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Hello and welcome once again to Cooling India, the sub-
continent’s leading magazine on the HVACR industry. I am 
happy to announce that the website of the magazine, www.
coolingindia.in  is ranked among the best in the world 

With cost of energy going up there is a clear necessity for 
businesses to go for more green business strategy and 
practices and thereby reduce energy consumption in commercial 
buildings.  After all energy bills can be a big burden financially 
and today organizations are finding ways to reduce their energy 
bills. Heating and cooling buildings are one of the major cost 
factors in a commercial building.

New and improved usage of LED lighting can reduce the energy 
bills substantially. This also generates less heat and so less load 
on air conditioning. Another important aspect is proper 
maintenance of HVAC, which helps in reducing the energy bills 
by as much as 15%.  

Aneesh Kadyan from CBRE South Asia dwells upon this subject 
in detail and also explains ways and means of reducing the 
energy bills in commercial building.

We also have an excellent piece by Abdeen Mustafa Omer from 
the Energy Research Institute, UK wherein he discusses about  
how energy for heating and cooling can be replaced by new 
renewable energy. Then we have Anand Joshi, president of 
Association of Ammonia Refrigeration who dwells on why it is 
important to remove air from refrigeration systems and he also 
discusses about different types of non-condensable gases. 

Finally, our team had a great experience at the recently-
concluded ACREX fair at Bangalore. Cooling India had fantastic 
response from the visitors and exhibitors.  Thank you so much 
for the faith and trust entrusted on us making Cooing India the 
leading and number one publication on the HVACR industry in 
the country.

We look forward to receiving your comments and suggestions 
and I hope you enjoy reading this issue as much as we have in 
bringing this to you.  Do send me an email at pravita@
charypublications.in.
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embraco at acrex india 2018

Embraco presented innovative solutions for 
commercial (especially for merchandisers 
and food services), household and 
a�ermarket segments in this event, that 
took place from February 22 to 24 in 
Bangalore, India. It received 600 exhibitors 
and over 50,000 business visitors, 
including the participation of major global 
players from more than 30 countries.

Check out some innovative solutions displayed at ACREX 2018:

FMFT413U
Fast-cooling solution for light 

commercial applications. It’s one of the 
most efficient compressors available for 

users in its capacity range.

FMX PLUG N’ COOL
Latest generation of compressors 

with Fullmotion Inverter technology, it 
provides better food preservation, low 

noise, and wide voltage range.

A complete compressor with 
innovative solutions for the food 

retail chain, designed as a drop-in 
option for reach-in refrigerators.
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Leading automotive compressor 
manufacturers Sanden International 
and Unicla International have signed 

off on a strategic alliance that heralds an 
innovative global campaign to meet the 
demands of a rapidly expanding public 
road transport sector as well as other 
heavy duty markets. 

The alliance was finalised in February 
2018 at the Mobile Air Conditioning 
Society (MACS) 2018 Training Event and 
Trade Show in Orlando, Florida, in front of 
1200 mobile air conditioning sector 
exper ts comprising designers and 
manufacturers of systems, components, 
tools and equipment, and professionals 
responsible for installation, maintenance, 
diagnostics and repair. Sanden is the 
world’s largest air conditioning compressor 
manufacturer not owned or controlled by a 
vehicle manufacturer, while Unicla is 
focused on heavy duty compressors for 
the agricultural, defence, marine, mining, 
public transpor t and refrigeration 

industries. Both companies, underpinned 
by 128 years of innovative Japanese 
technology between them, see the alliance 
as two great brands collaborating and 
sharing respective unique technologies to 
meet the high demands of the modern 
transport market. Under the agreement, 
Unicla’s heavy duty compressors in the 
range of 200cc to 675cc will be co-branded 
in a strategic move by Sanden to use their 
comprehensive distribution network to 
meet the expected high demand for more 
powerful compressors. “This alliance 
between friendly competitors is a perfect 
opportunity for Unicla to showcase our 
high quality heavy duty compressors on a 
much bigger global footprint than we could 
have achieved on our own,” said Unicla 
Director Mark Mitchell. 

Sanden & Unicla Enter Strategic Alliance

Our world is getting increasingly 
connected and going forward 
digitalization and IoT demands 

will drive and accelerate the integration 
between advanced components and 
district heating stations manufactured by 
Danfoss and software optimization 
solutions by OE3i.

By combining Danfoss’ deep 
application and product know-how within 
district energy with leading software 
solutions, including heat and power 
consumption forecast and peak load and 
flow temperature optimization from OE3i 
aimed at helping customers optimize 
district heating networks, Danfoss and 
OE3i will be a strong partner for customers 
in need of robust solutions to help solve 
key pain points and digitalize operation. 

“It is not often that we see such 
powerful innovation in an area in need for 
a new approach, and we are looking 
forward to collaborate with OE3i. We will 
use our combined strengths and synergies 
to offer district heating customers 
innovative solutions which will help them 
quickly address known pain points while 
at the same time making it possible to 
speed up the integration of IoT and data to 
further optimize network and energy 
production”, says Anton Koller, President, 
Danfoss District Energy Division.

“As we utilize the scale and resources 
from an established market leader like 
Danfoss, we will be able to move forward 
much faster than what would have been 
possible on our own. Together, we will 
use our combined strengths to make an 
impact in the market and provide key 
benefits to this customer segment, Nicolai 
Hagen Johansen, Managing Director 
OE3i”. Both companies will continue to 
operate independently. 

Danfoss & OE3i Enter 
Agreement Today, USGBC, the creators of the 

LEED green building rating system, 
announced the annual Top 10 

Countries and Regions for LEED. The list 
recognizes markets outside 
the US that are using LEED 
to create healthier, more 
sustainable spaces where 
citizens live, learn, work and 
play. Germany and Turkey 
both made the list, ranking 
fifth and eighth, respectively, 
and together represent more 
than 521 LEED-certified projects totaling 
more than 13 million gross square meters 
of space.

“Around the world, leaders are 
committing to climate change initiatives 
that have the power to improve quality of 
life for citizens and ensure a sustainable 
future for us all,” said Mahesh Ramanujam, 
President and CEO, USGBC and GBCI (the 
global certifying body for LEED projects). 
“Progress happens one project at a time, 
and we applaud these markets for their 

leadership and work to deliver better 
buildings and healthier spaces.”

The list ranks countries and regions in 
terms of cumulative LEED-certified gross 

square meters as of 
December 31, 2017, and 
represents 6,657 certified 
projects totaling more than 
158 million gross square 
meters. LEED, or Leadership 
in Energy and Environmental 
Design, is the world’s most 
widely used green building 

rating system, with projects in more than 
167 countries and territories.

“Europe is committed to mitigating the 
impacts of climate change, and improving 
the efficiency and performance of our built 
environment is an important factor,” said 
Kay Killmann, Managing Director of GBCI 
Europe. “There is still work to be done, but 
Germany and Turkey’s continued efforts to 
transform the market using LEED will help 
drive the further adoption of green building 
and business practices.” 

Germany, Turkey Make Annual List of Top 10 LEED Countries
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The objectives defined by the 
European Commission’s ‘F-gas 
Regulation’, the Paris Agreement, 

and the Kigali Global Accord have triggered 
a supply crisis for one of the components 
of refrigerant gases, which 
causes a dramatic increase in 
prices. ENGIE Axima is 
anticipating how to support its 
clients as HFC gasses 
(HydroFluoroCarbons) with high 
global warming potentials are 
gradually phased out.

As a result of the F-gas Regulation, the 
amount of refrigerants with high GWPs 
that producers can put on the market is 
limited by a quota. These quotas depend 
on the refrigerants’ GWP values. Producers 
must find a balance between selling less 
refrigerants with high GWP values and 
selling more refrigerants with low GWP 
values.

Consequently, we are witnessing a 
crisis situation play out for refrigerants 
with high GWP. This is the case for R404A: 

a shortage has caused prices to soar.
ENGIE Axima is working on an 

appealing offer that reduces leakage rates 
of refrigeration systems that contain HFCs. 
Leakage rates can reach up to 20%.

For retrofits (system conversions), 
ENGIE Axima has set up agreements with 
refrigerant producers and distributors. In 
doing so, we’re able to guarantee our 
customers a supply of substitute 
refrigerants with low GWPs, such as XP40.

For new installations, ENGIE Axima 
recommends implementing sustainable 
solutions. The ILICO

2
 range of cooling 

solutions offers natural refrigerant fluids 
such as CO

2
, ammonia (NH3), 

hydrocarbons (ex: propane), or pure, low-
GWP HFOs.  

ENGIE Axima Supporting Clients on HFC Gases

FoodLogiQ, LLC, and Testo, Inc 
announced a partnership to 
pair the global leader of portable 

HACCP and IoT capabilities with the 
food industry’s leading supplier 
management, traceability and recall 
management SaaS platform, raising 
the bar for food safety and quality 
around the world. The partnership 
paves the way for an integration 
between Testo’s Saveris Quality 
Management capabilities and the 
FoodLogiQ Connect platform.

“Imagine a day when you could be 
notified electronically when a food 
product goes out of temperature 
range anywhere in your supply chain 
or connect bluetooth data loggers 
directly into a traceability platform. 
That day is today,” said FoodLogiQ 
CEO Dean Wiltse. “We are thrilled to 
be partnering with Testo, a global 
giant in automated quality 
management, and look forward to 
enabling our customers to take full 
advantage of this partnership.”

“It is a truly remarkable time to be 
at the cross-section of food safety 
and technology,” said Bill Pezza, 
President of Testo North America. 
“Testo, together with FoodLogiQ, is 
innovating the food industry and 
working to create a safer, more 
efficient food supply chain around the 
world. This joint partnership will 
completely change the way food 
companies manage their quality and 
food safety programs.”  

FoodLogiQ and Testo Tie up 
for Global Food Supply Chain

The electric vehicle 
charging station 
market was valued 

at USD 3.512 billion in 
2017 and is projected to 
expand at a CAGR of 
33.61% over the forecast 
period to reach USD 
19.967 billion by 2023. 
The increasing adoption of 
electric vehicles globally 
caused by the government 
efforts to reduce emission 
and focus on the renewable sources of 
energy has to the growth of the electric 
vehicle charging station market.

This section provides comprehensive 
market dynamics through an overview 
section along with growth drivers, 
challenges and opportunities which exist 
in the current market. This section of the 
report also provides industry regulation as 
a whole; key industry, global and regional 

regulations which are determining the 
market growth and a brief technological 
aspect of electric vehicle charging station. 
Complete industry analysis has also been 
covered through Porter’s five forces model 
as a part of this report section. Key 
industry players profiled as part of this 
report are ABB Ltd, Hong Kong EV Power, 
SORO Electronics, General Electric, Delphi 
Automotive, Aerovironment, Inc., and 
Elektromotive Ltd.  

Electric Vehicle Charging Stations Market to Reach USD 19.967 
bn by 2023
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The Air-Conditioning, Heating, and 
Refrigeration Institute (AHRI), which 
represents manufacturers of 

heating, air conditioning, commercial 
refrigeration, and water heating products 
and equipment, is disappointed in the 
decision announced by President Trump to 
impose additional tariffs on steel and 
aluminum. As we made clear in letters to 
the President, and to Commerce Secretary 
Ross and US Trade Representative 
Lighthizer, AHRI does not support additional 
tariffs on steel and aluminum due to their 
impact on manufacturers and consumers.

“As major users of steel and aluminum, 
we have been proactive in explaining to the 
administration that the HVACR and water 
heating industry would be negatively 
impacted by an increase in tariffs, as 
would the consumers that rely on the 
products we manufacture,” said AHRI 
President & CEO Stephen Yurek. “While we 
have been pleased with the Trump 
Administration’s enthusiastic support for 
manufacturing, we believe this step to be 
injurious, rather than helpful, to our efforts 
to increase American manufacturing and 
create jobs,” he added. 

AHRI Disappoints with US Steel Tariffs

The Federation of Environmental 
Trade Associations (FETA) has 
recently been advised that there 

have been some instances of R410A 
(classified as A1; non-flammable) being 
completely removed from an air 
conditioning system, and the system 
simply being recharged with R32 
(classified as A2L; low flammability). 
Given the differences in properties of 
these two refrigerants, this is a cause for 
serious concern for several reasons.

Refrigerant manufacturers have 
clearly stated that A2L refrigerants are not 
suitable for retrofit. A system that was 
originally designed for R410A will not 
have taken into account the safety factors 
required when using an A2L refrigerant 
and could create a significant safety 
hazard. Systems designed for use with 
R32 have different pressure switch 
regimes, altered inverter profiles, and 
specially, designed heat exchangers. 
Charging an existing system with R32 
would leave the system non-compliant 
with the refrigerant safety standard 
EN378, thus leading to the possibility of 
forming a flammable atmosphere in a 
leakage situation. Such a refrigerant 
change would be strictly against the 
system manufacturer’s instructions, and 
would render any relevant warranty 
invalid. It would also mean that the system 
would no longer be compliant with its 
original CE marking or the Pressure 
Equipment Directive specifications, and 
could have insurance implications. R32 
has a higher compressor discharge 
temperature than R410A, and will increase 
wear on the compressor, reducing its life 
significantly.  

FETA’s Concern over R32 
Retrofits

Climate-friendly Supermarket Refrigeration Installed in Jordan

One of the most 
a d v a n c e d 
r e f r i g e r a t i o n 

systems for supermarkets 
using CO

2
 as refrigerant 

was inaugurated in Jordan. 
The official ceremony to 
unveil the new refrigeration 
system took place at the Al 
Salam supermarket in 
Amman in the presence of 
the Secretary-General of the Ministry of 
Environment, Ahmad Al Qatarneh, 
representing the Minister of Environment, 
Nayef Al Fayez.

The project is being implemented by 
the United Nations Industrial Development 
Organization (UNIDO) with the support of 
the Ministry of Environment of Jordan, 
funded by the Climate and Clean Air 
Coalition (CCAC). “The project implements 
the first transcritical CO

2
 refrigeration 

system in a supermarket in the entire 
region and is truly state-of-the-ar t 
technology. It is considered one of the 
most energy-efficient and climate-friendly 
refrigeration technologies for the retail 
sector,” said Sulafa Mdanat, UNIDO 
Country Representative in Jordan.

The project seeks to showcase the 
feasibility of non-hydrofluorocarbon-based 
technology in high-ambient temperature 
environments, in the context of the 
international environmental agreement (the 
Montreal Protocol) to phase out 

hydrochlorofluorocarbons (HCFCs).
Previously, the Al Salam supermarket 

used a system with a refrigerant that both 
depleted the ozone layer and contributed 
to global warming. This system has been 
replaced by an innovative, environmentally 
friendly refrigeration system manufactured 
by an Italian system manufacturer, Enex 
S.r.l., with display cabinets designed, 
manufactured and installed by Jordanian 
company, Abdin Industrial. The wide use 
of the CO

2
 refrigeration system is expected 

to substantially contribute to the protection 
of the environment, because CO

2
 has no 

influence on the ozone layer and only a 
very global warming potential, as well as 
increase energy efficiency.

“We are happy and proud to have the 
trust of and support from the Government 
of Jordan and the CCAC to together realize 
such an innovative technology 
demonstration project that is expected to 
set a good-practice example for the entire 
region,” said Stephan Sicars, Director of 
the Department of Environment, UNIDO. 
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Mitsubishi Heavy Industries 
Thermal Systems, Ltd and 
Chubu Electric Power Co, Inc 

have jointly developed the ‘Q-ton 
Circulation,’ an air-source circulation heat 
pump engineered for use in factories. The 
Q-ton Circulation 
reduces environmental 
impact significantly 
through adoption, for 
the first time in Japan, 
of the R454C, a 
refrigerant that 
features a global 
warming potential 
(GWP) approximately 
one-tenth previously 
available refrigerants. 
It is also the industry’s 
first heat pump of its 
type capable of 
heating water to 75°C 
(167°F) amid an 
outside temperature as low as -20°C 
(-4°F). The Q-ton Circulation will be 
marketed by MHI Thermal Systems 
commencing in August.

Today, steam boilers fired by fossil 
fuels are widely used to create the hot 
water required in factories for removal of 

greases, cleaning of parts, etc. Recently, 
heat pumps have become increasingly 
prevalent owing to their contribution to 
energy saving enabled by their outstanding 
efficiency. The heat pumps available to 
date, however, use refrigerants with GWP 

values in a range of 
1,430 to 2,090 times 
higher than carbon 
dioxide (CO2), and 
a long wi th 
enforcement of the 
newly enacted Law 
Concerning the 
Discharge and Control 
of Fluorocarbons, 
calls had been raised 
for the development of 
refrigerants with lower 
GWP values. In the 
newly developed 
Q-ton Circulation, 
lower environmental 

impact was targeted through adoption of 
the low-GWP R454C. Simultaneously, in 
pursuit of high energy efficiency a two-
stage compression refrigeration cycle was 
adopted and optimal engineering of the 
refrigeration cycle was carried out through 
optimization of pipe diameters, etc. 

MHI Develops Heat Pump

Daikin UK was presented with 
the Ancillary Air Conditioning 
Product of the Year Award  at 

the ACR News Awards 2018.Designed 
to recognise innovation in the air 
conditioning and refrigeration 
industry, the ACR News Awards took 
place on the 24th January 2018 in 
London. This prestigious award win 
comes only a week after the win for 
the Sky Air A-Series at the National 
ACR & Heat Pump (HACR&HP) 
Awards in Liverpool. Mar tin 
Passingham, Product Manager for DX 
at Daikin UK said, “We are delighted 
to continue our winning streak during 
this year’s awards season and are 
particularly pleased that the Auto-
Cleaning Duct has been recognised 
for its innovative, energy-efficient 
performance.”

Launched in 2017, the Auto-
Cleaning Duct offers lower 
maintenance and running costs, while 
providing a 20% energy saving. 
Designed specifically for hotel, office 
and residential applications, the Auto-
Cleaning Duct prevents dust formation 
within indoor ducted units by keeping 
the filter consistently clean; thanks to 
an automated filter cleaning system.

By collecting debris in a dust box 
that can be simply emptied using a 
standard vacuum cleaner, the Auto-
Cleaning Duct accessory ensures 
easy maintenance, minimal disruption 
on site, and significantly reduces the 
likelihood of system failure due to 
clogged vents. Martin Passingham 
continued, “We’re incredibly proud 
that our recent innovations have been 
acknowledged, and that Daikin UK 
continues to lead the way in providing 
cost-effective products that have a 
wealth of benefits for both the installer 
and the end-client.”  

Accolades for Daikin UK’s 
Auto Cleaning Duct

A green body recently launched 
ratings for houses constructed 
under the government’s affordable 

housing scheme, indicating their level of 
sustainability. There would be ratings 
between one and five stars. This would 
help consumers know about the 
sustainability of the houses, CEO, Green 
Rating for Integrated Habitat Assessment 
(GRIHA) Council, Sanjay Seth said. In his 
message on the occasion, Union Minister 
Hardeep Singh Puri said affordable, climate 
resilient and sustainable buildings are the 
need of the hour, a GRIHA release said. 
The new rating would facilitate integration 
of relevant features for optimal 
sustainability in the affordable housing 
segment, the minister said. The 
government targets to construct around 

1.2 crore houses for the urban poor under 
the affordable housing scheme, he said.

In his keynote address, Ambassador of 
Switzerland to India and Bhutan Andreas 
Baum said the Indo-Swiss collaboration is 
working with the Indian Bureau of Energy 
Efficiency in the development of guidelines 
for energy efficient housing, the release 
said. 

The GRIHA Council is not-for-profit 
society jointly setup by The Energy and 
Resources Institute (TERI) and the Ministry 
of New and Renewable Energy (MNRE) to 
promote green buildings in India. With an 
aim to make Amravati an “affordable 
sustainable city”, GRIHA is helping the 
government of Andhra Pradesh with cost 
effective design strategies, the release 
said.  

GRIHA Rating System for Govt Houses for Urban Poor
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DiversiTech Names Andy Bergdoll as CEO

DiversiTech Corp, a leading aftermarket 
manufacturer and supplier of highly 
engineered components for residential 

and light commercial heating, ventilating, air 
conditioning and refrigeration announced that its 
Board of Directors has appointed Andy Bergdoll 
as Chief Executive Officer, effective March 1, 
2018. Bergdoll most recently served as Group 
Vice President of US Operations of WESCO 
International, a leading provider of electrical, 
communications, maintenance, repair and operating (MRO) 
products, construction materials, and advanced supply chain 
management and logistics services to the industrial, commercial 
and utility markets. 

John Coyle, a member of DiversiTech’s Board of Directors 
and a Permira Partner, commented, “When we began our 
search for DiversiTech’s next CEO, we focused on finding a 

highly experienced and effective leader with the 
skills, vision and growth mindset to drive the 
company to deliver an even higher level of product 
offerings, service quality and innovation for our 
customers. 

We have found that and more with Andy, who 
brings a wealth of both domestic and international 
experience, and we are incredibly excited to have 
him leading the DiversiTech team,” Bergdoll 
commented, “It’s an honor to be joining DiversiTech 

as CEO. The company has an impressive history of delivering 
innovative products and solutions and outstanding service to 
its customers, and I am eager to work alongside the team to 
build on its market-leading position in the HVACR industry. I am 
excited to bring my experience building customer-centric 
innovation and service-oriented businesses to DiversiTech and 
to lead the next stage of the company’s growth.” 

Rainer Grosse-Kracht Elected as New Chairman of ASERCOM

During the annual general meeting of the 
Association of European Refrigeration 
Component Manufacturers (ASERCOM), 

Rainer Grosse-Kracht was elected as its new chairman 
of the board. With a degree in mechanical engineering, 
he has worked for more than two decades in the 
refrigeration and air conditioning industry. As the Chief 
Technology Officer and a member of board at BITZER, 
the specialist in refrigeration compressors, he has 
now represented the company in the ASERCOM 
association for six years. Grosse-Kracht follows on at ASERCOM 
from Stephane Nassau from Danfoss.

“I am very happy and feel honoured that the association 
has entrusted me, as the chairman of ASERCOM, with leading 

the refrigeration and air conditioning sector in this 
time of far-reaching changes with which we are 
currently confronted,” said Rainer Grosse-Kracht, 
Chief Technology Officer at BITZER. “The legal 
regulations on the protection of our climate are 
currently going through major changes and that 
presents us all with significant challenges. In 2018 
alone, we have to reduce the CO

2
 equivalent of the 

refrigerants used in Europe by 44 per cent 
compared to 2015 while at the same time meeting 

a higher minimum efficiency standard. That is a big task for our 
member companies but it is an even greater task for the entire 
industry. Particularly the smaller OEMs and installers frequently 
cannot cope with the legislation.”  

Andy Bergdoll

Rainer Grosse-Kracht

Higson is new Wolseley UK MD

Wolseley UK, the UK’s leading distributor 
of plumbing and heating products, is 
pleased to announce the appointment 

of Mark Higson as its new Managing Director 
with effect from 1 March 2018. Mark is a highly 
experienced and proven operational leader having 
spent much of his career running a range of large 
UK and international businesses. Between 2007 
and 2014 he was Managing Director Operations 
at the Royal Mail in the UK where he led a highly 
successful and complex turnaround of the letters and parcels 
business.

Prior to that Mark was with BPB plc, the building materials 
group, where he held a variety of senior leadership positions 

including running large manufacturing businesses in 
Europe, Africa and the Middle East. Earlier in his 
career, Mark spent 12 years with Courtaulds plc, the 
FTSE 100 chemicals business. He has spent the 
past three years working in private equity with 
Advent advising on a variety of their portfolio 
businesses.

Commenting on his new role Mark Higson said,  
“Wolseley is a business with a proud history and an 
exciting future and I am delighted to be appointed 

Managing Director. I look forward to getting to know the 
business and working with employees, customers and suppliers 
as we accelerate the delivery of our transformation plan.”  

Mark Higson



Cooling India | March 2018 | 17

appointments



awards

18 | Cooling India | March 2018

Star Refrigeration’s Director Wins Institute of Refrigeration Medal

Star Refrigeration’s Group Sales and 
Marketing Director Dr Rob Lamb received 
the Kenneth Lightfoot Medal for best 

research paper of the year on future-proof 
refrigerants. Star Refrigeration’s staff has once 
again been recognised for their knowledge and 
contribution to the cooling industry, after Dr 
Lamb was presented with the Kenneth Lightfoot 
Medal at the IOR’s Annual Dinner recently at 
The Grange St Paul’s Hotel in London. Voted as 
the best published paper of the session 2016-2017, the 
research document sheds light on the rapidly changing 
environmental and legislative landscape resulting from the 
phase down of HFCs and reveals the best sustainable refrigerant 
options available for small industrial applications. On accepting 
the award, Rob Lamb said, “I am honoured to achieve this top 
recognition from my peers for one of my papers, which was on 
a topic I am so passionate about. At Star, we are constantly 
looking to the future and advising our customers to consider 
their options, and sharing knowledge is really important. I hope 
that my paper will help refrigeration owners and operators make 
the right choice when retrofitting existing equipment and 
selecting new systems.” 

The President of the Institute of Refrigeration, 
Stephen Gill who presented the award to Dr 
Lamb, said, “I was delighted to present Dr. Rob 
Lamb with the prestigious Lightfoot Medal at 
the IOR annual dinner for the best evening paper 
of 2016/2017.  The winner was decided by 
member vote for the paper: ‘Refrigerant choices 
for small scale industrial refrigeration’. Dr. 
Lamb’s paper was well researched, and expertly 
presented. It addressed an important and timely 

practical issue being faced by industry. The award includes an 
engraved medal and a £500 prize in association with Lightfoot 
Defence.Dr Lamb’s paper, titled ‘Future-Proof Refrigerants: 
What is the best option for small industrial refrigeration 
applications’, covered health and safety aspects, toxicity, global 
warming potential and other characteristics of a range of 
sustainable refrigerants. It compares natural refrigerants and 
refrigerant blends to assist end users and contractors in making 
the right choice for the environment, the site and the 
organisation’s budget. With over 20 years industry experience 
under his belt, Dr Lamb joined Star Refrigeration in 1998 and is 
a previous winner of the IOR Ted Perry award for refrigeration 
research, which he won in 1999.  

IKU Award for Efficient Energy System ESyCool green

The efficient and 
environmentally friendly 
ESyCool green energy 

solution from Viessmann 
Kühlsysteme GmbH was awarded 
the German Innovation Prize for 
Climate and Environment, or IKU 
(Innovationspreis für Klima und 
Umwelt) for short, recently. The 
IKU Award is presented every two years by the Federal Ministry 
for the Environment, Nature Conservation, Building and Nuclear 
Safety as well as the Federal Association of German Industry. It 
awards prizes to innovations from industry and research that 
showcase new approaches in the field of climate and 
environmental protection. The ESyCool green solution, which 
was developed by Viessmann in cooperation with the ALDI 
Nord discount retailer, took first place in the category “Process 
innovations for climate protection.” Joachim Janssen, Co-CEO 
of the Viessmann Group, received the award in Berlin from 
Jochen Flasbarth, Secretary of State for Environment. Janssen 
said: “This award encourages us to continue in developing 
sustainable energy solutions for the benefit of future 
generations.”

The new type of refrigeration 
and heat supply for supermarkets 
not only significantly reduces 
energy consumption, but also 
significantly reduces CO

2
 

emissions. With ESyCool green, 
zero-emission stores can be 
realized – one of the major 
sustainability goals of food 

retailing. “We are very pleased with the award and it underscores 
once again how innovative our solution is. It boasts features 
that are unique on the market – especially in terms of ice energy 
storage”, says Frank Winters, CEO of Viessmann Refrigeration 
Solutions. The main focus of ESyCool green (Energy System 
for Cooling applications) is on refrigeration, which accounts for 
more than 50 percent of a supermarket’s electricity consumption. 
At the heart of the new refrigeration/heat composite system are 
brine-water heat pumps that are operated with the natural 
refrigerant R290 (propane) in small, hermetically sealed 
refrigeration circuits.

Thanks to the innovative heat pump technology, around 95 
percent less refrigerant is required. Whereas conventional 
refrigeration systems in a discounter store require approx.  
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GWP refrigerant

Daikin America, a wholly-owned subsidiary of Daikin 
Industries, has completed the first United States retrofit 
installation of its new GWP refrigerant, Creard R-407H, in 

the refrigeration system of a cold storage warehouse. Creard 
R-407H was used to replace the system’s existing R-22, and this 
successful conversion demonstrates that this new refrigerant 
from Daikin is an ideal option for similar conversions from R-22. 
Daikin Creard R-407H, with a GWP of 1,380 GWP, provides best-
in-class retrofit performance for R-22 and R-404A systems in 
commercial refrigeration, as well as best-in-class performance 
for new refrigeration applications. The warehouse, located in 
upstate New York, is a 240,000 bushel, 12-room refrigerated fruit 
storage facility. System components at the warehouse include 
four 50hp Bitzer 6F.2 open-drive reciprocating compressors 
mounted on a Hillphoenix rack, an Evapco water-cooled condenser, 
24 Kramer and 6 Colmac evaporators; with two evaporators per 
storage room and six for the loading areas/overflow storage. The 
storage temperature targets between 30°F to 34°F.

The customer had five major requirements when it came to 
selecting a replacement refrigerant for their system’s existing 
R-22. The replacement refrigerant must be: 

Low GWP to mitigate regulatory and market pressures for the 
lifetime of the system. A close match in full efficiency to R-22, to 

maintain low energy-demand charges during the warehouse’s 
loading season. A match in temperature, pressure, and mass flow 
to R-22 to maintain the same equipment and piping. A proven 
match in material compatibility with R-22 components, to avoid 
future leaks. It should be cost-effective.

For this project, Daikin partnered with mechanical contractor 
Van Ernst Refrigeration Inc, East Rochester, New York. Daikin’s 
engineering team met with the customer and contractor to discuss 
the retrofit steps and product details, and to address any final 
concerns prior to kick-off. To prepare the system, the contractor 
began the retrofit process early with the complete replacement of 
mineral oil with polyolester (POE) oil. The oil was changed out over 
a period of two months during regular system check-ups, which 
included several oil changes. The final retrofit took place over the 
course of four days directly prior to the harvest season. The system 
was pumped down and all R-22, a total charge of 3,200lbs., was 
recovered. Van Ernst’s technicians replaced all Schrader cores and 
caps, filter-drier cores, and other rubber seals. A deep vacuum was 
pulled on the system overnight, and the Creard R-407H refrigerant 
was added the next day. Superheat was checked upon system 
startup. Evaporator distribution was found to be similar to R-22, 
and most of the system’s thermostatic expansion valves (TXVs) 
required only minor adjustments (closing).  

Daikin First R407H Retrofit
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Innovative Approach 
to Radiant Cooling

Radiation based heat transfer is an 
effective and proven way of heat 
transfer and is widely used in 

Europe and US. Radiant cooling is an 
efficient way of cooling compared to 
conventional air conditioning. Conventional 
radiant cooling systems involve circulation 
of cooled water at 15°C through pipes 
across building infrastructure. Precooled 
water flowing through pipes absorbs heat 
energy from surrounding area in an 
efficient way such that there are no hot 
spots. This is in correlation with the 
thermofluid mechanism in which air 
moves along the walls and ceiling taking 

away heat from the surface along which it 
passes.

Principle used in radiant cooling is 
based on efficient heat absorption capacity 
of water. Water can carry 4.23 times more 
specific heat capacity. Hence, pumped 
water can absorb more energy than 
circulated air. Radiant cooling system is 
based on this property of water as heat 
transfer fluid. 67% of heat transfer from a 
human body is also through radiation. 
Hence, the heat transfer achieved through 
radiant system is more efficient as it 
requires no medium. Surface temperature 
of wall and ceiling is reduced leading to 

Radiant cooling systems integrated with Phase Change 
Material (PCM) can add extra benefits in energy efficiency. 
PCMs have inherent latent heat which is 35 times higher 
than specific heat capacity of water…

overall reduction in indoor temperatures. 
Human body exchanges heat with low 
temperature surface without requirement 
of circulating large amounts of air. Hence, 
overall energy consumption is reduced.

Well known infrastructures like Infosys, 
Hyderabad; Indian Institute of Meterology, 
Pune; St. Mark’s Sr. Sec. Public School, 
Meera Bagh, Delhi; Malhotra villa Gurgaon 
are known for energy efficient construction 
achieved by radiant cooling. Infosys, 
Hyderabad claims to be 40% more efficient 
than ASHRAE baseline building. Radiant 
cooling system was 33% more efficient 
than conventional air conditioning system.
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Radiant cooling systems integrated 
with Phase Change Material (PCM) can 
add extra benefits in energy efficiency. 
PCMs have inherent latent heat which is 
35 times higher than specific heat capacity 
of water. PCMs can be integrated with 
conventional radiant systems in two ways. 

Phase Change Slurry/Emulsion 
PCMs

Emulsion PCMs are a mixture of oil 
and water such that composite behaves 
more like water. 10-30% of water’s 
specific is replaced by latent heat of PCM 
at phase change temperature. Phase 
change slurry is composed in such a way 

that PCM (in the form of oil) can stay 
dispersed while the liquid is circulated 
through pipes. Conventional methods of 
cooling water to 15°C are used to charge 
or cool PCM below its phase change 
temperature. Modification in heat transfer 
fluid from conventional water system to 
PCM slurry can increase efficiency of 
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Devakar Dhingra
Senior Associate –

International Business 
Development, PCM

radiant cooling system. 10-30% of extra 
energy can be stored in the off peak hours 
thereby saving on running chiller costs 
during peaks hours.

Radiant Pipes Passing through 
PCM (in the form of slabs)

Another method of implementing PCM 
is in slabs. Radiant pipes pass through 

slabs in a conventional system. Slabs can 
be fabricated along with PCM granules or 
tiles in such a way that radiant system can 
charge the PCM in off peak hours. Heat 
load during peak hours gets exchanged 
with charged PCM thereby, saving energy 
or shifting peak demand towards off peak 
hours. Trials done in a leaky (non-
insulated) buiding with natural ventilation 
reflects that with “No PCM” ambient 
temperature and room temperature are 
same at peak hours. Maximum 
temperatures during peak hours reach 
slightly above 40°C due to low thermal 
mass. However, with PCM peak 
temperature is never equal to the ambient 
temperature. Maximum temperature is 
observed was 37°C in contrast to 42°C in 
ambient. Further, maximum temperature 
inside the room is slightly shifted towards 
late evening. Chilled water passing through 
tiles can charge PCM more efficiently and 
hence higher benefits are expected.

In conclusion, phase change material 
can be a boon to building sector. An 
efficient system designing can lead to lot 
of energy saving. With targets of achieving 
sustainable India, PCM will play a big role 
in meeting the country demands.  

Tiles with save® PCM Microcapsules

PLUSS® PCM droplets dispersed in water
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market watch

According to the new market research report, the HVAC 
systems market is expected to reach USD 173.16 billion 
by 2022 at a CAGR of 5.9% between 2016 and 2022. The 

factors which are driving the growth of market include government 
incentives through tax credit programs, increasing construction 
activities, government regulations and policies for energy saving, 
and growing trend of smart homes…
Cooling equipment accounted for a major share of the 
overall HVAC systems market during the forecast period

The cooling equipment is expected to lead the HVAC systems 
market between 2016 and 2022. The growth is attributed to 
reduction in energy consumption of cooling equipment, 
introduction of innovative solutions such as low GWP products, 
changing weather conditions, increase in disposable incomes, 
and government grants and tax benefits.
Residential application expected to grow at the highest 
CAGR between 2016 and 2022

The favorable government regulations and tax credit facilities 
on the installation of HVAC systems and the growing concerns 
toward energy saving and minimizing costs related to energy 
consumption have significantly contributed to the growth of the 

HVAC systems market in 
residential applications.
APAC expected to 
dominate the HVAC 
systems between 
2016 and 2022

Countries such as 
China, Japan, and India 
are majorly driving the 
growth of HVAC systems 
market in Asia-Pacific. 
These countries have a 
considerable market size 
and scope for the 
development of HVAC 
industry. There are 
number of government 
regulations, acts, and 
associations supporting 
the adoption of HVAC 
system in APAC. Further, 

the growth of the HVAC systems market in the APAC region is 
attributed to the increasing construction activities, rising 
population, and change in climate conditions.

The major players involved in the HVAC systems market 
include Daikin Industries Limited (Japan), Ingersoll Rand Plc 
(Ireland), Johnson Controls, Inc. (US), Nortek, Inc (US), United 
Technologies Corporation (US), Electrolux AB (Sweden), Emerson 
Electric Co (US), Honeywell International Inc. (US), Lennox 
International Inc. (US), LG Electronics (South Korea), Mitsubishi 
Electric (Japan), Panasonic Corporation (Japan), Qingdao Haier 
Co. Ltd. (China), Samsung Electronics (South Korea), and 
Whirlpool Corporation (U.S.).

This research report categorizes the HVAC systems market on 
the basis of heating equipment, ventilation equipment, cooling 
equipment, implementation type, application, software and 
service, and geography. This report describes the drivers, 
restraints, opportunities, and challenges for the growth of the 
HVAC systems market. The Porter’s five forces analysis has been 
included in the report with a description of each of its forces along 
with its respective impact on the market. 

HVAC Systems Market worth 
USD 173.16 bn by 2022
The growth is attributed to reduction in energy consumption of cooling equipment, introduction of 
innovative solutions such as low GWP products, changing weather conditions, increase in disposable 
incomes, and government grants and tax benefits…



green power

26 | Cooling India | March 2018

Self-Dependency on Energy 
Requirement of a Smart City

The moment we are talking about a 
smart city, the basic requirements 
come to our mind such as water, 

electricity and transport. For every square 
foot of usable area, 3 to 4 watts of 
electricity is required. To give greater 
response, if we are talking about a smart 
city of 300 square kilometer, we need 
2550 MW of electricity. As such power 

generation sources are concerned; we 
have thermal power, nuclear power, hydro 
power and solar and wind power options 
available. Thermal power is the most 
conventional source and dependent on 
natural resources available and it 
generation cost is very high so as with 
nuclear power source. Solar and wind 
power are the new ones and we need still 

Once the blueprint of the city is done and the city with 
its present infrastructure, water storage and power 
requirements, moves head to conversion process into 
a smart city, the first step is to look for smart energy 
generation set up….

some more time to reach to its peak 
generation. Next is the best green and 
smart power generation, Hydroelectricity. I 
was lucky enough to have my first job as 
trainee engineer in hydro power generation 
plant in Balimela power house which 
generates 360 MW. No smart city concept 
was there although the entire concept and 
working principle looked very smart.
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Selection by smart cities for 
smart power generation

Once the blueprint of the city is done 
and the city with its present infrastructure, 
water storage and power requirements, 
moves head to conversion process into a 
smart city, the first step is to look for 
smart energy generation set up. They 
don’t need to generate the power in their 
territory, they can generate at different 
location and with grid transfer, they can 
use for their smart city. BMS and NMMC 
have their water storage network 100 km 
away from the city. Same way electricity 
generation options can be worked out. We 
should appreciate that, our neighbor 
country Bhutan has 1488 MW of 
hydroelectricity plant installed. Bhutan has 
a population of 7,50,000. If we simplify 
both this numbers with present smart city 
concept in India, Dombivali Kalyan is in the 
latest smart city declared by Government 
of India. As per 2011 census, population 
of Kalyan Dombivali is 12,50,000 which 
will increase 50% more in by 2021, by the 
time the smart city concept will be working 
mode. If we calculate the power 
requirement of this smart city, 1750 MW 
power might be required by that time. To 
get this power, Hydroelectricity will be the 
best option. Or some portion of this power 
should be brought from hydroelectric 
source. The reason connecting Bhutan to 
dombivali is that, we can tie up with these 
small counties or generation houses to full 
fill our power demand with a most 
economical way as this power house sale 
power at a very less cost than the power 
distribution companies in India. In 2015, 
16% of world’s total power was generated 
by hydroelectricity.

Working Principle
Any hydroelectricity power plant works 

on a very simple clean energy generation 
principle. Water is getting stored in 
reservoirs and its water head is getting 
increased. Then the water through 
penstocks, reaches turbines. Turbines 
rotate with the water pressure and 
mechanical energy converts into electrical 
energy in generators. From generator, the 
power supplies to distribution lines. The 

water from the turbine goes to dame 
where it is used for fishing and systematic 
water supply for cultivation which 
increases agriculture production too.

One can easily find that, each step in a 
hydroelectricity power gives out clean and 
green power and every segment gives out 
profit. The need is to use the idea how 
both smart generation and smart utilization 
clubbed up together for a smart cit.

Advantages of hydroelectricity:
• Hydroelectricity does not “use” water, 

all of the water is returned to its source 
of origin. 

• Hydroelectric power can be created 
24/7 indefinitely assuming that the body 
of water it is utilizing never runs dry.

• It is also another absolutely clean 
source of energy.

• The power plants, once in place, do 
not create any waste by products in 
their conversion. 

• Dams constructed can also shut their 
gates and conserve the water for use 
when power is in higher demand.

Cost of Hydro Electricity 
generation Units

The cost of small-scale hydroelectricity 
plant varies significantly with location. For 
example, GIZ-Integration schemes in 
Afghanistan cost between 3 lakh Rupees 
per kW installed. This cost covered the 
micro-hydro plant, distribution and 
metering, and was provided by grants. The 
plants supply about 600 homes and 50 
businesses per 100 kW, and users pay per 
kWh of electricity used, at a tariff which 
covers the management and maintenance 
of the scheme.

The installed costs of grid transfer 
schemes are lower because they feed an 
existing grid and there is no additional cost 
for distribution. This means it is cheaper 

for the Smart city to generate its own 
electricity than to buy from the national 
supplier.

If we give this number to a smart city 
with 12, 50,000 population, installed cost 
will be nearly 61,000 Crores Rupees. The 
cost can be added in terms as tax or octroi 
from the citizens and make this a profitable 
option too.

Connection of smart city with 
hydro power (Conclusion):

Now, as we discussed, smart city 
needs uninterrupted power, it needs water 
to drink, it need fish and agriculture 
products to eat. Combining all these 
factors in mind, few options comes out-
• Governing bodies of smart city or say 

chairman of those council, adopt 
nearby villages where they have space 

for development of hydro power plant, 
in return these villages will be equal 
owner of the scheme. They also get 
water for agriculture, they can sale 
their products in the smart city and 
their children are employed in smart 
city too.

• Govt. adopts such plans and locates 
such hydroelectricity options and 
channels the same along with the 
smart city concept.

• Smart city governing body approach 
hydro energy generation units in 
Bhutan, Nepal, Sikkim, Utarakhand, 
and Arunachal Pradesh and buy them 
at their cost. Operate those units and 
transfer electricity with grid transfer 
method so that the power reaches to 
their city less transfer cost. 

Firoj Jena
CEO, 

Clancy Global Consulting 
Engineers

Thermal power is the most conventional source and dependent on natural resources 
available and it generation cost is very high so as with nuclear power source. Solar 
and wind power are the new ones and we need still some more time to reach to its 
peak generation. Next is the best green and smart power generation.....
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Optimizing Building Energy 
Costs through Technology

The commercial, grade A building 
space in India has grown from less 
than 200 million sq. ft. in 2008 to 

over 550 million sq. ft. in 2017. The IT/
ITES boom has led to development of large 
campuses and IT parks, housing 
thousands of the countries work force. 
The quality and design of the buildings has 
undergone a significant change in the last 
15 years, with the buildings in India 
comparing with the best in the world in 
terms of services and efficiency in the 
workspaces. 

While the infrastructure that has come 
up in the last 2 – 3 years has had elements 

of ‘smart’ seems which enable remote 
management and customized controls, the 
majority of the building stock in India is 
relatively “sensor free”. There are limited 
mon storing devices and even less control 
systems in the older buildings. The 
Building Management System (BMS) of 
70- 80% of the buildings is either not 
working or is working at below its 
functional capacity. In this scenario, the 
cost of energy, which is already a high 
factor in a buildings operation as well as 
life cycle cost will naturally be on the 
higher side. This leads to higher occupancy 
costs and also a greater impact on the 

Energy usage is one of the highest contributors of 
operating cost for a building owner. With increasing 
compressions of the returns from the buildings as well as 
higher overall operating costs, optimizing energy costs has 
the highest impact on the building operating cost. With 
HVAC systems contributing to a majority of the energy 
usage in a building, the focus of building owners is always 
on how to reduce the operating expenses related to the 
HVAC systems of the building…

environment as the cost of higher energy 
spend has a direct effect on the “green” 
cover we have. 

Traditional approaches to energy 
efficiency have yielded results but for 
transformational changes in the energy 
usage, technology holds the key – be it 
embedded systems, IoT or high end 
analytics to optimize energy use in 
buildings. 

Energy Use in Buildings
Some key statistics around energy use 

in and by buildings: 
• Buildings are the largest consumer of 
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energy in the economy, taking up 17% 
- 40% of the energy that is generated 
depending on the geography that is 
assessed. Transpiration and Industry 
are the other large consumers.

• The world would have used 12% more 
energy in 2016 as compared to 2000 
without the energy conservation 
efforts that have been rolled out in the 
market, especially, the building sector 
over the last decade.

• The energy usage in the building sector 
is expected to increase by 2.7% 
annually till 2040, twice the global 
average. Figure 1 shows the use 
across regions. The per capita energy 
use in buildings in India is one of the 
lowest in the world. 

• Within a building, the key users of 
energy are lighting and HVAC, which 
both account for 60 – 80% of the total 
energy consumed in the buildings. 
Figure 2 shows the distribution in a 
typical commercial building. 
As can be seen, the share of energy 

consumed in buildings is increasing with 
the growth of the Indian economy. The 
energy performance index (EPI), which is 
a measure of a building’s energy efficiency 
has been lowered in the Energy 
Conservation Building Code (ECBC) 2017 
which indicates that the buildings are 
functioning at higher energy densities or at 
higher efficiencies.

While there is an increase in the 
efficiency of the energy use, the EPI of 
buildings in India are typically 50% more 
than comparable buildings in the developed 

markets (200 – 400 kWh/m2/year 
compared to 150 /m2/year kWh). There is 
thus a significant scope of energy 
conservation and advances in technology 
are providing low cost options to help 
execute these energy conservations 
programs in the field. 

Technologies to Reduce 
Energy Use

The last few years have seen a 
transformational change in almost every 
field of work and industry. The reduction in 
cost of change which is due to steep 
reductions in the cost of technology itself 
have enabled a wider implementation of 
the technological advances. The building 
sector too has adopted the use of 
technology through smart buildings and 
connected buildings and the additional 
cost to put in more technology in buildings 
is reducing every coming year. The energy 
usage of buildings continues to rise 
however and there is thus a need to 
manage the energy uptake to keep 
operating costs low for the occupiers. 
While buildings that have come up in the 

last 2 – 3 years or and in the process of 
being built have embedded technologies, 
the older ones either do not have the 
advanced control or monitoring systems 
or if they have the BMS systems installed, 
they are not operational/partially functional. 

A number of technologies that have 
come to the market that can aid in 
transforming older buildings to smart ones 
with a special focus on energy costs. 

Internet of Things (IoT): With increasing 
penetration of Wi-Fi and internet 
accessibility, the built environment too is 
seeing the use of technology transforming 
the way buildings are being operated as 
well as controlled. The IoT is platform to 
connect devices and sensors to the 
internet for data collection and transfer, the 
data further being used to either control 
the device or analyzed for future trends. 
For example, a ‘smart’ vending machine 
with an IoT based sensor will automatically 
inform the distributor of the vending 
machine stock that is about to get over so 
that replacement can be planned without a 
person having to physically go there. 

In buildings, IoT based devices are 
now finding their ways to the operations 
sphere, with a large number of possible 
options for smart devices which are in 
turn making the buildings smart. The no of 
connected devices in the building sector is 
expected to be over 1.3 billion by 2030. 
IoT devices are being installed in almost 
every sensor and equipment in a building 
– water and electricity meters to give real 
time data on usage, chillers connected to 
the internet to give the OEM real time 
inputs on how the plant is performing as 
well as predicting off design conditions, 
temperature sensors for critical areas such 
as server rooms that notify the maintainer 

Figure 1: Energy usage in building sector across regions

Figure 2: Electricity Consumption in Commercial Sector
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if the temperature is increasing, sensors at 
the lift lobby to track the movement 
patterns of occupants so as to optimize 
the programing of the lifts… the list is 
endless. 

Specifically, for energy management, 
IoT based sensors in HVAC equipment’s 
(Chillers, pumps, AHU’s, Fans etc.) will 
enable the building managers to collect 
real time data on energy usage which can 
then allow the operations team to optimize 
and save on energy consumption. 

For older buildings that do not have a 
BMS system, wi-fi based IoT devices 
allow data to be collected from various 
points in a building without having to either 
add a new BMS system or upgrade existing 
systems which usually involve huge costs 
for wiring and systems. Once the buildings 
become smart, the opportunities to save 
energy automatically increase. 

Data Analytics
Currently, in older building stock, the 

data generated in building usage such as 
equipment parameters, consumptions etc 
remains in the physical log books. If any 
analysis has to be done on the energy 
usage for each floor of a building, the daily 
energy meter reading will have to be fed 
into a computer manually and then 
analyzed. With the advances in building 
systems and equipment’s, as well as IoT, 
data is more easily available and hence 
can be used for better quality decision 
making. ‘Big Data’ is the term used to 
describe the large amount of inputs that 
are generated from smart systems 
(millions of data points) which can then be 
analyzed using computer algorithms to 
identify trends and deviations that can be 
acted upon to improve efficiency. For 
example, in a typical commercial building, 
there could be over 200 energy meters 
installed at the occupant floor level, 
equipment level etc. Figure 3 shows how 
data from a connected building can be 
analyzed to provide real time optimization 

to bring down energy 
costs. 

In this set up, the 
energy data from 
buildings is collected 
through we fi based 
sensors on a real time 
basis and transmitted to 
an analytic engine over 
the cloud (thus no extra 
wires). The analytics 
engine has feeds from 

the weather station to provide temperature 
and other environmental parameters to the 
system. Using the daily temperature inputs 
and the temperature of the occupant floors 
(through smart temperature sensors), the 
system analysis the data and arrives at the 
best time to start the Chiller so as to 
optimize the energy costs. In case the 
temperature drops from the normal by two 
degrees, the chillers can be started 30 
minutes later which will result in lower 
energy usage. 

Conclusion
Energy usage is one of the highest 

contributors of operating cost for a building 
owner. With increasing compressions of 
the returns from the buildings as well as 
higher overall operating costs, optimizing 
energy costs has the highest impact on 
the building operating cost. With HVAC 
systems contributing to a majority of the 
energy usage in a building, the focus of 
building owners is always on how to 
reduce the operating expenses related to 
the HVAC systems of the building. 
Technological advances are helping 
building owners gain better insights to the 
way energy is used in buildings. IoT and 
big data analysis is helping operations 
teams use technology to not only to 
collect data and track how the building 
assets are functioning, but also to carry 
out real time interventions that reduce 
energy usage in the building.  

Aneesh Kadyan
Sr Director - Operations, 
CBRE South Asia Pvt Ltd

Figure 3: Data Analytics for Building
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The months of March through May are the months of 
grueling summer in India. It is also the time of year 
that sees a bump of 7% in sale of AC units every 

year. International Copper Association of India (ICA India) 
would like to arm the consumers with key points to bear in 
mind to make a wise and informed decision. It is essential 
to understand that the purchase of an AC Unit should be 
made considering the overall life time cost rather than 
merely the initial cost of the AC Unit. This includes cost of 
operations, maintenance, repair and cost of replacement. 
ICA India would encourage customers to consider 100% 
Copper ACs to ensure that they have an advantage on total 
life time costs. 
Energy efficiency

The star rating of an AC Unit that is displayed on the unit 
itself signifies the electrical efficiency at the time of 
purchase. It is important to note that the efficiency of the AC 
Unit tends to drop over time and can reduce from a five-star 
rating to a two-star through wear and tear and degradation 
of its parts. With a lower energy efficiency, the cost of 
operating the AC Unit spikes up since it requires more 
energy to reach the same cooling temperature. 100% 
Copper AC Units with copper condensers and tubes remain 
at a higher efficiency for longer because of Copper’s unique 
specific heat which is lower than other metals, thus, 
allowing it to heat up or cool down more easily when 
switched on and off. 
Durability

AC Units are used for long periods in warm climactic 
conditions. In India, these conditions are exacerbated in the 
summer. With consistent long use of AC Units they are 
prone to breakdowns. Non-copper Micro-Channel Heat 
exchanger (MCHA) AC Units tend to see more breakdowns 
in the form of coil replacement, gas leakage. Also MCHA 
unit parts are not easily available and hence, getting the unit 
up and running again takes longer. A 100% Copper AC Units 
failure rate is 1% where as an MCHA Unit has a failure rate 
of as high as 25%.

Corrosion
The long contiguous coastline of India is home to a large 

number of Indians residing in cities and townships. MCHA 
AC Units are prone to corrosion and thus, break down and 
also become less energy efficient over time. A 100% 
Copper AC anti-corrosive and hence is not affected by these 
coastal conditions. 

Maintenance
A 100% Copper AC Unit is very simple to maintain due 

to its design. The dust particles are not caught in it and can 
be easily cleaned. On the other hand, MCHA AC Units are 
cumbersome to clean and the accumulation of dust results 
in the need for regular maintenance. Annual Maintenance 
Contracts for MCHA AC Units are also higher than those for 
100% Copper Units because of the number of visits and the 
high cost of replacement parts. Assuming a five years life-
cycle, an average consumer saves about ` 20,000 on 
100% copper-based AC.

Other things to consider while operating an AC unit to 
reduce costs include: 
• A change of 1 degree Celsius in the thermostat setting 

can affect your energy bill by 3% to 5%.
• It is important to regularly clean and filter the ACs as this 

will improve cooling, reduce compressor-running time 
and consume less energy.

• Ensuring insulation to not allow cold air escape the room 
by keeping all windows and doors closed will help in 
minimizing energy consumption of room air conditioners.

• Placing lights, computers, televisions and other light-
producing devices near the air conditioner thermostat 
affects the proper functioning of the thermostat and 
thereby makes the air conditioner condenser work 
longer and consume more electricity 

• ACs are not only used for cooling, but as a multi-
seasonal product, these hot and cold air conditioners 
also save up to 35% more energy than heaters.  

Encouraging AC Buyers to Go 
100% Copper This Year
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Refrigeration Based 
Thermo Power Generation
Thermoelectric refrigeration is likely to become a 
significant form of domestic refrigeration within the medium 
term because of the need to avoid refrigerating fluids that 
are hostile to the environment…

Today one cannot refuse the use of 
refrigeration system in our day to 
day activity. In present, compression 

systems are performing better as 
compared to other refrigeration technology. 
But refrigerant used in compression 
technology is hazardous to the environment 
and human life because they react with 
very useful gas Ozone (O3). Secondly, 
electricity is the most important need to 
operate compression refrigeration system. 
Thus, demand of energy is increasing day 
by day. 

In spite of this, every industry is 
releasing waste heat in the form of either 
steam or smoke. This method of releasing 
heat in open condition ultimately affects Thermoelectric Module based Refrigerator system
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the environment. However, this waste heat 
may be recovered to a certain extent and 
reused to our advantage instead. A 
possible way of reutilization of the wasted 
energy has been through thermoelectric 
modules which are capable for converting 
this heat into useful form like electricity. 

Thermoelectric cooling is described as 
a solid-state method of heat transfer 
generated primarily through the use of 
dissimilar semiconductor materials. Like 
conventional refrigeration, thermoelectric 
obey the basic laws of thermodynamics. 
Waste heat recovery and utilization is the 
process of capturing and reusing waste 
heat for a useful purpose. Waste heat 
which is rejected from a process at a 
temperature enough high above the 
ambient temperature permits the recovery 
of energy. The recovery of heat from the 
condenser reduces the heat load to 
surrounding and makes surrounding 
comfortable. By using the method of 
energy conservation can improve the 
thermal efficiency of the system. 

In a conventional refrigeration system, 
the main working parts are the evaporator, 
condenser, and compressor. The 
evaporator surface is where the liquid 
refrigerant boils, changes to vapor and 
absorbs heat energy. The compressor 
circulates the refrigerant and applies 
enough pressure to increase the 
temperature above ambient level. The 
condenser helps discharge the absorbed 
heat into the ambient air. In thermoelectric 
refrigeration, essentially nothing has 
changed. The refrigerant in both liquid and 
vapor form is replaced by two dissimilar 
conductors. The cold junction (evaporator 
surface) becomes cold through absorption 
of energy by the electrons as they pass 
from one semiconductor to another, 
instead of energy absorption by the 
refrigerant as it changes from liquid to 
vapor. The compressor is replaced by a DC 
power source which pumps the electrons 
from one semiconductor to another. A heat 
sink replaces the conventional condenser 
fins, discharging the accumulated heat 
energy from the system. The difference 
between the two refrigeration methods, 
then, is that a thermoelectric cooling 

system refrigerates without the use of 
mechanical devices, except in the auxiliary 
sense, and without refrigerant.

On the other hand, electricity can be 
produced from refrigeration waste heat 
with the aid of thermoelectric generator. 
The thermoelectric generator is the solid 
state device which is made up of P and N 
type semiconducting materials. The heat 
from the refrigeration system (condenser) 
is fed directly into the thermoelectric 
generator. And this thermoelectric 
generator directly converts the heat energy 
to electrical energy. This electrical energy 
is stored into the battery.

Advantages
• Absence of moving parts eliminates 

vibration problem as well as regular 
attendance. Therefore, it can be best 
suited for system where vibration is 
undesirable. It is lighter in weight per 
unit mass of refrigeration.

• It is most suitable or the production 
cooling suit.

• Since no refrigerant is used, there is no 
question of toxicity environmental 
problem and can directly used for air 
condition.

• The load can be easily controlled by 
means of adjusting the current to meet 
the situation.

• Its design and manufacturing is rather 
simpler than the other refrigeration 
systems.

Future Development
The two main issues in thermoelectric 

refrigeration are the development of new 
materials with stronger Peltier effects and 
the application of these materials to real 
engineering problems such as refrigeration 
and control of process heat. The former 
issue is primarily the domain of physicists 
and materials scientists who test a large 
number of materials looking for crystalline 
structures which combine high electrical 
conductivity with low thermal conductivity 
as well as a strong thermoelectric 
characteristic. The later issue is of greatest 
concern to mechanical engineering where 
problems such as heat transfer between 
the module and cheap manufacture of 
modules are of concern. For refrigeration, 
unlike air-conditioning, the power 
consumption is relatively small, typically, 
50 Watts which means that the number of 
modules and their cost is also small. This 
means that the main issue for refrigeration 
is heat transfer between the module and its 
external environment. The level of interest 
in these engineering problems is 
intensifying as the efforts of physicists 
and materials scientists produce 
thermoelectric materials with usefully high 
levels of performance.

There has been steady progress in 
raising the performance of the materials 
and construction of thermoelectric 
modules since the first application of 

Refrigeration system with Thermoelectric Generator



waste heat recovery

34 | Cooling India | March 2018

bismuth telluride in the 1950s. A purified 
form of bismuth telluride now enables the 
manufacture of thermoelectric modules 
with a Coefficient of Performance 
approximately equal to unity for 
temperature differences of 29 degrees 
Kelvin. The standard test temperature 
difference for a refrigerator cabinet is 29 
degrees Kelvin where the cabinet interior is 
set at 3 degrees Celsius and the exterior at 
32 degrees Celsius. The thermoelectric 
module would operate at a higher 
temperature difference than this because 
of conduction and convection losses in the 
thermoelectric refrigerating system. A high 
efficiency of the Peltier module is obtained 
when these secondary temperature losses 
are reduced to very small values compared 
to the temperature difference across the 
Peltier module.

Enhancement of the heat transfer 
between the hot and cold faces of a Peltier 
module and the working fluid is, however, 
a major topic of research since the relative 
power consumption of a Peltier when used 
in a refrigeration system remains high. The 

key factor to improve energy efficiency is 
efficient heat transfer. A major problem is 
the small size of the Peltier modules 
compared to their heat output which 
means that a generous heat transfer 
coefficient is needed to prevent a large 
temperature difference between the 
module and the working fluid. It is fortunate 
that water is an effective heat transfer 
since the choice of fluids is greatly limited 
by considerations of non-toxicity and non-
corrosiveness for a domestic refrigerator. 
The sensitivity of Peltier module efficiency 
to temperature difference between hot and 
cold face means that even a saving of 1 
degree in temperature losses can generate 
a significant increase in the overall 
Coefficient of Performance. A fundamental 
problem is that the same pumps and fans 
which generate vigorous convective heat 
transfer and thereby raise the coefficient of 
performance of the Peltier module, also 
consume power to lower the overall 
system efficiency. The efficiency of the 
pumps and manifolds should be as high 
as possible with a balanced distribution of 

electrical power to the various sub-
systems within the refrigerator.

Conclusion
From all the above discussion, we can 

predict that the thermoelectric refrigeration 
is in experimental stage. Though it is so, 
today it is being used in surgery for 
cooling the instrument used for extracting 
the crystalline lens out of the eye. There is 
problem from testing of thermoelectric 
refrigerator that by using the heat pipe. We 
can achieve heat transfer rate 500 times 
more than the conventional heat removal 
aids like fins etc.by evaporating the heat 
pipe reverse heat transfer which occurs 
after the shut off power supply can be 
solved. So, it has been noticed that use of 
heat pipe will lead to improve the 
performance of the thermoelectric module 
and ultimately, the refrigerator. 
Thermoelectric refrigeration is likely to 
become a significant form of domestic 
refrigeration within the medium term 
because of the need to avoid refrigerating 
fluids that are hostile to the environment. 
Precise control of temperature for better 
food preservation, low noise and a reduced 
number of moving parts are also significant 
benefits of thermoelectric refrigeration. 
The energy consumption of thermoelectric 
refrigeration can be reduced to moderate 
levels with further improvements in the 
heat transfer between the various stages 
of the refrigerating system. 

Er. Abolee Jagtap
M.Tech student, Renewable 
Energy Engineering, College 

of Technology and 
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Project Manager,
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Dr. Surendra Kothari
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Schematic diagram of Thermoelectric Refrigeration System
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These are tips to improve energy efficiency in your home 
cooling systems:
• Select energy-efficient equipment when buying heating and 

cooling equipment. 
• Your heating, ventilating and air conditioning (HVAC) 

contractor should be able to give you energy fact sheets for 
different types, models and designs to help compare 
energy usage. 

• Look for high seasonal energy efficiency ratio (SEER), high 
annual fuel utilization efficiency (AFUE) ratings and heating 
seasonal performance factors (HSPF).

• The national minimums are 13 SEER for air conditioners 
and 78 percent AFUE for furnaces. Central air conditioners 
with SEERs of 16 and above are available. 

• Set thermostats at 76°F (24°C) or above when the house is 
occupied during the day and a few degrees higher at night.

• Programmable thermostats can change temperatures 
automatically and easily. They are in expensive, reliable and 
easy to install.

• Installing ceiling fans allow occupants to set the thermostat 
higher, thus, reducing the time the air conditioner is on. 
Natural ventilation in arid or temperate climates is an 
effective energy saver.

• Windows should be opened and closed to take advantage 
of the upward movement of warm air and cross ventilation 
of the room, especially at night.

• Have air ducts checked for leaks. Look for sections that 
should be joined but have separated and also for holes. 

• If you use duct tape to repair and seal your ducts, use tape 
with the Underwriter’s Lab logo so it doesn’t degrade, 
crack or lose its bond with age. 

• Make sure vents are not obstructed by furniture, appliances 
or other objects so that air can flow freely.

• This maximizes efficiency of the system and helps distribute 
cool air throughout the room.

• Clean or change furnace filters once a month or two, and 
have the system maintained according to manufacturer’s 
instructions.

• Dirty filters, coils and fans reduce airflow throughout the 
system, which decreases performance and can damage 
your system.

• Adding insulation to your attic is the easiest and least 
expensive way to cool your home.

• Insulation can be blown into wall cavities, especially in 
older homes with little wall insulation.

• If siding is to be replaced, take the opportunity to add a 

layer of exterior insulation.
• Remember that insulating ducts in the basement will make 

the basement colder in the winter and warmer in the 
summer.

• If both the ducts and the basement walls are uninsulated, 
consider insulating both. 

• Shading from overhangs, awnings, exterior shades, shade 
screens and bushes and trees can reduce unwanted heat 
gain to the house, especially on east and west windows. 

• Use window draperies or shades to your advantage. 
• In hot climates close the drapes or shades on the east, 

south and west windows during the day to prevent the 
sun’s energy from heating the room unnecessarily.

• The shade or drapery material should be reflective on the 
side facing the window. 

• Use kitchen, bath and other ventilating fans wisely. In just 
one hour, these fans can pull out a houseful of cooled air.

• During the summer, fans often bring in excessive moisture. You 
may want to install a timer switch instead of a manual switch 
to limit the unnecessary operation of an exhaust fan. 

Improve Energy Efficiency in Your Cooling Systems
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Desiccant Cooling 
Cleaner Air Conditioning Tech of Tomorrow

Desiccant based dehumidification 
and cooling is a new and potentially 
clean technology that can be used 

to condition the internal environment of 
buildings without the use of harmful 
refrigerants. Unlike conventional air 
conditioning systems, which rely on 

electrical energy to drive the cooling cycle, 
desiccant cooling is an open heat driven 
cycle, which uses a desiccant wheel and 
thermal wheel in tandem to achieve both 
cooling and dehumidification. Because it is 
a heat driven cycle, there is the potential to 
use environmentally cleaner sources of 

The desiccant cooling system presented in this paper can be a suitable solution for 
space comfort in hot-humid climate. The desiccant wheel integrated hybrid cooling 
system offers a promising alternative to conventional air-conditioning systems using 
vapor compression refrigeration especially under conditions involving high latent load. 

energy such as gas, hot water, waste heat 
or renewable heat source, including solar 
thermal energy, able to elevate the air 
temperature to a level adequate for 
reactivation. 

Desiccant materials, which absorb 
moisture, can be dried, or regenerated, by 
adding heat supplied by natural gas, waste 
heat, or the solar energy. In most systems, 
a wheel that contains a desiccant turns 
slowly to pick up humidity from incoming 
air and discharge that humidity to the 
outdoors. Desiccant cooling can also be 
used in tandem with an conventional air 
conditioning system in which the desiccant 
removes humidity and the AC system 
provides cooling, and in energy recovery 
ventilators (ERV) to dehumidify incoming 
fresh air in the summer.

Introduction
The desiccant based air-conditioning 

system is sustainable, economical and 
cleaner space cooling technique possibly 
the better option over vapor-compression 
system based conventional for air-
conditioning because vapor-compression 
based cooling has many limitations like it 
consumes more electricity and increases 
the CFC level which depletes ozone layer. 
The desiccant cooling can also be used 
coupled with free energy source such as 
solar energy and waste heat resulting in 
the reduction of the operating cost and 
increase the accessibility to the air 
conditioning for the population of urban 
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areas. The desiccants are natural or 
synthetic substances which are capable of 
absorbing or adsorbing water vapor due to  
the difference of water vapor pressure 
between the surrounding due to its affinity 
with water vapor. The desiccants are 
natural or synthetic substances which are 
capable of absorbing or adsorbing water 
vapor due the difference of water vapor 
pressure between the surrounding air and 
the desiccant surface. The desiccants 
could be in both liquid and solid states. 
Each of liquid and solid desiccant systems 
has its own advantages and disadvantages. 
Some commonly used desiccant materials 
include lithium chloride, triethyleneglycol, 
silica gels, aluminum silicates (zeolites or 
molecular sieves), aluminium oxides, 
lithium bromide solution and lithium 
chloride solution with water, etc. In addition 
of having lower regeneration temperature 
and flexibility in utilization, liquid desiccant 
have lower pressure drop on air side. Solid 
desiccant are compact, less subject to 
corrosion and carry over. The principle of 
solid desiccant cooling is shown in Fig. 1.

The desiccant wheel used in desiccant 
cooling system can be coated with 
different types of desiccant materials in its 
matrix. Rotating wheel rotates at very low 
speed about 8–10 revolutions per hour, 
with part of it intercepting the incoming 
process air stream while the rest of it is 
being reactivated. A type of configuration 
is made in which solid desiccants are 
packed to form a sort of adsorbent beds 
exposed to the incoming air stream which 
takes up its moisture. The beds are 
alternatively rotated in the direction of the 
regeneration air stream and then returned 
to the process air stream. Liquid desiccants 

are often sprayed into air streams or 
wetted onto contact surfaces to absorb 
water vapor from the incoming air which 
latterly like the solid desiccants, 
regenerated in a regenerator where water 
vapors previously absorbed is evaporated 
out from it by heating. To eliminate the 
overcooling and the reheat, the desiccants 
can also be coupled with the conventional 
air cooling system, thus reducing the 
equipment size and their costs. Their most 
frequent use remains, however, their 
employ with the evaporative cooling. 
Indeed, the evaporative cooling is the 
oldest technique of cooling. The current 
more efficient and conveniently operated 
conventional air conditioning subsequent 
technology has suppressed this old 
technique. But due to the energy costs and 
the concerns related to environmental 
harms engendered by the refrigerants 
used in this system, the researchers began 
looking back at the old cooling technique 
and trying to solve their main drawbacks. 
These techniques mainly drawbacks due 
to the operating inefficiency in very humid 

climate, and even for the tropical and dry 
climate, their seasonal operating 
inefficiency (even in tropical climates, they 
become inefficient in rainy seasons). 
Desiccant cooling emerged as a solution 
to this problem. By dehumidifying the 
incoming air forcing it through the 
desiccants, the evaporative cooler can 
achieve greater efficiency rather on the dry 
air stream. 

Description of System
There are two ways of implementing 

the desiccant based cooling system.  
These are Indirect Evaporative Cooling 
mode (IEC) and Direct Evaporative Cooling 
mode (DEC). Water is sprayed directly into 
the process air stream in DEC while on the 
other hand the indirect evaporative cooling 
(as shown in Fig 2) consists in using 
another air stream (called secondary air) 
cooled directly and evaporative as the heat 
sink to cool the process air (called primary 
air) inside a rotary heat exchanger (RHE). 
In DEC, the temperature of process air is 
lowered only at the expense of higher 
moisture content in the air making it an 
adiabatic process. This cycle of evaporative 
cooling can operate efficiently in dry 
climates. When a relatively more humid 
climate prevails, however, the IEC would 
rather be suited more since it enables a 
real cooling (reduction of enthalpy) without 
adding moisture into the process air. It 
also allows the use of reduced air volume 
in comparison with that would be required 
in direct desiccant cooling. The IEC is 
composed of several chambers separated 
by a heat conductor plate. In one of the 

Figure 1: Principle of solid desiccant based air-conditioning.

Figure 2: Schematic layout of solid desiccant air-conditioning system.
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chamber, in the secondary air stream 
water is sprayed which thus cool down the 
stream by direct evaporative cooling. 

The process air is dehumidified when 
it passes through a fluted desiccant media. 
Water vapor is adsorbed into the fluted 
desiccant media driven by the vapor 
pressure difference between the process 
air and the desiccant surface. When the 
desiccant is nearly saturated, hot air is 
passed through the bed to release the 
moisture. The desiccant media typically 
takes the form of a rotor (wheel) so that it 
may be conveniently rotated between the 
process and regeneration airstreams. The 
desiccant in the dehumidifier is regenerated 
(reactivated) when heat is applied to 
release the moisture, which is exhausted 
outdoors. The heat for regeneration can be 
provided from a number of energy sources 
such as natural gas, waste heat, solar, and 
off-peak electricity. The moisture 
adsorption capacity of different desiccants 
used in the dehumidifier is shown in Fig. 3.

Design Conditions
A cooling load calculation consists of 

sensible and latent (moisture) components. 
The sensible component consists of heat 
gain through structural components such 
as walls, floors, ceilings, etc.; windows; 
as well as the sensible load caused by 
infiltration and ventilation, occupancy, 

lighting and equipment. The latent portion 
of the cooling load is evaluated separately. 
Its principal components are the high and 
constant loads from infiltration and 
ventilation from outdoor air. Additionally, 
smaller and intermittent latent loads occur 
from occupants and from miscellaneous 
sources such as cooking, laundry, and 
bathing. These miscellaneous latent loads 
are sometimes covered by the outdoor air 
component, because most of the 
equipment that could be sources of latent 
load have exhaust fans that vent most of 
the moisture from these sources. 
Considering only the outside air load, two 
major conditions exist. When the latent 
fraction of total load is below 25%, the 
sum of this load with other loads that were 
considered before will constitute a sensible 

heat ratio of above 75% (latent load ratio of 
below 25%), and it would not satisfy the 
above key variable. However, when it is 
above 25%, the sum of two parts of load 
may or may not cause latent load fractions 
of above 25%.

In Figure 4, the minimum latent load 
needed in relation to the total load for air 
load has been shown based on two 
different parameters. One is the ratio of air 
load to total load in the abscissa, and the 
other is specific latent load ratio of other 
loads. That means loads other than the air 
load shown in ordinate.

As the density of people and/or 
appliances increase, the latent load 
increases, and lines shift more to right and 
down, requiring fresh air increases as well. 
Also, the people and appliances produce 
more latent heat, so the minimum latent 
load ratio needed in air load decreases. 
The result is, in the regions that air will 
have a fraction of about 25% to 50% latent 
load, only specific buildings will satisfy the 
key variable of high latent load fraction. 
These buildings include those with high 
density of latent load sources that need 
high percentage of fresh air as well. 
Furthermore, in regions with more than 
50% latent load of air, more buildings will 
satisfy the room thermal comfort. But, in 
the region where air latent load ratio is 
below 25%, there may be only a few 
exceptions that may satisfy the room 
thermal comfort and can be ignored in this 
consideration.

Indoor air quality is difficult to quantify 
in terms of economic benefit, but is 
essential for many buildings (e.g., 

Figure 3: Comparison of adsorption capacities of different desiccants.

Figure 4. Effect of ratio of air load to total load on Min. latent load ratio.
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hospitals and nursing homes). Desiccant-
based systems improve indoor air quality 
because they precisely control moisture 
levels. Where conventional systems are 
used in humid climates, there is potential 
for microbiological growth in the ducts and 
condensate drain pans because of 
inadequate moisture removal. This is not a 
problem for a desiccant-based system, 
because there is typically little water on a 
post-desiccant cooling coil or, 
subsequently, in the drain pan and the air-
distribution ducts. As a result, special 
buildings that need a specific level of 
indoor humidity, such as hotels and 
hospitals, satisfy the key variable of indoor 
air quality.

Future Research & 
Development Needs

The behavior of all desiccant system 
components is profoundly influenced by 
the operating characteristics of the 
desiccant materials they contain. 
Recognizing this fact, research institutions 
and manufacturers have focused on 
material science to develop desiccants, 
which are especially suited to air 
conditioning applications.

These efforts have had two primary 
goals; to develop desiccants which:
1. Use less energy for reactivation and 

therefore need less energy for cooling.
2. Are more stable and fault-tolerant and 

therefore require less maintenance.
The most productive research will 

focus on improving the cost-benefit ratio 

of desiccant equipment. At present, the 
costs of such systems are often too high 
to be balanced by a “Two-year Payback”; 
the criterion commonly employed by 
building owners as they judge the 
attractiveness of new technology. This 
ratio can be improved by research which 
lowers the costs of desiccant technology, 
and by projects which increase its benefits. 
While many buildings could currently 
benefit from desiccant technology, the 
designer/user base is generally neither 
aware of the potential benefits nor familiar 
enough with the technology to make an 
informed assessment concerning them. 
Projects to develop tools to assess the 
technology and to explain its costs and 
benefits clearly will reduce the largest cost 
of desiccants; its distribution and 
installation. Designer/user ignorance is the 
largest component of the current cost of 
desiccant equipment.

Desiccant technology has the potential 
to make major contributions to energy 
conservation, improve indoor air quality and 
to reduce the cost of moisture damage to 
buildings and products. However, state-of-
the-art materials, components and systems 
are not widely understood or in use in the 
building industry. Well-coordinated research 
and development effor ts of industry, 
government and research institutions will be 
needed to fully realize the benefits of this 
established, but under-utilized technology.

Conclusions
The human comfort relies greatly on 

the space conditioning. The vapor 
compression based air-conditioning 
systems which are traditionally used for 
space cooling applications are electrically 
driven which consumes lot of electrical 
power for compression work. Moreover, it 
uses CFC based refrigerants which are 
responsible for ozone layer depletion. But 
time has come to look for an alternative 
solution for electric power and use of 
renewable solar energy is the best one. 
Solid desiccant based space cooling from 
the review study is an advanced technology 
which can be coupled to other renewable 
energy sources which are available freely 
to improve the efficiency of integrated 
system. The operating cost of desiccant 
dehumidification systems can be lowered 
by use of freely available energy such as 
solar energy or industrial waste heat and 
improving their performance will clearly 
provide more opportunities for desiccant 
dehumidification technology. The desiccant 
cooling system presented in this paper can 
be a suitable solution for space comfort in 
hot-humid climate. The desiccant wheel 
integrated hybrid cooling system offers a 
promising alternative to conventional air-
conditioning systems using vapor 
compression refrigeration especially under 
conditions involving high latent load. So, 
the review is made for the recent trends 
and technologies in the solid desiccant 
based air conditioning can help researchers 
and investigators want to work for the 
further future work in this field. 
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Please take us through your company’s journey in 
India.
Fujian Snowman Co Ltd, with its brands like REFCOMP (Italy), 
SRM TEC (Sweden) & SNOWKEY (China) are already in India for 
more than a year. We had a pleasant journey so far greeted by 
Indian fraternity of HVAC & R and its stakeholders such as turnkey 
solution providers, OEMs & contracting companies. Snowman 
Group having India office at Noida (NCR) & has distribution 
channel partners like distributors and dealers for sales, and 
having service partners at various locations like, Delhi, Mumbai, 
Chennai & Bangalore to cater the Indian geography. 

Fujian Snowman is a leading compressor & equipment manufacturer with complete 
industrial chain, advance technology, fi rst class equipment, and world-famous brands 
through its continuous development and expansion. Shiv Kumar Gupta, Country Marketing 
Manager, Fujian Snowman Co Ltd takes us through journey of the company, industry and 
products and services during an interaction with Cooling India…

What are the products and services offered by the 
company catering to HVACR sector?
In commercial refrigeration & HVAC, we manufacture RefComp 
semi-hermetic piston & screw compressors at Fuzhou (China) & 
Lonigo (Italy). Fujian snowman also offers value added products 
like air-cooled & water-cooled condensing units, compressor 
racks, screw skids to Indian customers.
In industrial refrigeration, we manufacture Swedish SRM Tec 
Open type single stage & double stage screw compressors. We 
also offer Screw packages to our customers. In ice making 
machines, we manufacture SNOWKEY Flake ice, Tube ice, Slurry 

“Snowman 
Group has bigger 
expansion plans 
in India”
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interview

ice & Plate ice machines in China plant. Snowkey is a pioneer 
solution provider for concrete cooling industry as well.

How technology for air conditioning and refrigeration 
market has evolved over the last decade?
I think the energy savings and efficiency of the compressors 
technology being the driver for technology growth.

What are the growth drivers of your business? 
Which sector does generate the maximum demand?
Few growth drivers are customer service, reliability of the system 
and aftersales support. HVAC, cold chain, logistics & cold 
warehousing, meat processing industry, sea 
food, dairy and ice cream industry are the 
important sectors that generate the demand 
for our business.

What kind of technological 
innovations would you like to 
incorporate in your products 
considering rising global 
temperature? Do you have R&D hub 
in India?
RefComp is first company to produce built-
in-inverter compressors in the world. We are continuously 
innovating new products keeping in view of energy efficiency & 
global warming. In fact, RefComp has launched recently SS5 
series of innovative design of compact screw compressors for 
HVAC application. RefComp also launched SW5L series of 
compressors suitable for low temp refrigeration application which 
are turnaround revolutionary concept and design having better 
efficiency and easier serviceability. We have our R&D centers in 
Italy, Sweden and China. However, Snowman Group has bigger 
expansion plans in India in near future.

What is the penetration level of temperature controlled 
cold storage in India? What role can organized 
retailers play in building cold chains in India?
The cold chain segment is very much promising and under 
development phase, with its innovative products range. RefComp 
is geared up to play a major role in the development of temperature 
controlled cold storage in India. The organized retailers’ role in 
building up cold chain in India is very crucial and important as we 
know that organized retailer should bring and implement the latest 

trends and technology in distribution hubs and cold chain 
infrastructure.

How would you differentiate Indian HVAC markets 
from the global markets, while offering your services 
and products? 
Needless to mention, India is a price sensitive market that adopts 
latest sustainable solutions. However, the Government initiative 
and regulations should be more stringent and technology driven.

What opportunities would you envisage for your 
company with the Indian Government’s focus on 

development of infrastructure like smart cities, 
urban transportation projects like metro, mono rail?
Snowman Group (RefComp, SRM & Snowkey) look forward to 
serve the nation by providing world class technology, highly 
efficient and sustainable eco-friendly compressor solutions in 
building up Smart cities projects in India.

The Government of India launched ‘Make in India’ 
campaign in order to make the country manufacturing 
hub. Do you have any expansion plans?
Yes, we, at Snowman, Group have future expansion plans in India, 
starting from assembly of refrigeration systems in coming years.

What is your outlook for the sector for the fiscal 
2017-18?
We expect CAGR 12-15% for fiscal 2017-18 for cold-chain 
industry. Similarly, we expect 10-12% CAGR for HVAC industry. 
So, the upcoming year would be a jump year in terms of growth 
specially, after GST implementation and tuning down the GST 
rates for certain equipment for HVAC&R industry. 

The cold chain segment is very much promising and under development phase, 
with its innovative products range. RefComp is geared up to play a major role 
in the development of temperature controlled cold storage in India. The 
organized retailers’ role in building up cold chain in India is very crucial and 
important as we know that organized retailer should bring and implement the 
latest trends and technology in distribution hubs and cold chain infrastructure.
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Air in Ammonia 
Refrigeration Plants

Air is essential to life, but when it is 
in a refrigeration system, it can 
“kill” efficiency, increase energy 

cost and damage equipment. The secret is 
to prevent air from entering into the 
system. But when it does, need is to 
remove it quickly. 

Whether a system uses ammonia or 
any other refrigerant, the heat transfer 
efficiency will be greatly improved when 
unwanted air (all non-condensable gases) 
is removed. The process of removing 
colourless, odorless air is called ‘Purging’. 

Automatic air purgers are products 

The purpose of this article is to help refrigeration 
engineers and technicians better understand how air 
(non-condensable gases) enters the system. And why it is 
essential to remove air from refrigeration system. In this 
article we review the types of non-condensable gases that 
can accumulate in refrigeration systems, consequences 
of non-condensable gases, various methods of purging, 
purger operation, application considerations and factors 
that influence purger performance…

that are specifically designed to remove air 
and other non-condensable gases from an 
industrial or commercial refrigeration 
system, with minimum loss of refrigerant. 
The purger is an essential component for 
the proper and efficient operation of 
refrigeration system. A purger gathers, 
separates and expels air (non-condensable 
gases) from the system. Successfully, 
purging air (non-condensable) from a 
refrigeration system leads to increased 
refrigeration capacity, improved system 
efficiency, and enhances system safety.

It is important to understand why, 
where and how to purge the system. Once 
we are through in fundamentals we can 
very easily adapt automatic purging. The 
purpose of this article is to help refrigeration 
engineers and technicians better understand 
how air (non-condensable gases) enters 
the system. And why it is essential to 
remove air from refrigeration system. In 
this article we review the types of non-
condensable gases that can accumulate in 
refrigeration systems, consequences of 
non-condensable gases, various methods 
of purging, purger operation, application 
considerations and factors that influence 
purger performance. Our emphasis is on 
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vapour compression based industrial 
refrigeration systems that uses Anhydrous 
Ammonia as refrigerant because this 
choice covers the majority of industrial 
refrigeration systems in use today.

Air (Non Condensable Gases) 
in a Refrigeration System

In the context of vapour compression 
based ammonia refrigeration systems, we 
want only pure refrigerant (anhydrous 
ammonia) present in our system. 
Unfor tunately, refrigeration systems 
accumulate ‘foul substances’. The foul 
substance gaseous in nature, are commonly 
referred to as non-condensable gases.

Non-condensable gases eventually will 
accumulate in all ammonia vapor 
compression systems if adequate means 
are not provided for their removal. Non-
condensable gas constituents commonly 
include air, nitrogen, hydrogen, and 
hydrocarbons. The term ‘non-condensable’ 
means that, these gases will not liquefy at 
the temperatures and pressures present in 
condensers consistent with industrial 
refrigeration systems. For example, 
ammonia will change phase from gas to 
liquid if heat is removed while at a 
temperature of 35°C and a pressure of 
12.5 Kg/cm2. At the same pressure, any 
nitrogen present would have to be cooled 
to -264°F (-164°C) in order to liquefy. As a 
result, any nitrogen that may accumulate 
in a refrigeration system always will remain 
in a gaseous state.

Various Ways of Air Accumulation 
in a Refrigeration System

Air is the most abundant non-
condensable gas impacting industrial 
refrigeration system. It is important to 
understand how air or non-condensable 
gases enter into the system. The air, once 
in the system, will accumulate on the inner 
surface of the heat exchanger, creating an 
insulating barrier. Whether the suction side 
pressure is above or below atmospheric 
pressure, air can accumulate in 
refrigeration system through various ways: 
1. The refrigerant, when delivered, may 

contain non-condensable gases upto 
15%

2. Inadequate evacuation before 

commissioning the refrigeration plant 
3. For service and maintenance certain 

parts of the refrigeration plant are 
frequently opened, causing air to 
penetrate into the system. 

4. Oil changing and recharging with 
refrigerant have the same effect.

5. Leakage: Systems operating with 
suction pressure below atmospheric 
pressure (i.e., working temperatures 
below -33°C for ammonia system) can 
have small leaks (from system piping, 
valves, vessels valve stem packing, 
bonnet gaskets, compressor shaft 
seals, non-welded connections, and 
control transducers etc.) allowing air 
to penetrate into the system. 

6. Decomposition of the refrigerant or the 
lubricating oil can occur due to 
catalytic action of the various metals in 
the installation and due to high 
discharge temperatures. Ammonia for 
instance decomposes into Nitrogen 
and Hydrogen.

Why Purge Air (non-
condensable gases) from 
Refrigeration System?

Non-condensable gases cause 
considerable loss of efficiency. Air or other 
non-condensable gases can dissolve in the 
refrigerant and come into circulation in the 
refrigeration system, causing even in small 
concentrations a significant increase in 
condensing pressure, resulting in a 
considerable loss of efficiency. The non-
condensable gases such as air in the 

condenser will raise head pressure, mainly 
due to its insulating properties. Insulating 
properties of air are well known. Air 
molecules generated in the gas by the 
compressor accumulate on the inner heat 
transfer surface of the condenser. This 
accumulated air both insulates the transfer 
surface and effectively reduces the size of 
the condenser. (A good analogy is 
cholesterol and fatty deposits clogging 
arteries.) To offset this size reduction, the 
system must work harder by increasing the 
pressure and temperature of the refrigerant.

For each 4 PSI of excess head pressure 
caused by the air, the power cost to 
operate the refrigeration system 
compressor increases 2% and the 
compressor’s capacity drops 1%. 

Air in the system typically, causes 
excessive wear and tear on bearings and 
drive motors and contributes to a shorter 
service life for seals and belts. Plus, the 
added head pressure increases the 
likelihood of premature gasket failures. 
Also increased pressure leads to increased 
temperature, which shortens the life of 
compressor valves and promotes the 
breakdown of lubricating oil. It increases 
condenser scaling which increases 
maintenance cost and reduces life of 
condenser. Water content in the air leads to 
corrosion inside the refrigeration plant and 
to problems with automatic controls. 
Increase in discharge temperature leads to 
‘Ammonia explosions’ and it breaks down 
into Nitrogen and Hydrogen, which means 
further addition to non-condensable gases.

Figure 1: Air or any other non-condensable gas enters the system, it will be evidenced by 
an increase in condensing, or discharge pressure.
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When to Purge?
As shown in Figure 1, in the event that 

air or any other non-condensable gas 
enters the system, it will be evidenced by 
an increase in condensing, or discharge 
pressure.

The effect of combining two or more 
different gasses within one pressure 
vessel, governed by the law of partial 
pressures (Dalton’s Law of Par tial 
Pressures). Simply stated, the total 
pressure of a gas mixture equals the sum 
of the partial pressures that make up the 
mixture.
Pactual = Prefrigerant + Pnoncond

If the pressure at which refrigerant is 
condensing is 150 PSIG (Prefrigerant), and 
there is a quantity of air in the condenser 
that would create 20 PSIG (Pnoncond) with 
no refrigerant present, then the resultant 
pressure will be 170 PSIG (Pactual). In 
other words, if the refrigerant was removed 
and the air left behind, the remaining 
pressure would be 20 PSIG; or if the air 
was removed (as with purging), the 
resultant pressure would be 150 PSIG. 

A test of the need for purging is to 
compare the actual pressure to the 
saturation pressure at the temperature of 
liquid at a location where liquid and vapor 
are in equilibrium, such as in the receiver 
of fig 1. If the actual pressure P is 
significantly higher than the saturation 

pressure corresponding to t, purging is 
warranted.

If P > Pt 
Where, 
P is actual Pressure in receiver 
Pt is saturation pressure corresponding 

to temperature t 

Purging of Ammonia
Air, or any other non-condensable gas, 

will always flow to the condenser (and 
sometimes the receiver as well), regardless 
of how or where it entered. Once a non-
condensable gas enters the condenser 

and receiver, it will not flow out with liquid 
to other parts of the system since it cannot 
condense. It can only be removed by 
purging to atmosphere. Purging from any 
point on the low pressure or intermediate 
pressure sections of a system will not 
remove non condensable gases.

The three principal concepts available 
for purging are
1. Direct venting of the air-refrigerant 

mixture 
2. Compression of the mixture, 

condensing as much as possible of 
the refrigerant, and venting the vapor 
mixture that is now rich in non-
condensables 

3. Condensation of refrigerant using a 
small evaporator, followed by venting 
of the air-refrigerant mixture this is 
now rich in non-condensables
Figure 2 shows the first method, a 

primitive, manual technique. Vapor is 
released from a high-pressure vessel, 
such as the receiver, and this vapor is 
mostly refrigerant but also contains a 
small amount of the non-condensables 
that are the target. In the case of ammonia, 
the discharge bubbles through a container 
of water to absorb the ammonia. As 
venting proceeds, more refrigerant liquid 
vaporizes, so the concentration of non-
condensables decreases, but never drops 
to zero. This method wastes considerable 

Figure 2: First method of purging, a primitive, manual technique

Figure 3: Second method of purging 
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refrigerant to expel a small amount of non-
condensables. Vapor is released from a 
high-pressure vessel, such as the receiver, 
and this vapor is mostly refrigerant but 
also contains a small amount of the non-
condensables that are the target. In the 
case of ammonia, the discharge bubbles 
through a container of water to absorb the 
ammonia. As venting proceeds, more 
refrigerant liquid vaporizes, so the 
concentration of non-condensables 
decreases, but never drops to zero. This 
method wastes considerable refrigerant to 
expel a small amount of non-condensables.

The second method of purging, as 
shown in Figure 3, consists of drawing a 
sample from the vessel with a small 
compressor that elevates the pressure and 
condenses some refrigerant on a water-
cooled coil. The vapor vented from this 
after-condenser is higher in non-
condensable content than at the original 
sampling position. This purging concept is 
widely applied in centrifugal compressor 
water-chiller systems using such low-
pressure refrigerants as R-123, but sees 
limited application in industrial refrigeration.

Drawing a sample from the vessel with 
a small compressor that elevates the 
pressure and condenses some refrigerant 
on a water-cooled coil. The vapor vented 
from this after-condenser is higher in non-

condensable content than at the original 
sampling position. This purging concept is 
widely applied in centrifugal compressor 
water-chiller systems using such low-
pressure refrigerants as R-123, but sees 
limited application in 
industrial refrigeration.

The third concept 
in purging (Figure 4), 
which is widely used 
in industr ia l 
refrigeration, avoids 
the need of a separate 
compressor, and 
instead uses a low 
t e m p e r a t u r e 
developed in a small 
evaporator. The air-
refrigerant mixture 
from the condenser or 
receiver bubbles 
through cold liquid 
and condenses most 
of the refrigerant. This 
concept is embodied 
in automatic purgers 
which move from one 
purge point to another 
allowing enough time 
at each for a 
satisfactory purge. 
Commercial models 

of refrigerated purgers employ refinements 
in handling the vented stream leaving the 
after-condenser. The proper procedure is 
to purge one point at a time, because if 
one solenoid control valve serves two or 
more purge points, the pressure at these 
positions will be equalized during purging. 

Figure 5 Shows actual construction of 
the purger. The purger has a built-in heat 
exchanger connected to the liquid line 
from the receiver or the pump discharge 
line on the low-pressure side of the 
refrigeration plant. The outlet must be 
connected to the low-pressure suction 
side of the plant. From the condenser and/
or the receiver a mixture of refrigerant 
vapour and non-condensable gases are 
bleeded to the purger. The coil cools down 
the gas mixture and the refrigerant part of 
the vapour will condense and gradually fill 
up the lower part of the purger. The non-
condensable gases are retained and 
concentrated in the upper part of the 
purger and gradually the condensation of 
refrigerant stop. Consequently, the 
temperature in the gas purger drops below 

Figure 4: Third concept in purging

Figure 5: Actual construction of the purger
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the condensing temperature. The 
automatic control adapts deviations 
between the evaporation temperature of 
the liquid and the corresponding suction 
pressure to a switch that activates the 
solenoid valve in the outlet by which the 
non-condensable gasses escapes. When 
the liquid refrigerant exceed the level 
controlled by the level switch, a solenoid 
valve opens and leads the refrigerant into 
the liquid line to the cooling coil.

Need for Purging
The need for purging exists in all 

ammonia refrigeration systems. A question 
often asked is;“Do I need an automatic 
purger?” This question has to be answered 
on case to case basis. Generally speaking, 
systems with reciprocating compressors 
or any systems operating under sub-
atmospheric conditions will directly benefit 
from an automatic purger. 

The following example gives us very 
good insight for the increase in electricity 
bill due to presence of air in refrigeration 
plant operating below atmospheric 
pressure.

Designed Refrigeration Capacity 
500kW for Evaporation Pressure for -40°C, 
Condensing Pressure for 38°C, 13.7 Kg/
cm2

The Power required by compressor 
281kW*

If our actual pressure is 0.5 Kg/cm2 
higher i.e. 14.2 Kg/cm2. Then power 
required would be 285kW. The 4 kW per 
hour for 6000 hours of operation is 
24000kW or If Electricity Cost is ` 8 / kW, 
the total increase in electricity bill is ` 
1,92,000/-

*The powder data is based on Kirloskar 
make KC-72 compressor @ 700 rpm 
giving 100kW refrigeration capacity and 

power required is 58kW for for -40°c 
evaporating and +38°c condensing.

Before the days of development of 
reliable automatic purgers in India, we 
were dependent on high priced imported 
pugrer and availability of spare parts / after 
sales service were also critical issues. 
Hence, most of the small or medium sized 
plants were dependent on manual purgers. 
In manual pruging system, individual 
purger points were each provided with 
manual globe valves. The separate purge 
piping run from each valve to purger unit 
location and connected to purger unit 
using common header. The purger unit is 
consisting of modified bucket steam trap 
with internal heat exchanger. The operator 
has to operate individual valve on each 
purge point. This requires lot of operator 
work and wastes considerable refrigerant 
to expel a small amount of non-
condensables. This also costs more to 
operate (compressor energy) than 
automatic purgers, because the only 
source of makeup liquid to their flooded 
evaporators must come from a high-
pressure source. 

Where to Purge Air?
A refrigerated purger does not have 

magic fingers that can reach into a 
refrigeration system and find air. It is a 
device that will separate air from refrigerant 
gas in a purge stream. Therefore, purge 
point connections must be at places where 
air will collect. There are preferable 
locations for purging, and basically these 
are:
1. On the high-pressure side of the 

system, 
2. Where only vapor exists, and 
3. Where the vapor velocity is low. Air at 

a given pressure and temperature is 

denser than ammonia, and not as 
dense as the halocarbon refrigerants, 
but no appreciable settling of one of 
the constituents can be anticipated. 
The air diffuses quite uniformly 
throughout slow-moving refrigerant.
Refrigerant gas enters a condenser at 

high velocity. By the time the gas reaches 
the far (and cool) end of the condenser, its 
velocity is practically zero. This is where 
the air accumulates and where the purge 
point connection should be made. 
Similarly, the purge point connection at the 
receiver should be made at a point furthest 
from the liquid inlet.

Purge point connection locations 
shown in Figures 5-1 through 5-5 are 
based on thousands of successful purger 
installations. In these drawings, the long 
red arrows show high velocity gas. Arrow 
length decreases as gas velocity decreases 
approaching the low velocity zone. Air 
accumulation is shown by the black dots. 
Be prepared to purge from both the 
condensers and the receivers. Air will 
migrate from the condenser to receiver 
and back again depending on the load and 
plant conditions. 

Air will remain in the condensers when 
the receiver liquid temperature is higher 
than condenser liquid temperature. This 
can happen when:
1. The receiver is in a warm place.
2. Cooling water temperature is falling.
3. Refrigerating load is decreasing.

Conversely, air will migrate to the 
receiver when the condenser liquid 
temperature is higher than the receiver 
temperature. This can happen when:
1. The receiver is in a cold place.
2. The cooling water temperature is rising.
3. The refrigeration load is increasing.

Advantages and Disadvantages of Automatic Air Purger
Advantages Disadvantages

Safety: Automatic purgers eliminate the need for refrigeration staff 
manually to “open the system” on frequent basis

Capital cost: The cost is high because of purger unit, piping, 
solenoid valves and other controls

Effectiveness: A properly installed and operated multipoint purger 
can continually function to scavenge and remove NCG from system

Maintenance Cost: For the purger unit, accompanying 
solenoid valves and transducers required for purge control

Labour: Eliminates the labour associated with personnel regularly 
removing NCG by manual operation
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Purge Points

Fig. 5.1.(left) High velocity of entering 
refrigerant gas prevents any significant air 
accumulation upstream from point X. High 
velocity past point X is impossible because 
receiver pressure is substantially the same 
as pressure at point X.  Purge from point X. 
Do not try to purge from point Y at the top 
of the oil separator because no air can 
accumulate here when the compressor is 
running.

Fig. 5.2.Incoming gas carries air molecules 
to far end of the condenser near the 
cooling water inlet as shown.  Purge from 
point X. If purge connection is at Y, no air 
will reach  theconnection countercurrent to 
the gas  flow until the condenser is more 
than half of full air.

Fig. 5.3.Incoming refrigerant blows air to 
each end of the condenser. Air at the left 
hand end canÕt buck the flow of incoming 
gas to escape through the right hand 
connection at X1. Provide a purge 
connection at each end but never purge 
from both at the same time.

Horizontal Shell & Tube Condenser

Vertical Shell & Tube Condenser

Evaporative Condenser

Figure 5.5: Purge from Point X farthest 
away from liquid inlet. “Cloud” of pure gas 
at inlet will keep air away from point Y.

Figure 5.4: Low gas velocity will exist at 
both top and bottom of the condenser. 
Purge connections desirable at both X1&X2.

Purge Connection for Receiver

Figure 6: Fully Automatic Air Purger Figure 7: Site installation of automatic air purger 
at Seafood Plant

Anand Joshi
Partner, Manik Engineers, Pune & President 

Association of Ammonia Refrigeration, Member 
ASHRAE (USA) , IIAR (USA), IGCC, IETE, IDA, RATA
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India Export Statistics
Country/Region Name : All;  Product Group : Dairy Products; Qty In MT ; Value in US$ Thousand

2017-18 (April-October)
Country Qty US$ Thousand
United Arab Emirates 3051.25 17261.07
Nepal 4308.13 9049.31
Bhutan 2672.96 8602.46
Afghanistan 1710.6 5984.97
Singapore 2271.55 5849.64
Bangladesh 1829.83 5131.59
Philippines 1006.79 3930.24
Qatar 1014.1 3663.93
United States 654.86 3594.32
Egypt Arab Republic 700 3458.91
Oman 520.04 3182.5
Saudi Arabia 405.57 2602.55
Australia 301.1 2155.55
Kuwait 296.76 1724.32
Bahrain 291.24 1674.49
Pakistan 387.7 1492.3
Morocco 250 1203.29
Hong Kong 260.06 855.47
Sri Lanka 158.64 729.65
New Zealand 110.44 634.31
Malaysia 155.32 490.2
Mauritius 52.66 423.42
Canada 104.39 357.78
Iran 75 261.42
Argentina 75 259.42
Japan 31.08 196.54
Seychelles 26.68 171.04
Zambia 26.64 140.91
Mozambique 40.02 102.44
Thailand 12.87 84.13
Netherland 6.51 56.83
Nigeria 8.64 56.82
United Kingdom 7.07 54.34
South Africa 10.07 48.42
Maldives 6.78 23.22
Taiwan 3.71 19.05
Chile 2.37 17.19
Greece 2.58 17.18
Israel 1.39 10.76
Kenya 1.16 10.37

Source: DGCIS

2017-18 (April-October)
Country Qty US$ Thousand
Ethiopia 2.5 9.18
Congo D. Republic 1.26 8.99
Liberia 1.73 7.98
Botswana 0.78 6.59
Ghana 1 6.31
Brunei 1.17 5.39
Tanzania Republic 0.92 5.18
Cote D Ivoire 1 5.13
Vietnam Social Republic 0.7 4.7
Somalia 0.24 4.65
Togo 0.9 4.2
Netherlandantil 0.55 3.89
Madagascar 0.8 3.11
Cyprus 0.37 2.47
Guinea 0.33 2.2
Sierra Leone 0.2 1.55
Suriname 0.22 1.27
Spain 0.2 1.17
Trinidad and Tobago 0.15 1.14
Reunion 0.16 1.09
Benin 0.18 1.09
Gambia 0.12 1.04
Gabon 0.21 0.89
Korea Republic 0.12 0.82
Senegal 0.12 0.72
Rwanda 0.05 0.45
China P Rp 0.14 0.41
Uganda 0.05 0.37
Kazakhstan 0.05 0.35
Cameroon 0.05 0.33
Georgia 0.05 0.33
Indonesia 0.04 0.29
Macao 0.01 0.07
Papua N Gna 0.01 0.06
Italy 0 0.05
Denmark 0.01 0.03
Peru 0 0.03
Poland 0 0.01
Total 22,867.95 85,675.88
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Geoexchanger Systems for 
Buildings’ Heating & Cooling

One of the most energy efficient 
methods of domestic heating is to 
use heat pumps. Heat pumps use 

electrical energy to reverse the natural flow 
of environmental heat from cold to hot. A 
typical heat pump requires only 100 kWh 
of electrical power to turn 200 kWh of 
freely available environmental heat into 
300 kWh of useful heat. In every case, the 
useful heat output will be greater than the 
energy required to operate the pump itself. 
Heat pumps also have a relatively low 
carbon dioxide output, less than half that 

of oil, electric and gas heat production.
Heat pumps for domestic heating are a 

relatively new concept in Britain; however, 
the technology is widely used in an 
industrial capacity. Across Europe, 
hundreds of thousands of domestic heat 
pump units are in use, and the technology 
is tried, tested and reliable.

Ideally, a refrigerant will have the 
following characteristics: Non-toxic - for 
health and safety reasons, non-flammable 
- to avoid risks of fire or explosion, operate 
at modest positive pressures - to minimise 

The purpose of this study, however, is to examine the 
means of reduction of energy consumption in buildings, 
identify Geothermal heat pumps (GSHPs), as an 
environmental friendly technology able to provide efficient 
utilisation of energy in the buildings sector, promote using 
GSHPs applications as an optimum means of heating and 
cooling, and to present typical applications and recent 
advances of the DX GSHPs. …

pipe and component weights (for strength) 
and avoid air leakage into the system, 
have a high vapour density – to keep the 
compressor capacity to a minimum and 
pipe diameters relatively small, easily 
transportable - because refrigerants are 
normally gases at SSL conditions they are 
stored in pressurised containers, 
environmentally friendly - non-polluting 
and non-detrimental to the atmosphere, 
water or ground, easily re-cycleable, 
relatively inexpensive to produce, 
compatible with the materials of the 
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refrigeration system - non-corrosive, 
miscible with oil, and chemically benign.

However, new types and blends of 
refrigerant with minimal negative impacts 
are being developed. A correctly fitted 
system will also greatly reduce the 
potential for leakage, which is why using a 
professional installer is highly 
recommended. Significant CO2 savings 
can be gained by displacing fossil fuels. 
Even compared to the most efficient gas or 
oil condensing boilers, a well-designed 
heat pump with COP of 3-4 will reduce 
emissions by 30-35%. Further, carbon 
savings can be made if the electricity used 
to power the pump comes from a 
renewable energy source such as 
photovoltaic or a renewable electricity 
tariff. Also, measures can be taken to 
reduce the impact of pollution from using 
grid electricity generated through fossil 
fuel. For example, one can purchase dual 
tariff green electricity from a number of 
suppliers. However, even if ordinary grid 
electricity is used to run the compressor, 
the system will still produce less CO2 
emissions than even the most efficient 
condensing gas or oil boiler with the same 
output. The term “vapour compression 
refrigeration” is somewhat of a misnomer, 
it would be more accurately described as 
‘vapour suction refrigeration’. Vapour 
compression is used to reclaim the 
refrigerant and is more aptly applied to 
heat pumps. Vapour compression 
refrigeration exploits the fact that the 
boiling temperature of a liquid is intimately 
tied to its pressure. Generally, when the 
pressure on a liquid is raised its boiling 
(and condensing) temperature rises, and 
vice-versa. This is known as the saturation 
pressure-temperature relationship.

In practice, the choice of a refrigerant 
is a compromise, e.g., Ammonia is good 
but toxic and flammable. R12 is very good 
but detrimental to the Ozone layer. An air-
source heat pump is convenient to use 
and so, it is a better method for electric 
heating. The ambient temperature in winter 
is comparatively high in most regions, so 
heat pumps with high efficiency can 
satisfy their heating requirement. On the 
other hand, a conventional heat pump is 

unable to meet the heating requirement in 
severely cold regions anyway, because its 
heating capacity decreases rapidly when 
ambient temperature is below -10°C. 
According to the weather data in cold 
regions, the air-source heat pump for 
heating applications must operate for long 
times with high efficiency and reliability 
when ambient temperature is as low as 
-15°C. Hence, much researches and 
developments have been conducted to 
enable heat pumps to operate steadily with 
high efficiency and reliability in low 
temperature environments. For example, 
the burner of a room air conditioner, which 
uses kerosene, was developed to improve 
the performance in low outside 
temperature. Similarly, the packaged heat 
pump with variable frequency scroll 
compressor was developed to realise high 
temperature air supply and high capacity 
even under the low ambient temperature of 
–10 to –20°C. Such a heat pump systems 
can be conveniently used for heating in 
cold regions. However, the importance of 
targeting the low capacity range is clear if 
one has in mind that the air conditioning 
units below 10 kW cooling account for 
more than 90% of the total number of units 
installed in the EU. 

Aims and Objectives
This communication describes the 

details of the prototype GSHP test rig, 
details of the construction and installation 
of the heat pump, heat exchanger, heat 
injection fan and water supply system.

Research Methodology
The schematic of the test rig that was 

used to support the two ground-loop heat 

exchangers in Figure 1. It consisted of two 
main loops: heat source loop and 
evaporation heat pump. Three horeholes 
were drilled each 30 meters deep to 
provide sufficient energy. The closed-loop 
systems were laid and installed in a 
ver tical well. The ground-loop heat 
exchaners were connected to the heat 
pump.

Energy Efficiency Considerations 
In Heat Exchangers Designs
Heat exchangers are devices, designed to 
efficiently transfer heat, from one medium 
to another, i.e., water-to-air, refrigerant-to-
air, refrigerant-to-water, stream-to-water. 
Heat exchangers are widely used in power 
engineering, chemical industries, 
petroleum refineries, food industries and in 
HVAC technology. Therefore, heat transfer 
and the design of heat transfer equipment 
continue to be a centrally important issue 
in energy conservation. With increasing 
worldwide awareness of the serious 
environmental problems due to fossil fuel 
consumption, efforts are being made to 
develop energy efficient and 
environmentally friendly systems by 
utilisation of non-polluting renewable 
energy sources, such as solar energy, 
industrial waste heat or geothermal water. 
The GSHPs are suitable for heating and 
cooling of buildings and so could play a 
significant role in reducing CO2 emissions. 
Ground source or geothermal heat pumps 
are a highly efficient, renewable energy 
technology for space heating and cooling. 
This technology relies on the fact that, at 
depth, the Earth has a relatively constant 
temperature, warmer than the air in winter 
and cooler than the air in summer.

Figure 1: Diagram of a phase change heat pump: 1) condensator coil 2) expansion valve 
3) evaporator coil and 4) compressor.
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Heat Transfer Mechanisms
− Single-phase convection on both sides
− Single-phase convection on one side
− Two-phase convection on other side
− Two-phase convection on both sides

Examples: condensers, boilers, evaporators and radiators 
(Fig. 1).

Naturally, it would be preferred, for comfort reasons that this 
index would be small, preferably nil. It may be seen that the 
variable is directly related to temperature discomfort: the larger 
the value of the index, the farthest will inside conditions be from 
expected wellbeing. Also, the use of electricity operated air 
conditioning systems will be more expensive the higher this 
variable is. Hence, energy expenditure to offset discomfort will be 
higher when comparing two index values; the ratio of them is 
proportional to the expected energy savings. 

When the external shade blocks the windowpane completely, 
the excessive heat gains belong to the lowest values in the set, 
and the dimensionless index will be constant with orientation. For 
the climate conditions of the locality, it can be seen that a naked 
window can produce undesirable heat gains if the orientation is 
especially unfavourable, when the index can have an increase of 
upto 0.3 with respect to the totally shaded window.

Brief Methodology of Heat Exchanger Design 
Based on the Log Mean Temperature Difference 
(LMTD) and Effectiveness

A heat exchanger is usually referred to as a micro heat 
exchanger (μHX) if the smallest dimension of the channels is at 
the micrometer scale, for example from 10 μm to 1 mm. Beside 
the channel size, another important geometric characteristic is the 
surface area density p (m2/m3), which is defined as the ratio of 
heat exchange surface area to volume for one fluid. It reflects the 
compactness of a heat exchanger and provides a criterion of 
classification. Note that the two parameters, the channel size and 
surface area density, are interrelated, and the surface area density 
increases when the channel size decreases. The exchangers that 
have channels with characteristic dimensions of the order of 100 
μm are likely to get an area density over 10 000 m2/m3 and 
usually referred to as μHXs [6-10].

By introducing efficiency () in the specific heat exchanger 
performance equation, the volumetric heat transfer power P/V (W/
m3) can be expressed as follows: 
P= FUA ∆Tm= FUA   V ∆Tm  (1)
P/V =  FU ∆Tm  (2)

  (3)

Where, U, ∆Tm and F refer to the overall heat transfer 
coefficient (W/m2 K), the mean temperature difference (K) and the 
dimensionless mean temperature difference correction factor for 
flow configuration respectively. A is the heat transfer surface area. 
Note that for a specific heat exchanger performance, high values 

of  lead to a corresponding high volumetric heat transfer power, 
larger than that of the conventional equipment by several orders 
of magnitude. As a result, heat exchanger design by miniaturisation 
technology has become a common research focus for process 
intensification. 

The main advantages of the μHX design are “compactness, 
effectiveness and dynamic”. These properties enable exact 
process control and intensification of heat and mass transfer:

Compactness: The high surface area density reduces the 
volume of the heat exchanger needed for the same thermal power 
substantially. As a result, the space and costly material associated 
with constructing and installing the heat exchanger could be 
reduced significantly. Moreover, the fluid hold-up is small in a 
μHX; this is important for security and economic reasons when 
expensive, toxic, or explosive fluids are involved. 

Effectiveness: The relatively enormous overall heat transfer 
coefficient of the μHXs makes the heat exchange procedure much 
more effective. In addition, the development of microfabrication 
techniques such as LIGA, stereolithography, laser beam 
machining, and electroformation allows designing a μHX with 
more effective configurations and high pressure resistance. 

Dynamic: The quick response time of a μHX provides a better 
temperature control for relatively small temperature differences 
between fluid flows. The quick response (small time constant) is 
connected to the small inertia of the heat transfer interface (the 
small metal thickness that separates the two fluids). On the other 
hand, the exchanger as a whole, including the “peripheric” 
material, usually has a greater inertia than conventional 
exchangers, entailing a large time-constant. Thus, the response of 
one fluid to a temperature change of the other fluid comprises two 
“temperature-change waves”, with very distinct time-constants. 
In conventional exchangers, it is possible that the two responses 
are blurred into one. 

However, the μHXs are not without shortcomings. On the one 
hand, the high performance is counterbalanced by a high 
pressure drop, a rather weak temperature jump and an extremely 
short residence time. On the other hand, those fine channels 
(~100 μm) are sensitive to corrosion, roughness and fouling of 
the surfaces. Moreover, the distinguishing feature of the μHXs is 
their enormous volumetric heat exchange capability accompanied 
with some difficulties in realisation. The μHXs design optimisation 
lies, on the one hand, in maximising the heat transfer in a given 
volume taking place principally in microchannels, while, on the 
other, minimising the total pressure drops, the dissipations, or the 
entropy generation when they function as a whole system. 
Moreover, difficulties such as the connection, assembly, and 
uniform fluid distribution always exist, all of which should be 
taken into account at the design stage of the μHXs. All these make 
the optimisation of the μHXs design a multi-objective problem, 
which calls for the introduction of multi-scale optimisation 
method in order to bridge the microscopic world and the 
macroscopic world. In recent years, the fractal theory and 
constructal theory were introduced to bridge the characteristics of 
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heat and mass transfer that mainly takes place in micro-scale and 
the global performance of the heat exchanger system in macro-
scale. 

The concept of multi-scale heat exchanger is expected to have 
the following characteristics: 
• A relatively significant specific heat exchange surface 

compared to that of traditional exchangers; 
• A high heat transfer coefficient, as heat transfer is taking place 

at micro-scales and meso-scales; 
• An optimised pressure drop equally distributed between the 

various scales; 
• A modular character, allowing assembly of a macro-scale 

exchanger from microstructured modules. 
Some difficulties still exist. On the one hand, the properties of 

flow distribution in such an exchanger are still unknown. A lot of 
research work still needs to be done for the equidistribution 
optimisation. On the other hand, 3-D modelling of heat transfer for 
such an exchanger requires a thorough knowledge of the 
hydrodynamics and profound studies on elementary volume 
(smallest scale micro channels). Finally, maintenance problems 
for this type of integrated structures may become unmanageable 
when fouling; corrosion, deposits or other internal perturbations 
are to be expected. Figs 2-4 show the connections of the heat 
exchanger, water pump, heat rejection fan expansion valve, and 
the power supply to heat injection fan (Fig. 5).

Renewable energy is the term to describe a wide range of 
naturally occurring, and replenishing energy sources. In general, 
there is no problem in terms of the technical potential of 
renewables to deliver energy and there are very good opportunities 
for renewable energy technologies to play an important role in 
reducing emissions of greenhouse gases into the atmosphere-
certainly far more than have been exploited so far. But, there are 
still technical issues to be addressed to cope with the intermittency 
of some renewables, particularly wind and solar. However, the 
biggest problem with replying on renewables to deliver the 

necessary cuts in greenhouse gas emissions is more to do with 
politics and policy issues than with technical ones. 

The single most important step governments could take to 
promote and increase the use of renewables would be to improve 
access for renewables to the energy market. That access to the 
market would need to be under favourable conditions and 
possibly under favourable economic rates. One move that could 
help or at least justify better market access would be to 
acknowledge that there are environmental costs associated with 
other energy supply options, and that these costs are not currently 
internalised within the market price of electricity or fuels. It could 
make significant difference, particularly if, appropriate subsidies 
were applied to renewable energy in recognition of environmental 
benefits it offers. Cutting energy consumption through end-use 
efficiency is absolutely essential. And this suggests that issues of 
end-use consumption of energy will have to come onto the table 
in the foreseeable future.

Thermal comfort is an important aspect of human life. 
Buildings where people work require more light than buildings 
where people live. In buildings where people live the energy is 
used for maintaining both the temperature and lighting. Hence, 
natural ventilation is rapidly becoming a significant part in the 
design strategy for non-domestic buildings because of its 
potential to reduce the environmental impact of building operation, 
due to lower energy demand for cooling. A traditional, naturally 
ventilated building can readily provide a high ventilation rate. On 
the other hand, the mechanical ventilation systems are very 
expensive. However, a comprehensive ecological concept can be 
developed to achieve a reduction of electrical and heating energy 
consumption, optimise natural air condition and ventilation, 
improve the use of daylight and choose environmentally adequate 
building materials. Energy efficiency brings health, productivity, 
safety, comfort and savings to homeowner, as well as local and 
global environmental benefits. The use of renewable energy 
resources could play an important role in this context, especially, 
with regard to responsible and sustainable development. It 
represents an excellent opportunity to offer a higher standard of 
living to local people and will save local and regional resources. 

Figure 2: shows the heat exchanger

Figure 3: shows the connections of the heat exchanger, water 
pump, heat rejection fan and expansion valve
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Implementation of the ground source heat pump systems offers a 
chance for maintenance and repair services. It is expected that the 
pace of implementation will increase and the quality of work to 
improve in addition to building the capacity of the private and 
district staff in contracting procedures. The financial accountability 
is important and more transparent. 

Various passive techniques have been put in perspective, and 
energy saving passive strategies can be seen to reduce interior 
temperature and increase thermal comfort, and reducing air 
conditioning loads. The scheme can also be employed to analyse 
the marginal contribution of each specific passive measure 
working under realistic conditions in combination with the other 
housing elements. In regions where heating is important during 
winter months, the use of top-light solar passive strategies for 
spaces without an equator-facing façade can efficiently reduce 
energy consumption for heating, lighting and ventilation. The use 
of renewable energy resources could play an important role in this 
context, especially, with regard to responsible and sustainable 
development. It represents an excellent opportunity to offer a 
higher standard of living to local people and will save local and 
regional resources. Implementation of the GSHPs offers a chance 
for maintenance and repair services.

An annual sinusoidal ambient temperature profile and an 
exponentially decaying sinusoidal temperature profile as a function 
of depth are assumed. Temperature at any given depth in a 
moment can be estimated on the basis of the following equation.

   (4)

Where:
T(x, t) is the soil temperature at the depth (x) and time (t) (°C), 

Tm is an average soil temperature (°C), As is the thermal wave 
amplitude (°C), x is the depth (m), t is the day of year (in days, 
where t=0 at midnight on 31 December), to is the phase constant 
(days), and  is the apparent thermal diffusivity (m3/day).

The heat exchanger effectiveness is defined as the ratio of 
actual heat transfer versus maximum possible heat transfer. The 
actual heat transfer may be computed by calculating either the 

energy lost by the hot fluid or the energy gained by cold fluid. For 
counter flow and parallel flow heat exchangers it is given as:
Q = (mcp) h (Th, in-Th, out)
 = (mcp) c (Tc, out-Tc, in)  (5)
The maximum possible heat transfer expressed as:
Q = (mcp) min (Th, in-Tc, in)  (6)
The minimum fluid may be either the hot or cold fluid, depending 
on the mass flow rates and specific heats. For counter flow heat 
exchanger, the effectiveness is given as:

 

  (7)

For given effectiveness and maximum heat transfer rate, actual 
heat transfer rate be obtained from:
Q = (mcp)min (Tc,in – Tc,in) (8)

The number of heat transfer units designates the non 
dimensional heat transfer size of the heat exchangers is defined 
as:
NTU = UA/Cmin  (9)

Defining capacity rate as the product of mass flow rate and 
specific heat as:
(mCp) c = Cc and (mCp) h = Ch  (10)
According, Cmin and Cmax will be minimum and maximum 
capacity rate respectively. The relationship between effectiveness 
and number of heat transfer units, NTU is given for counter flow 
heat exchanger configuration as follows:

  (11)

Compared to the LMTD method of analysis of heat exchanger, 
effectiveness- NTU method provides a direct solution. LMTD 
method requires the outlet temperature of both the streams which 
is not so in effectiveness- NTU method.
Thermodynamic Efficiency Analysis of Heat Exchanger

The maximum useful work that could be obtained from the 

Figure 4: shows the connections of the heat exchanger and 
expansion valve

Figure 5: shows the power supply to heat injection fan
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system at a given state in a specified environment is known as 
exergy also called available energy. The property exergy serves as 
a valuable tool in determining the quality of energy and comparing 
work potential of different energy sources or systems. From the 
second law point of view, a measurement procedure is required to 
compare the performance of different processes or equipment. 

The type of exergy efficiency called the rational efficiency is 
defined (Shah, (1991) as the ratio of desired exergy output to 
exergy used:

 (12)

 is the sum of all exergy transfers from the system, which 
must regarded as constituting the desired output, plus any 
by-product, which is produced by the system. The desired output 
is determined by examining the function of the system. Eused is the 
required exergy input for the process to be performed which can 
be expressed in terms of irreversibilities as:
Eused = Edesiredoutput + I  (13)
Alternative form of the rational efficiency can be obtained from:
  (14)

From the consideration of the heat exchanger, Shah considered 
that the desired exergy output as the increase of the thermal 
component of exergy of the cold stream:
  (15)

Where:
  (16)

With reference to equation, in which rational efficiency is 
formulated, the following identify the required exergy input, Eused 
as:
  (17)

By using equation (12) and equation (14), the rational 
efficiency of the heat exchanger is obtained as:
   (18)

The exergy change of the hot and cold streams can be written 
with the help of ideal gas relations as follows:
   (19)

The desired exergy output which is the increase of the thermal 
component of exergy of the cold stream is obtained by equation 
(19) as:

   (20)

Expressing the outlet temperature in terms of inlet temperature 
and effectiveness from equation (7), the above equation becomes:
   (21)

The irreversibility, also called exergy destruction or exergy 
loss, is calculated by exergy balance and taking the difference 
between all incoming and outgoing exergy flows given by Shah, 
1991:
I = ∑ Ein-∑Eout (22)

Another way of calculating the irreversibility can be done by 
the Gouy-Stodola formula, in which the entropy generation rate is 
multiplied by the environmental temperature as:
I = To Sgen  (23)

which, in turn can be written in terms of summation of 
irreversibilities due to temperature difference between the fluid 
streams and pressure drop respectively as:

  (24)
The entropy generation rate in the heat exchanger is formulated 

using first and second law statements:
I = I∆T + I∆P   (25)
Defining entropy generation number by dividing entropy generation 
by minimum heat capacity, i.e., Cmin as given by:
Ns = Sgen/Cmin  (26)

This number is second-law ‘‘relative’’ of the order concept of 
the NTU, which is used in traditional first-law analyses of heat 
exchangers. Ns represent a high or a low entropy generation rate 
depends on the following factors:
• The size of heat exchanger Ns that can be economically 

tolerated;
• On the magnitude of the remnant irreversibility, Ns, imbalance;
• On the entropy generation levels shown by the other 

components that make up the greater system.
Heat exchangers are generally inefficient from an energy 

conservation point of view because they have been designed in 
the past on the basis of low cost that dictates a minimum-size 
unit. To achieve the small-size heat exchanger, the temperature 
difference between the fluid streams is maximised. 

However, the larger is the temperature difference in a heat 
exchanger, the greater will be the loss during heat transfer. Also, 
capacity mismatch is used between the streams to increase the 
performance.

STORED ENERGY
Thermal (internal) energy is caused by the motion of molecules 

and/or intermolecular forces. Potential energy (PE) is caused by 
attractive forces existing between molecules, or the elevation of 
the system.
PE = mgz   (26)

Where: m is the mass; g is the local acceleration of gravity; 
and z is the elevation above horizontal reference plane.

Kinetic energy (KE) is the energy caused by the velocity of 
molecules and is expressed as:
KE = ½mV2  (27)

Where: V is the velocity of a fluid stream crossing the system 
boundary.

Flow work is energy carried into or transmitted across the 
system boundary because a pumping process occurs somewhere 
outside the system, causing fluid to enter the system. Flow work 
also occurs as fluid leaves the system (Fig. 6).
Flow work (per unit mass) = pv  (28)

Enthalpy h is an important property that includes internal 
energy and flow work and is defined as:
h = u + pv   (29)
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First Law of Thermodynamics 
The first law of thermodynamics is often called the law of 

conservation of energy. The following form of the first-law 
equation is valid only in the absence of a nuclear or chemical 
reaction. 

Based on the first law or the law of conservation of energy for 
any system, open or closed, there is an energy balance as:

[Net amount of energy added to system] = [Net increase of 
stored energy in system]  (30)

Or
[Energy in] – [Energy out] = [Increase of stored energy in 

system]  (31)
For the general case of multiple mass flows with uniform 

properties in and out of the system, the energy balance can be 
written:

   (32)

Where subscripts i and f refer to the initial and final states 
respectively.

Nearly all important engineering processes are commonly 
modelled as steady-flow processes. Steady flow signifies that all 
quantities associated with the system do not vary with time. 
Consequently:
   (33)

Where: h = u +pv as described in equation.
A second common application is the closed stationary system 

for which the first law equation reduces to:
Q – W = [m (uf – ui] system   (34)

Second Law of Thermodynamics [15]
The second law of thermodynamics differentiates and 

quantifies processes that only processed in a certain direction 
(irreversible) from those that are reversible. Reducing total 
irreversibility in a cycle improves cycle performance. In the limit 
of no irreversibilities a cycle attains its maximum ideal efficiency. 
In open system, the second law of thermodynamics can be 
described in terms of entropy as:
   (35)

where: dSsystem is the total change within system in time dt 
during process; misi is the entropy increase caused by mass 
entering (increasing); �mese is the entropy decrease caused by 

mass leaving (exiting); Q/T is the entropy change caused by 
reversible heat transfer between system and surroundings at 
temperature T; dI is the entropy change caused by irreversibilities 
(always positive).

Equation (35) accounts for all entropy changes in the system, 
Rearranged, this equation becomes:
   (36)

Thermodynamics and Refrigeration Cycles
In integration form, if inlet and outlet properties, mass flow 

and interactions with the surroundings do not vary with time, the 
general equation for the second law is:

   (37)

In many applications, the process can be considered to 
operate steadily with no change in time. The change in entropy of 
the system is therefore zero. The irreversibility rate, which is the 
rate of entropy production caused by irreversibilities in the 
process, can be determined by rearranging equation (37):

  (38)

Equation (37) is commonly applied to a system with one 
mass flow in, the same mass flow out, no work and negligible 
kinetic or potential energy flows, combining equation (33) and 
(37) yields:
    (39)

In a cycle, the reduction of work producing by a power cycle 
(or the increase in work required by a refrigeration cycle) equals 
the absolute ambient temperature multiplied by the sum of 
irreversibilities in all processes in the cycle. Thus, the difference 
in reversible and actual work for any refrigeration cycle, theoretical 
or real, operating under the same conditions, becomes:
   (40)

Thermodynamic Analysis of Refrigeration Cycles [15]
Refrigeration cycles transfer thermal energy from a region of 

low temperature TR to one of higher temperature. 
Usually, the higher temperature heat sink is ambient air or 

cooling water, at temperature To, the temperature of the 
surroundings. The first and second laws of thermodynamics can 
be applied to individual components to determine mass and 
energy balances and the irreversibility of components. 

Performance of a refrigeration cycle is usually described by a 
coefficient of performance (COP), defined as the benefit of the 
cycle (amount of heat removed) divided by the required energy 
input to operate the cycle:
   (41)

Where: Ue is the useful refrigeration effect, and Ne is the net 
energy supplied from external sources.

   (42)

In an absorption refrigeration cycle, the net energy supplied is 
usually in the form of heat into the generator and work into the 

Figure 6: Energy flows in general thermodynamic system
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pump and fans, or:

   (43)

In many cases, work supplied to an absorption system is very 
small compared to the amount of heat supplied to the generator, 
so the work term is often neglected. Applying the second law to 
an entire refrigeration cycle shows that a completely reversible 
cycle operating under the same conditions has the maximum 
possible COP. Departure of the actual cycle from an ideal 
reversible cycle is given by the refrigerating efficiency:

   (44)

The Carnot cycle usually serves as the ideal reversible 
refrigeration cycle. For multistage cycles, each stage is described 
by a reversible cycle.

Table 1: Thermodynamic property values

State Temperature 
(°C)

Pressure 
(kPa)

Specific 
volume 
(m3/kg)

Specific 
enthalpy 
(kJ/kg)

Specific 
entropy 

(kJ/(kg K)
1 -20.0 132.73 0.14739 386.55 1.7413
2 2.8 292.80 0.07097 401.51 1.7413
3 0.0 292.80 0.06931 398.60 1.7282
4 33.6 770.20 0.02726 418.68 1.7282
5 30.0 770.20 0.00084 241.72 1.1435
6 0.0 292.80 0.01517 241.72 1.15297
7 0.0 292.80 0.000772 200.00 1.0000
8 -20.0 132.73 0.01889 200.00 1.00434

Table 2: Measured and computed thermodynamic properties of R-22

Measured Computed
State Temperature 

(°C)
Pressure 

(kPa)
Specific 
volume 
(m3/kg)

Specific 
enthalpy 
(kJ/kg)

Specific 
entropy 

(kJ/(kg K)
1 -10.0 310.0 0.07558 402.08 1.7810
2 -4.0 304.0 0.07946 406.25 1.7984
3 82.0 1450.0 0.02057 454.20 1.8165

Measured Computed
State Temperature 

(°C)
Pressure 

(kPa)
Specific 
volume 
(m3/kg)

Specific 
enthalpy 
(kJ/kg)

Specific 
entropy 

(kJ/(kg K)
4 70.0 1435.0 0.01970 444.31 1.7891
5 34.0 1410.0 0.00086 241.40 1.1400
6 33.0 1405.0 0.00086 240.13 1.1359
7 -12.8 320.0 0.019010 240.13 1.1561
Thermodynamic property data are summarised in Table 1. 

Table 2 lists the measured and computed thermodynamic 
properties of the refrigerant, neglecting the dissolved oil. The 
property data are tabulated in Table 3.

Table 3: Thermodynamic property data

State t, (°C) p, (kPa) v, (m3/kg) h, (kJ/kg) s, (kJ/(kg K)
1 -20.0 132.73 0.14739 386.55 1.7413
2 37.8 770.20 0.02798 423.07 1.7413
3 30.0 770.20 0.000842 241.72 1.1435
4 -20.0 132.73 0.047636 241.72 1.1692

Table 4: Energy transfers and irreversibility rates for refrigeration system

Component q, kW W, kW I, W/K I/Itotal (%)
Evaporator 7.000 0 0.4074 9
Suction line 0.1802 0 0.1575 3
Compressor -0.4276 2.5 2.1928 46
Discharge line -0.4274 0 0.2258 5
Condenser -8.7698 0 0.8747 18
Liquid line -0.0549 0 0.0039 ≈0
Expansion device 0 0 0.8730 18
Total -2.4995 2.5 4.7351

This result is within computational error of the measured 
power input to the compressor of 2.5 kW. The analysis 
demonstrated in Table 4 can be applied to any actual vapour 
compression refrigeration system. The only required information 
for second law analysis is the refrigerant thermodynamic state 
points and mass flow rates and the temperatures in which the 
system is exchanging heat.

Fig. 7 is a typical T-x diagram valid at a fixed pressure. Most 

Figure 7: Temperature –concentration (T-x) diagram zerotropic 
mixture

Figure 8: Azerotropic behaviour shown on T-x diagram
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mixtures have T-x diagrams that behave in this fashion, but some 
have a markedly different feature. If the dew-point and bubble-
point curves intersect at any point other than at their ends, the 
mixture exhibits azeotropic behaviour at that composition. This 
case is shown as position a in the T-x diagram of Fig. 8. A system 
designed to approach the ideal model shown in Fig. 9 is desirable. 
Fig. 10 shows the theoretical single-stage cycle used as a model 
for actual systems. 

When compressors are connected in series, the vapour 

between stages should be cooled to bring the vapour to saturated 
conditions before proceeding to the next stage of compression. 
Intercooling usually minimises the displacement of the 
compressors, reduces the work requirement, and increases the 
COP of the cycle. If the temperature is below ambient, which is 
the usual case, the refrigerant itself must be used to cool the 
vapour. This is accomplished with a flash intercooler. Fig 11 
shows a cycle with a flash intercooler installed.

A pressure-enthalpy diagram of cycle is shown in Fig. 12. The 
following performance data are obtained:
− Ambient air temperature  to = 30°C
− Refrigerated space temperature  tg = -10°C 
− Refrigeration load  Qevap = 7.0 kW
− Compressor power input  Wcomp = 2.5 kW
− Condenser fan input  WCF + 0.15 kW
− Evaporator fan input  WEV = 0.11 kW

Absorption cycles require at least two working substances: a 
sorbent and a fluid refrigerant, these substances undergo phase 
changes. As illustrated in Fig. 13, the refrigerant phase changes 
occur in an evaporator and a condenser and the sorbent phase 
changes in an absorber and desorber (generator). For the forward 

Figure 9: Carnot vapours compression cycle Figure 10: Theoretical single-stage vapours 
compression refrigeration cycle

Figure 11: Schematic and pressure-enthalpy diagram for dual-
compression, dual-expansion cycles

Figure 12: Schematic of real, direct-expansion, single-stage 
mechanical vapour-compression refrigeration system
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absorption cycle, the highest-temperature heat is always supplied 
to the generator.

Naturally, it would be preferred, for comfort reasons that this 
index would be small, preferably nil. It may be seen that the 
variable is directly related to temperature discomfort: the larger 
the value of the index, the farthest will inside conditions be from 
expected wellbeing. Also, the use of electricity operated air 
conditioning systems will be more expensive the higher this 
variable is. Hence, energy expenditure to offset discomfort will be 
higher when comparing two index values; the ratio of them is 
proportional to the expected energy savings. When the external 
shade blocks the windowpane completely, the excessive heat 
gains belong to the lowest values in the set, and the dimensionless 
index will be constant with orientation. For the climate conditions 
of the locality, it can be seen that a naked window can produce 
undesirable heat gains if the orientation is especially unfavourable, 
when the index can have an increase of up to 0.3 with respect to 
the totally shaded window.

Figure 13: Single-effect absorption cycle

Conclusion
The building sector is a major consumer of both energy and 

materials worldwide, and the consumption is increasing. Most 
industrialised countries are in addition becoming more and more 
dependent on external supplies of conventional energy carriers, 
i.e., fossil fuels. Energy for heating and cooling can be replaced 
by new renewable energy sources. New renewable energy 
sources, however, are usually not economically feasible compared 
with the traditional carriers. In order to achieve the major changes 
needed to alleviate the environmental impacts of the building 
sector, it is necessary to change and develop both the processes 
in the industry itself, and to build a favourable framework to 
overcome the present economic, regulatory and institutional 
barriers. Today, buildings are largest consumers of energy. Air 
conditioning and heating consume about 40% of the power in the 
buildings. Demand to conserve energy has become necessity as 
there has been rising costs of energy consistently and this make 
us to think to go green and innovate the greener concept for 
buildings. And, a green home can have benefits, such as 
reduction in water and operating energy costs of the building. This 
may also mean refrigerant-based chillers and compressors to be 
shut off or to be operated at reduced capacity. With the 
environmental protection posing as the number one global 
problem, man has no choice but reducing his energy consumption, 
one way to accomplish this is to resort to passive and low-energy 
systems to maintain thermal comfort in buildings.  

Abdeen Mustafa Omer
Energy Research Institute (ERI), 

Nottingham, United Kingdom
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Enormous Response to 
ISK-SODEX 2018

The HVAC sector, one of the fastest 
growing industries of the Turkish 
economy, carried its success to the 

peak with ISK-SODEX Istanbul 2018. 
During successful four days, 1,108 
exhibitors (424 international exhibitors 
from 44 countries) created new 
collaborations with the huge business 
volume provided by ISK-SODEX. 

Drawing attention to the fact that there 
is a great interest at ISK-SODEX 2018, 
Alexander Kühnel, General Manager of 
Hannover Fairs Turkey, said, “This year 

ISK-SODEX was a wonderful event. 
Walking through the halls, I saw busy 
exhibitors. Both exhibitors and visitors had 
a smile on their faces, they were happy. 
This smile is a reward for a good job we 
have done. This success is generated in 
cooperation with all exhibitors, visitors, 
press members, associations, sponsors 
and Hannover Messe Sodeks Fuarcılık. I 
would like to say big thank you to all of 
them.”

ISK-SODEX recorded its most 
successful international edition in terms of 

ISK-SODEX recorded its most successful international 
edition in terms of visitors this year. 84,936 sector 
professionals from 105 countries visited the fair. Compared 
with the previous edition, 14% increase was observed in 
overseas visitors…

visitors this year. 84,936 sector 
professionals from 105 countries visited 
the fair. Compared with the previous 
edition, 14% increase was observed in 
overseas visitors. Moreover, in cooperation 
with Ministry of Economy, ISK-SODEX 
hosted more than 500 international buyers. 
They met with exporters through the B2B 
meetings and generated new 
collaborations. Exhibitors also mentioned 
that they signed very important contracts 
and had orders from all geographies, but 
mainly from Iran, Iraq, Qatar, North and 
West Africa as well as Russia, Poland, 
Germany and Australia.

Herman Haçaduryan, Deputy General 
Manager, REFKAR stated, “ISK-SODEX is 
the most important platform for us to 
promote our products and generate new 
business contacts. I believe that it is 
necessary to be here for our industry. I 
saw that there was a great increase in 
visitor numbers and quality this year. 
Especially, B2B meetings provided a 
wonderful oppor tunity to create 
international networks. So far, we hosted 
162 meetings and among them there were 
visitors from Thailand, Uruguay, Spain, 
Czech Republic and Latvia. I am happy to 
say that this is my most fruitful fair I’ve 
participated so far in Turkey and abroad.”

Future of the HVAC Industry
With more than 50 supporting 

programs such as forums, panels, contest 
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ISK-SODEX provided a versatile and 
colorful business platform. Exhibitors and 
visitors got hundreds opportunities for 
meeting, networking, sharing knowledge 
and experiences. Providing a know-how 
transfer from science to industry, it drew 
the roadmap for the future.

In the Forum Area that was created for 
the first time this year, exhibitors promoted 
their new products, services and 
technologies. During the company 
presentations that lasted four days, 
oppor tunities for the development, 
assessment and consideration of R&D 
activities such as digitization and efficiency 
were discussed.

The fair also hosted the Master League 
of the combi technicians for the first time 
this year. In order to draw attention to the 
requirement of the sector for qualified 
technical personnel, more than 100 
technicians applied from all over Turkey. 
During the 3-days contest sponsored by 
Borusan Mannesmann, E.C.A., Fıratboru 
and Rothenberger, technicians showed a 
great effort to be among the best combi 
technician of Turkey. 

ISK-SODEX provided a new experience 
for its exhibitors and visitors this year such 

as new date, new fair ground and new 
supporting programs. All these new 
innovative additional values made the fair 
indispensable for the HVAC industry. ISK-
SODEX 2018, once again showed its 
power as the 3rd biggest trade fair of the 
world in its sector. Not only the enormous 
numbers but also the high satisfaction of 

the exhibitors and the visitors proved the 
important position and improvement of 
ISK-SODEX as a member of HVAC family.

As a result of this successful 4 days, 
most of the exhibitors already rebooked their 
booth for the upcoming event and there is 
already a wait list for 2 – 5 October 2019, 
14th Internatinal ISK-SODEX edition. 

Belimo’s New ZoneEase™

Belimo ZoneEase™ VAV reduces project complexity and 
downtime as well as increasing connectivity, data 
transparency and cost efficiency. A comfortable solution 

you can trust:
Tested quality: Belimo’s headquarters is equipped with a 

dedicated thermal chamber to ensure ZoneEase™ could perform 
to the highest levels of quality and reliability.

Full traceability:  ZoneEase™ VAV is made traceable from the 
moment it leaves the factory, allowing customers to instantly 
monitor progress.

Quiet but Quick: ZoneEase™ VAV runs quietly during normal 
operation. When customers initiate a boost request, it runs at 
maximum speed.

CO2 Quality Sensors: Installation of an optional CO2 Sensor 
allows advanced zone air quality monitoring. Ease of use and 
quality response.

Mobile tool: Our user-friendly app helps users monitor, 
configure and control individual VAV controller actuators at the 
room unit, celling sensor and actuator using NFC technology.

Health analysis: Health and fault analysis of VAV provides better 
insight of the VAV condition. Transparency to solve real issue.

Complete system data: All system data is stored in the cloud. 
Access to this data is safeguarded with a user account and 
password protection.

Fan optimisation: ZoneEase™ VAV detects and flags 
insufficient duct statics over BACnet.

Certified partners: Our Belimo certified partner program 
ensures our professionals will promote professionalism and 
quality deployment of VAV Systems. Reduced Risk of Downtime

Quick changes: Changing design data, such as Vmin and 
Vmax, or temperature calibration is simple using our password – 
protected app at the room unit/sensor

Fast service: Belimo certified partners and cloud and app 
technology allows for faster service.  
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The most awaited – the most versatile HVAC&R measuring 
technology by Testo was successfully launched at India’s 
biggest HVAC&R show – ACREX 2018 between 22 to 24 

February at Bangalore International Exhibition Centre. Testo 440 
– the all new intuitive air velocity and IAQ measurement system 
made a big bang as it was unveiled at ACREX 2018 along with a 

brand new technology for 
indoor climate monitoring - 
testo 160 Wi-Fi Data 
Loggers. This is the latest & 
most advanced technology 
that resulted from 
continuous innovation at 
Testo and what better place 
than the mega event called 
ACREX to launch it.

India is emerging as 
leading economy worldwide 
with infrastructure sector 
booming like never before. 
High-rise buildings, 
shopping complexes, malls, 
hypermarkets are now 
penetrating in tier -2 cities 
as well. At the same time, 
growth in IT parks, Special 
Economic Zones among 
other development areas, 
HVAC&R is surely a 
promising and ever rising 

industry. ACREX 2018 proved to be the right platform to make 
brand presence and showcase the path-breaking technology that 
will support the future HVAC/R needs.

Testo India was associated with ACREX 2018 as a bronze 
partner with a booth at quite a prime location right at the entrance of 

Most Versatile HVAC&R Measuring 
Technology Unveiled at ACREX 2018
Testo 440 – the all new intuitive air velocity and IAQ measurement system made a big bang as it was 
unveiled at ACREX 2018 along with a brand new technology for indoor climate monitoring - testo 160 
Wi-Fi Data Loggers.

Image 2: Product Launch Image 3: Product Launch
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the exhibition hall making a strong presence as shown in image 1.
This exhibition participation for the company was marked with 

a very special inauguration ceremony that enthused all the visitors 
about the new launch.

On the very first day of the exhibition, followed by the ACREX 
opening ceremony, Testo invited distinguished delegates from the 
industry at the stall to unveil and launch the new products. 
Mr. Pratik Dhariwal, Manager QC – Carrier Air Conditions and 
Mr. Derrick Denis, Vice President of Indoor Environmental Quality 
- Clark Seif Clark, Inc (CSC) graced the ceremony as chief guests. 
The curtain raiser and unveiling of the new products- testo 440 
and testo 160 took place amidst thunderous applause and cheers 
from the present customers, Testo team and Testo’s channel 
partners. Testo India Managing Director Mr. Kalidas Bhangare 
threw light on what made this technology so innovative and 
versatile. (Image 2 & 3.)

The launch of new products was not the only highlight. Testo 
India for the first time introduced on its booth Testo experience 
zone, wherein one could actually carry out measurements using 
several different products – be it a duct measurement or 
measurement on refrigeration system. It provided real-time 
experience of on-site applications and requirements. The chief 
guests along with Kalidas Bhangare inaugurated the experience 
zone. It received overwhelming appreciation and responses from 
the visitors. Everyone was invited to have a touch & feel of the 
products, the live demos conducted at the stall. (Image 4.)

Another interesting concept launched specially for ACREX 
visitors - it was called ‘Become Testo Brand Ambassador’.  Testo 
India offered them to share their first hand reviews on newly 
launched testo 440 Intuitive Air Velocity & IAQ measuring 
instrument and what they felt about the versatility and capabilities 
of the instrument.

Testo’ range of smart probes was another hit at ACREX 2018. 
These are handy, smartest and most economical tools available 
today in the market for HVAC&R technicians. With their features 
so impressive, the visitors ordered these instruments right at the 

Image 4: Inauguration

Image 5

Image 6: Awards

stall itself. (Image 5.)
Testo 160 installed for the live demo in the experience zone, 

gathered a lot of attention of the people. This product was even 
awarded by the organizing committee in one of the premium 
categories for recognition of outstanding performance in Indoor 
Air Quality measurement. (Image 6.)

ACREX has always been just the right platform to connect with the 
industry and showcase our range of HVAC&R measuring instruments 
– be it multi-functional hvac analysis measuring instrument – testo 
480, IAQ data monitoring with testo 160 IAQ or digital refrigeration 
manifold testo 557 for refrigeration systems efficiency. 

Credit: Testo India
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ACREX India 2018 closed successfully at the Bangalore 
International Exhibition Centre in Bengaluru as more than 
430 exhibitors showcased their latest products on 12,004 

sq. m of net display space. ACREX India is the leading event in 
South Asia for Refrigeration & Cold Chain, Air Conditioning, 
Ventilation, and Intelligent Buildings.

Held between 22nd – 24th February, 2018 the three-day 
exhibition provided participants with insights into the latest trends 
and innovations in HVAC&R, diverse building engineering services, 
building automation and the ever growing cold chain industry.

ACREX India today has established itself as the most 
important event of the entire Indian construction industry.

The theme of the event ‘Rising India: Enterprising & Cool’ 
was aptly carried forward to encourage domestic manufacturing 
for production and supply of equipment. In line with the ACREX 
India vision of becoming the largest network and the most 
dynamic platform for the HVAC&R and the building construction 
industry, ISHRAE advocated the importance of natural resources, 
recycling and reusing materials alongside employing energy 
efficient equipment is the key to organic sustenance. Laying 
importance on efficient use of resources such as energy, water 
among other, will aid in protecting occupant’s health and 
improving quality of life.

The dedicated pavilion on Refrigeration & Cold Chain 
demonstrated state-of-the-art technology in the cold chain 
industry. UN Environment was pleased to co-organize the Ozone 

2 Climate Technology Roadshow and Industry Dialogue at ACREX 
India 2018.

With participation of major global companies from 20 
countries and country pavilions from China and Europe, ACREX 
India offered a 360-degree view on worldwide trends in building 
design. These pavilions provided a great opportunity for domestic 
manufacturers and SME’s to ideate, network and get an 
understanding of current worldwide trends.

ISHRAE invited heads of more than 80 International 
associations - ASHRAE from USA, CAR from China, ISIB from 
Turkey, REHVA from France and IAQA from USA were among the 
participators. The encounter of worldwide experts provided the 
opportunity to learn and collaborate across borders.

A curtain raiser was held prior to the opening of ACREX India 
2018. The event featured a panel discussion on the “Chiller v/s 
VRF Application or VRF vs. Chiller? Enemies or friend”

ACREX India 2018 was inaugurated on 22nd February by Dr. 
Harsh Vardhan, Union Minister of Science & Technology, Earth 
Sciences, Environment, Forest and Climate Change. While 
speaking at the inauguration, the minister aptly said, “ACREX India 
2018 is a great trade show with professional visitors from around 
the globe. I am happy that companies exhibiting at ACREX India 
are developing technologies to protect the depleting ozone. We 
are focusing on green good deeds.”

ISHRAE recognized key initiatives by the industry by presenting 
the ACREX Awards of Excellence 2018 powered by Daikin, to 
deserving individuals/organizations engaged in continuous R&D 
for the HVAC industry. The winners for the same were Danfoss 
Industries Pvt. Ltd. In Energy Saving category while runner up 
being Armstrong Fluid Technology. Danfoss Industries Pvt. Ltd. 
once again stood up as the winner in another category -Energy 
Saving in Refrigeration. Bitzer India Pvt. Ltd. winner in Green 
Product category. Smoke Solution (Denmark) winner for Indoor 
Air Quality & runner up was Testo India Pvt. Ltd. Belimo Actuators 
India Pvt. Ltd. winner in Innovation category and the runner up 
was Bitzer India Pvt. Ltd. Yet another special mention in this 
category was awarded to Sanhua India Private Limited.

Among the most exciting element once again was the Student 
Quiz Competition organized for the fourth year in row sponsored 
by Hitachi. The quiz was primarily designed to introduce 
engineering students to the HVAC – R industry.

RELIANCE CORPORATE IT PARK TC-22, NAVI MUMBAI was 
inducted in the ACREX Hall of Fame on the second day of the 
event i.e. 23rd February, 2018, a joint initiative by ISHRAE and 

ACREX India 18 - A success story
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launch pad

Danfoss India to recognize energy efficient infrastructure.
Workshops, Technical Seminars and Interactive panel 

discussions were conducted on subjects of interest including 
Cold Chain and Refrigeration; Data Centres, Tall Buildings, Health 
Care Centres, Internet of Things and programs for Facility 
Managers, Building Sciences for the Owners, Developers, 
Architects etc.

These sessions were conducted by eminent and internationally 
acclaimed experts from the industry and provided a rare opportunity 
to the participants to learn, share expertise and hone their skills on 
the latest trends and topics related to HVAC & R industry.

The exhibition had the presence of Industry leaders including 

Samsung, LG Electronics, Kirloskar Chillers, Carrier UTC, Zamil 
Air Conditioners, Desiccant Rotors, Voltas, K Flex, AHRI, Eurovent 
Certita Certification, and the lead patronage of Blue Star, Hitachi, 
Daikin Airconditioning and Danfoss Industries.

The array of visitors included owners, architects, consultants, 
project managers, contractors, suppliers, manufacturers, facility 
managers, end users and Government officials.

Prana, Fully Functional Home office Exhibit at BIEC was again 
a delight for both national and international visitors with more 
extended avenues.

ACREX India 2019 will take place in Mumbai at the Bombay 
Exhibition Centre, from the 28th February – 2 March 2019. 
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Climaveneta’s FX HFO: Perfect Choice

Achieving excellent performance 
and ensuring long-term 
sustainability are the challenges 

that modern air conditioning systems 
are facing today. Growing concerns 
over the effects that refrigerants have on 
global warming are leading to new 
regulations aimed at creating more 
efficient units with lower environmental 
impact. Following the F-gas regulation, 
which is legally binding in EU member 
states, a further step forward was made 
in 2016 with the Kigali Amendment to 
the Montreal Protocol, an agreement 
that will lead to the phase-down of HFC 
refrigerants worldwide.

Given that one of Mitsubishi Electric 
Hydronics & IT Cooling Systems’ 
guiding principles is respect for the 
environment, it has always been at the 
forefront in using low-GWP alternative 
refrigerants.

In 2015 MEHITS pioneered the 
introduction of 4th generation green 
refrigerants, proposing the first chillers 
with oil-free centrifugal compressor and 
HFO refrigerant and today the company 
presents its own series of chillers with 
screw compressors fully optimized for 
R1234ze refrigerant: FX HFO. Combining 

brilliant annual efficiency with the adoption 
of a very low GWP refrigerant, FX HFO 
counteracts both the indirect impact (due 
to primary energy consumption) and the 
direct impact on global warming. It, 
therefore, presents itself as the perfect 
choice for any innovative forward looking-
cooling system.

With 18 high efficiency models, from 
235 to 1463 kW, the FX HFO range is 
derived from the existing FX family with 
R134a, but represents a totally new series: 
each model has been redesigned by 
selecting the components based on the 
thermodynamic characteristics of the new 
green refrigerant. The result of this 
optimization is a range that has a 
combination of performance, size, and 
efficiency among the best in its class.

The new units are available in two 

versions A High efficiency and SL-A 
High efficiency super-low noise. The 
main components that distinguish the 
new units are fixed speed screw 
compressors, designed according to 
MEHITS specifications for high seasonal 
efficiencies, ‘V-block’ structure with 
MCHX coils, single pass shell and tube 
evaporator, designed and produced by 
Mitsubishi Electric Hydronics & IT 
Cooling Systems, variable speed fans 
(autotransformer), and ecological 
refrigerant HFO 1234ze (ODP = 0, 
GWP <1).        

The new range features the standard 
KIPlink Wi-Fi user interface, while the 
traditional keyboard remains available 
upon request. To complete the range, 
several accessories were designed to 
further improve the performance of the 
units, among which; the EC fans, to 
increase efficiency, the Noise Reducer 
kit to reduce the emitted sound to -7 dB 
(A) (available only for version A), and 
protective treatments for coils, both 
MCHX and traditional Cu/Al.The design 
of FX HFO, aimed at eco-sustainability, 
meets the highest efficiency objectives 
required by modern projects.
Website: www.climaveneta.com

Bitzer’s Semi-hermetic Screw Compressors

BITZER’s semi-hermetic HS screw 
compressors feature a built-in 
suction gas-cooled motor 

integrated into the refrigerant circuit. For 
many years, they’ve proven to be a 
robust and efficient market solution – 
on their own and in parallel operation 
with several compressors and a shared 
oil separator. Because they’re 
compatible with a variety of refrigerants 
and boast a wide range of capacities 
and applications, these compressors 
are the first choice for large-scale 
commercial and industrial applications. 
They’re used when larger refrigerating 
capacities are required, for instance in 
blast freezers for the food industry as 

well as in refrigerator and freezer 
distribution warehouses. HS compressors 
are also suitable for many other 
refrigeration and heat pump applications.

BITZER’s semi-hermetic HS screw 
compressors feature a built-in suction 
gas-cooled motor integrated into the 
refrigerant circuit. For many years, they’ve 
proven to be a robust and efficient market 

solution – on their own and in parallel 
operation with several compressors and 
a shared oil separator. Because they’re 
compatible with a variety of refrigerants 
and boast a wide range of capacities 
and applications, these compressors 
are the first choice for large-scale 
commercial and industrial applications. 
They’re used when larger refrigerating 
capacities are required, for instance in 
blast freezers for the food industry as 
well as in refrigerator and freezer 
distribution warehouses. HS 
compressors are also suitable for many 
other refrigeration and heat pump 
applications.  
Website: www.bitzer.de
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Forthcoming Events At A GlanceForthcoming Events At A GlanceForthcoming Events At A Glance
China Refrigeration
Venue: New China International Exhibition, Beijing
Date: 9th to 11th April 2018
Website: www.cr-expo.com

Worldbuild India 2018
Venue: Bombay Exhibition Centre, Goregaon, Mumbai
Date: 19th to 21st April 2018
Website: www.Buildingshows.Com

ARBS Australia 2018
Venue: ICC Sydney, Darling Harbour, Australia
Date: 8th to 10th May 2018
Website: www.arbs.com.au

Indoor Air 2018
Venue: The Pennsylvania Convention Center, Philadelphia
Date: 22nd to 27th July 2018
Website: http://mms.isiaq.org

HVACR Vietnam 2018
Venue: National Exhibition Construction Center, Hanoi, Vietnam
Date: 18th to 20th April 2018
Website: www.hvacrseries.com

DairyTech India 2018
Venue: Bangalore International Exhibition Centre (BIEC)
Date: 31st to 2nd September 2018
Website: www.dairytechindia.in
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To promote sustainable 
construction activity, 
cement maker ACC Limited 

opened Green Building Centre at 
Mancherial in Telangana. Through 
this centre, the cement maker will 
mentor upcoming entrepreneurs 
who can take on the challenge of 
producing excellent and durable 
construction material across India.

The centre was inaugurated by Telangana government chief 
whip and Chennur MLA N Odelu, officials from ACC and others. 
Situated at Andugulapet, Bellampally Road, Mancherial, the GBC 
will support rural and semi-urban areas located within its 
50-kilometre radius.

ACC’s Green Building Centre in Telangana

Hindustan Zinc, India’s only and 
world’s leading integrated Zinc – 
Lead – Silver producer, has been 

consistently working towards safety, 
protection of environment, conservation 
of energy & water and building 
infrastructure. In recognition of these 
initiatives, Hindustan Zinc has emerged 
as the only mining & metal company in India that has been listed 
in the Sustainability Year Book 2018. Overall nine Indian companies 
are qualified for inclusion in this Yearbook.

Every year since 2004, the Sustainability Yearbook has listed 
the world’s most sustainable companies in each industry as 
determined by their score in Dow Jones Sustainability Index 
(DJSI) assessment. RobecoSAM does the assessment for Dow 

Hindustan Zinc in Global Sustainability Yearbook 2018

Microsoft Corp has completed its first renewable 
energy deal in India to supply new offices in 
Bangalore. Atria Power will supply electricity from a 

solar plant in the state of Karnataka to meet 80% of the needs 
of the Microsoft facility. The deal is part of a Karnataka state 
government programme to encourage investments in local 
solar generation. 

Microsoft India President Anant Maheshwari said, 
“Investing in local solar energy to help power our new 
Bangalore office building is good for Microsoft, good for India 
and good for the environment.” Last week, Microsoft signed 
its first clean power deal in Asia to source electricity from 
60MW of rooftop solar projects in Singapore developed by 
Sunseap Group. Microsoft has set a goal for at least 50% of its 

Sustainable Initiative of Microsoft in India

Jones. This year 2479 companies in 60 
industry sectors from 43 countries were 
assessed and 478 companies qualified 
for inclusion in RobecoSAM’s 
Sustainability Yearbook 2018. Hindustan 
Zinc has been ranked 11th globally with a 
percentile score of 82 and also ranked 
3rd globally in environmental dimension, 

in the Industry Group - Mining and Metal. “I congratulate 
Hindustan Zinc whole heartedly for being included in The 
Sustainability Yearbook2018. The companies included in the 
Yearbook are the world’s most sustainable companies in their 
industry and are moving the ESG needle in ways that will help us 
realize the UN’s Sustainable Development Goals by 2030”, said 
Aris Prepoudis, CEO, RobecoSAM. 

energy usage worldwide to be covered by renewables by the end 
of 2018. 

Local people have been trained 
to produce various types of 
concrete products along with fly 
ash bricks using sustainable 
construction practices. Traditional 
bricks use large quantities of fertile 
top soil in their manufacture. Fly 
ash bricks are made with fly ash 
which is an industrial by-product 

and thus conserves valuable natural resources. “ACC’s Green 
Building Centres promote sustainable construction, low-cost 
housing development and utilization of resources while conserving 
the ecosystem. Superior quality materials are manufactured using 
fly ash bricks while preserving soil and air quality,” said Neeraj 
Akhoury, Managing Director & CEO, ACC. 
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