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Hello and welcome once again to Cooling India. 
India is the second largest producer of the fruits and vegetables 

in the world after China. However, the country still suffers from 
approximately 70% food grain loss due to the gaps in the early 
stages of harvest and distribution. According to the government 
estimates, India is currently processing only 10% of its food, 
resulting in enormous food waste. Lack of storage facilities and 
absence of robust cold chain supply system are the primary 
reasons for such debacles. Also, with the increasing demand for 
frozen food items and ready-to-eat foods, the food and beverage 
(F&B) industry is set for higher growth trajectory. That’s where an 
efficient refrigeration and cold chain industry comes into picture. 
With an aim to reduce agricultural waste and cope with changing 
eating habits, the refrigeration and cold chain industry will continue 
to play a significant role. Also, for a F&B production facility, it is 
equally important to constant monitor and control temperature to 
ensure food safety during the entire process. This time, we take a 
closer look at how HVAC&R industry is all set to transform the F&B 
sector.

Today, food processing sector in India constitutes around 8% 
and 10% of Gross Value Added (GVA) in manufacturing and 
agriculture sector in 2015-16.  In 2016-17, the value of processed 
food export has increased to USD 13.9 billion which constitutes 
11.2% of India’s total export. Thus, if the country can somehow 
reduce the food loss, it will be an ideal win-win situation for all. 
Further, the government’s move on setting up of a total 42 Mega 
Food Parks across the country will strengthen food processing 
infrastructure.

F&B production remains a major energy user in the food chain 
and HVAC&R systems are among the key energy consumers within 
the F&B production ecosystem. Thus, significant energy savings 
can be achieved by brining in energy efficiency in the HVAC&R 
systems. Here we have analysed the varied aspects of attaining 
energy efficiency. The benefits of use of renewable solar energy in 
cold storages are also discussed herein.

Hope you enjoy reading this issue as always. Do send in your 
comments to me at pravita@charypublications.in.
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Air-cooled QUANTUM chillers from 
ENGIE Refrigeration can now be 
equipped with heat recovery as 

well. This makes it possible to reuse up to 
100 per cent of the generated waste heat. 
The first corresponding QUANTUM models 
are now being deployed by an international 
industrial group from France. For many 
years, ENGIE Refrigeration GmbH has 
been equipping its water-cooled QUANTUM 
chillers with heat recovery as an option. 
Many QUANTUM chillers with heat 
recovery are being operated successfully 
around the world – in Germany as well as 
in France, Israel and Russia. Now the 
refrigeration specialist from Lindau on 
Lake Constance is making this option 
available for air-cooled QUANTUM chillers 
as well. Customers can benefit from many 
advantages. A heat exchanger integrated 
in the air-cooled QUANTUM chiller as an 
addition makes it possible to conduct the 

heat, which is generated during the cold 
generation process, to a defined heat 
process such as heating or the warm 
water supply. That means an air-cooled 
QUANTUM with a refrigeration capacity of 
1,300 kilowatts can thereby create a heat 
capacity of 1,480 kilowatts.

The heat generated during the 
refrigeration process can be used either 
completely, or partially in what is referred 
to as mixed mode. To this end, the waste 
heat is transferred to a heat circuit via a 
parallel flooded shell and tube condenser. 
As the chiller fans are now running at 
partial load or not at all, this makes it 
possible to save power and money. At the 
same time, users take advantage of the 
thermal energy that is generated anyway, 
and that would otherwise have to be 
generated by the heating. As a result, heat 
recovery is not just sustainable, but also 
conserves resources. 

ENGIE Refrigeration Makes Waste Heat Usable

Earth Overshoot Day marks the date 
in the year by when humanity will 
have consumed more from the 

planet, including food, fibres, timber, and 
absorption capacity for carbon dioxide 
from fossil fuel burning than the planet’s 
ecosystems can renew in the entire year. 
Schneider Electric believes that adoption 
of energy 
efficient and 
r e n e w a b l e 
t echno log i es 
such as its IoT-
enabled EcoStruxure platform could 
move the date back by 21 days through 
retrofitting of existing building, industry 
and data center infrastructure and 
upgrading electricity production alone. 

To demonstrate how this can be done 
and to promote new approaches to 
sustainable business thinking, the 
company has partnered with Global 
Footprint Network, the international 
research organisation that is changing 
how the world manages its natural 
resources and responds to climate 
change. Global Footprint Network’s 
Ecological Footprint accounts enable to 
calculate Earth Overshoot Day.

Schneider Electric believes this 
situation is reversible. The company has 
calculated that if 100 per cent of existing 
building, industry and data centre 
infrastructure was equipped with active 
energy efficiency technologies and the 
electric grid was upgraded with renewable 
capacities, the world could move the date 
back by at least 21 days.

Operating on a planet with finite 
resources requires creativity and 
innovation, said Xavier Houot, Schneider 
Electric’s SVP Global Environment. We 
team-up with our customers and partners 
to unlock the potential to retrofit existing 
infrastructure, adopting circular business 
models, and we measure how much this 
helps save resources and CO2. We work 
to see our growth path through the lens of 
the growing need of living within the 
means of our one planet. 

Schneider Electric Partners 
with Global Footprint Network The Carver Group has announced 

the acquisition of specialist chiller 
and air conditioning design and 

installation business CoolTherm.  The deal 
represents a further step in the Carver 
Group’s plans to continue to grow and 
invest in businesses in the HVAC sector in 
Europe and North America.

CoolTherm specialises in the design, 
supply, installation and servicing of air 
conditioning systems and chillers, 
operating across the UK and internationally. 
They are renowned for working in difficult 
and challenging environments, an 
expertise which sets them apart from the 
competition. Aidan Killeen, Carver Group 
Chief Executive Officer, said, “The 
acquisition of CoolTherm clearly 
demonstrates our intention to create a 
group offering high quality bespoke 
products and services to all our customers. 
We see the business as remaining a 
separate organisation from our current 
manufacturing businesses.”

“The CoolTherm ethos is an excellent 
fit for the Carver Group, being privately 
owned and focused on delivering 
exceptional customer service, and we are 

pleased that the majority of directors will 
be continuing with the business. The 
skillsets available at CoolTherm, coupled 
with the Carver Group’s desire to grow and 
meet the needs of national and international 
businesses, mean this acquisition will 
deliver real synergy for us.”

CoolTherm works with Italian 
manufacturer Geoclima Srl to provide 
water chiller packages for both new and 
existing installations. The chillers are built 
to order to meet the precise requirements 
of each application. They are also diamond 
quality level installers for Mitsubishi 
Electric and a D1+ premium partner for 
Daikin systems. The West Midlands-based 
Carver Group centrally manages 
competence centres for research and 
development, manufacturing and project 
management in order to create innovative 
heating, ventilation and air conditioning 
(HVAC) solutions for a wide range of 
market sectors including retail, industry 
and the public sector. As well as having its 
headquarters in Walsall in the UK, the 
group has representation in 50 countries 
and offices in Germany, France, the 
Netherlands, and Canada. 

Carver Group Acquires Cooltherm
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Emerson has introduced the 
Rosemount CT4215 Food and 
Beverage Leak Detection system. 

The Rosemount CT4215 is the first 
quantum cascade laser or tunable diode 
laser (QCL/TDL) continuous, inline 
detection system designed to help assure 
quality and safety, maximise production 
volume and decrease product waste for 
food and beverage products. The 
Rosemount CT4215 tests the seal and 
integrity of every bottle or package on a 
production line, detecting leaks at a 
sensitivity as low as 0.3 mm and 
automatically rejecting any defective 
bottle or package. This is in contrast to 
the traditional practice of testing 
occasional grab samples, which can 
leave a manufacturer vulnerable to unsafe 
food or beverages, reduced profitability 
and damaged reputation.

The Rosemount CT4215 installs 
directly on the food or beverage 
production line in a compact, self-
contained unit. The patented QCL laser 
technology measures CO2 and other 
gases used in food and beverage 
packaging. A high-flow vacuum pump 
draws air from around the package or 
bottle and delivers this air to the 
measurement cell. If gas from a leaking 
product passes through the measurement 
cell, it will absorb some of the laser light. 
Less laser light reaching the detector 
means there is a leak. Any leak detected 
will trigger rejection of the package or 
bottle. The system requires few 
consumables, is low-cost to operate, 
and needs only regularly scheduled 
maintenance. It is easily installed on 
both new and existing production lines.

For the first time, food and beverage 
packagers can assure that every 
package leaving their facility is of the 
highest quality and can eliminate the 
returns and penalties associated with 
defects, while enabling any production 
issues to be identified and resolved 
within minutes. 

New Food and Beverage Leak 
Detection System Ensures 
Seal Integrity Toshiba Carrier Corporation 

announced its establishment of 
Toshiba Carrier Air-Conditioning 

India Private, a joint venture with United 
Technologies Corporation, in Gurgaon, 
Haryana. The new joint venture, established 
on August 14 and headquartered in the 
premises of Toshiba India, 
allows Toshiba Carrier to 
local ise p lanning, 
development, manufacturing 
and sales of its commercial 
air-conditioning products, 
expanding its footprint in the 
country. Toshiba Carrier is an 
air-conditioning joint venture 
in Japan between Toshiba 
Corporation and Carrier, 
which is a part of UTC Climate, Controls & 
Security, a unit of United Technologies 
Corporation. 

The new joint venture was created to 
support strong demand for variable 
refrigerant flow (VRF) solutions. VRF is a 
form of commercial air-conditioning for 
applications such as office building and 

condominiums. Driven by strong domestic 
demand from its population of 
approximately 1.3 billion, India is expected 
to continue fast economic growth, as 
shown in its annual GDP growth at 7.4 per 
cent. 

Toshiba Carrier Air-Conditioning India 
will benefit from the 
manufacturing operations of 
Carrier Air Conditioning & 
Refrigeration Ltd, the Carrier 
entity in India. It will also 
utilise the robust nationwide 
distribution network and 
existing sales force, striving 
to lead the fast-growing VRF 
segment in India. 

The establishment of the 
new joint venture is one of Toshiba 
Carrier’s initiatives with regard to new 
overseas operations for its commercial 
air-conditioning business, based on the 
memorandum of understanding that was 
signed in March 2015 between Toshiba 
Corporation and United Technologies 
Corporation. 

Toshiba to Produce Air Conditioners in India

On 16 August, a ceremony was 
held marking the laying of the 
cornerstone for the new Carel 

Group plant in the SND district of Suzhou, 
China. The ceremony was attended by 
representatives from the XuGuan area of 
the Chinese Ministry for Economic 
Development. The aim of this new plant is 
to boost production for the Chinese market 
and the Asia-Pacific region. Covering an 
area of 15,000 square metres, the new 
site will be three times bigger than the 
current plant. The Carel Group plans to 
move to the new site starting in the first 
quarter of 2019. Carel has been operating 
in China since 2005, when its subsidiary 
Carel Electronic Suzhou was founded.

During the event, Luciano Marzaro, 
Managing Director of Carel Electronic 
Suzhou, explained Carel’s strategic 
decision to build a new plant in the Suzhou 
industrial district, “With consolidated 
infrastructure and the necessary 
technological facilities, Suzhou is the ideal 

Cornerstone Laid for New Carel Plant in China

place to manufacture and market innovative 
solutions such as those made at the new 
Carel plant. The new plant will also 
highlight our R&D area, the true excellence 
of Carel Electronic Suzhou, and that 
accounts for 24 per cent of the Group’s 
R&D operations”.

Alberto Catullo, Carel Regional CEO 
North APAC, stressed how the new site 
will become a hub for the technological 
skills needed to support Carel’s operations 
in the APAC region. The construction of 
this new plant will allow us to develop 
advanced solutions that completely meet 
the expectations of customers in China 
and the rest of Asia. 
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Technological advancements in 
HEPA filters and the launch of eco-
friendly HEPA filters are expected to 

make the smart air purifiers market 
segment grow at a compound annual 
growth rate (CAGR) of 12.2 per cent 
during 2018 to 2025, according to a llied 
Market Research report. The report offers 
detailed insights into the market dynamics 
to enable informed business decision-
making and devise growth strategies 
based on the opportunities present in the 
market. According to the report, the global 
smart air purifiers market was pegged at 
$4.10 billion in 2016 and is estimated to 
reach $11.40 billion by 2025.

Increasing threat of the effects of air 
pollution, leading to several skin allergies 
and chronic diseases, and a growing need to 

eliminate airborne particles and germs in 
commercial spaces and homes are the key 
drivers of the global smart air purifiers 
market. In addition, several countries have 
witnessed a rise in the number of diseases 
caused due to air pollution in households 
owing to excessive smoke generation 
through cooking. However, low awareness 
about the importance of smart air purifiers is 
the biggest challenge faced by the market, 
especially, in developing countries. 
Furthermore, growing adoption of smart 
homes is expected to boost the growth of the 
global smart air purifiers market. The 
research report is categorised based on dust 
collectors, fume and smoke collectors, and 
others. The market share of dust collectors 
was the highest in 2017, contributing about 
two-thirds of the total market share.  

Global Smart Air Purifiers Market to Reach $11.4 bn by 2025

Emerson announced it has 
completed the first phase of 
upgrades to its plant in Rushville, 

Indiana, totaling nearly $ 8 million. The 
upgrades began in 2015 and have allowed 
the company to enhance its Copeland 
compressor remanufacturing capabilities 
while strengthening its OEM manufacturing 
operations. Since 2013, Emerson has 
invested $13 million in the plant. 

Since 2015, Emerson has installed 
three Okuma machining centers with an 
auto-load system for remanufacturing, 
converted to cellular assembly with 
various compressor sizes on one line, 
installed a new part washing process 
with state-of-the-art filtration and made 
additional facility upgrades to help prevent 
operational disruptions and enhance 
safety. These facility upgrades help 
Emerson meet customers’ increased 
needs for flexibility, offering compressors 
ranging from one fourth to 40 hp with 
tighter tolerances, while also improving 
processes for more efficient, faster 
operations.

“With the increased adoption of digital 
and smart technologies and more 
complicated equipment, these 
investments have allowed us to shift to 
faster, more efficient equipment and 
significantly improve employee training, 
thereby simplifying processes for 
operators,” said Thomas Chrysler, 
refrigeration product planner, Emerson. 
“With more improvements coming, we’ll 
maintain our commitment to upgrading 
equipment and improving plant operational 
processes to provide timely, increased 
customization, including late 
customization, for our customers.”

Planned projects for the Rushville 
plant include an investment in metrology 
equipment to enhance quality, targeted 
equipment replacements to help ensure 
uptime, a consolidation of operations to 
reduce lead time, and late customisation 
capabilities to improve responsiveness.

Emerson Completes First 
Phase of Multimillion-Dollar 
Compressor Plant Investment ABB has showcased its enhanced 

MyBuildings portal at IFA 2018, 
which features added functionality 

from Miele and Bosch, designed to help 
homeowners manage and control a wide 
range of automated home and building 
services. To provide greater convenience 
for homeowners, ABB is extending the 
appeal and functionality of its MyBuildings 
portal, a secure online platform powered 
by ABB`s cloud-based, industry-leading 
portfolio of digital solutions, ABB Ability. 
By partnering with mozaiq, an ecosystem 
seamlessly connecting consumer devices 
and services, the updated portal will now 
offer a wider range of digital services from 
leading manufacturers. 

Bringing all appliances and functional 
devices together on a single interface, the 
mozaiq platform is the translator behind 
the scenes, making sure all products can 
work together in any possible combination. 
Its ground-breaking technology enables 
interoperability between all providers in the 
smart building sector with less time, 
effort, and cost. Services can easily be 
booked on the MyBuildings portal. With 
the new functionality, Miele and Bosch 
(Home Connect) home appliances can be 
easily integrated and controlled via the 
ABB-free@home system. ABB-free@

home is designed to transform homes into 
intelligent spaces and allows users to 
control up to 65 functions including lights, 
blinds, heating, air conditioning, scenes 
and door communication from a switch on 
the wall, a laptop or smartphone. This 
allows customers to expand their portfolio 
of smart home solutions to meet their 
individual needs. 

Bernhard Doerstel, Senior Vice 
President, ABB Building Automation said,  
“ABB’s vision for home automation is on 
delivering the best possible product for 
installers and the ultimate smart home 
experience for the end user.  By 
collaborating with mozaiq, we are delighted 
to be amongst the first to integrate 
additional market leading devices into our 
portfolio of home automation services.”

“We give our customers the freedom to 
combine and connect their products, so that 
smart home solutions, home appliances 
and services work happily together,” stated 
Bernd Beimdick, CTO mozaiq. 

ABB Reveals Next Generation of Smarter Home Connectivity
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Effective April 1, 2018, Blue Star has 
adopted Ind AS 115 and accordingly, 
has realigned its revenue recognition 

policies appropriately. The accounting 
changes have been applied with 
retrospective effect to each of the prior 
reporting periods presented.
Consolidated Performance for Q1FY19
 The company has reported Revenue 

from Operations of Rs 1507.83 crore 
for the quarter ended June 30, 2018 
on a consolidated basis, compared to 
Rs 1519.94 crore during the same 
period in the previous year. Prior to 
GST going live on July 1, 2017, the 
revenue reported for previous periods 
included excise duty. On a comparable 
basis the company’s revenue from 
operations for Q1FY18 was Rs 
1405.05 crores, a growth of 7%.

 The Operating Profit (PBIDTA excluding 
Other Income and Finance Income) for 
the quarter was Rs 136.66 crores 
compared to Rs 110.60 crores in 
Q1FY18, a growth of 24%.

 Net Profit for the quarter increased by 

20% to Rs 91.58 crores compared to 
Rs 76.15 crores in Q1FY18.

 Other Income (including finance 
income) for Q1FY19 was Rs 3.34 
crores compared to Rs 8.62 crores in 
Q1FY18. Other income in Q1FY18 was 
higher on account of net forex gain and 
interest on income tax refunds.

 Financial Expenses for the quarter 
increased to Rs 12.10 crores from Rs 
4.81 crores in Q1FY18 on account of 
increased working capital requirements 
in Q1FY19 and increased cost of 
funding due to tighter liquidity 
conditions.
Suneel M Advani, Chairman of the 

Board, Blue Star adds, “I am happy to see 
evidence of demand revival in the 
corporate, institutional and industrial 
sectors. We expect the forthcoming 
festival season to be good for the cooling 
products segment, and order finalisation in 
electro-mechanical projects and the 
professional electronics & industrial 
systems businesses are both looking 
healthy.”  

Blue Star’s Consolidated Q1FY19 Net Profit Grows

Danfoss India unveiled its latest 
product to the Variable Frequency 
Drives segment – an Enclosed 

Low Harmonic drive with passive filters, 
at the Energy Efficiency Summit at 
Hyderabad, in the presence of Sergio 
Dario Barrientos, Ambassador of Bolivia, 
Pankaj Kumar, Secretary, Bureau of 
Energy Efficiency, Ravichandran 
Purushothaman, President, Danfoss India 
and several other industry experts on 
energy efficiency. 

The Low Harmonic Drive, which is 
IEEE 519-2014 grid compliant, is set to 
disrupt the power industry with its distinct 
feature to mitigate harmonic worries and 
achieve a total harmonic distortion of 5 
per cent. The product will also help in 
reducing the energy consumption of 
external components and reduce the loss 
of energy in the process. The drive is also 
backed with a stable power network with 
low cost of maintenance. 

Speaking on the launch of the product, 
Ravichandran Purushothaman, President 
- Danfoss Drives, said, “With the launch 
of the new Low Harmonic Drive, we seek 
to affirm our commitment to our 
customers and partners by engineering 
the best possible drive solutions without 
compromises and find the optimum 
outcome for their challenges.”

During the event, P L Palanisamy, 
Director - Danfoss Drives, said, “In 2025, we 
estimate that more than five billion people 
(over 50 per cent of the estimated world 
population) will benefit directly or indirectly 
from the benefits provided by Danfoss Drives 
in their everyday lives with our installed base 
saving the annual equivalent of 60 hours of 
global energy consumption.” Danfoss India 
participated in the Annual Energy Efficiency 
Summit organised by CII where Danfoss 
experts actively promoted the importance of 
employing energy efficient technologies 
across industries, showcased Danfoss 
solutions and the need to work towards a 
clean future. 

Danfoss India Launches 
Enclosed Low Harmonic Drive 
with Passive Filters Airedale International has signed a 

preferred supplier agreement with 
Aggreko. The new agreement will 

provide Airedale’s UK customers with 
access to Aggreko’s extensive fleet of 
power generation and temperature control 
solutions backed by Airedale’s nationwide 
team of HVAC specialists. Through this 
collaboration, customers will benefit from 
a total rental solution from initial site 
survey through to installation, 
commissioning, servicing, refueling and 
site removal. In addition to rental services 
for breakdowns and planned maintenance 
under the agreement, Airedale will also 
provide the following specialist risk 
management and testing services:

Contingency planning – a contingency 
plan package that encompasses; initial 
survey, identifying suitable equipment, 
with detailed site-specific instructions and 
a guaranteed response time

Integrated Systems Testing (IST) 
- testing services for data centres 

including; stress testing before installation, 
verifying the performance of generators, 
PDU’s and UPS units during commissioning 
and on an ongoing basis, and accurately 
simulating the load of power systems to 
ensure they can reliably meet the power 
needs of the site in question.

Paul Roper, Business Manager – 
Airedale Rental Solutions, commented, 
“Through years of experience, we have 
developed a strong working relationship 
with Aggreko. Becoming a preferred 
supplier to Aggreko is a source of great 
pride and a vote of confidence in the 
quality and ability of Airedale to scale its 
professional project management and 
technical capabilities."  

Airedale Signs Supplier Pact with Aggreko
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Gurmeet Singh Re-Elected as President of RAMA

Chairman and Managing Director of Johnson 
Controls- Hitachi Air Conditioning India 
Ltd., Gurmeet Singh, who has been the 

President of Refrigeration and Air-Conditioning 
Manufacturers Association of India (RAMA) during 
2016-18, has been re-elected as the President of 
RAMA for the next term i.e. 2018-20. This is for the 
first time in the history of RAMA that the same 
person has been elected twice consecutively as 
the President. The President’s Elections were held 
in RAMA’s office in Jul’18.

RAMA is an apex forum of the industry leaders and 
representatives of major manufacturers including MNCs in the 
refrigeration and air conditioning industry in India. It plays a 
pivotal role in the growth of the industry and ensures that the 
industry delivers the best technology products in the global 
competitive scenario. 

It also represents India in various National and International 
forums related to the interest of HVAC industry. It is affiliated to 
Confederation of Indian Industry (CII).

During the tenure of Gurmeet Singh as the President for 
2016-18, RAMA undertook many key initiatives in liaison with 
various industrial and government bodies for the growth of the 
Indian AC industry.

While thanking the members of RAMA for assigning the 

responsibility to head the Association, Gurmeet 
Singh said, “It is a great honour to head such a 
prestigious association for a second tenure. The 
satisfaction of the end customers has always been 
a key priority at Hitachi and I hope that we will be 
able to carry this forward across the industry by 
being a part of RAMA. RAMA is an apex industry 
forum and we have been working diligently over 
the last few years, coordinating with manufacturers, 
industry bodies, and national and international 

government regulatory bodies so that we all can work in 
synergy to deliver the quality products.  We hope to carry 
forward the same and take the industry standards to the next 
level.”

Gurmeet Singh who has more than 30 years of Industry 
experience and has been associated with brand Hitachi for 
more than 18 years, has also been appointed as the Vice 
President (North Region) of CEAMA (Consumer Electronics 
and Appliances Manufacturers Association).

RAMA and CEAMA, both are two top industry bodies that 
closely monitor the HVAC and other allied industries and are 
also working with Government bodies in industry-related policy 
formation. He has also won the ‘Man of Appliances’ award by 
CEAMA in 2016 for his outstanding contribution to the 
appliances industry. 

John H White Jr Reassumes CEO Role at Taco

The Taco Family of Companies Chairman and 
owner John H. White Jr. announced that he 
will reassume the role of company CEO, 

effective immediately. The company also 
announced that John White III and Benjamin White 
have been named vice presidents of Taco Comfort 
Solutions. “Nearly four years ago I asked Wil 
VandeWiel to take the company into Europe and 
grow our businesses domestically and 

internationally,” 
John H. White Jr. said. “With Taco well on its 

way to meeting those goals, Wil has decided that 
he would like to pursue other opportunities and I 
have accepted his decision.” 

“Everyone in the company wishes Wil good 
luck wherever the future may take him and I 
personally wish to thank him for all of his efforts 
while a part of the Taco family,” he added. 

ACCA Names Barton James as Interim President & CEO

The Air Conditioning Contractors of America 
(ACCA) announced that Paul Stalknecht, 
President & CEO, is leaving the association 

to pursue other opportunities. “We thank Paul for 
his many years of service to ACCA members, and 
the HVACR industry. We wish him well in his new 
endeavors,” said Steve Schmidt, ACCA Board of 
Directors Chairman. Stalknecht began his ACCA 
career in 2001. As President and Chief Executive 
Officer Stalknecht has led the 50-year-old 
association through a series of unprecedented changes since 

assuming its top executive role.
Barton James, ACCA Senior Vice President of 

Government Relations has been named by ACCA’s 
Board of Directors as Interim President and CEO. “I 
am honored to be selected by the Board to serve 
as the new President and CEO,” James said. “This 
is an exciting time to lead the contracting industry’s 
trade association. With the Board’s guidance and 
the assistance of ACCA’s professional staff, I am 
certain that ACCA will remain the must-join 

association for contractors.” 

Barton James

John H White Jr

Gurmeet Singh
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Mitsubishi Electric Gets Red Dot Award

Mitsubishi Electric’s M Series MSZ-AP, R32 wall-
mounted air conditioner has won a prestigious Red 
Dot Award. The internationally recognised award 

celebrates products that have achieved the highest levels of 
design quality.

The MSZ-AP range is a mid-range wall mounted air 
conditioning system that blends 
energy efficiency with a modern 
design. Its benefits include wi-fi 
control utilising the company’s 
MELCloud app, evenly distributed 
airflow and a weekly timer for more 
controlled scheduling.

The Red Dot Award is judged by an international jury of 
nearly 40 experts, who said that the MSZ-AP units are, “highly 
user-oriented and well thought out to the detail in both form and 
implementation.”

These mid-range, compact units are highly energy efficient, 

utilising Mitsubishi Electric’s low GWP R32 refrigerant. With its 
modern design, industry leading low noise levels as low as 
19dB(A) and an ERP rating of A+++, the MSZ-AP will bring a 
level of sophistication to any commercial environment. The 
range is available in 5 sizes from 1.5 to 5kW.

“We are delighted to have been recognised for a Red Dot 
Award for product design. These 
awards highlight the quality of 
Mitsubishi Electric’s product 
development process where design 
and functionality are married 
together to offer the market stunning 
products with high levels of 

efficiency,” said Graham Temple, marketing manager at 
Mitsubishi Electric.

The judging criteria includes; product functionality, degree 
of innovation, formal quality, ergonomics, durability and 
ecological compatibility. 

ACCA Seeks 2019 Contractors of the Year Nominations

The Air Conditioning Contractors of America (ACCA) is 
seeking nominations for the 2019 Residential and 
Commercial Contractors of the Year awards 

programs. ACCA’s contractors of the year will be 
recognized at the ACCA Annual Conference and 
Trade Show in San Antonio from March 4-6, 2019.

“ACCA’s mission is to promote professionalism 
in the contracting industry, provide contractor 
development programs, and set the standards for 
proper HVAC system design, installation, and maintenance 
procedures,” said Paul Stalknecht, ACCA President and CEO. 
“Each year, ACCA is proud to recognize two outstanding 
contractors who uphold these values. As in years past, the 
nomination process will be highly competitive, so contractors 

should focus on everything they have done this year to improve 
their business and support the industry.”

Applications for the Contractors of the Year 
awards program are due by October 12, 2018. 
Once the nomination deadline passes, all 
Contractors of the Year nominees will be evaluated 
and six finalists will be selected—three residential 
and three commercials. ACCA staff will work with 
each finalist to put together a judging packet. The 

official judging packets; including the six write-ups, photos, fact 
sheets, and questionnaires, will be judged by a panel of ACCA 
past chairmen. The winners—one residential, one commercial—
will be recognised at the ACCA 2019 Annual Conference and 
Trade Show. 
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A helpful new tool for air-conditioning and refrigeration 
professionals has been on the App Store and Google Play 
since late August: the BITZER SPOT App. The app enables 

users to verify the authenticity of their BITZER products. 
Additionally, the BITZER SPOT App contains extensive 
documentation and a directory of all BITZER and Green Point 
service points as well as all certified dealers.

To verify the authenticity of a BITZER product, users can 
simply use the BITZER SPOT App to scan the QR code on the 
product which protects BITZER customers from counterfeits. With 

this app, the specialist for refrigeration compressors offers its 
customers effective protection from system failures and high 
costs. Scanning the code notifies the user that the article is a 
genuine BITZER product. 

Extensive documentation
The BITZER SPOT App has a whole series of useful functions 

for users: when the QR code is scanned, the app automatically 
shows the extensive documentation for the product concerned, 
sorted by subject groups. Users can add this information to their 
favourites, download it and share it. This means that they can 
access the information even in offline mode. Thanks to a filter 
which is intuitive to use, BITZER customers can find every 
document quickly and easily.

Information about locations
The convenient site directory is also really helpful: the app 

knows the addresses and contact details of all BITZER and Green 
Point service points as well as of all certified dealers and other 
distributors. Users can place a call directly from the app, can write 
an e-mail and add the data to their address book. If the user has 
activated the location function, the app will sort the site information 
by subject groups and by the site’s distance from the user. The 
route-planning function will then show the shortest way to the 
required destination. Alternatively, customers can also manually 
access the contact details of the BITZER and Green Point sites as 
well as of the partners. 

In future versions of the app, BITZER plans to integrate more 
functions. The app is free to download. 

New app: BITZER provides product 
benefits in one package
BITZER SPOT App enables users to verify the authenticity of 
their BITZER products. 

The free BITZER SPOT App checks the authenticity of BITZER 
products
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With the growing demand for frozen foods and ready-to-
eat foods and with the growing buying power of 
working professionals and younger generation, the 

food and beverage (F&B) industry is set for higher growth 
trajectory. This growth is not limited to metro or tier 1 cities; but 
the same is seen to percolate in tier 2 cities and further. The 
demand for export of Indian fruits, frozen foods, spices, pulses 
and other food items is also increasing.

Today, the heating, ventilation, air conditioning and refrigeration 
(HVAC & R) industry has become an integral part of human life. 
The refrigeration and cold chain industry which forms the 
backbone of F&B industry is expected to grow at a CAGR of 19 
per cent during the period of 2017-22. A well-established cold 
chain from farm to retail for local consumption or ports for export 
along with appropriate processing of food produce at farm level 
and right kind of packaging will boost the quality of our food 
products. This will eventually result in higher market demand and 
continued growth of the industry.

Like occupants need comfort conditions in the work spaces, 
treated air for the required level of cleanliness is absolutely 

essential for the operations in F&B industry today. In the F&B 
industry, the quality of air has a direct impact on quality of 
produced food.

“Efficient air filtration systems, controlled ozone treatment, UV 
light treatment, air to air energy recovery systems for outside air 
supply, devices to control CO2 and ethylene are the main features 
for air quality control,” observes Arvind Surange, CMD of ACR 
Project Consultants Pvt Ltd.

While all the industry sectors have been making rapid strides 
in technology, HVAC & R is no exception. Gone are the days for 
refrigerants causing ozone depletion. Even the refrigerants 
introduced later like HFCs have come on the phase down list due 
to their high Global Warming Potential (GWP). The newer systems 
would now have either natural refrigerants such as Ammonia, 
CO2 and Hydro Carbons having zero ODP and GWP, or those 
synthetic ones which have very low GWP. Energy efficiency, 
compactness, automation, PLC are now the key factors in system 
designing.

Commenting on how the technology will transform the F&B 
industry, Mr Surange said, “Information technology (IT) will play 

A look at how HVAC&R industry is all set to 
transform the F&B sector.

– by Subhajit Roy

Photo Credit: www.foodsafetyhelpline.com

Disrupt F&B HVAC&R
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a major role in the coming years in transforming the way the 
industry works. IoT (Internet of Things) has already started 
coming in into logistics which helps in maintaining quality of cold 
chain during transport. Use of WMS software is increasing, 
especially in bigger cold storages, for inventory management and 
monitoring, online billing and efficient storage and retrieval of 
products to and from cold storages. There are other innovative 
solutions in IT like online marketplaces linked directly to cold 
storages, energy monitory systems, etc which will create a 
disruption in the way this industry operates.”

Arvind Surange, Fellow ASHRAE, is one of the senior-most 
consultants having completed 54 years of his association with 
AC&R and cold chain industry. His organisation ACR Project 
Consultants Pvt Ltd has to its credit more than 700 projects in AC 
and refrigeration and cold chain including prestigious projects 
such as Savla Foods & Cold Storage (Navi Mumbai), Alkabeer 
Exports (Hyderabad and Mumbai), R. K. Foodland (Navi Mumbai), 
CONCOR – CA Project (Haryana), large number of packhouse 
projects for MSAMB, Maharashtra and KAPPEC- Karnataka, to 
name a few.

Bry-Air, an adsorption technology group, likes to usher the 
latest technological advancements in the dehumidifers segment 
and extend the best in air treatment solution offerings to its 
customers and the industries it serves.

Bry-Air is one of the flagship companies of the Pahwa Group. 
The Group has filed 108 international patent applications in 13 
new technologies (since 2007), of which 34 patents have been 
granted or allowed already. 

“We are an integral part of the HVAC&R industry and food is 
one of our key focus segments for the dehumidifiers and related 
businesses,” informs Dinesh Gupta, Executive Director, Bry-Air 
(Asia) Pvt Ltd.

Paradigm shifts are seen in good frequency across industries 
including F&B and the first movers play a significant role in 
convincing the other peers in their industry to follow.

Mr Gupta adds, “Bry-Air has been instrumental in replacing 
traditional methods being used in the food processing segment 
like sun drying, oven heaters for controlling humidity and have 
introduced new day dehumidifiers with remote access and 
smarter algorithms ensuring high energy savings at an affordable 
cost.” 

Customers can review the total benefit like lesser production 
time, lesser resource requirement, faster ROI 
and lowest cost of ownership, swear 
by Bry-Air dehumidifiers once 
they start to experience and 
i.e. how Bry-Air plays an 
instrumental role in 
transforming the 
industry by effective 
usage of technological 
advancements.

Latest HVAC&R technologies for F&B industry
Frozen foods and ready-to-eat foods are getting popular and 

the industry is responding to the growing demand. Rapid growth 
can be seen in the cold chain sector covering multi-product cold 
stores, frozen food plants, pack houses, reefer transport, ripening 
units, distribution centres, retail, etc. Cheese production, aseptic 
packaging and beverages sectors have a promising future. 
According to Mr Surange, “Use of CO2 as primary and secondary 
refrigerant has a good future in the industrial and retail sector. 
Distribution, logistics and retail sectors are on a growth path. 
Mechanised material handling with palletised storage is now a 
common practice in F&B industry.”

The latest offering from Bry-Air is the Bry-Air BrySmart Series 
(BBS) Dehumidifiers. The BBS dehumidifiers is high on energy 
savings and integrate 4.0 tomorrow based concepts and 
technologies which are very relevant for the food manufacturers 
or exporters for their varied moisture and humidity control needs.

“The BBS dehumidifiers which are embedded with patented 
technology, work on advanced algorithms and is enabled with 
remote access controls provide the food manufacturers with 
faster ROI and lowest cost of ownership to cater to their moisture 
control requirements across processing, drying, packaging and 
storage,” informs Mr Gupta. 

Bry-Air has a wide range of solutions for the food industry be 
it for moisture control during spray drying to powder conveying, 
candy/ wafer packaging to meat processing and storage, product 
drying, seed storage to cold stores, health food to the more 
popular instant food and many more. 

Bry-Air has partnered 
the global food 

Efficient air filtration systems, 
controlled ozone treatment, UV light 
treatment, air to air energy recovery 
systems for outside air supply, devices 
to control CO2 and ethylene are the 
main features for air quality control.”

Arvind Surange
CMD of ACR Project Consultants Pvt Ltd
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industry for over 5 decades. It has developed deep understanding 
of the various humidity problems faced by the food manufacturers 
or exporters and provided customised and innovative solutions at 
the best price.

Bry-Air Dehumidifiers are designed to comply with the most 
complex and critical requirements of high humidity and moisture 
removal or regain during manufacturing. It helps prevent mould or 
fungal growth, condensation prevention, loss of key product 
characteristics, malfunctioning and inconsistency thereby 
preventing production losses or rejections and reduced shelf life. 

Bry-Air is one of the world-leaders in dehumidification 
solutions. Headquartered at Gurgaon, Bry-Air (Asia), a flagship 
company of the Pahwa Group, has fully-owned subsidiaries in 
Malaysia, China, Switzerland, Brazil and Nigeria; and an associate 
plant in USA. A world-class engineering company with strong 
manufacturing and R&D capabilities across the globe, Bry-Air 
contributes to the success of its customers by catering to the 
dynamic and fast changing moisture and humidity control needs 
in nearly all industries. With 25,000 plus installations in over 85 
countries, and an existence of over 50 years in the air treatment 

business, Bry-Air is helping contribute in improving the overall air 
quality across the world. The company’s portfolio includes 
solutions for humidity control, moisture removal, product drying, 
adsorption cooling, dry rooms, gas phase filtration and plastics 
auxiliaries systems. 

At the Food Logistics India Exhibition 2018 to be held at 
Bombay Exhibition Centre, Mumbai during 27 – 29 September, 
Bry-Air to showcase FFB Compact Series of Dehumidifiers. FFB 
range is 170 CMH to 3,000 CMH (100 CFM to 1,766 CFM). The 
company will also be displaying its Group company products - 
Compressed Air Dryers from Delair and Arctic Cooler from DRI. 

Mega food parks & beyond
The Government of India has approved setting up of a total 42 

Mega Food Parks in the country to create modern infrastructure 
for food processing. The Scheme aims at providing a mechanism 
to link agricultural production to the market by bringing together 
farmers, processors and retailers so as to ensure maximising 
value addition, minimising wastage, increasing farmers income 
and creating employment opportunities particularly in rural sector.

However, Mr Surange observes that the individual cold chain 
projects coming up in various centres have proved better off in the 
business and profitability. Food parks have units which have both 
refrigerated and non-refrigerated food. In fact, in many places, 
refrigerated units form only a marginal part of the project. It is also 
seen that the commercial operation of these is yet to prove them 
viable financially. Therefore, before going in for further creation, 
Mr Surange opines, “It will be advisable to study the performance 
of existing parks which are operational.” 
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We are an integral part of the 
HVAC&R industry and food is one of 
our key focus segments for the 
dehumidifiers and related businesses.

Dinesh Gupta
Executive Director, Bry-Air (Asia) Pvt. Ltd.
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What are the new trends in Cold Chain Projects? 
The technology for construction and operation of cold chain 
projects has undergone a sea change over the past few years. 
These include advances in all aspects of cold chain management 
from construction to material handling equipment. The technology 
of construction has undergone a phenomenal change from 
conventional brick wall construction to sandwich insulated panel 
and RCC structures to PEB steel structures. Use of eco-friendly 
materials in construction is increasing. Docks used for loading 
and unloading of products are now more scientifically designed to 
facilitate easier movement of materials and also ensure safety in 
operation. Efforts are made for effective use of natural light and 
natural ventilation to the maximum during design stage itself. 
Insulated panels technology has largely replaced the old and 
conventional insulation practice. Mechanised insulated cold room 
or chamber doors and dock doors ensure least energy loss and 
effective temperature control. Use of eco-friendly refrigerants is 
now being promoted and practiced to take care of the environmental 
challenges. Refrigeration machinery and systems are now 
designed with high energy efficiency for optimal use of power 
thus, reducing operational costs and ensuring minimal water 
consumption. Cold chain operations are getting more and more 
automated with state-of-the-art control systems. Capacity 
controls are used with compressors for energy savings. 

What technological innovations would you like to 
incorporate in commercial refrigeration projects?
Application of energy recovery systems, energy efficient designs 
of refrigeration equipment and automation are some of the 
innovative features on the plant and machinery side. Efforts are 
being made to introduce the concept of ‘Green’ technology as the 
use of renewable energy for the cold chain sector. We are 
promoting application of DX Ammonia systems for the first time 
in the country. We are also strongly recommending applications 
of waste heat reclamation systems on refrigeration plants for hot 
water generation for users.

Cold chain operations are getting more and more automated with state-of-the-
art control systems, informs Arvind Surange, Fellow ASHRAE & CMD of ACR 
Project Consultants in an interaction during an interaction with Cooling India.

What are the emerging technologies in Refrigeration? 
What are the industrial applications of refrigeration?
Currently, various designs are available both in HFCs and 
Ammonia refrigeration units. In addition, systems with CO2 as 
primary or secondary refrigerant would also enter the Indian 
market in near future. Driven by environmental issues, application 
of natural refrigerants like Propane and Butane have also been 
introduced in the appliance sector. Some of the latest design level 
technology improvements are Low Charge Ammonia Systems in 
which Ammonia systems have been developed with much lower 
charge. These systems are Ammonia low pressure receiver (LPR) 
systems, Ammonia DX systems, and Ammonia Liquid Chillers 
which have found applications even in comfort AC systems. 
Carbon Dioxide System is applicable in industrial refrigeration. 
CO2 in industrial refrigeration is used either as primary refrigerant 
or as a secondary coolant. Vapour Absorption Systems are also 
used for low temperature industrial refrigeration.
What are the growth drivers of commercial 
refrigeration?
The cold chain industry is developing at a faster pace in India due 
to shift in focus from increasing the production to better handling, 
processing, storage and transportation facility of the commodity. 
The industry has now become an integral part of the supply chain 
industry comprising of refrigerated storage and refrigerated 
transportation. 
Owing to the rising need of the infrastructure, according to a 
market research report, the cold chain industry in India is forecast 
to grow at a CAGR of 19 per cent during the period of 2017-2022. 
The drivers for growth of the industry include changing 
demographics, lifestyle patterns and food consumption patterns 
in urban areas with nuclear family set up leading to increasing 
demand for processed, chilled, frozen food and beverages. Rising 
need for the cold chain facilities to reduce the cold chain 
infrastructure gap. 

“Cold Chain Industry is developing 
at a faster pace in India”
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There is a general consensus that the higher the energy 
savings, the lower the price we pay for it, as well as the 
negative environmental impact generated. Additionally, 

there is a growing global demand to reduce energy consumption 
and refrigeration accounts for about 15 per cent of this share. As 
a result, small improvements are no longer enough to save this 
resource, significant changes are needed in how refrigeration 
equipment, that integrate households and commercial 
environments, are designed.

Based on the worldwide need to reduce energy consumption 
Embraco developed Variable Speed Technology 20 years ago, a 
clear example of how the company uses research to make its 
solutions more efficient. Developed initially for the household 
refrigeration market, more recently the technology has become 
part of the company’s portfolio for the commercial segment.

“We look at refrigeration from the perspective of the consumers 
who want well-preserve food and lower energy bill at the end of 
the month. This is what we intend to deliver: a cooling experience 
with high technology that helps save money,” exemplifies Dietmar 
Lilie, a master researcher in Embraco and one of the leading 
names behind Fullmotion technology.

The solution was the first in the refrigeration industry to 
present Inverter technology that allows the compressor to adapt 
its capacity according to the cooling needs of the freezer or 
refrigerator. The electronic inverter interprets temperature 
fluctuations inside the equipment and sends signals to the 
compressor to adjust its speed and reach the desired temperature 
more quickly and efficiently.

According to Dietmar, this technology has revolutionised the 
market because it optimises cooling capacity according to the 
refrigerator’s need, which reduces energy consumption by up to 
40 per cent, depending on the refrigeration system in which it’s 

applied. In addition, the solution greatly improves food preservation, 
which is better conserved due to lower temperature oscillation. 
“This provides a better quality of life to people,” summarises the 
researcher.

Energy saving
Fullmotion is the result of 10 years of research in Embraco, 

from filing the first patent in 1989 until its launch. It’s the solution 
that raised the parameters of the global refrigeration industry in 
pursuing more energy efficiency, comfort and better food 
conservation. Embraco has been increasing its energy efficiency 
gains by close to 5 per cent between each generation launched: 
the first model – the VEM – to one of the most recent – the VESF 
– there has been a 32 per cent energy consumption improvement 
of the compressor.

To better illustrate the energy savings generated, Embraco did 
the math: it added all Fullmotion compressors sold in the last 10 
years and calculated an energy saving equivalent to 9 billion KWh 
when compared to conventional compressors. This amount of 
energy could supply, for example, all Croatia for six months.

The technology was also the first to enable the use of natural 
refrigerants, revealing Embraco’s pioneering in adopting these 
fluids, which contribute to increasing energy efficiency in the 
refrigeration system and generating less harmful impacts to the 
environment.

In the commercial segment, the most recent launch is FMFT, 
the first commercial refrigeration bivolt compressor and one of the 
world’s most efficient in its capacity range. Aimed at the retail, 
medical and restaurant segments, it reduces energy consumption 
by up to 30 per cent and because it’s bivolt, it serves different 
regions of the world, even in situations of electric grid instability.

20 years of energy efficiency advancements
Fullmotion Technology, developed by Embraco two decades ago, 
revolutionised the refrigeration industry with greater energy savings

FMFT (Commercial)

FMX (Household)
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Market demands met
Embraco will continue launching Fullmotion inverter 

compressors in 2018 and 2019, as the company continually 
invests 3 per cent to 4 per cent of its annual revenue in R&D, 
maintaining in its portfolio innovative solutions that respond to 
global market needs. According to the company, 59 per cent of 
the revenues in the last five years came from products launched 
during that same period. “We practice innovation focused on 
customer needs in different countries,” reinforces the Sales 
Senior Manager, Esequias Pereira.

Today, Fullmotion technology is present in markets all over the 
world, such as India, a country that illustrates Embraco’s efforts 
towards FMX compressor massification in the household segment. 
“Our technology meets the increasing demand of the government 
and the Indian population for solutions capable of providing more 
quality of life. The Indian government has been encouraging the 
refrigeration industry to develop ever more sustainable solutions, 
and we’re aligned with this objective,” adds Pereira.

About Embraco
Embraco is a global company that promotes quality of life 

through innovative cooling solutions. With eight plants, two 

commercial offices and one global business shared services, the 
company has approximately 1,200 patents granted and is present 
in over 80 countries showcasing technologies that advance high 
performance and energy efficiency. Embraco provides cooling 
solutions for household, commercial, such as medical and retail 
applications, and aftermarket segments. Through partnerships 
with startups and digital services, it also delivers value and 
intelligence to its customers.  

For more details, visit: www.embraco.com

VESF (Household)

Danfoss India launches its’ first Enclosed Low 
Harmonic drive with passive filters

The company announced this milestone at the 18th edition of the CII Energy 
Efficiency Summit in HICC, Hyderabad

Danfoss India, an industry leader 
focused on climate and energy 
efficient solutions, unveiled its 

latest product to the Variable Frequency 
Drives segment – an Enclosed Low 
Harmonic drive with passive filters, at the 
Energy Efficiency Summit at Hyderabad.

The Low Harmonic Drive, which is 
IEEE 519-2014 grid compliant is set to 
disrupt the power industry with its distinct 
feature to mitigate harmonic worries and 
achieve a Total Harmonic Distortion of 5 
percent. The product will also help in 
reducing the energy consumption of 
external components and reduce the loss 
of energy in the process. The drive is also 
backed with a stable power network with 
low cost of maintenance. 

Speaking on the launch of the product, 

Ravichandran Purushothaman, President 
- Danfoss Drives, said, “Over the last 
several decades, Danfoss Drives has been 
focused developing, manufacturing and 
supplying technologies whose strengths 
lie in its high-quality, application-optimised 
products and services with maximum 
process performance, energy savings and 
minimised emissions. With the launch of 
the new Low Harmonic Drive, we seek to 
affirm our commitment to our customers 
and partners by engineering the best 
possible drive solutions without 
compromises and find the optimum 
outcome for their challenges.”

Danfoss’ drives can be utilised across 
industries such as marine and offshore, 
waste and wastewater management, 
HVAC (Heating, Ventilation and Air 

Conditioning), refrigeration, food and 
beverages industry, lifts and escalators 
management, mining and minerals 
industry, chemical industry and in the 
management of cranes and hoists which 
highlights the versatility of the product. 

During the event, P L Palanisamy, 
Director - Danfoss Drives, said, “Danfoss 
Drives is passionate about the future 
where it seeks to capitalise its knowledge 
and expertise that has been built over the 
decades. In 2025, we estimate that more 
than 5 billion people (over 50% of the 
estimated world population) will benefit 
directly or indirectly from the benefits 
provided by Danfoss Drives in their 
everyday lives with our installed base 
saving the annual equivalent of 60 hours of 
global energy consumption.”   
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Please take us through the journey of VTS in India so 
far.
VTS India effectively came to Indian markets with manufacturing 
facility in 2011 along with focused approach on customer 
satisfaction with different marketing concept and unique design of 
products. Since then good increase in acceptability of our product 
in market is visible or we can say all our customers are 
appreciating the product quality along with our approach towards 
manufacturing of units and also the after sales service. That is 
clearly reflecting in year to year big growth on our customer base 
and also in growth of the company.

What are products and services offered by the 
company? 
We specialised and focused in the manufacturing of new 
technology HVAC equipment. The product line includes air 
handling units, energy recovery units, ventilation units, fan coil 
units and air curtains.

What are the major areas where you are catering to?
We cater to almost all segments of building engineering services, 
majorly commercial buildings, hotels, hospitals and process and 
pharmaceuticals industries. 

How competitive and energy efficient are your 
products as compared to your competitors? Do you 
have any expansion plans in India?
 VTS has always focused on energy efficient products since its 
inception. VTS has always been promoting AHUs with direct 
driven fans operated with variable frequency drives. We have a full 
range of products i.e. Air Handling Units, Heat Recovery Wheels, 

VTS Group is a manufacturer of technically advanced devices for HVAC 
sector using innovative & energy effi cient technologies in the area of product, 
manufacturing and logistics. Manish Dhamija, CEO, VTS TF Air System Pvt Ltd, 
India takes through journey of company, products and services, and much more 
through this interview with Cooling India.

“VTS has always 
focused on energy 
efficient products”

Indian Ventus AHU
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Enthalpy Wheels, Plate Type Heat Exchanges, Heat Pipe and Run 
around coils to offer. The air curtains we launched recently in 
India are equipped with EC motor and sooner you will find AHU 
with more energy recovery or energy saving options. 

What are the trends in Indian HVACR market? How 
has the cooling market evolved in India as compared 
to the global market? 
Indian HVACR market is in a growing trend and experiencing great 
changes with respects to energy efficient products. Cooling 
market has evolved strongly and market is demanding on more 
and more energy efficient units with better Indoor Air Quality. 
Another technology trend that is growing in Indian market is 
Internet of Things (IoT) and Industrial Internet of Things (IIoT), 
where equipment are controlled by smart phones or smart 
meters.

What is the USP of your products? Do you have R&D 
activities in India in order to give better quality of the 
products?
Our USP is our unique AHU Casing technology. We employ a 
continuous skin, C-shaped Casing which is further strengthened 
by an internal steel framework. We have essentially minimised 
potential leakage points. The casing has been proven to meet the 
very high international standards set in EN-1886, which is a 
measure of the mechanical performance of the AHU. Every unit 
that comes out from our facility is EUROVENT certified. Our 
central R&D team is working very closely to each market, 
collecting the market demand and comes up with the best 
solutions. The advantage of keeping central R&D is that we are 
always ahead on innovations based on different country’s market 
trends. 

What kind of technological innovations would you 
like to incorporate in your products considering 
rising global temperature?
We would like to promote more and more energy efficient and 
recovery products into the market to optimise the rising global 
temperature. We would like to introduce the Dual Wheels concept 
in Indian market in our AHUs for better heat recovery and energy 
efficient solutions all around the year.

How would you differentiate Indian markets from the 
global markets while offering your services and 
products?
As we know Indian market is growing and accepting advance 

technological changes coming in, still we feel there are big scope 
in HVAC industry to contribute on energy savings. From time and 
quality management perspective, delivery of factory assembled 
plug and play type of units to minimise site work and quality 
products are standard in global market. 
Also in India, demand for factory assemble units just started and 
hoping that time will come soon when most of the project will 
require factory assemble with full control equipped AHU which 
VTS is already offering in global market as its standard feature.

What opportunities would you envisage for VTS with 
the Indian Government’s focus on development of 
infrastructure like smart cities, urban transportation 
projects?
It is a good initiative from government to develop smart cities as 
that will not only create new employment in the county but will 
also create opportunities for new technically advanced equipment. 
As a new developing city all infrastructure and building will have 
adoption of new technology product and green building concept 
where we can see big opportunity to contribute by providing 
energy efficient products and solutions.
On the air handling unit side, we recently developed the compact 
unit with better energy recovery solutions and also we have 
introduced our new series of air curtains manufactured in our 
plant at Poland. These air curtains are equipped with EC motors 
which are much more energy efficient as compared to the 
traditional AC motors. These units are very silent and aesthetically 
much more beautiful and elegant; perfectly blend into the interior 
of any building. While it comes with a very distinctive design, it 
also offers uniquely easy installation - horizontally or vertically, 
pertaining to meet its fundamental functionality in all possible 
way. It is branded as WING - a diamond in air curtain industry.

What are your suggestions to potential clients?
Our suggestions not only to potential but to all clients have always 
been to go with latest technology and innovative products which 
has energy saving potential from the lifecycle cost perspective 
that will not only reduce running cost of project but also contribute 
to India’s energy saving efforts. 

Ventus S-type
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Advanced Cooling Technology 
for Cold Storages

In order to maintain the highest quality of food, the 
immediate refrigeration processing either cooling or freezing 
after the harvest and storage and transportation in a low 
temperature environment are recommended for perishables.

Cold storage is a remarkable tool for 
preserving perishable food. In 
addition to preventing deterioration, 

cold storage has real economic 
importance, since it promotes international 
trade and maintains the quality of 
agricultural and fishery products. The 
applications of cold storage to a wide 
variety of perishable foodstuffs have 
become firmly established in little over a 
century since its introduction. One of the 
most important factors affecting the 
quality, safety and storage life of agricultural 
and food products is temperature. In order 
to maintain the highest quality of food, the 
immediate refrigeration processing either 
cooling or freezing after the harvest and 
storage and transportation in a low 
temperature environment are 

recommended for perishables. The low 
temperature environment can be achieved 
and maintained through a cold chain in 
which the temperature is consistently at 
required levels. Today, the majority of 
foodstuffs being treated and maintained by 
refrigeration in cold storages, for instance, 
in Indian supermarket sales, account for 
70 per cent of all food sales.

Currently, in the light of energy crisis, 
energy efficiency is crucial for sustainable 
development particularly in developing 
countries like India. The energy efficiency 
is also a key mitigation strategy for 
addressing climate change. With the 
urgency of climate change requiring both 
immediate and long-term actions and the 
volatility of energy markets, the importance 
of efficiently using energy throughout the 

world, including India, is clear. Increased 
prices of electricity and other fuels force 
refrigeration based cold storages and 
commercial buildings to reduce their 
energy consumptions and demands or to 
implement the means for conserving 
energy. Therefore, the need of the hour is 
to minimise the energy consumption and 
energy demand, which consequently 
reduces emissions at the thermal power 
generating stations.

In view of the energy conservation 
opportunities in industrial, commercial 
and residential sectors; one of important 
areas is cold storage industry, which 
needs to be addressed with immediate 
attention. Preservation of perishable 
commodities, like potato in the cold 
storage, is an energy intensive process 

Photo Credit: www.sinsoonvegetable.com
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and consumes significant amount of 
electrical energy. The proper and timely 
preservation of the perishable commodities 
is crucial for retaining their quality, natural 
flavour and for minimising quantity 
degradations. A sizeable amount 
(approximately 10-15 per cent) of the total 
potato production is gone wastage every 
year due to shortage of the storage facility 
in the country like India. Currently, available 
storage facility is sufficient only for 50 per 
cent of the total potato production in the 
country as shown in Figure 1 and 2. 
Moreover, the poor operation of 
refrigeration units in the existing storage 

facilities not only increase the energy 
consumption but also responsible for poor 
quality of refrigerated product. The Indian 
cold storages are mainly run on the grid 
electricity and their energy expenses 
account approximately 28 per cent of the 
total costs. However, continuous efforts 
are being made by researchers and 
engineers to improve the energy 
performance and indoor storage 
environment in the cold storages.

Fresh foods like fruits, vegetables, 
meat, poultry and dairy, require an 
uninterrupted cold chain due to their 
perishable nature. By controlling parameters 

of temperature, humidity and atmospheric 
composition, along with utilizing proper 
handling procedures, cold chain service 
providers can increase the product life of 
fresh foods for days, weeks or even months. 
These services allow fresh products to hold 
their value longer, increasing their 
transportability and providing opportunities 
that expand their market reach. The exact 
structure of each cold chain varies 
significantly depending on product and 
customer requirements; however, the goal 
of a properly designed cold chain system is 
to safely move temperature-sensitive 
products in a way that reduces waste, 
maintains the quality and integrity of the 
product and limits opportunities for bacterial 
contamination. A complete cold chain 
system may include post-harvest pre-
cooling or freezing, processing, temperature-
controlled warehouse or storage, retail or 
distribution and refrigerated transport 
between locations.

Cooling technology for cold 
storages

The performance of cold storage only 
depends on the temperature. Lower the 
temperature inside the cold chamber, 
greater will be the performance. To achieve 
the low temperature to storage, a 
refrigeration system is employed. This 
refrigeration system works on vapor 
compression. The refrigerant R-22 is used 
as working fluid for vapor compression 
refrigeration.
Components of Cold Storage

The cold storage consists of following 

Source: 2016 ITA Cold Chain Top Markets Report
Figure 2: Cold storage requirement per population in important countries.

Figure 1: Distribution of cooling demand for perishable items in cold storage.



energy effi ciency

34 | Cooling India | September 2018

components:
 Compressor
 Condenser
 Receiver
 Filter-Drier
 Solenoid valve
 Evaporator
 Fans.

Compressor: Reciprocating or screw 
type compressors are generally used in 
the cold storage. The reciprocating and 
screw compressors are the best suited for 
use with refrigerants which require a 
relatively small displacement and 
condense at relatively high pressure, such 
as R-12, R-22, Ammonia, etc.

Condenser: It is an essential part of 
the cold storage plant. It is applied to work 
at higher side at the constant pressure. 
Three types of condenser are frequently 
used in the cold storage – atmospheric or 
air type, water cooled and evaporative 
condenser. The condenser fan can also be 
used to force air. For enhancing the heat 
transfer, Aluminum fins are employed in 
condenser with a regular gap of 2 mm.

Receiver: It is basically storage vessel 
designed to hold excessive amount of 
refrigerant not in circulation. Refrigeration 
systems used to vary heat loads, or 
systems using a condenser flooding valve 
to maintain a minimum head pressure 
during low ambient temperatures, will 
require a receiver to store excess 
refrigerant. Liquid receivers are employed 
at liquid line as near as to the outlet of 

condenser. The piping between condenser 
and receiver should be so arranged that it 
can enable for free drainage. A receiver’s 
storage capacity is based on 80 per cent 
of its internal volume at a refrigerant 
temperature of 90°F as per ARI Standard 
495. Generally, a receiver is selected to 
receive 90 per cent of the total system 
charge to provide adequate reservoir 
during high loads and to allow the 
refrigerant to be isolated between the 
condenser and the receiver during repairs.

Filter-Drier: A filter drier in refrigeration 
system has two essential functions: first, 
to absorb contaminations present in the 
system, such as water, which can create 
acid and second function, to provide 
filtration. The functions of filter dried are 
accomplished by use of desiccants within 
filter drier. The three most frequently used 
desiccants are molecular sieve, silica gel 
and activated alumina.

Solenoid valve: A solenoid valve is an 
electromechanical valve often used to 
control the flow of liquid or gas. Solenoid 

valves are widely used in many applications 
and are commonly used in refrigeration 
and air conditioning systems. Its function 
is simply to turn refrigerant flow on and 
off. Solenoid valves provide fast and safe 
switching, reliability and compact design.

Evaporators: It is also called cooling 
coil of the cold storage units. It plays a 
vital role in cooling the cold chamber and 
applied at low pressure side and pressure 
should be uniform throughout the cooling 
process in the refrigeration units. The 
refrigerant of liquid type from solenoid 
valve is passed down to a low-pressure 
liquid and passed on to an evaporator 
mounted on cold store wall from solenoid 
valve is admitted to the evaporator as 
shown in figure 3 and then there, the liquid 
refrigerant starts absorbing the heat from 
ambient medium thereafter it boils and 
then converted into the vapour phase. The 
temperature of boiling refrigerant in 
evaporator must always be less than that 
of ambient medium so that heat absorption 
can be there by the refrigerant. The dry 
expansion type of evaporator is being used 
to cooling the chamber of the cold storage 
unit and mount to wall of cold store. The 
fan used in evaporator to force the air.

Fan: In order to save power in the part 
load operation periods, fan works on 
cycled operations. Variable frequency 
drives are used on the fans to save power 
consumptions.

For uniform and rapid cooling within 
cold store, the crates of product should be 
so stacked that cold air from evaporator 
can be enabled to move throughout each 
individual crate. It is essential that crates 
are so arranged that air channel can be 
made in cold store for direct air movement 
and also there should be some gap 

Figure 3: Layout of refrigerated cold storage

Figure 4: Vapour compression refrigeration in cold storage.
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between the crates and walls to enable 
refrigerated air to absorb the heat of 
conduct through the walls. The 
arrangements of stack are accomplished 
by providing the certain gap among the 
columns of stack as shown in Figure 4. In 
cold storages, an innovative design has 
been performed to reclaim the cold energy 
for a warm weather. Conventionally, this 
was done by installing vapour compression 
refrigeration systems, necessitating 
tremendous electrical power to drive the 
refrigerant compressor working in low 
temperature maintenance of cold storage.

From average temperature distribution 
of different arrangement, it has been 
observed that on increasing the gap 
between the columns of stack, the 
tendency of achieving low temperature 
within the cold store is more. This is 
happened due to on increasing the gap 
between the columns of stack, the width 
of air channels in different arrangements 
increases accordingly. The increase in 
width of air channels give the way to air to 
be circulated to each individual crate within 
the cold storage. The increase in gap is 
also influenced the running time of cold 
storage. Lager gap provides more air 
circulation, resulting to achieve the optimal 
temperature of product rapidly.

Use of Renewable Solar Energy 
in Cold Storage

When solar radiations are interpreted 
on solar collector then it converts solar 
energy into the electrical energy which is 
being stored into the batteries i.e. the 
batteries are charged by solar energy. The 
inverter is used to convert electrical 
energy from 24V DC to 220V AC. This 
energy is supplied to AC electric motor, 
which is used to run the refrigerator 
compressor as shown in Figure 5.

The followings are the benefits of use 
of renewable solar energy in cold storages:
 The solar panel can be effectively used 

in summer to produce refrigeration 
effect using solar hybrid refrigeration 
cycle.

 The operating cost of the solar hybrid 
refrigeration cycle is low.

 The coefficient of performance of the 
hybrid system is high.

 It does not need to be connected 
continuous to power grid nor using 
any consumable fuel as power source.

 Solar hybrid refrigeration systems are 
more applicable in remote areas where 
conventional cooling is difficult and 
solar energy is always available.

 This system is more suitable because 

Figure 5: Schematic diagram of solar hybrid system in cold storage.

pollution free working fluid use as a 
refrigerant.

Energy Conservation Options in 
Cold Storages

The energy conservation in the cold 
storage is now getting more attention 
throughout the world in regards to protect 
earth’s environment. The energy efficiency 
of cold storage is highly dependent on 
various parameters such as arrangement of 
stack, maintenance of cooling temperature 
range, type of stored items etc. Various 
energy saving options have been observed 
in the analysis of surveyed data available in 
literature. A few options can be implemented 
immediately and other can only be 
incorporated effectively at the time of 
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REDEF INING ECO�FRIENDLY EF F ICIENCY.
THAT’S IT!

As leaders in the manufacturing of compressors for 
refrigeration, Embraco natural refrigerant products 
are more energy ef f icient, have lower noise 
emissions and are ecofriendly.
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planning and development stage of cold 
storage. The exterior surfaces are painted 
by different colours without taking the 
advantage of high reflection properties of 
the colors. The energy consumption can be 
reduced significantly by selecting the colour 
of exterior surface appropriately. Nearby 
plantation and other shading of building 
might be effective options for immediate 
improvement in energy efficiency as well as 
for minimising the worst environmental 
effect. The overall energy consumption can 
be minimised significantly by choosing the 
optimum aspect ratios and the respective 
orientation of the cold storage building. The 
construction materials used in the cold 
storages are conventional and have not 

been arranged in any specific manner. The 
thickness different materials need to be 
optimised.

To save energy the following practices 
must be implemented:
1. Reducing Heat Loads
2. Uses of latest energy saving equipments
3. Proper Insulation
4. Efficient maintenance practices
5. Automation & Integration.

Moreover, the cold storage should be 
designed to be mounted on a concrete 
platform which greatly reduces the heat 
gain from the soil. The exclusion of floor 
insulation was justified in this design in 
order to minimise both material cost and 
hence, cost of construction.

Challenges and Barriers to 
Cold Storages

While it can be challenging to operate a 
business in any international environment, 
one of the greatest challenges to cold chain 
expansion in a developing market is the lack 
of infrastructure necessary to sustain cold 
chains. Transportation systems in many of 
these economies can make reliably 
transporting refrigerated products in a timely 
manner difficult to near impossible. In 
addition, lack of reliable power for cold 
storages, power hookups for reefer trailers at 
ports and transportation hubs, and adequate 
facilities at the final customer locations add 
further costs and complications. 
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US Green Building Council (USGBC) released the list of 
India’s Top 10 States for LEED, the world’s most widely 
used green building rating system. This is the first time the 

list has been released in India, and it ranks states in terms of 
gross square feet (GSF) of LEED-certified space overall.

“India continues to be a leader in the green building movement 
and the states listed here have shown exceptional leadership and 
dedication to creating a more sustainable built environment,” said 
Mahesh Ramanujam, President and CEO, USGBC and GBCI. 
“India has seen robust growth in the number of green buildings 

certified under LEED across all sectors. The leaders, policymakers 
and developers in India are all working toward a common goal of 
sustainability. We hope this list encourages the use of LEED and 
sustainable practices in more states across the country while 
driving enthusiasm amongst leaders to be a part of this change.”

LEED-certified spaces use less energy and water, save money 
for families, businesses and communities, reduce carbon 
emissions and create a healthier environment for occupants and 
the community at large.

From the states mapped, Tamil Nadu tops the list, followed by 
Maharashtra, Karnataka, Haryana and Delhi. The detailed rankings 
are listed below: 

Rank State
Number of 
projects

Certified Gross Square 
Footage (GSF) in millions

1 Tamil Nadu 118 49,153,982
2 Maharashtra 205 36,749,005
3 Karnataka 149 35,600,317
4 Haryana 79 30,927,777
5 Delhi 40 23,873,246
6 Telangana 57 19,440,874
7 Uttar Pradesh 47 11,184,070
8 West Bengal 21 10,948,316
9 Gujarat 25 3,210,632

10 Punjab 10 2,038,562
USGBC’s LEED green building certification system is the 

foremost program for the design, construction, maintenance and 
operations of green buildings. More than 93,000 projects are 
currently participating in the commercial LEED rating systems, 
comprising more than 19.8 billion square feet of construction 
space in 167 countries and territories. In addition, more than 1.6 
million are registered or certified with LEED. 

USGBC’s Top 10 States for LEED in India
This is the first time the list has been released in India, 
and it ranks states in terms of gross square feet (GSF) of 
LEED-certified space overall.

Top Ten States in India for LEED

State rankings are calculated basis the square footage of LEED certified space. 
Source: USGBC, GBCI
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Problem of 
Contaminated Refrigerants

Contaminated refrigerant is different from refrigerant blends. 
Contaminated refrigerant is sub-standard blends, which has 
negative effects on the system

Contaminated refrigerant is two or 
many types of refrigerants mixed in 
the cylinder or refrigeration and air-

conditioning system knowingly or 
unknowingly.

Contaminated refrigerant is different 
from refrigerant blends. Contaminated 
refrigerant is sub-standard blends, which 
has negative effects on the system. 
Refrigerant blends are mixtures of 
refrigerants that have been formulated to 
provide a match to certain properties of 
the refrigerants originally used. These 
blends have been researched and 
developed by the manufacturers – 
examples: R 400 series, R 500 series.

Effect of contaminated 
Refrigerant to the R & AC System
 Damage to R & AC system 
 Reduce cooling capacity, consume 

more electrical energy and reduce 
efficiency system

 Significantly reducing the operating life 
of equipment

 Explosion may occur causing personal 
injury

 Some counterfeit refrigerant products 
contain varying amounts of ozone-
depleting substances, which may be 
illegal in certain parts of the world 
under the terms of the Montreal 
Protocol.

Known Composition of 
Counterfeit R134a Refrigerant
 60% R22 (+ R30, R142b – traces) 
 40% R40 – methyl chloride

Compounds such as R-40, R-22, 
R-142b, R-152a, and R-12 have been 
found mixed with R-134a in newly filled 
refrigerant cylinders marked as containing 
R-134a. There have also been instances of 
counterfeited brand name R-134a 
cylinders sold containing refrigerants other 
than R-134a.

Unfor tunately, the problem with 
counterfeit and contaminated refrigerants 
goes beyond just R-134a. Other 

Photo Credit: www.ul.com
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refrigerants including R-22, R-404A, and 
R-410A, have also been found to be 
counterfeit and in some instances badly 
contaminated. Cylinder labels and 
packaging have been counterfeited in 
some instances, and therefore, are not 
reliable indicators of the authenticity of the 
contents of a cylinder. 

Reasons for why R40 mixtures 
are in market
 Price of HFCs has recently increased, 

meaning more reasons to fake HFC 
refrigerants

 Potential excess HCFCs in the market

Case Study A 
18 Oct 2011 - Reefer Containers 
machinery explosions due to 
contaminated refrigerant

Maersk Line had experienced three 
cases in which the compressors of the 
refrigeration units had exploded for no 
apparent reason. The explosions occurred 
on three separate occasions in 2011 in 
Itajai, Brazil and Cat Lai, Vietnam. Two 
men died in Vietnam and one in Brazil as a 
result of the explosions. CMA CGM also 
reported that explosion occurred in one of 
their refrigerated containers in Qingdao, 
China, in October.

The four reefer machines that 
experienced compressor ruptures received 
refrigeration system service work at Cat 
Lai in Vietnam. Maersk Line identified the 
malfunctioning containers underwent gas 
system repairs and maintenance at the 
same repair yard in Vietnam between 30 
March 2011 and 25 April 2011.

Preliminary analysis appears to 
confirm suspicions that the cause of the 
explosions was contaminated gas in the 

cooling units. Material recovered from the 
exploded units had been analysed and 
evidence pointed to a counterfeit refrigerant 
being to blame for the explosions. 

R40 was definitively identified as a 
contaminant. R40 called methyl chloride 
or chloromethane, is a hazardous chemical 
compound that is extremely flammable. It 
was a widely used refrigerant, but its use 
has been discontinued due to its toxicity 
and flammability. The most important use 
of methyl chloride today is as a chemical 
intermediate in the production of silicone 
polymers. R40 reacts with aluminium and 
creates Trimethylaluminum which is a 
pyrophoric substance that will ignite 
spontaneously in air. 

As a result, Maersk Line had grounded 
844 refrigerated containers that may 
contain contaminated coolant fluid, while 
CMA CGM has grounded 332 and 
Singapore-based-APL has grounded 
around 103 as a precautionary measure.  

Furthermore, fluorocarbon producers 
have warned customers to only purchase 
refrigerants from authorised suppliers. 
They are also adopting measures to 
address counterfeit refrigerants. Honeywell 
started using a new security measures to 
detect counterfeit refrigerants. The new 
anti-counterfeit technology allows for the 
identification of non-authentic products 
much faster and more easily than was 
previously possible. DuPont Refrigerants 
has initiated DuPont Brand Assurance 
Program. The Brand Assurance Program 
uses a proprietary DuPont technology 
which involves 3D holographic label. 

The boiling point of R40 is similar to 
that of R134a, hence it is very difficult to 
detect R40 when they are mixed in the 
refrigerant system. The only practical 

method to ensure that R134a being added 
during service repairs is free from R-0 and 
any other chemical containing chlorine, is 
to use a flame halide detector to test each 
R134a cylinder for any chlorine 
contamination. R134a is fluorinated and 
does not change the blue colour of the 
flame. A green flame indicates the 
presence of chlorine, e.g., R- 22 will show 
a green flame because it contains chlorine.  

There is evidence that R40 has been 
supplied in 30lb. cylinders and marked as 
R134a.

Case Study B
7th August 2013 - Explosion of 
compressor of fridge under repair 
due to contaminated refrigerant 

On 7th August 2013, two youngsters 
working in a refrigerator cum air 
conditioning work shop at Hyderabad. 
They were filling the gas (nitrogen) in the 
pipe of the fridge which was under repair. 
An explosion occurred at 4:45pm.  Both 
the youngsters sustained blast injuries and 
succumbed to severe disruptive injury on 
the spot. The impact of the blast was so 
severe that the fridge dismembered into 
smithereens, ceiling fan and window 
panes were shattered into pieces. They ran 
out till the gate and collapsed. One of the 
vehicles parked outside the workshop was 
knocked down due to explosion and was 
layered with bluish colour material [melted 
flex banner]. Surprisingly, the compressor 
tank was found intact amongst the debris 
of blast. 

Autopsy Findings: At autopsy following 
injuries were observed:  

Victim-1:  Blast injury at centre and left 
side neck extending into upper part of the 
chest cavity with massive disruption of 

Figure 1:  Reefer Containers Damaged due to contaiminated Refrigerant
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muscles, nerves, vessels and fracture of 
C6 and C7 cervical bone. Multiple 
fragmentations of left forearm fracture of 
tibia, fibular bone with toned muscles, 
tissues and vessels. 

Victim-2: Abdomen blasted with 
expelling out its contents with puncturing of 
intestines with multiple liver lacerations and 
multiple perforations. Blast injury extending 
from midline of chest to the right nipple 
with underlying tissue contused, fracture of 

6th rib right in the mid clavicle line.
The samples collected from the scene 

of blast; analysed at FSL by the flame 
Halide lamp test [A blue flame indicates 
the presence of normal gas while the 
green flame indicates the presence of 
chlorine] demonstrated the presence of 
chlorinated compounds. Traces of alumina 
(AL203) were also found at the site.

Discussion: Meticulous articulation of 
observations at autopsy and scene of 

blast was attempted to scientifically 
deduce the mechanism of explosion in the 
present case. Causes and mechanism of 
explosion reported so far were also taken 
onto account.  

Causes of Explosion
The refrigerator explosions take place 

even after it was proved that R134a is an 
alternative to CFC’s, safest and 
environmental friendly. It is now widely 
known that the contamination of the 
refrigeration systems is because of the 
addition of counterfeit refrigerant which 
uses a mix of chemicals including R40. 
R40 is a hazardous chemical compound 
that is extremely flammable. It was widely 
used in refrigerators in the past which 
stopped now. R40 reacts with aluminium 
and creates trimethyl aluminium which will 
ignite spontaneously in air. The boiling 
point of R40 is similar to that of R134a; 
hence it is difficult to detect R40 when 
they were mixed into the refrigeration 
systems.   

Explosion Mechanism
Usually, the registration units contain 

polyester oil and the refrigerant HFC-134a, 
which cease the exploding capability of the 
refrigerator. But use of hazardous chemical 
compounds such as R40 along with R134a 
makes the refrigerator more vulnerable to 
explosion. R40 works as a refrigerant and 
at times it reacts with the aluminium in the 
compressor probably forming Trimethyl 
Aluminium is a liquid at room temperature. 
According to Wiley’s Guide to Chemical 

Figure 2: Flow chart for determining contaminants in R-134a

Figure 3: Infrared Specific Identifier Figure 4: Infrared Component Identifier
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Incompatibilities, the extreme reactive 
quality of liquid trimethyl aluminium will 
make it react violently with hydroxides; 
carbon dioxide, carbon tetrachloride, halon, 
halogens, oxides of nitrogen and many 
other substances. Excessive moisture in 
refrigeration systems may also cause 
corrosion. The combination of moisture 
with hydrofluorocarbon (HFC) refrigerant 
containing chlorine creates much more 
serious corrosion, as the chlorine 
hydrolyses with the water to form 
hydrochloric acid (HCl) which is aggressive. 
The acid forming process in turn is 
aggravated by heat. It is obvious; in the 
present case; that the gas cylinder used for 
filling up the compressor was contaminated 
with methyl chloride and was responsible 
of chemical reaction with coils or tubes of 
compressor accessories leading to 
explosion. The recovered material from the 
explosion site also showed the presence of 
chlorinated compounds and traces of 
alumina (AL203).

Refrigerant analysis can be done with 
any of the following methods:
 Pressure or Temperature Relationship
 Halide Lamp
 Infrared Specific Identifier
 Infrared Component Analyser
 Gas Chromatograph
 Mass Spectrometer

While there are no known portable 
refrigerant analysers produced prior to 
2012 with any capability to detect R-40, 
several models were introduced in 2012 
with the capability to detect R-40 quantities 

as low as 2-3 per cent. These devices also 
have the capability to detect other 
contaminants, including CFCs and 
hydrocarbons. Halide torch testing has the 
capability to detect chlorinated compounds 
as low as 300 ppm; however, the method 
is not capable of detecting other 
contaminants, such as hydrocarbons. 
Using a combination of the two methods 
provides the widest range of contaminant 
detection available in a field test. 

A pressure-temperature (PT) 
relationship check is not a recommended 
procedure to determine if a refrigerant 
cylinder is contaminated, as a contaminated 
system that contains a refrigerant blend 
could indicate pressures similar to those 
of pure R-12 or R-134a.

Halide Torch Testing: If further field 
testing to confirm the specific presence of 
chlorinated impurities is desirable, the 
optional halide torch testing method may 
be performed. If the flame in the torch 
does not turn a greenish colour when the 
refrigerant sample is introduced, the level 
of chlorinated compounds is less than 
several hundred parts per million and the 
refrigerant is likely suitable for use in 
systems. A green flame indicates the 
presence of chlorinated impurities, but 
these impurities may be acceptable if they 
have low toxicity and low reactivity in 
systems, or unacceptable if they are highly 
reactive or toxic like R-40. Care must be 
exercised when performing the halide 
torch test to ensure that the gas flow is 
optimal for a flame colour reading.

Gas Chromatography or GC/Mass 
Spectrometer Testing: When laboratory 
testing is deemed necessary to determine 
the specific identity of the impurities in the 
refrigerant container, the optional Gas 
Chromatography (GC) or GC or Mass 
Spectrometer (MS) testing may be 
performed. This test gives detailed 
information on the composition of the 
refrigerant and impurities present. If the 
refrigerant meets the purity requirements 
of AHRI 700, the refrigerant should be 
suitable for use in systems.

It is important to be familiar with the 
operation and instruction manual for all 
equipment used when testing refrigerants. 
This is particularly important when using 
this equipment to detect R-40 
contamination.

Portable Infrared Analyser: The flow 
chart at right outlines a process for 
determining if new R-134a supply 
containers might contain significant 
amounts of other refrigerant contaminants. 
The flow chart may not be suitable for use 
with refrigerant recovered from a system. 
The new refrigerant container is first 
analysed in the field with an R-40-capable 
portable infrared analyser. If the results 
show 100 per cent R-134a with no other 
contaminants present, the refrigerant 
should be suitable for use in systems. If the 
portable analyser shows a test result other 
than 100 per cent R-134a, the refrigerant 
should be quarantined and not used unless 
further testing shows that the contaminants 
are below the maximum level recommended 

Figure 5: Never obstruct the air intake
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by AHRI Standard 700.

Principle of Operation
 Non-Dispersive Infra-Red 
 Single detector with multi-channel filter 

wheel
 Includes 90-240 VAC power supply 
 Low pressure vapour refrigerant 

sample or high-pressure liquid sample 
using the supplied flash chamber. 

 Accuracy:  Better than +/- 2 per cent 
 Displays refrigerant components and 

their corresponding percentages.

Operation - Cautions & 
Warnings
1. Never obstruct the air intake, sample 

exhaust or cease vent ports of the 
instrument during use.

2. Always verify that the refrigerant to be 
tested does not contain or will not emit 
heavy loads of oil or liquid. Vapour 
samples only! Introducing liquid 
refrigerant will cause serious damage 
to the identifier.

3. Do not utilise any other hose other than 
those supplied with the instrument. 
The use of other hose types will 
introduce errors into the refrigerant 
analysis. 

Suggestions to Prevent Such 
Explosions
 Know Your Supplier: Obtaining 

refrigerant from a trusted and well-

known source that can provide 
traceability is good practice to prevent 
contamination of an HVACR system.

 Verify Refrigerant in Cylinder Before 
Using: Proper verification of refrigerant 
in service cylinders prior to use can 
ensure authenticity of the refrigerant. 
Checking refrigerant cylinders in the 
field with a portable refrigerant analyser 
or performing a halide torch test can 
also help prevent contamination.

 Verify Refrigerant in System Before 
Repairing or Servicing: Proper 
verification of refrigerant identity and 
impurity profile in the refrigeration 
systems prior to repairing or servicing 
the system is a good industrial practice 
and is imperative to safety. Testing 
refrigerant in systems prior to removing 
the charge can also prevent possible 
contamination of recovery equipment 
and recovery cylinders.

 Properly Label and Isolate 
Contaminated Refrigeration Systems: 
Properly label all suspected 
contaminated refrigeration systems to 
ensure that systems containing 
contaminated refrigerants are 
quarantined until they can be dealt with 
properly, as discussed below in the 
remediation section.

 The withdrawn units should be 
checked for contamination.

 Once a contaminated unit has been 
identified, a procedure for making 

them safe needs to be identified. There 
is no method till now for the removal of 
Trimethyl Aluminium and yet to be 
identified.

 Existing refrigerant stock needs to be 
checked for contamination.

 A refrigeration certification scheme 
needs to be put in place for future 
purchases.

 A method to check the withdrawn 
reefer units for contamination.

 A safe method for compressor removal 
of contaminated units to be identified.

 No repairs are attempted, parts cannot 
be removed.

 They may not be plugged in until 
completion of the thorough technical 
investigation.

 They should be stored in an isolated 
place.

 Do not expose to suspected refrigerant 
to sunshine! May evolve high vapour 
pressure.

 It is also very important to prevent 
unauthorised personnel in tampering 
with the equipment. 

Figure 6: Use right hoses

C Maheshwar
Anglo Eastern Maritime 

Academy
Karjat, Mumbai
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indoor air quality

Ventilation is critical to home comfort. Proper ventilation 
prevents air pollutants from affecting the health of family 
members. Not only that, having airflow in home can get rid 

of any unwanted smells, such as from cooking or pets. It is also 
good to have an airflow that is uninterrupted, as anything blocking 
the air flow in home can cause damage to both home and health 
of family members.

One of the reasons ventilation is so important because it 
controls how much moisture is lingering in home. If one has 
adequate airflow throughout home, walls, floors, and all the wood 
in home will stay dry and not collect moisture. Wood can rot when 
exposed to moisture, as can drywall. If one lets moisture build up 
in these areas of home, they will not only destroy the structural 
integrity, but they will also cause mold to build up. Mold can have 
a number of negative effects on health of family members if they 
are exposed to it for a long time.

If a family member is not exposed to mold for a long time, he 
or she might notice some minor symptoms such as irritation to 
nose, throat, and eyes. He or she might possibly develop a 
headache or a fever if he or she is exposed for a longer period of 
time. Mold can both cause immune system problems and worsen 

the symptoms for someone who already has an autoimmune 
disease. Prolonged exposure to mold can result in respiratory 
damage that can’t be reversed, such as asthma. If one has proper 
ventilation in home, he or she won’t to worry about mold forming.

There are three ways one can provide ventilation in home. One 
can choose to have natural ventilation. This is when air enters 
home through windows, doors, and even cracks and holes in the 
walls of home. If one lives in an old home, it’s likely that air is 
entering home even when the windows shut.

Spot airflow is when one use exhaust fans or other forms of 
pushing air in or out of house in certain spots. Typically, one might 
have an exhaust fan over stove or in bathroom.

One can also have air ducts installed in home to provide airflow 
throughout home. There are three different ways air is moved 
through home when this method of moving air is used. The exhaust 
airflow system pushes inside air to the outside of home. The supply 
air system brings air into home. Then, there is a balanced system 
of air that moves air in and out of home. If one has one of these air 
systems, it’s important to keep it maintained so it doesn’t get 
blocked and allow air pollutants to lurk in your home. 

Akhil Jain, CEO, Lazer India

Importance of Home Ventilation

Picture Courtesy: w
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onodraught.com

It is also good to have an airflow that is 
uninterrupted, as anything blocking the air flow in 
home can cause damage to both home and health 
of family members.



refrigeration

48 | Cooling India | September 2018

Refrigeration in 
Food Processing & Cold Chain

Refrigeration has found its importance in many engineering 
and industrial sectors. One of them is processing, preservation 
and nourishment of food by storing them in places whose 
temperature is lower than that of the surroundings.

Refrigeration is a science that deals 
with absorption of heat at a 
temperature from surroundings at 

lower temperature and rejecting it to a 
relatively higher temperature at the cost of 
some external work following Clausius 
statement of second law of 
thermodynamics. Refrigeration sector is 
one of the largest economic sectors, 
covering precooling, cooling, air 
conditioning, and freezing applications for 
various commodities and people and 

appears to be an energy intensive sector 
by consuming about 20 per cent of the 
total electricity generated worldwide. The 
refrigeration sector includes air 
conditioners, household fridges, coolers, 
pre-coolers, refrigerators, heat pumps, 
and freezers for various applications, 
ranging from food cooling to space 
cooling. Thus, refrigeration has found its 
importance in many engineering and 
industrial sectors. One of them is 
processing, preservation and nourishment 

of food by storing them in places whose 
temperature is lower than that of the 
surroundings. Figure 1 shows the energy 
consumption of different preservation 
processes over storage time together with 
the energy used for the agricultural 
production.

Storage Life of Frozen Foods
According to the International Institute 

of Refrigeration, storage life is defined as 
the length of duration of a food product 

Photo Credit: www.m
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Table 1: Storage life of various food products

Product
Optimum 

Temperature (ºC)
Relative 

Humidity (%)
Storage Life

Fresh products
Apple -1 to 4.5 90-95 1-12 months
Asparagus 2 95-100 2-3 weeks
Banana 13-15 90-95 1-4 weeks
Blueberries 0.5-1 90-95 2-3 weeks
Broccoli 0 95-100 2 weeks
Cabbage 0 95 1 week
Cucumber 7-10 95 25 weeks
Eggplant 8-12 90-95 2-3 weeks
Ginger 13 65 5-10 weeks
Guava 5-10 90 1-2 weeks
Green beans and 
field peas

3-7 95 2-3 months

Leafy vegetables 0 95 1-3 weeks

Lime 9-10 85-90 3-5 weeks

Mango 13 90-95 2-4 weeks

Onion 0 70 2-3 weeks

Papaya 7-13 85-90 1-3 weeks

Passion fruit 7-10 85-90 3-5 weeks

Peach 0 95-98 2-4 weeks

Peppers 7-10 90-95 3-5 weeks

Potato 3-4.5 90-95 5-8 months

Sweet corn 0 90-95 5-7 days

Sweet potato 13 90 6-12 months

Tomato, pink 9-10 85-95 7-14 days

Turnip 0 95 4-5 months

Watermelon 10-15.5 90 2-3 weeks

Fish 0-3 90 1-3 days

Milk 4 - 3-5 days

Cooked food

Vegetables 0-4 - 2-4 days

Fish 0-4 - 2-3 days

Meat 0-4 - 3-5 days

Soup 0-4 - 2-3 days

Figure 1: Energy consumption  of different preservation processes 
over storage time together with the energy used for the agricultural 
production

stored under specified conditions so that it is liable for 
consumption. Different food products have different storage lives. 
Also, it has to be considered that storage life of a particular food 
product may vary according to its location and other ecological 
aspects. The ranges of indicative practical storage lives of various 
food products are given in Table 1.

Different Refrigeration Processes Involved in 
Food Processing

The principle behind preservation of foods by refrigeration is 
to reduce and maintain the temperature of the food in order to 
mitigate any detrimental or undesirable changes occurring in the 
food. These changes can be microbiological, physiological, 
biochemical or physical. This in turn can help in improving the 
nutritional quality of the food. There are several refrigeration 
processes involved in the processing and nourishment of food. 
The refrigeration techniques that are implemented one after the 
other have been illustrated below:
 Pre-cooling: Rapid cooling is necessary to retard the 

metabolism of food products and to increase their life span. 
The lesser the temperature is, the better the quality and 
longevity of the cuisines. Based on the type of the food 
product, different refrigeration techniques have been proposed. 
i.e. hydrocooling for small fruits, vacuum cooling for green 
leafy vegetables, blast-air system for cooling the surfaces of 
meat products, cooling of milk and other dairy products in 
specialised tanks, pulsed air in some other products and so 
on.

 Chilling: After precooling, the food product has to be chilled 
and maintained at the favourable temperature. Chilling is 
usually done in classic cold rooms equipped with sufficient 
ventilation. The chilling and conservation temperatures depend 
on the sensitivity of the product i.e. for high-sensitivity 
products such as mangoes, ginger, sweet potatoes 
temperatures below 8-12°C are not recommended, as they 
can endure metabolic disturbances that shorten the life of the 
goods. For medium-sensitivity products such as tangerines, 
green beans, potatoes, it is possible to lower the temperature 
not less than 4-6°C. For low-sensitivity products, a temperature 
of 2-3°C, down to just above the freezing point is recommended. 
In slaughterhouses, low temperatures that can be achieved by 
using blast chillers or cold storage rooms are recommended 
in order to inhibit the growth of microorganisms. For eggs, 
conservation at higher temperature could be enough as long 
as the shell remains unbroken and for dairy products an 
adequate temperature of nearly 8-10°C would be enough to 
inhibit the growth of pathogenic germs.

 Freezing: Freezing is a process of lowering the temperature of 
a product below its solidification point. Freezing hinders the 
metabolism of the fruit and vegetable products. Longer the 
product remaining frozen, longer is its durability for storing.

 Super-cooling and Super-chilling: These are new processes 
implemented for the storage of food products. Supercooling is 
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Figure 2: Percentage distribution of refrigerants used in food 
processing

Table 2: Table showing various refrigerants used in food industries

Type of 
industry

Earlier 
refrigerant 
used

GWP Alternative 
refrigerant used

GWP

Small scale R134a 1430 R744 1
Small Scale R22 1810 R1234yf/R1234ze 4-6
Small Scale R404a 3920 Low GWP blends <1300
Large Scale R404a 3920 R717 0

Large Scale R507a 3990 R744 1

lowering down the temperature of a food product just below 
its freezing point without any formation of ice and superchilling 
is partial freezing of a food at a temperature just below its 
freezing point.
Apart from the above-mentioned techniques, some other 

techniques are also adopted such as crystallisation of fat, 
cryoseparation of undesirable components; cryoconcentration 
and so on.

Refrigerants Used in Food Processing 
Industries

Refrigerants are the working fluids used in refrigeration 
systems. Selection of refrigerant plays a vital role in any 
refrigeration industry, so it has been a real challenge to develop 
and implement refrigerants having desirable thermodynamic 
properties and high energetic and exergetic performances. 
Various refrigerants used in food processing sectors and their 
percentage shares have been presented in figure 2.

Earlier, the refrigerants were selected based on their 
thermodynamic properties only, but eventually focus has also 
been made over the ozone depletion potential (ODP) and global 

warming potential (GWP) of refrigerants. Some of the desirable 
properties of refrigerants needed in food processing industry have 
been listed below:
 It should have low flammability and toxicity.
 It should zero ODP value and GWP value as minimum as 

possible.
 It should be easy leak detectable.

Selection of refrigerants has significant impact on safety, 
reliability, energy consumption, system performance and also on 
the environment. Some of the refrigerants involved in food 
processing industries have been listed below in table 2. However, 
some alternative refrigerants have now been replaced in place of 
earlier used refrigerants.

Earlier, the use of chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) were in vogue for a long time 
due to their excellent thermodynamic properties. But as per 
recommendations of the Montreal and Kyoto protocols, they were 
being phased out due to their significant ODP and GWP values. As 
an immediate replacement of CFC-12, R-134a was adopted due 
to its low ODP value. Afterwards, alternative for R-134a was also 
needed to overcome the high GWP of this refrigerant. Figure 3 
shows the relative performances of other 12 alternative refrigerants 
with respect to R134a in terms of COP, volumetric displacement, 
mean temperature difference between the air and the refrigerant in 
the evaporator and compressor discharge temperature. The 
compositions of 12 alternative refrigerants have also been 
presented in table 3.

Figure 3: Figure showing the performance of alternative 
refrigerants relative to R134a

Table 3: Table showing compositions of 12 alternative refrigerants

Alternative Refrigerant Composition (mass%)
1 R134a/R1234yf/R32 (63/31/6)
2 R1234yf/R134a (56/44)
3 R134a/R1234ze/R1234yf (42/40/18)
4 R1234ze/R134a (58/42)
5 R1234yf/R134a (60/40)
6 R1234ze/RR134a/R32(53/40/7)
7 R1234yf/R152a/R134a (82/11/7)
8 R1234ze/R32/R152a (83/12/5)
9 R1234ze (100)

10 R1234yf (100)
11 R600a (100)
12 R600a/R290 (60/40)
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Different types of refrigeration systems implement different 
types of refrigerants by taking their thermodynamic properties 
into consideration. It has been observed that the usage of R404A 
is used in most of the sectors due to its excellent food 
conservation and freezing applications and widespread use in 
split type and centralised refrigeration systems. Figure 4 shows 
the percentages of different refrigerants used in different food 
processing sectors.

Cold Chain
The term cold chain refers to a temperature-controlled supply 

chain that a refrigerated product passes through, which is then 
either until it is removed by a customer in a retail environment or 
unloaded from a delivery vehicle in the vicinity of its destination. 
For consumers, the cold chain is often related to transport, retail 
and household refrigerators. But refrigeration is also used in the 
agri-food industry for the storage of raw materials and final 
products, as well as for food processing. An efficient and effective 
cold chain is designated to provide the best conditions for 
inhibiting any undesirable changes for as long as is practical. 
Effective refrigeration produces safe food with a long and quality 
life. A schematic diagram of a simple food chain has been 
presented in figure 5.

As food moves along the cold chain, it becomes a herculean 
task to control and regulate its temperature. This is because the 

temperatures of bulk packs of refrigerated products in large 
storerooms are far less sensitive to small heat inputs than single 
consumer packs in open display cases or in a domestic 
refrigerator.

Refrigeration Cycle in Food Processing Industry
In food processing industries, the refrigeration systems in 

general operate with single-stage, direct expansion vapour 
compression refrigeration (VCR) cycle. These systems are very 
simple, reliable and also cheap. A VCR cycle consists of four 
basic components: compressor, evaporator, expansion valve and 
a condenser. A low-pressure cold liquid refrigerant is allowed to 
evaporate to a gas within the evaporator coil. This process 
requires heat, which is extracted, thus, cooling any medium 
surrounding the evaporator. The low-pressure hot gas from the 
evaporator is compressed in the compressor to a high-pressure 
hot gas. This high-pressure hot gas is then passed through 
another coil, where it condenses back to a high-pressure cold 
liquid. This process releases heat into any medium surrounding 
the condenser coil. This high-pressure cold liquid refrigerant then 
passes through the expansion valve where throttling process 
takes place, to a lower pressure section. It may be noted that the 
throttling process occurring in the expansion device is irreversible 
in nature. The low-pressure liquid then passes back to the 
evaporator. The schematic diagram of a simple mechanical VCR 

Figure 4: Various refrigerants used in different food processing sectors Figure 5: Figure showing an overall cold chain and its 
components

Figure 6: (a) Schematic and (b) T-s diagram of a VCR system
(a) (b) Figure 7: Schematic diagram of a 

centralized DX system
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system and the corresponding T-s diagram have been shown in 
figure 6 (a) and 6 (b) respectively. In general, factors influencing 
the nutrient content of refrigerated food include storage 
temperature, storage length, humidity and light.
The different processes undergoing in a VCR cycle with respect to 
the T-s diagram are:
Process 1-2: Isentropic work input to the compressor.
Process 2-3: De-superheating and condensation at constant 
pressure.
Process 3-4: Throttling in the expansion valve. As throttling 
process is irreversible in nature, it is represented by dotted line in 
the T-s diagram.
Process 4-1: Evaporation at constant pressure.

However, such systems have certain specifications in terms 
of the method for processing and the type of components used.

For chilling, single-stage systems with flooded evaporators 
and screw compressors are recommended. Secondary 
refrigerants such as propylene glycol are preferred over to 
primary refrigerants as it significantly reduces the quantity of 
ammonia and promotes safety.

For freezing, two-stage refrigeration systems with flooded 
evaporators and either of the piston or screw compressor is 
recommended. Refrigerants such as R134a or R717 are used in 
the high-temperature stage and R744 is used in the low-
temperature stage.

As mentioned earlier, in most of the food processing industries, 
a centralised direct expansion (DX) system is established. 
Centralised systems provide the flexibility of installing the 
compressors and condensers in a centralised plant area, usually 
in the vicinity of any store. In the plant room, multiple refrigeration 
compressors, using common suction and discharge manifolds, 
are mounted on bases or racks normally known as compressor 
packs or racks which also contain all the necessary piping, 

valves, and electrical components needed for the operation and 
control of the compressors. The evaporators in the cold rooms 
are fed with refrigerant from the central plant through distribution 
pipework installed under the floor or along the ceiling of the sales 
area. Air-cooled or evaporative-cooling condensers used in 
conjunction with the multiple compressor systems are installed 
remotely from the compressors, usually on the roof of the plant 
room. Besides, separate compressor packs are used in chilling 
and freezing processes. The schematic diagram of a centralised 
DX system has been shown below in figure 7.

However, the only major disadvantage associated with a 
centralised DX system is that a large amount of refrigerant is 
required, nearly 4-5 kg/kW of refrigeration capacity. To overcome 
such difficulty, a secondary or indirect system arrangement is 
used. With this arrangement, shown schematically in figure 8, a 
primary system can be located in a plant room or the roof and can 
use natural refrigerants such as hydrocarbons or ammonia to cool 
a secondary fluid, which is circulated to the coils in the display 
cabinets and cold rooms. Separate refrigeration systems and 
brine loops are used for the medium and low-temperature display 
cabinets and other refrigerated fixtures. The temperature of 
individual consumer packs, small individual items and especially 
thin sliced products responds very quickly to small amounts of 
added heat. All these products are commonly found in retail 
display cabinets and marketing constraints require that they have 
maximum visibility.

Refrigeration System Performance in Food 
Processing Unit

To understand how efficiently a system works, it is very 
important to know the performance of a system. COP is one of 
the main performance parameters in a refrigeration system. The 
COP of the system can be defined as the ratio of refrigerating 

Figure 8: Schematic diagram of an 
indirect expansion system

Figure 9: Relationship between TDA and TEC for all chilled and frozen cabinets
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effect produced to the power input to the system. Evans et al 
expressed the power input in terms of total energy consumption 
(TEC) and total display area (TDA). TEC can be expressed by the 
following equation,
TEC = DEC + REC  (1)

Where, DEC is direct electrical energy consumption, i.e. 
energy consumed by fans, heaters, defrost heaters, lighting, 
accessories and REC is the refrigeration electrical energy 
consumption and is calculated as:
  (2)

Where, tr is defrost period in hr, Ø0 is the heat extraction rate 
in kilowatt based on EN441-12, Tc is the conventional condenser 
temperature at 308.18 K (35°C) for European comparisons, T0 is 
the refrigerant evaporator temperature in Kelvin based on EN441-
12. and 0.34 is taken to be the Carnot efficiency of refrigeration 
systems used in commercial refrigeration.
TDA can be evaluated by the following equation,

  (3)
Where, Ho is the open and Hg is the glazed horizontal projection 
(m), Vo is the open and Vg is the glazed vertical projection (m), 
Tgh is the light transmission through glazing surface for horizontal 

projection (%), Tgv is the light transmission through glazing 
surface for vertical projection (%), L is the cabinet length (m), Loh 
is the horizontal open length (m), Lov is the vertical open length 
(m), Lgh is the horizontal glazing length (m), and Lgv is the vertical 
glazing length (m).

The relationship between TEC and TDA is established by 
Evans et al. by drawing regression lines as shown in figure 9.

Conclusions
Refrigeration techniques are vastly implemented in food 

processing industries for the storage, preservation and 
nourishment of food. For the storage, maintenance, transportation 
and other industrial parameters associated with food processing, 
a cold chain has been established. Industrial refrigeration is the 
first step in the cold chain where food is processed and stored 
before transport, retail and consumption. Performance of the 
system is analysed in terms of total energy consumption and total 
display area. The refrigeration sector faces many challenges with 
respect to reliability, energy consumption, environmental impact 
regulations and other economic concerns. Solutions for providing 
sustainable industrial refrigeration systems depend on the size of 
the facility and on the required temperature levels. 
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Total Owning Cost of Screw  
Air Compressor Systems Utility
The case study of total owning cost of compressors is 
derived from the techno-commercial offers of the three 
compressor-OEMs given to a North Indian textile spinning 
mill’s compressors requirement project in 2016.

The case study of total owning cost 
of compressors is derived from the 
techno-commercial offers of the 

three compressor-OEMs given to a North 
Indian textile spinning mill’s compressors 
requirement project in 2016. The mill was 
planning to replace and upgrade their 
existing BOP type reciprocating 
compressors with energy efficient screw 
compressors system for their 750 CFM 
compressed air requirement.

This consists of compressor house-
keeping, compressor daily condition-
monitoring and running cost of the 
compressor as a package including its 
utilities like dryer, wet and dry air receivers 
etc. This includes the air intake and pipeline 
filters along with their Delta P indictors, 

before and after the dryer. But the industry 
needs to insist the energy of the 
compressor and compressed air treatment, 
in terms of pressure, temperature and flow 
parameters monitoring of the above sub 
systems to be the part of TOC.

Comparitive analysis of 
workings from OEMs
Why Not Two Compressors Only 
Instead of Three Now?

The plant requirement is 750 CFM at 
current header working pressure of 6.5 
Bar and so the OEMs have given their 
compressors at 7, 7.5 and 8 Bar ratings. 
The plant can decide to go for 2 number 
compressors, instead of 3 number to meet 
the demand. Compressor of higher KW 

ratings consumes less input Watt per CFM 
output compared to the compressor of 
lower KW ratings. So, the user has to 
study his load pattern and cycle and 
decide on two compressors only are 
needed and what is the need to go for the 
third compressor now, he has to decide 
prior before getting the offers. See the SEC 
offered by the three OEMs in the 
comparison table, lower KW compressors 
give marginally higher 5 per cent SEC and 
the user industry to thrust on improving 
the overall SEC of whole system. Whatever 
the OEMs give the SEC here in their offer, 
the same SEC must be proved by the 
same OEMs during the commissioning 
and to be recorded in their commissioning 
report to the user.
Why they need three compressors 
for trouble-free workings?

User industry with a distant vision and 
looking for trouble-free maintenance can 
think of one more compressor as active 
spare and rotate the duty workings of the 
three compressors as main and standby. 
The user must always keep in mind that, 
what will happen if one of the compressors 
breaks down for few hours or days, the 
industry has to stop because of this 
breakdown. Maintenance crew will be in 
tension to keep the two active compressors 
always healthy and they can’t afford to 
have a breakdown of existing compressor 
even for few hours. 
Analysis of Compressor OEM 
Workings

This 750 CFM demand can achieve 
with one compressor of 75 KW & one of 

Photo Credit: www.sm
allb.sidbi.in
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55 KW (instead of two numbers of 75 KW 
as offered by OEM) rated compressors is 
suggested to OEM A. But here, OEM to 
recommend to use one 75 KW machine as 
base load and operate the same to its 80 
per cent of rated motor KW capacity and 
modulate the other 75 KW compressor at 
around 50 per cent loading.
VFD Option Retrofitting

The other 55 KW machine proposed 
now, can be modulated by cut-in and cut-
out pressure settings to achieve the better 

SEC and by fine tuning its settings, the 
user can reduce the unloaded hours to 
less than 20 per cent of the cycle as well 
and can manage without VFD option. Only 
if the load-unload cycle is below the 70 
:30 ratio, the OEM needs to recommend to 
put on VFD so that the VFD operated 
savings are achieved to save the unloaded 
40 per cent power of the compressor. Two 
compressors of 75 KW definitely need one 
VFD as additional cost to reduce the power 
during unload and the SEC of second 

machine is offered by the OEM as 2.66 is 
very low as 2.66 CFM only per KW, when 
the first machine’s SEC is offered by OEM 
at 6.09. This wide variation in SEC as 
offered in the comparison table can’t be 
tolerated. 
Power Vs Pressure Graph for Given 
Flow/ Load Profiles Decide 
Compressor Selection
Analysis of Compressor OEM B Workings

Out of the three compressors, offered, 
the VFD can be fixed to lower KW rated 

Total Owning Cost of Compressed Air system provided by 3 compressor OEM & its comparison
Description Proposal 1 Proposal 2 Proposal 3

Plant Requirement 750 CFM, 6.5 Bar Compr. OEM A  Compressor OEM B Compressor OEM C 

Installed Main Motor (In KW) 75.0 75.0 55 (VFD) 37.0 37.0 37.0 45.0 37(VFD)

Working Pressure (in BAR) 7.0 8.0 7.0 7.0 7.0 7.5 7.5 7.5

Maximum Pressure (in BAR) 8.0 9.0 8.5 8.5 8.5 8.0 8.0 13.0

Total No of Equipment 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Total Package Input Power 85.8 85.8 62.9 44.0 44.0 44.3 53.4 44.3

FAD in CFM 522 485 358 247 247 250 303 256

Total package UNITS / DAY 2058 967 1087 1056 1056 1063 1282 819

Total CFM - FAD 522 228 258 247 247 250 303 197

SEC Sp. Energy Consumption 6.09 2.66 4.10 5.61 5.61 5.64 5.67 4.45

Total Watts / CFM Averaged per day 168 178 176

Total CFM /KWH / averaged per day 5.95 5.63 5.69

Total Units per day 3026 3199 3163

Unit Rate (INR/KW) 6.5 6.5 6.5

Total power cost / day Rs. 19669 20793 20563

Life Time Cycle in Hrs 40000 40000 40000

Maintenance cost / LTC Rs, 1341760 1563447 1581330

Maintenance cost / day Rs. 805 938 949

TOTAL O & M COST / DAY Rs 20474 21731 21511

Load Profile versus Compressor Capacity
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compressor only and not to higher KW 
machine as offered by OEM. The industry 
must keep in mind to use the VFD effectively 
in the mid-loading region, here in 
compressors usage in the “load: unload 
cycle” is around 50 per cent loading ± 20 
per cent band. If the same VFD is used at 
80:20 load / unload cycle, then VFD 
becomes ineffective and added to it, its self 
consumption reduces the scope of energy 
savings in that region. So, VFD has its 
limitation to use through entire load cycle. 
Here, the user has to improvise the pressure 
settings of base load and modulating 
compressor to achieve energy savings.
Analysis of Compressor OEM C 
Workings

The VFD machine is rated at 13 Bar. 
This is ok for a stand-alone machine but for 
multiple compressors system, this 13 Bar 
rating is a mismatch; to say VFD 
compatibility can be achieved on 13 Bar 
rated machine. On the contrary, focus on 
the industry’s requirement of 6.5 Bar 
pressure and what is the point in giving a 
13 Bar machine and forcing the user to 
necessarily make use of the VFD working 
on the machine? VFD to a screw 
compressor will be mismatched and the 
user has to tune the VFD compressor to 
use in its efficient loading zone. Here, 
instead of energy saving, the user has to 
take care to efficiently use the VFD. So, first 
monitor to target reduce loading related 
energy losses. The user industry, if at all 
they have oversized compressors, then to 
fine-tune the pressure and reduce energy 
losses first, and later they have to utilize the 

VFD to function in closed loop control. 

Homework By User Industry 
Before Buying Compressor 
Systems
Compressed Air Flow Metering 

The existing industry needs to follow 
the BEE mantra of monitoring energy to 
target its reduction. They have to first buy 
and install compressed air header flow 
meter to measure the existing or proposed 
compressed air flow is at 750 cfm. After 
installing and studying the existing 
compressed air generation parameters 
and confirm they can match to the load. If 
it is new project, this flow meter needs to 
be part of part of project package. User is 
paying electricity charges of Rs 1 crore PA 
for the compressed air per year and that 
the compressed air parameter is a fast-
acting variable, need to be measured 
quickly to monitor the generation, 
distribution and usage efficiency and the 
losses happening in between.

Individual Compressor Energy 
Monitoring Must

Each screw compressor panel must 
have multi-function energy meter to show 
instant power and energy parameters and 
cumulative kwh for load hours and unload 
hours. This will show relative energy 
efficiency of each compressor compared 
to others. And overall compressor house 
KWH/KVAH parameters to be compared 
with total CFM to study the WATT PER 
CFM at 6.5 Bar daily, weekly, monthly and 
yearly.

Compressed Air Leakage Arresting 
Before

First, the OEM in their offer has to 
include FAD study at site as part of their 
commissioning report. Then compressed 
air leakage needs to be measured by 
pump-up capacity procedure, or by the 
above compressed air flow metering 
method, routinely. First, let the industry 
arrest and confirm that the compressed air 
leakages are minimum and within the 
norms of industry segment. Compressed 
air leakages are different, as per the 
industry segment wise. Say the air leakage 
in spinning mill normally is around 20 per 
cent Band. But in textile air jet looms, 
normally it is around 5 per cent plus only 
as per that segment norms. So, know your 
leakages first and arresting them is 
immediate need of the hour now.
Air Intake Point in Compressor Hood 
to Have Primary Pre-Filter

The compressor’s input is only this 
ambient air at the intake, this must freely 
deliver at inlet. If the filters are choked, 
then this air has to force itself through 
choked air intake filter to deliver to 
compressor inlet. The air compressor 
vendors have given instructions to the 
user to change the air intake filter after few 
thousand hours and accordingly the 
industry is implementing this replacement. 
Why should allow air intake filter to choke 
till 3000 hours and take action later. Every 
day and every shift, clean pre-filter online. 
Instead of allowing the choke up to 500 
mmWC across filter after 3000 hours, 
routine cleaning of pre-filters will allow you 

Example of an excellent variable speed drive candidate Example of a poor variable speed drive candidate
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to maintain and sustain at say 100 mmWC 
pressure drop across your filter. This will 
improve and sustain compressor FAD. If 
the same industry condition monitors the 
air intake daily, then keep swapping the 
cleaned filter weekly, the industry will see 
to it that the air intake pressure drop is 
very minimal.
Compressor Load /Unload Pressure 
Control Sensor to Relocate to Air 
Receiver

It is suggested to the OEMs to 
recommend to the user to relocate the 
compressor’s discharge pressure sensor 
from the hood to the air receiver. This will 
reduce the pulsations of the compressor 
load and unload pattern, give steady 
compressed air header pressure and 
improves safety of compressor working, 
thus leading to energy savings. The 
industry which runs on single or multiple 
air compressors in the compressor utility 
house can implement this sensor 
relocation to main receiver to maintain a 
narrower band, but constant air header 
pressure. 
Check with Equipment OEMS for 
Minimum Air Pressure Demand

First the industry, when floating an 
enquiry to the compressor OEMs, must 
say the flow and pressure criteria that it 
needs 750 CFM at 6.5 Bar as operating 
pressure. To check with the relevant 
equipment OEM what is the compressed 
air demanded in CFM and Bar minimum, 
average and maximum values. Here, the 
user has to reverse-educate the machine 
OEM that they have to reduce their 
minimum CA pressure demanded from 

header. During audit, I came across 1000 
CFM header air flow at 7.5 Bar. Here, the 
user industry maintained 7.5 Bar to cater 
to few machines of 100 CFM requirement 
only which required 7 Bar. And 900 CFM 
out of 1000 CFM air flow is needed at 6 
Bar loads only. So, for 100 CFM @ 7 Bar, 
I had suggested the user to go for pressure 
booster and after that, user industry saved 
one lakh units per annum. Also, I suggested 
to that industry to discuss with their 
machine OEM to reduce its demand for CA 
pressure from 7 Bar to 6 Bar by upgrading 
of pneumatic components inside his 
machine to bring to 6 Bar as minimum 
requirement instead of 7 Bar now.
Outsource Routine Air Leakage 
Monitoring

Every industry utility department will 
vouch that their compressed air leakage is 
only minimum. And that routinely they are 
attacking the leakages. But unfortunately, 
the man, who maintains the machine, has 
to say this always. But periodically, 
someone plans to outsource the 
compressed air leakage monitoring and 
arresting procedure to the locally available 
air leakage service providers. Monitor 
through air flow meter cum totaliser, how 
much leakage in per cent before and after 
the corrections. This monitoring will help 
someone to take control of air leakage. 
Random air energy audit on industry will 
show whether air leakage is under control, 
or air leakage is out of control. And that, if 
someone could not control air leakage as 
other operational & maintenance priorities 
demand more of the team than attending 
to this trivially-viewed air leakage; then 

contract out Air Leakage Detection & 
Correction routinely, at least now.
Wet & Dry Air Receiver, A Must Part 
Of Package

Wet and dry air receivers are mandatory 
need in compressor and its compressed 
air treatment system. The compressed air 
generation cost goes up to 5 per cent due 
to poor performance of water separators, 
excess pressure drops across the filters, 
added to this is the artificial pressure 
cyclic load unload fluctuations. Allow each 
of the compressed air treatment sub 
system to stand alone, breathe well and 
with a buffer in between in them through 
the two receivers. For which, after the 
compressor, the WS + AO filter in the 
pipeline at location, between the 
compressor and air receiver can be shifted 
at location, between air receiver and dryer. 
In a multiple compressor system, even 
when only compressor is running, user to 
make parallel running of all individual 
receiver and dryers and filters so as to 
bring down pressure drops inside 
compressor house and allow more 
receiver volume to cool air.
Digitalise Air Receiver Temperature 
& Pressure with Alarm Settings

Digitalise the compressor house final 
air receiver air pressure and temperature 
along with high or low alarm settings. If 
there is generation air flow down or 
process demand high or heavy leakage 
somewhere inside, this will show with low 
pressure alarm. Instead of allowing the 
machines to shut down due to low air 
pressure, we can step in prior to correct 
the low air pressure. The air receiver 

We need three stage filtration of air intake air, daily cleanable V type filter, weekly cleanable one-inch depth thick mesh filter embedded on 
the hood, and next is the real air intake paper filter fitted on compressor mouth suction. The Magnehelic Delta P gauge to measure Air 

intake filter Delta P to fix on hood, to be monitored daily and keep Pascals minimum.
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temperature with high alarm will show the 
compressor and its post air cooler heat 
exchanger healthiness. The above alarms 
are intended to improve the compressor 
house-keeping and not to trip system. If 
the user thinks compressed air is precious, 
he must talk in terms of two decimals like 
6.54 Bar as pressure and not with one 
decimal alone.

Conclusion
After studying the total owning cost of 

the three OEMs, we understand that the 
offers can still be, more practical on the 
TOC, i.e. the running cost. The OEMs have 
to standardise on the add-ons to their 
offered systems as like two air receivers, 
VFD, delta pressure gauges across the line 

filters, refrigeration dryer of 50 per cent 
more capacity, one more active spare 
compressor system (optionally, so as to 
smooth and timely preventive maintenance 
on the rested compressor) etc. It is 
suggested here to the compressor OEM to 
give a matched set of compressor & its air 
treatment devices to the user, and not to 
compromise on those device parameters, 
by retaining the compressor cost and 
reducing the cost of peripherals to clinch 
the order. 

Here, the user also needs to pro-
actively discuss with the compressor OEM 
during the offer stage, to allow him to give 
his professional supply & services, as a 
complete system. Trying to cut down the 

initial budget, the user & OEM compromise 
there on the compressed air treatment. 
This leads to sustainable energy loss of 
more than 10 % over the compressor’s 
life. This is typically explained in the above 
comparison statement of the three 
compressor OEMs. So, this is to insist on 
TOC of compressor system, for which the 
user and the OEM have to be collectively 
responsible & pro-actively work towards 
sustainability. 

S Ashok
BEE Accredited Energy 

Auditor,
Coimbatore

UNIDO & ISHRAE Collaborating with Govt of India
United Nations Industrial Development Organisation (UNIDO) 

in collaboration with Government of India has launched a 
comprehensive five-year program to facilitate adoption of 

low-carbon technologies in industry by encouraging and financially 
supporting Innovation. One area identified is ‘Space Conditioning’ 
that covers air conditioning, refrigeration & cold-chain.

UNIDO has graciously accepted ISHRAE (The Indian Society 
of Heating Refrigeration and Air Conditioning Engineers) as a 
partner in this nation-wide initiative because of the well-
acknowledged reach of ISHRAE in the Air Conditioning and 
Refrigeration Industry through its active presence in 41 cities in 
India. ISHRAE will help connect UNIDO to Industry & Academia to 
encourage participants to accept the UNIDO Innovation Challenge 
to develop commercially viable products in space conditioning, 
refrigeration and cold-chain. ISHRAE has been working with 
another UN body-UNEP (United Nations Environment Program) to 

promote the responsible use of refrigerants in AC & R Industry in 
line with global practices accepted under the Montreal Protocol 
and Kigali Amendments. 

There seems to be a consensus now in India and overseas 
that the technical society in India with the best connection and 
contribution to the Air Conditioning & Refrigeration Industry is – 
ISHRAE.

The Indian Society of Heating, Refrigerating and Air 
Conditioning Engineers (ISHRAE), was founded in 1981 at New 
Delhi by a group of eminent HVAC&R professionals. ISHRAE 
today has more than 12,000 HVAC&R professionals as members 
and additionally there are 7,500 Student-members. ISHRAE 
operates from 41 Chapters and sub Chapters spread all over 
India, with HQ in Delhi. It is led by a team of elected officers, who 
are members of the Society, working on a voluntary basis, and 
collectively called the Board of Governors.  
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New PIFLV  from Belimo

Energy Efficiency Zone Application- PIFLV is a pressure 
independent flow limiter valve that is specially designed 
for ON/OFF cooling zone applications. It is the best fitting 

solution where large delta T is required.

Overall benefits
 Large flow rate range, covers up to 1 

I/s
 Clog-resistant flow limiter design
 Low working pressure 20kPa to be 

pressure independent
 Zero leakage minimizes energy loss
 High body pressure rating PN25
 Actuator runs at low power
 Quick actuation 75s/90s as standard, 

fast running options: 7s/15s/35s 
available.

Innovative Flow Limiter Design
No Overflow

The unique design combines an ultra-slim flow limiter with 
a two-way ball valve supply a specific flow regardless of 

system pressure fluctuations. It ensures the right flow across 
the valve without overflow.
No Clogging

This new design provides much greater flow capacity since 
the flow rate is no longer bound by the complex cartridge or 

regulator limits. The clean and spacious 
inner structure allows dirt to wash our 
easily without clogging.
Actuator with Patented Brushless 
DC Motor saves Energy

The brushless DC Motor’s power 
consumption when running is a mere 0.3 
W (0.15 W when holding) saving energy 
and transformer power. In addition to 
significantly reducing energy costs, this 
helps eliminate failures due to stalled 

motors and prolongs actuator life. It also allows for more units 
to be powered by a single transformer. 

Website: www.belimo.in

ECOLITE –New Condensing Units from Bitzer

Bitzer is expanding its range of condensing units with a 
new series. The seven air-cooled models in the new 
ECOLITE series have been designed for low and medium 

temperature applications and come in an attractive housing.
The three LHL3E ECOLITE condensing units with one fan as 

well as the four LHL5E units with two fans open up a wide 
range of applications, from 1.5 kW to 5 kW in the low 
temperature range and from 3.5 kW 
to 16 kW in the medium temperature 
refrigeration range. All seven 
models in the new series have been 
designed as standard for both low 
and medium temperature 
applications and for a multitude of 
applications – for example, in cold 
stores, display counters and small 
shops. ‘The adaptability of the 
ECOLITE models to various 
applications is outstanding,’ said 
Stefan Dorn, Product Manager System Solutions at Bitzer. ‘The 
reasons for this are its compact, low noise design as well as 
the use of efficient components in combination with the 
capacity control of the semi-hermetic compressors.’

Flexible and compact
Thanks to the mechanical VARISTEP capacity control, all 

ECOLITE condensing units offer smooth adjustment of the 
capacity in a range from 50 to 100 per cent. In the LHL5E, the 

ECOLITE series offers optional capacity control from 10 to 100 
per cent. The condensing units have also been specially 
developed for low noise operation and have a robust and 
corrosion-resistant housing for outdoor use. Thanks to their 
compact construction, they can also be easily integrated even 
when space is limited. Another advantage of the ECOLITE 
series is that it only requires a small amount of refrigerant.

Future-proof and sustainable
Bitzer ECOLITE condensing 

units are easy to use, have control 
software developed by Bitzer and 
work very reliably thanks to the 
well-known development and 
production work at Bitzer. 

Intuitive and convenient
All components in the ECOLITE 

condensing units are easily 
accessible and the controller stands 

out due to its intuitive operability while enabling the use of the 
Bitzer Electronics Service Tools (BEST). BEST ensures a user-
friendly overview of the operating status and parameters and 
also offers support via a data logging function. The ECOLITE 
condensing units show their practical side too: for example, a 
second capacity control for the LHL5E models, an oil separator 
with a check valve and a temperature sensor for room-
temperature-controlled operation are available. 
Website: www.bitzer.de
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Changing Face of 
HVAC Control Systems

The control of the HVAC system becomes complex and 
complicated. However, an effective control system can 
match the occupant’s requirements with the operating costs 
and energy usage and thus, allow the O&M team to optimise 
the usage of the HVAC system.

Definition of a ‘good’ air conditioning 
in a workspace or an environment 
is not always clear. There are 

standards that codify the temperature, air 
flow rates, humidity etc based on the 
application and usage of the space that is 
being air conditioned, however, does the 
occupant always feel that the temperature 
is just right? The standards themselves 
have evolved over a period of time to 
factor in new technologies, new 
environments and also the expectations of 
the occupants of the workspace, be it a 
modern office, the mall that everyone goes 
on the weekend, the data center or the 

hi-tech factory manufacturing the handheld 
devices. Thus, for  a chiller plant 
manufacturer, AHU designer, ventilation 
expert etc, the task of developing HVAC 
systems that can adapt to the requirements 
of users is very critical as the requirements 
do not remain static.

The key output for a HVAC system is 
occupant comfort (for spaces where 
humans are present). Irrespective of the 
external and internal conditions 
surrounding the occupants, the output 
remains the same – it may vary in 
amplitude (hotter or colder, humidity levels 
etc.) but the users of the space expect that 

they are comfortable and can perform the 
task they are present for (e.g. in a movie 
hall, the temperature should be neither too 
cold nor too hot for the audience so that 
they can enjoy the latest Star Wars offering 
without worrying about the temperature 
inside the movie theater). The inputs to the 
HVAC system are, however, many – 
outside temperature, internal varying load, 
condition of the equipment such as cooling 
towers, condenser tubes etc., individual 
preferences etc. Thus, the control of the 
HVAC system becomes complex and 
complicated. However, an effective control 
system can match the occupant’s 

Photo Credit: www.cedengineering.com
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requirements with the operating costs and 
energy usage and thus, allow the O&M 
team to optimise the usage of the HVAC 
system. There is, thus, a continuous 
improvement of HVAC systems control 
technologies which enable the 
manufactures and designers to keep pace 
with the changing requirements. 

Overview of Control System
A control system typically has a single 

or multiple input, the system on which the 
control system acts, single or multiple 
outputs, the controller and a feedback 
system for the controller. Figure 1 
represents the components of a control 
system and how they interact. 

Based on the type of control, and what 
is being controlled, there are various 
strategies of control systems in use. 
Different HVAC components will have 
different control requirements – a 
basement exhaust fan will have a simple 
on/off control depending on the level of 
carbon monoxide in the basement, an AHU 
will need a controller for the air side as 
well as the chilled water side and both will 
have to be matched which a chiller may 
need very advanced control systems for 
ensuring that the compressor operates in 
tandem with the load on the system as a 
whole. Control systems are typically 
divided in to open loop (no feedback 
system) and closed loop (where the 
condition of the output is used as a 
variable in the input to the controller). The 
types of control approaches in these two 
types of systems are as follows:
Open Loop Systems

On – Off controllers: These are simple 

systems which are not hardwired to the 
state of the output. The system is simple, 
stable and reliable but does not cater to 
external changes automatically. When a 
window air conditioner is switched on at a 
particular time of the day and switched off 
at another without any linkage to the 
ambient temperature, the system is an 
example of a “on – off” control system. 
Similarly, a room heater which switches 
on and off based on the thermostat setting 
is using an on – off control approach. 
These systems, while easy to implement 
are not very accurate and reliable and 
used only for simple systems and 
requirements. Figure 2 shows a simple 
open loop control system. 
Closed Loop Systems

In a closed loop control system, the 
output is maintained at a desired level by 
giving the state of the output as a variable 
to the input of the controller as shown in 
figure 3. Typically, a system will remain in 
its state of equilibrium (operating condition) 
till there is an external disturbance which 
move the system to a different operating 
point. When one is travelling in a car on a 
flat road with the accelerator pressed half 
way down to maintain a constant speed, if 
there is an uphill section, the speed of the 
car reduces unless the accelerator is 
pressed further. This is an example of a 
manual closed loop control system where 

an incline (disturbance) causes a change 
in the output (speed) which results in a 
change in the input (how much the 
accelerator is pressed). This then results 
in the output. 

There are a number of different ways a 
closed loop control system can function. 
The key attributes of a control system are 
as below. The control system parameters 
are assessed based on the time and 
amplitude of the response and represented 
according on graphs. 
 Rise time: The time the system takes 

to move from its steady state to a per 
cent of the final desired state. 

 Steady state error: The error in the 
system once the control action has 
been implemented and equilibrium has 
been achieved

 Damping: The amount of control that 
the system provides to achieve a 
desired output and prevent oscillation 
between the set point

 Settling time: The time the system 
takes to reach a per cent of the final 
output

Types of Closed Loop Controls: The main 
types of control mechanisms are: 

Proportional Control (P): In controllers 
using simple proportional control, the 
output is proportional to error rate. Error 
rate is the difference between the actual 
system output vs the desired output. 
These controllers are easy to set up and 
‘tune’ but the system always has an 
‘offset’ due to the nature of the control 
action. An example of a proportional 
control would be the chilled water flow 
control valve of an AHU. When the chilled 
water returns, temperature increases (a 
higher deviation from the desired output, 
or an increase in the error rate), the valve 
opens to allow more chilled water to enter 
the AHU coils. This leads to a lowering of 
the chilled return water temp and the valve 
settles to the new position. Proportional 
controllers are typically used where the 

Figure 1: Components of a controlled system

Figure 2: Open Loop System
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system changes occur over a long period 
of time, such as the internal ambient 
temperature in a work space. 

Proportional Integral Deferential 
Control (PID): These controllers, the rate 
of correction of the error increases as the 
magnitude of the output deviation 
increases. Thus, in the above example of 
the AHU chilled water valve, when the 
return temperature is very far from the set 
point, the rate of opening of the valve is 
faster whereas when the temperature 
difference is less, the valve opens slowly. 
These controllers allow the system to have 
a smaller offset and a faster response to 
changes. Due to the increased complexity 
of the action, the system is relatively more 
expensive and difficult to tune. 
Advanced Control Systems for HVAC 
Applications – Model Predictive 
Control (MPC)

With the advances in technology and 
also metallurgy, the capacities of chiller 
plants have increased rapidly and the 
applications are varied as well. Traditional 
control systems are then not responsive 
enough of reliable enough to cater to the 
rapidly changing requirements of the 
workspace. Control systems have also 
evolved as have the chiller and HVAC 
system design. Some of the key trends in 
the HVAC chiller control methodology are 

as below:
Model Predictive Control (MPC): The 

traditional PID controllers or the on – off 
controls used in building HVAC systems 
provide localised control and are not 
integrated with the whole building as the 
number of variable are far too many. Thus, 
there are advanced PID controllers at the 
work space level, or at the AHU level of the 
chiller level, but none for the whole building 
system. This is where the MPC control 
approach works more effectively. Humans 
predict the future scenarios of their 
approach and the control strategy they 
adopt is based on their prediction of how 
the future will look like. For example, when 
a person makes food, he or she predicts 
how hot the surface will become and 
accordingly put in the ingredients or lower 
the flame to match the requirement of the 
material that is being cooked. Similarly, in 
HVAC systems, the future state, based on 
pre-defined constraints as well as inputs is 
analysed at every step of the control 
process and the system makes corrections 
based on the analysis. 

A model of the HVAC and building 
system is developed and controlled as well 
as uncontrolled inputs are defined, based 
on which, when the model is run, predictive 
outputs are arrived at. These predictions 
are used on the actual system to arrive at 

the best possible changes to be made to 
the system to meet the desired outputs. 
The MPC approach, since it allows the 
system to operate closer to the design 
point by handling constraints allows a 
more efficient use of the system resulting 
in lower operating costs. The MPC 
approach is a feed forward system, and a 
more refined version of the open loop 
system, the main difference being that in 
MPC, after every step of control, the future 
condition is predicted and corrections 
made. Figure 4 shows the working of an 
MPC system. MPC is now gaining traction 
in whole building design and control 
thanks to the availability of superior 
computing power at the controller level as 
well as on the cloud. A large amount of 
calculations is needed to make the MPC 
successful and the modern computing 
ability of systems allows for that. 

Conclusion
The traditional approach of 

implementing control strategies for 
individual complaints and then matching 
them to the other components is now no 
longer effective due to the higher demands 
of the building environment as well as fast 
changing requirements. In addition, the 
cost to operate HVAC systems is 
increasing and new control strategies are 
needed to optimise cost. Advanced, but 
localised PID controllers are now giving 
MPC systems. These controllers have 
computational capabilities which allows 
the device to predict the future output 
based on the current state, and where 
required, made necessary changes to 
achieve the desired set point. The key 
advantage of predictive control is that it 
mimics the human approach to control – 
decide the control strategy based on how 
the future is looking. As building owners 
and designers of HVAC systems get more 
aquatinted with this approach, there will be 
more installations of HVAC systems with 
MPC as the backbone.  

Figure 3: Open Loop System

Figure 4: Model Predictive Control

Aneesh Kadyan
Sr Director - Operations,

A certified Energy Auditor 
and an IGBC Accredited 

Professional, (AP)
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WelcomHotel has been certified 
with the LEED Platinum 
(Leadership in Energy and 

Environmental Design) in the New 
Buildings category by the Indian Green 
Buildings Council (IGBC) in Coimbatore. 
The highest rating accorded to green 
buildings in the world, platinum is 
awarded on the basis of points earned 
across multiple areas that address key 
aspects of Green Buildings, such as 
Integrative Process, Location and 
Transportation, Energy and Atmosphere, 
Sustainability, Water Efficiency, Indoor 
Environmental Quality, Innovation, Material and Resources. 

LEED Platinum Rating for ITC WelcomHotel

Less than a year after receiving 
national recognition for its 
modernity, the Kuhlin Center is the 

recipient of another award. The US Green 
Building Council honoured the home of the 
University’s School of Media and 
Communication for its green design. 
Leadership in Energy and Environmental 
Design (LEED) gave the recently renovated 
building a Gold certification for earning 62 
out of 110 points for various sustainability features. Key design 
aspects recognised by the LEED Scorecard include recycled and 
regional materials, power from renewable resources and 
sustainable structural elements.

Beyond the criteria of LEED certification, the Kuhlin Center also 

Kuhlin Center Earns LEED Gold Certification for Green Design

Mitsubishi Electric Hydronics & 
IT Cooling Systems, through its 
brand Climaveneta, has 

supplied the HVAC system for the 
Euphoria Resort. The resort, with over 
280 rooms, 3 restaurants, a gym, and 
various common areas, is located on 
shores of Kolymbari, 23 km west of 
Chania, Crete and 30 minutes away from 
Chania International Airport. Euphoria is a premium all-inclusive 
family resort provides high-quality infrastructure and hospitality 
services for its guests, including several dining options, a unique 
2 level spa, and water park and mini club for children.

Well-being and comfort are the cornerstones of the Euphoria 

Euphoria Resort: Definition of Greek Well-Being

upholds sustainable landscaping due to 
the support of the University’s Student 
Green Initiatives Fund. The Kuhlin Center 
earned 10 out of 14 points for the Materials 
and Resources portion of the Scorecard. 
Of all the materials used for the building, 
24.96 per cent were made from recycled 
materials.

Materials are considered regional when 
they’re “products that have been 

manufactured and extracted within 500 miles of the project site,” 
according to the LEED Certification Review Report. The Kuhlin Center’s 
regional materials made up 21.89 per cent of the total building 
products. Green power, the use of renewable energy resources, was 
another important criterion for the Gold certification.  

Resort, therefore “Dramilarakis G. 
Malliarakis Z. G.P. - RACS” with the 
assistance of Delta Techniki, distributor 
of the Climaveneta brand in Greece, had 
to conduct various studies to ensure 
perfect comfort in terms of air quality, 
humidity, and temperature as well as 
energy efficiency for the HVAC system.

Given the proven experience in 
supplying air conditioning systems to luxury hotels, a HVAC 
solution based on Climaveneta units was chosen, specifically, 2 
FOCS water source chillers with screw compressors, 2 FOCS-
WNR heat pumps with total heat recovery, and 2 EW-HT heat 
pumps for the production of domestic hot water (up to 75°C). 

Reinforcing ITC’s commitment to green 
building design, the operations and 
maintenance of WelcomHotel are 
resource-efficient, high-performing, 
environment friendly and cost-effective, 
in line with world-class standards and 
procedures, a Hotel release said.

The LEED is licensed by US Green 
Building Council to the IGBC to 
encourage and facilitate the development 
of more sustainable buildings and is a 
globally recognised symbol of excellence 
in green building. The hotel opened in 
October last is owned and operated by 

ITC Hotels, the release said. 
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