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CALL FOR PAPERS
Submission deadline for abstracts: 5th March 2018
The next International Conference on Sustainable Energy Technologies – SET 2018 – will
be held in Wuhan, 21-23 August 2018. The conference venue will be the convention
centre which is close to 4/5 star hotels, malls, restaurants and bars. Wuhan’s economic
strength is ranked 9th among all Chinese cities. Some of the places to visit are Yellow
Crane Tower, East Lake and Hubei Provincial Museum. We are planning to take a river
cruise on the Wuhan Yangtze River.
All WSSET members will receive a 20% discount on the conference registration fees.
Selected papers will be published in several international journals. You could also submit
your research projects to the 3rd WSSET innovation Awards (please see www.wsset.org).
The awards will be announced at the SET2018 Conference.
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The keys of the retrofit lie on the improvement of
thermal insulation and sun shading in summer.
Vacuum insulated panel (VIP) will be coated as the
thermal insulated layer on the roof and facades of the
greenhouse. At the same time, the VIP should be
detachable in the daytime of winter. Therefore, a
novel VIP module needs to be produced for the
project and it will be aided by a cooperated VIP
manufacturer.

Energy-saving retrofit for an off-grid
greenhouse building
Zhao B.Y., Wang R.Z.*
Green Energy Laboratory,
Shanghai Jiao Tong University,
Shanghai 200240, China
Contact: rzwang@sjtu.edu.cn;
Tel:+86-15800967634
Greenhouse is able to get a high indoor temperature
in the daytime of winter since its interior is exposed
to sunlight. This feature provides the possibility for
greenhouse to serve as an energy-efficient dwelling
building in cold winter areas. However, the downside
of it exhibits in summer when the cooling load of
greenhouse becomes extremely high. Hence, the
project aims to retrofit a greenhouse building in order
to leverage its energy saving feature in winter and to
decrease the energy consumption in summer.
A greenhouse, with an area of 27 square meters, has
been built as an office room in the campus of
Shanghai Jiao Tong University. The greenhouse was
equipped with a 5 horse power air-conditioner for
space heating and cooling. Recently, a solar
photovoltaic-battery storage energy system is
installed to supply electrical power to the
greenhouse. Thin film photovoltaic panels, with the
total peak output of 3 kW, are put on the roof of the
greenhouse. An energy management system and a 24
kWh lead-carbon battery unit are placed in a cabinet
shown in fig. 2. The greenhouse has turned into an
off-grid building and is fully dependent on solar
energy.

After the retrofit, it is expected that a 2 horse power
air-conditioner could meet the heating and cooling
demands of the greenhouse. The system will be
comprehensively tested under different operational
conditions. Full performance testing and optimization
will be used to make decision about how the off-grid
energy system should be operated and how it
performs at ‘off-design’ conditions. This will help us to
find the most appropriate balance between electricity
generation and heating/cooling load to maximize the
solar resource utilization. Thus, the design of the offgrid energy system can be justified and further
improved. Lastly, in order to demonstrate the effect of
the building retrofit, the energy consumption of the
retrofitted greenhouse will be compared with those of
the conventional buildings with the same area to
investigate whether the energy-saving retrofit is
viable. In addition, a techno-economic feasibility study
will be carried out.
Greenhouse location: Green Energy Laboratory,
Shanghai Jiao Tong University Minhang campus,
Shanghai, China
Project partners: Chilwee Group, Panasonic Corporation

Figure 1: Greenhouse building
Figure 2: Energy management system
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A novel hybrid water production/dew point
cooling system for mobile applications
Dr Mark Worall, University of Nottingham
Participating organisations: (Lead) AVID Technology Group
Ltd, The University of Nottingham. P.A.K Engineering Ltd,
Environmental Process Systems (EPS) Ltd

Introduction
This article describes a project funded by Innovate UK that
aims to develop a novel hybrid air conditioning and
ventilation technology for vehicles which will reduce both
their direct carbon emissions by being more energy
efficient and their indirect carbon emissions by employing
the natural refrigerants and displacing some or all of the
cooling requirements of a vehicle normally carried out by
vapour-compression systems through natural processes
such as evaporative cooling and desiccant dehumidification
and cooling.
The proposed system technology is applicable to all types of
vehicles such as cars, buses, trucks and agricultural
machines and will meet both the new EU regulations, which
required the phase-out of R134a, and the strong preference
expressed by vehicle manufacturers for non-flammable
refrigerants. The project will innovatively couple a
combined water production/dew-point cooling (WP/DPEC)
unit with a vapour compression (VC) system (VC-MAC). The
WP/DPEC unit pre-cools the supply air in an indirect
evaporative cooling process using water produced by a
desiccant rotor and also the condensate from the VC-MAC
evaporator. Use of a WP/DPEC unit allows a smaller size of
VC-MAC system or even replaces it, consequently will lead
to lower energy air conditioning.
The Dew Point Cooler
Figure 1 shows a diagram of the dew point cooler and the
cooling process on a psychrometric chart. The dew point
cooler consists of two channels separated by an
impermeable wall. One channel is termed the dry channel
(product channel in Fig 1) and the other is termed the wet
channel (working channel in Fig 1). A number of openings

is directed to the wet channel (3’) through the openings.
The air in the wet channel flows counter to the flow in
the dry channel. The difference in vapour pressure
between the water vapour in air and water at the wetted
surface drives evaporation from the water to the air. The
latent heat transferred cools the dry channel and
therefore provides sensible cooling of the product air.
The process continues along the exchanger until the
product air leaves the dry channel at (2), and the working
air leaves the wet channel at (3). In theory, the dry air
could be cooled to its dew point temperature from 1 to
dp.
Desiccant wheel
Another novel feature of the system is the use of a
desiccant wheel to extract water from the air and the
DPEC working air for use in the DPEC process. Figure 2
shows an image of a desiccant wheel and a diagram
showing the functioning of the wheel. The wheel consists
of a honeycomb type structure that is coated with a
desiccant material, such as silica gel. Solid desiccants
have microporous hydrophilic structures that readily
adsorb water vapour from surrounding media. The
adsorption process will continue until the material is
saturated. The moisture is then removed from the
desiccant by the application of heat, regenerating the
desiccant material. The desiccant wheel rotates slowly
(20-30 revs per hour) to present the dry section of the
wheel with the moist air and the wet section of the wheel
with the regeneration air.

Figure 2: Image of a desiccant wheel and a diagram
showing the adsorption/regeneration process.
Hybrid water production/Dew point cooling system
The novel hybrid water production/dew point cooling
system will consist of a dew point cooler (DPC) a
desiccant wheel (DW) a heater, a water tank and pump
together with a condenser (condenser#2). The system
precools the air for a vapour compression system, which
consists of a compressor, a condenser (condenser#1) an
expansion valve and an evaporator.

Figure 1: (a) Diagram of dew point cooler; (b) indirect
evaporative cooling process illustrated on psychrometric chart
are provided in the wall to allow the flow of air from one
side to the other. The wall is usually provided with a wick
type structure to draw water into the channel and provide
a wetted surface for the wet channel. In figure 1(b), the xaxis represents the dry bub temperature and the y-axis
represents humidity ratio (ratio of the mass of water
vapour to the mass of dry air). Air is introduced into the
exchanger at (1) at a particular temperature and humidity.
As the air flows through the dry channel, some of the flow

Mathematical models and computer simulations have
been developed and used to design a prototype system
for a truck air conditioning system. The system is being
constructed and will be tested in laboratory conditions.
Following laboratory testing, the system will be installed
in a vehicle and tested in field trials. The results will be
presented in the public domain through journal articles,
conference presentations and social media outlets.
A project website has been set up, so that news and
progress can be disseminated to the general public.
Please visit the site using the link below.
http://www.enviro-mac.co.uk/

www.wsset.org
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Thermochemical heat batteries for waste heat
capture and delivery

Principally, multiple modules will be required for continuous
.waste heat transport, with a discharged module being
charged by the “waste” heat source, while a second is
a
b
providing heat on demand site. Modules can be transported
Devrim Aydin , Saffa Riffat
aDept of Mechanical Engineering, Eastern Mediterranean
with trucks (See: Figure 1), trains or even with the barges /
ships.
University, G. Magosa, TRNC Mersin 10, Turkey
bArchitecture, Energy and Environment Research Group,
Of course properties of adsorption materials also have a
University of Nottingham, Nottingham, NG7 2RD, UK
critical importance in that kind of application. Hygroscopic
e-mail: devrim.aydin@emu.edu.tr
salts (e.g. CaCl2, MgCl2) impregnated to nano-porous
The domestic sector accounts for significant energy matrices, such as vermiculite, could be promising candidates
consumption due to the rising demand for heating, air (See: Figure 3). These nano-composite THS materials have low
conditioning and electric power, as more people globally density (200-300kg/m3) there by allowing ease of
seek comfortable living. Therefore urgent solutions are transportation while providing high gravimetric energy
required not only to increase the share of renewable storage density.
resources, but also more efficient usage of fossil fuels by
minimizing wasted energy. Many industrial processes
are energy intensive, yet, once used, much of the heat
from these processes, at relatively low but potential
useful temperatures is vented into the atmosphere,
obviously inefficient and economically wasteful.
Thermal energy storage is a key technology that can
bridge the gap between the wasted heat at the source,
and be provided to customers at the time and place they
need it. Accordingly mobilized thermal batteries could be
the key for minimizing fossil fuel consumption for space
heating and/or cooling by transporting waste heat from
industrial plants to both domestic and commercial
customers in cities. But the question is how this can be
achieved? An answer may be provided by promising
recent developments in sorption materials, which could
provide the possibility of loss-free transportation, storage
and delivery of heat. Sensible heat storage (SHS) and
latent heat storage (LHS) are mature technologies
allowing storage of thermal energy. However, these
materials need to be well insulated even to store heat for
short period of time. In contrast, thermochemical heat
storage (THS) has gained attention because it can store
heat without loss for long periods. Additionally, it has 810 times higher heat storage density than SHS, and 2-3
times greater than LHS. Essentially, THS materials can
store heat as long as they are dry and hermetically
insulated and they generate heat once they adsorb
moisture. This particular property allows wider and more
flexible usage of THS materials such as seasonal storage
of solar energy or recuperating waste heat.
In this context THS could be designed as a portable
device/thermal battery that could allow storing waste
heat of industrial plants in mobilised form thereby the
economic utilisation of “waste” heat from large industrial
plants.

Figure 1: Illustration of a truck carrying containers filled
with adsorption material for transporting waste heat
between industrial site and residential area

Figure 2: Scanning Electron Microscope images of
(a) Vermiculite-CaCl2 and (b) Raw Vermiculite
In this context’ researchers, realized “sorption pipes”
concept (See: Figure 3) consisting of a duct filled with
sorbent and a central perforated manifold for air diffusion.
With the use of composite vermiculite-CaCl2 sorbent, high
energy storage density exceeding 250 kWh/ m3 was
achieved’ which is much higher than other heat storage
methods.

Waste heat input

Figure 3: Schematic of:sorption pipe reactor in (a)
discharging, (b) charging modes
The concept of storing and transporting waste heat with
sorption thermal batteries is interesting and thoughtprovoking. However, such innovative thinking may require
looking at a broader picture rather than a specific
application. Therefore, technical advancements in heat
storage materials, detailed design-planning and good
governance should be involved. Successful implementation
of such an application will lead to savings of a significant
amount of energy while minimizing the wasted heat.

www.wsset.org
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A high efficiency, low cost and building
integrate-able solar photovoltaic/thermal
(PV/T) system for space heating, hot water
and power supply
Professor Xudong Zhao, Director of Research, School
of Engineering and Computer Science, University of
Hull.
The University of Hull is leading an innovative
EPSRC/ Innovate-UK/China project (2017-2019) on
the development of an efficient PVT system
Photovoltaic/ Thermal (PV/T) System for Space
Heating, Hot Water and Power Supply. The project
involves QMUL (Queen Mary University of London),
PCM Ltd and USTC (University of Science and
Technology of China).
The new system PVT system integrates innovative
technologies:
• Novel Loop-Heat-Pipe (LHP) with micro-channel
evaporator;
• Combination of a micro-channel LHP evaporator
with the PV module using a special lamination
approach creating a reliable, building integrateable PV/T panel;
• Highly efficient triple PCM Storage heat
exchanger;
• Internet-based intelligent monitoring & control
system for a stable, automated and energy
efficient operation, and also for flexible selection
of the system components to meet different
demands in different buildings.

The fluid evaporated in the mini-channel is collected
at vapour header and transferred towards the heat
exchanger via the vapour transportation line.
After condensation at the heat exchanger, the liquid
returns to the water header and enters to the
evaporator through small holes. The natural fluid
circulation in the loop heat pipe system is governed by
the pressure head between the condenser and the
bottom of the evaporator.
The solar collector is composed of 20 mini-channel
heat pipes. The condensed liquid enters into each port
via four small holes with 0.75 mm diameter. The holes
were realized on one side of each mini-channel port.
They do not exist at the opposite side of the wall to
avoid blocking the vapour flow because of a higher
gravitational effect when the evaporator is inclined.

Figure 2: PVT system installation at Hull university

A) Novel PVT system

B) Novel Loop Heat Pipe

Figure 1: Building Integrate-able Solar Photovoltaic/
Thermal (PV/T) System
Figure 1A and Figure 1B presents respectively the
schematic of the novel solar loop heat pipe and
the novel loop heat pipe. The system filled with
the refrigerant R134a, is composed of the
following main elements: the evaporator
aluminium mini-channel, the condenser (shell and
tube heat exchanger), the vapour transportation
line, the liquid transportation line, the liquid
header, and the liquid collector at the bottom of
the evaporator (Figure 1B).

A preliminary analytical study realised on the heat
transport capacity of the system study showed that
the entrainment limit is the main governing limit of
the novel solar loop heat pipe because of higher
vapour flow and shear forces in the mini-channel.
With the considered design and operational conditions
(Operating temperature of 55 oC), the system can
achieve a maximum heat transport capacity of 725 W.
The thermal performance simulations of the system
showed that, compared to the existing systems, the
novel system can achieve 28 % higher overall
efficiency and 2.5 times higher COP. This efficiency will
lead to a significant carbon emission saving.
Furthermore, compared to existing PVT systems, the
novel PVT system is 20 % lower cost. Otherwise, the
first prototypes of the system are realised and is under
installation at Hull University for laboratory scale
experimental testing under indoor conditions with a
solar simulator. After this first experimental test, the
system will be installed and tested in a demonstration
building under outdoor conditions.

www.wsset.org
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Innovative vacuum glazing technology using
strong, high-temperature and low thermal
conductivity support pillars
Hasila Jarimi a, Saffa Riffat a, Andrew Cunningham b,
Brian Hackett c, Raymond Luked, Hui Lve
aThe University of Nottingham, United Kingdom;
Hasila.Jarimi@nottingham.ac.uk
bGeo Green Power Limited, United Kingdom;
cVale Window Company, United Kingdom;
dSolar Ready Limited, United Kingdom;
eHubei University of Technology, China.
In reducing energy consumption due to heating and
cooling of a building, one of the most important
parameters of a window or glazing unit is its thermal
transmittance. Also known as the U-value, expressed
in W/(m2 K), the lower the U-value the better the
thermal performance of the glazing unit. In view of
building heating applications, the amount of the heat
loss from inside the building is important to reduce
energy consumption. However, for a building cooling
application, the amount of heat gain from the
ambient surroundings must be reduced. Highly
insulated window glazing is thus very important in
keeping the U-value as low as possible. Glazing
technology has developed from single glazing, in
which the U-values are typically very high, to double
glazing technology and recently to triple glazing
technology. For the double and triple glazing
technology, the use of inert gases such as argon and
krypton is also introduced to reduce the heat transfer
through the gap. However, the lowest heat transfer
will occur when we have a vacuum layer in the gap.
This type of glazing technology is known as vacuum
glazing (see Figure 1). The significant advantage over
the other glazing technologies is the low U-value at a
very low thickness.

When vacuum glazing is exposed to atmospheric
pressure of approximately 1.01 kPa, in maintaining
the structure of the glazing and also to prevent the
separated glass sheets from collapsing, support pillars
are very important to maintain the separation of the
glass sheets. However, the installation of these pillars
creates thermal contact between the glass sheets. As
a result, heat conduction occurs through the pillars,
which contributes to higher heat loss or low U-value
of the system. The important parameters associated
with heat conduction through the support pillars are
the pillars’ material thermal conductivity itself, pillars’
diameter and the height of the pillar. Clearly, support
pillars are very important components of vacuum
glazing.
In this Innovate UK funded project with China, we are
exploring the potential of innovative support pillars
for vacuum glazing using strong, high-temperature
and low thermal conductivity material at 0.032
W/mK. In this article, we present the theoretical
centre-to-centre U-value and the overall U-value of
the vacuum glazing. By means of analytical analysis
solved in MATLAB code, we have considered the main
constraints associated with the atmospheric pressure
loading to first estimate the optimum pillar spacing
and radius. From the simulation and also by
considering visual obstruction of the support pillars,
we have chosen the radius of a pillar as 0.5 mm at
pillar spacing of 30 mm as the optimum parameters
for the innovative pillars. At the optimum pillar
spacing of 30 mm, the safe pillar radius to avoid
conical crack is 0.33 mm. However, to consider the
compressive strength of the innovative pillars, a
radius of 0.5 mm was chosen.
The 𝑈𝑐𝑒𝑛𝑡𝑟𝑒 and 𝑈𝑡𝑜𝑡𝑎𝑙 of the innovative vacuum
glazing were then computed and compared with the
vacuum glazing using stainless steel as the support
pillars. It is important to note that the modelling has
been validated against the U-value of Pilkington
Spacia™ manufacturer’s data. At 1 m by 1 m in size,
the average 𝑈𝑐𝑒𝑛𝑡𝑟𝑒 of the innovative vacuum glazing
was computed as low as 0.42 W/(m2 K), about 40%
less than a vacuum glazing with stainless steel support
pillars. The research and development work of the
innovative vacuum glazing unit is still at a relatively
early stage. Nevertheless, the theoretical evaluated
U-value seems promising. The next step of the project
will be on the proof-of-concept prototype
development of the innovative vacuum glazing.

Figure 1: An example vacuum glazing unit.
Source: Pilkington Spacia

The authors gratefully acknowledge Innovate UK’s
financial support through Newton Fund with China
(project reference no: 102882).
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WSSET exclusive offer – IJLCT
WSSET in conjunction with the International Journal of Low-Carbon Technologies (IJLCT)
are introducing a 50% discount to the APC (article processing charge) for WSSET
members wishing to publish a paper in IJLCT (open access). This will cost WSSET
members £475 as opposed to the full charge of £950. Authors will need to state that they
are WSSET members when it comes to payment.

Please visit www.ijlct.oxfordjournals.org/ to submit your articles.

WSSET exclusive offer - FCaE
Also in conjunction with the Future Cities and Environment (FCaE) WSSET have agreed a
50% discount to the APC (article processing charge) for WSSET members wishing to
publish a paper in FCaE (open access). This will cost WSSET members £475 as opposed to
the full charge of £950. Authors will need to state that they are WSSET members when it
comes to payment.
Please visit www.futurecitiesandenvironment.com/ to submit your articles.

Renewable Bioresources is an Open Access (Gold OA), peer reviewed, international online
publishing journal, which aims to publish premier papers on all the related areas of
advanced research carried in its field. Renewable Bioresources emphasizes the advanced
applications of biotechnology to improve biological ecosystems through renewable energy
derived from biological sources.
Please visit www.hoajonline.com/renewablebioresources/ to submit your articles.
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WSSET News and Information

Workshops
If you want to organise a workshop, please contact us with information and we
will endeavour to find a sponsor or supporter to enable it. WSSET can help
with promotion and marketing and we may even be able to help secure experts
to help deliver lectures.

Contact WSSET at secretary@wsset.org

3rd WSSET Innovation Awards 2018
The WSSET Innovation Awards recognise the achievements of private
individuals and organisations in new sustainable technologies and encourage
the wider application of these new developments. Funding of £1000 is
available to help get a concept or research idea to market. If you have a good
idea, we can help match you to an organisation.
Submit your entries by visiting www.wsset.org/3rd-innovation-awards/
to download an entry form. Deadline: 31st March 2018
Winners will be announced at the SET 2018 in Wuhan, China

Student Travel Grant
The SET conference organising committee recognises that sometimes it is hard
for students to find funding to attend conferences. We also know that students
make an invaluable contribution to our conferences, and we would like to have
as many of you joining us at the SET 2018 as possible.
Therefore, we are pleased to announce that we will be able to provide travel
grants for 4 postgraduate students (Masters or PhD) who demonstrate
academic excellence through the quality of their research. The SET 2018
organisers are offering free registration to the conference worth £250.
Click here to download the application details.
The deadline for applications is the 1st June 2018 by 8pm (GMT).
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If you have recently moved, changed jobs, or
changed email address, please remember to
update your membership details.
Thanks

Donations are welcome and greatly
appreciated!
We would like to remind our members that
WSSET is a non-profit organisation, hence
providing free membership. We would not be
able to play a significant role in consolidating
practical partnerships between academic and
industrial organisations without the help of our
members.
Whether you would like to get more involved or
contribute financially, please get in touch with
us at: secretary@wsset.org

Important for the repudiation of
WSSET
Neither the WSSET, nor any person acting
on its behalf:
(1) assumes any responsibility with respect
to the use of information of, or damages
resulting on the information on this WSSETNewsletter;
(2) gives any warranty or representation,
express or implied, with respect to the
accuracy of the information, opinion or
statement contained here.

All WSSET members are kindly invited to submit articles for publication in future WSSET
newsletters. Articles can be on a range of topics surrounding the word of sustainable energy
technologies. With over 1000 active members, the WSSET newsletter provides a great
opportunity to publicise new ideas, technologies or products – all free of charge!
Articles should be no more than 400-500 words and one or two photographs would be very
much appreciated. Submissions should be emailed to secretary@wsset.org
Furthermore please contact secretary@wsset.org regarding any conferences, seminars or
symposiums relating to topics of sustainable energy technologies that you wish to be advertised
in the newsletter.
Once again, thank you for your continued support to WSSET.
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