubbles in liquid line.
Low suction pressure or compressor cycling.

Liquid line
a) Too small

 [Sizing error]
b) Too long

 [Sizing error]
c) Sharp bends and/or deformed

 [Installation error]

Faults under a), b) and c) cause: Large 
pressure drop in liquid line. Vapour in liquid 
line.

Filter drier
Dew or frost formation on surface.
 [Filter partly blocked with dirt on inlet 

side]

Vapour in liquid line.

Sight glass
a) Yellow

 [Moisture in system]
b) Brown

 [Dirt particles in system]
c) Pure vapour in sight glass.

 [Insufficient liquid in system]
 [Valve in liquid line closed]
 [Complete blockage, e.g. of filter drier]

d) Liquid and vapour bubbles in sight glass.
 [Insufficient liquid in system]
 [Valve in liquid line partly closed]
 [Partial blockage, e.g. of filter drier]

Risk of:
Acid formation, corrosion, motor burn-out, 
water freezing in thermostatic expansion valve.
Risk of wear in moving parts and blockage in 
valves and filters.
Standstill via low-pressure control or 
compressor cycling.
Standstill via low-pressure control.
Standstill via low-pressure control.
All faults under d):
Compressor cycling or running at low suction 
pressure.

Thermostatic expansion valve
a) Thermostatic expansion valve heavily 

frosted, frost on evaporator only near 
valve.
 [Dirt strainer partly blocked]
 [Bulb charge partly lost]
 [Previously described faults causing
 vapour bubbles in liquid line]

b) Thermostatic expansion valve without 
external pressure equalisation, 
evaporator with liquid distributor.   
 [Sizing or installation error]

c) Thermostatic expansion valve with 
external pressure equalisation, 
equalising tube not mounted.   
 [Installation error]

d) Bulb not firmly secured.
 [Installation error]

e) Entire bulb length not in contact with tube.
 [Installation error]

f ) Bulb placed in air current.
 [Installation error]

Faults under a) cause operation at low 
suction pressure or compressor cycling via 
low-pressure control.

Faults under b), c) cause operation at low 
suction pressure or compressor cycling via 
low-pressure control. or compressor cycling 
via low-pressure control.

Faults under d), e), f ) lead to overcharged 
evaporator with risk of liquid flow to 
compressor and compressor damage.

Air cooler
a) Evaporator frosted only on inlet side, 

thermostatic expansion valve heavily 
frosted.
 [Thermal valve fault]
 [All previously described faults that
 cause vapour in liquid line]

b) Front blocked with frost.
 [Lacking, incorrect or wrongly set
 up defrost procedure]

c) Fan does not run.
 [Motor defect or motor protector
 cut-out]

d) Fan blades defective.
e) Fins deformed.

 [Rough treatment]

Faults under a) cause:
High superheat at evaporator outlet and 
operation at mostly low suction pressure.

Faults under a), b), c), d), e) cause:
• Operation with mostly low suction 

pressure.
• Reduced refrigeration output.
• Increased energy consumption.
For thermostatic expansion valve controlled 
evaporators:
The difference between air inlet and 
evaporating temperatures should lie between 
6 K and 15 K, preferably at the lower end.

For level-controlled evaporators:
The difference between air inlet and 
evaporating temperatures should lie between 
2 K and 8 K, preferably at the lower end.

Visible faults Effect on system operation
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Liquid cooler
a) Thermostatic expansion valve bulb not 

firmly secured.
 [Installation error]

b) Thermostatic expansion valve without 
external pressure equalising on liquid 
cooler with high pressure drop, e.g. 
coaxial evaporator.
 [Sizing or installation error]

c) Thermostatic expansion valve with 
external pressure equalisation, 
equalising tube not mounted.
 [Installation error]

Causes overcharged evaporator with risk of 
liquid flow to compressor and compressor 
damage.
Faults b), c) cause:
• Operation with mostly low suction 

pressure.
• Reduced refrigeration output.
• Increased energy consumption.
For thermostatic expansion valve controlled 
evaporators:
The difference between air inlet and 
evaporating temperatures should lie between 
6 K and 15 K, preferably at the lower end.
For level-controlled evaporators:
The difference between air inlet and 
evaporating temperatures should lie between 
2 K and 8 K, preferably at the lower end.

Suction line
a) Abnormally severe frosting.

 [Thermal valve superheat too low]
b) Sharp bends and/or deformation.

 [Installation error]
Regulators in suction line
 Dew/frost after regulator, no dew/frost 

ahead of regulator.
 [Thermal valve superheat too low]

Risk of liquid flow to compressor and 
compressor damage.
Low suction pressure or compressor cycling.

Risk of liquid flow to compressor and 
compressor damage.

Compressor
a) Dew or frost on compressor inlet side.

 [Superheat at evaporator outlet
 too low]

b) Oil level too low in crankcase.
 [Insufficient oil in system]

 [Oil collection in evaporator]
c) Oil level too high in crankcase.

 [Oil overfilling]
 [Refrigerant mixed with oil in too
 cold a compressor]
 [Refrigerant mixed with oil because
 superheat too low at evaporator
 outlet]

d) Oil boils in crankcase during start.
 [Refrigerant mixed with oil in too
 cold a compressor]

e) Oil boils in crankcase during operation.
 [Refrigerant mixed with oil because
 superheat too low at evaporator
 outlet]

Liquid flow to compressor with risk of 
compressor damage.

System stop via oil differential pressure 
control (if fitted).
Causes wear of moving parts.

Liquid hammer in cylinders, risk of 
compressor damage:
• Damage to working valves.
• Damage to other moving parts.
• Mechanical overload.

Liquid hammer, damage as under c)

Liquid hammer, damage as under c)

Cold Room
a) Dry surface on meat, limp vegetables.

 [Air humidity too low - evaporator
 probably too small]

b) Door not tight, or defective.
c) Defective or missing alarm sign.
d)  Defective or missing exit sign. 
For b), c), d):

 [Lack of maintenance or sizing error]
e) No alarm system.

 [Sizing error]

Leads to poor food quality and/or wastage. 

Can give rise to personal injury.
Can give rise to personal injury.
Can give rise to personal injury.

Can give rise to personal injury.

Faults that can be Felt, Heard or Smelled and 
their Effect on the System Operation

Faults that can be felt Effect on system operation

Solenoid valve
Colder than the tubing ahead of the 
solenoid valve.
 [Solenoid valve sticks, partly open]
Same temperature as tubing ahead of 
solenoid valve.
 [Solenoid valve closed]

Vapour in liquid line.

System stopped via low-pressure control.

Filter drier
Filter colder than tubing ahead of 
filter.
 [Filter partly blocked with dirt on
 inlet side]

Vapour in liquid line.

Faults that can be heard Effect on system operation

Regulators in suction line
Whining sound from evaporating pressure 
regulator or another regulator.
 [Regulator too large (sizing error)] Unstable operation.

Compressor
a) Knocking sound on starting.

 [Oil boiling]
b) Knocking sound during operation.

 [Oil boiling]
 [Wear on moving parts]

Liquid hammer.
Risk of compressor damage.
Liquid hammer.
Risk of compressor damage.

Cold room
Defective alarm system.
 [Lack of maintenance] Can give rise to personal injury.

Faults that can be smelled Effect on system operation

Cold room
Bad smell in meat cold room.
 [Air humidity too high because 

evaporator too large or load too low]

Leads to poor food quality and/or wastage.

Visible faults Effect on system operation Visible faults Effect on system operation

General
a) Oil drops under joints and/or oil spots 

on floor.
 [Possible leakage at joints]

b) Blown fuses.
 [Overload on system or short
 circuiting]

c) Motor protector cut-out.
 [Overload on system or short
 circuiting]

d) Cut-out pressure controls or 
thermostats, etc.
 [Setting error]
 [Equipment defect]

Oil and refrigerant leakage.

System stopped.

System stopped.

System stopped.
System stopped.
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Figure 2: Refrigeration system with two air coolers and air-cooled condenser

Figure 1: Refrigeration system with air cooler and air-cooled condenser

Frost blockage
Incomplete defrost
Frost only on thermal
valve and evaporator inlet

High suction pressure
Low suction pressure
Hunting suction pressure

High suction 
gas temperature
Low suction
gas temperature

High condensing pressure
Low condensing pressure

High discharge line temperature

High superheat
Low superheat
Hunting
Periodic on/off
Constantly closed

Liquid
Vapour/liquid
Vapour

 green
Colour yellow
 brown/black

Room temperature too low
Room temperature too high
Air humidity too high
Air humidity too low

Compressor cycling
Hammer
High oil level
Low oil level
Oil boiling
Oil discoloured
Compressor cold
Compressor hot

Low temperature

High liquid level
Low liquid level

TE

KP 62

SGI/SGN

EVR

SGI/SGN
DCL/DML

KP 15/17

ERVICE IN THE CLASSROOMERVICE IN THE CLASSROOMSS

76 Air Conditioning and Refrigeration Journal March - April 2020



77

KP 17

Figure 3: Refrigeration system with liquid cooler and water-cooled condenser
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Test Points

Auto Air Vents

Sensors, Transmitters & Switches
Temperature, Relative Humidity, Pressure,
Enthalpy, Wet-bulb temperature.

Analog / Digital Controllers
2 Position, 3 Point, Modulating.

Thermal Energy & Flow Meters
Inline, Tenant billing software.

Actuators

Hydronic System Equipment

Airconditioning Controls

Closed Expansion Tanks & Centrifugal Air Separators
Pressurise and remove air from chilled water systems.

Microbubble Air / Dirt Separator
Air separation process based on the concept of coalescence.

-
-
Large surface area per volume.
Minimal resistance to

SS Pall rings used provide

Suction Guide with Pall Rings
Uses PALL rings instead of perforated sheet strainer.
Debris removed by simply opening drain plug.

Pressure Maintaining Station
Expansion water stored in replaceable rubber
bladder at ambient pressure.
Tank size independent of static head.

Anergy Instruments Pvt. Ltd.
40, Sector 27A,
Faridabad - 121003,
Ind ia

+ 91 129 4045901
+ 91 87500 55209

info@anergy.in
www.anergy.in

Vacuum Degasser
Fully automated degassing and water make-up.
Works on vacuum tube deaeration principle.
Removes microbubbles and even dissolved gas.

Control Valves

For AHU's, FCU's.

I N T H E S E R V I C E O F T H E B U I L T E N V I O RNM EN T

2/3 Position, Modulating.
Rotary - 5, 10, 20 Nm.

fluid flow.

20-200mm dia.

CO2 Transmitter / Controller.

High Rangeability

Linear - 150, 500, 1000N.

Building Managment System
DDC Controller

Centralized PC operation
MODBUS/TCPIP/Internet Bacnet compatibility

Data Logging and alarms

Side Stream Filtration
Remove unwanted solids from cooling tower water.
Sweeper Jets sweep cooling tower basin to prevent
the accumulation of troublesome solids.
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