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SET2023: Change of venue to
University of Nottingham, UK
Due to the current economic situation and travel restrictions in some Asian
countries, we have decided to hold the 20th International Conference in
Sustainable Energy Technologies (SET2023) in Nottingham, UK, on the 15-17
August 2023. Topics will be wide ranging within the broad scope of Energy
Technology and Renewables; Energy Storage and Conversion; Low Carbon
Buildings, Architecture and Sustainable Cities; and Policies and Management.
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The University of Nottingham started life as a civic college in the city centre in
1881 and moved to University Park in 1928 when it was gifted 35 acres of land at
Highfields from Sir Jesse Boot. Initially, the College was accommodated in the
elegant Trent Building, pictured bottom right, becoming The University of
Nottingham in 1948. High profile visiting lecturers including Professor Albert
Einstein, Mahatma Gandhi and H G Wells.

University Park now covers 300 acres and is widely regarded as one of the largest
and most attractive campuses in the country with rolling grassland and boating
lake. Wollaton Park is just across the A52 from the campus with its deer park and
historic Elizabethan mansion (top right) which featured as Wayne Manor in The
Dark Knight Trilogy.
The main venue for SET2023 will be the new Monica Partridge Building, pictured
top left, in the centre of the University Park campus. With a substantial atrium,
large lecture theatre and multiple seminar rooms, it provides an ideal home for
SET2023.
Nottingham is famed for its links to the legend of Robin Hood as well as its lacemaking heritage, 11th century Nottingham Castle (bottom left) and famous names
like Raleigh bikes and Boots. It was granted its city charter in 1897 as part of
Queen Victoria's Diamond Jubilee celebrations. But the city has so much more to
offer than Robin Hood and has long been home to creativity and
entrepreneurship.
In 2015, Nottingham was named a UNESCO City of Literature as one of only a
handful in the world. The title reflects Nottingham's literary heritage, with literary
icons like Lord Bryron, DH Lawrence and Alan Sillitoe having links to the city.

The SET2023 website is currently under construction but abstracts can
be submitted now on https://easychair.org/conferences/?conf=set2023.

www.set2020.org
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7th WSSET Innovation Awards 2023
The 7th WSSET Innovation Awards are now open for applications. These awards recognise the achievements of
private individuals and organisations in new sustainable technologies and encourage the wider application of these
new developments. Innovative ideas are welcome in any of the following areas:
•Renewable energy systems (e.g., solar, wind, biomass, geothermal)
•Power generation technologies (e.g., CHP systems, fuel cells, anaerobic digestion plants)
•Energy efficiency (e.g., heat pumps, hybrid solar/gas systems)
•Low carbon buildings and future cities (e.g., low/zero carbon buildings, sustainable cities, sustainable materials)
•Waste management and water treatment (e.g., household and construction waste management, desalination)
•Agri-food technologies (e.g., innovative greenhouses, food drying, bioremediation)
For more information and download an application form
https://www.wsset.org/news-events/awards/innovation-awards

Deadline for submissions: 31st May 2023

New annual Awards for Renewable Energy and Energy Storage
We are in search of the brightest postgraduate students
undertaking research in a field related to Renewable
Energy or Energy Storage. Nominations from academic
institutions worldwide are now being considered and all
postgraduate students who are undertaking such
research are eligible.

By nominating your student, you could gain exposure
and recognition for the work of your department, as well
as a valuable prize for the student. These new Awards
will be given annually for a research project of a practical
and/or theoretical nature related to the field of
Renewable Energy or Energy Storage by a postgraduate
student. The award winners will be presented with a
cheque for £1000 at the SET2023 Annual Gala Dinner in
August 2023. Nominations must include:
• The name and contact address/email for the
student(s);
• A recommendation from their supervising tutor;
• A brief summary of their area(s) of work (eg the
introductory page to thesis);
• A summary of their research (eg introduction to
thesis);
• A statement of no more than 650 words on “why this
research is significant”;
• Any additional supporting material for consideration;
• The student’s CV.

Ray Luke of Solar
Ready becomes
WSSET Fellow
Raymond Luke is an innovator
and blue-sky thinker who is
guided by biomimicry, looking
to nature and accelerating its
processes to reduce costs as
well as dependencies on limited resources. He has
collaborated on many international innovations and has
over 30 years of problem solving under his belt bringing
science, engineering, and practicality to solutions, with
the aim of reducing consumption by at least 90%.

Zafer Ure Postgraduate Award in
Energy Storage
£1000 Student Research Grant from PCM Products Ltd
The Zafer Ure Postgraduate Award in Energy Storage is
sponsored by PCM Products Ltd. This Award will be given
annually for a research project of a practical and/or
theoretical nature related to the field of Energy Storage
by a postgraduate student.

Ray Luke Postgraduate Award in
Renewable Energy
£1000 Student Research Grant from Solar Ready Ltd
The Ray Luke Postgraduate Award in Renewable Energy
is sponsored by Solar Ready Ltd. This new Award will be
given annually for a research project of a practical
and/or theoretical nature related to the field of
Renewable Energy by a postgraduate student.

The award winners of both awards will be presented
with a cheque for £1000 at the SET2023 Annual Gala
Dinner in August 2023.
To nominate your student and download form, go
to: https://www.wsset.org/news-events/awards
Submission deadline for both awards: 31st May 2023

Solar Ready Ltd are pioneers in the development
of decentralised energy storage: harvesting,
storing and distributing electrical energy with 98%
efficiency. Their unique products have been proven for
a wide range of domestic and commercial
applications. Core to their solutions is the groundbreaking Power Storage Router (PSR) storing electrical
energy harvested from renewable sources, backed up
by AC off-peak tariffs distributed to everyday devices as
well as energy efficient inventions reducing fuel bills by
up to 80%. Vertical markets including LED lighting,
sustainable housing, DC powered computing, infrared
heating, air conditioning etc., all managed and data
logged from the app in the PSR solutions.
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point effectiveness was between 0.44-0.66. This study
Performance investigation of a
has also shown that the low-cost evaporative cooling
cross-flow regenerative indirect
system was able to deliver cooling for hot and dry
climates, achieving a cooling capacity of 0.75 kW.
evaporative cooler for building
applications
Mert Inanlia, Devrim Aydina , Marzieh Rezaeib
aDepartment of Mechanical Engineering, Eastern

Mediterranean University, G. Magosa, TRNC Mersin 10,
Turkey
bDepartment of Mechatronics Engineering, Near East
University, Nicosia, TRNC Mersin 10, Turkey

Growth in world population has also brought an
increase in energy demand [1]. Heating, cooling,
ventilation and air conditioning (HVAC) accounts
approximately 40% of the total building energy
consumption [2]. Evaporative cooling is an alternative
cooling method to deliver cooling at a lower energy
consumption when compared to mechanical vapour
compression coolers.

Figure 1: Configuration of the indirect evaporative cooling
system

Various studies can be found regarding the design,
optimisation of indirect evaporative cooling (IEC)
systems. Studies include performance improvements by
varying the effect of water spray and air flow
configurations, [3,4]. Numerical optimisation of design
parameters such as channel gap, channel length,
working air ratio are also points of interest [5]. Benefits
of IEC systems include that they can be combined with
other HVAC devices to either increase performance or
provide energy savings. Horr et al. [6] have
experimentally tested a hybrid IEC system to produce
cooling of 18.8 °C at an inlet air temperature of 44°C.

The system included in this study consists of three
identical cross flow, aluminium plate heat exchangers
which are connected in series, as shown in Figure 1. The
inlet air is being passed through a series of dry channels,
following an S shaped path. The vertical channel is the
wet channel where the working air is being sprayed with
water droplets, and the evaporation of water droplets
results in latent cooling of the working air. As a result of
this configuration, the product air is being cooled
sensibly without a change in its moisture content, also
known as indirect evaporative cooling. A portion of the
product air is being regenerated back into the wet
channel at a ratio usually described as working air ratio.
This study is aimed to investigate the performance of
the given unit, which is a low-cost cooling solution for
dry arid climates. An experimental configuration was set
up to measure the temperature and relative humidity at
the inlet, product and exhaust locations. Figure 2
describes the experimental results, showing the wet
bulb and dew point effectiveness of the tested
evaporative cooling unit at different inlet air
temperatures. The inlet air relative humidity at each
temperature is also given as a percentage. The wet bulb
effectiveness varied between 0.66-0.95, while the dew

Figure 2: Experimental results of wet bulb and dew point
effectiveness of the cooling unit at different inlet air conditions
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Techno economic viability of
Numerical models corresponding to a typical BBGM
and BBPH system were constructed using the Matlab®
hydroelectric energy storage
mathematical programming tool, and time series
scenario simulations were conducted for buildings
systems for high-rise buildings
Tristan Walker
Carleton University, Ottawa, Ontario, Canada
With the growing global emergence of intermittent
renewable generation technologies in power grids
comes the need for increased capacity of grid-scale
energy storage solutions that provide power
regulation service. As an alternative to large-scale
pumped hydro, this study investigates two smaller
scale hydroelectric storage system options that are
building-centered. These options include a buildingbased pumped hydro (BBPH) system, and a buildingbased gravity module (BBGM) system (see Figure 1). A
BBPH system operates in a similar fashion to its larger
scale counterpart with the exception that the upper
and lower reservoirs consist of tanks located on a
building’s roof and ground level, respectively. A BBGM
system, on the other hand, consists of one or more
water-filled vertical columns spanning the height of a
building where each column includes an internal
piston made of a high-density material like steel. An
external water pipe connects the top and bottom of
the column via a pump-turbine assembly. As the pump
operates, the piston increases in height gaining
potential energy. When the piston is released, the
water under the piston is displaced through the
turbine. High-rise buildings are ideally suited for siting
these systems as: 1) the components can be
integrated within the buildings’ existing footprint thus
avoiding the need for additional vacant land; 2) a
suitable elevation drop is present; and 3) most
buildings in a city are located in close proximity to
water and electricity distribution lines which
drastically lowers the cost of implementation.

ranging in height from 50m to 300m. Three additional
configurations were considered for the BBGM system
that included two, three, and four columns per
building. To gauge the impact of varying a number of
critical system parameters, a sensitivity analysis was
also conducted on the BBGM system. The following
results were found:
• The LEC of both systems decreased as the building
height increased (Figure 2). The BBGM system was
capable of offering greater power capacity at a
lower LEC than the BBPH system at all building
heights analysed.

Figure 2: Variation of power capacity and LEC for BBGM (singlecolumn) and BBPH systems as a function of building height.

• The LEC of the BBGM system decreased as the
number of columns added to the system increased;
however the % decrease associated with each
incremental column addition was marginally less
(Figure 3).

Figure 3: Variation of LEC for multi-column BBGM
configurations as a function of building height.

Figure 1: Sch ematic of a) building based pumped hydro (BBPH)
system, and b) building based gravity module (BBGM) system
in pumping mode.

• The LEC of 3 and 4-column BBGM systems is lower
than that of BBPH and LIBP systems in buildings
that are taller than 150 m (see Figure 4).

www.wsset.org
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The findings from this study
demonstrate the techno-economic tradeoffs that exist
between BBPH, BBGM, Lithium-Ion Battery Plants, and
Natural Gas Peaker Plant systems, and show that
building-based hydroelectric storage systems are
comparable (and in some cases preferable) to
conventional rapidly deployable grid-scale energy
generation and/or storage systems. The potential
benefits of implementing these systems on a citywide
scale have yet to be determined.
Figure 4: Levelized electricity cost, LEC, ($/kWh) and en ergy
cycle capacity, E_cycle, (kWh) of BBGM, BBPH, LIBP and
NGPP scenarios as a function of building height. BBGM
scenarios with a) 1 column, b) 2 column, c) 3 column, and d)
4 column configurations are compared with the LIBP and
NGPP scenarios on an equivalent energy cycle capacity basis.
BBPH scenario variations are identical in a) to d).

Improvement of the indirect
evaporative cooler for energy
recovery of air conditioning
systems in commercial buildings

Kong. However, in previous investigations, the poor
surface wettability of the IEC wet channels continued to
be a major problem that compromised the heat transfer
rate. To improve the performance of the system,
advanced measures were adopted in terms of both heat
exchanger material and nozzle arrangement.

Xiaochen Ma, Wenchao Shi and Hongxing Yang

As a promising solution for enhancing the hygroscopic
ability of heat exchange plates, porous media can greatly
benefit the performance of evaporative cooling devices.
Figure 2 (a) illustrates a plate-type cross-flow porous
indirect evaporative cooler (PIEC) prototype, consisting
of porous nickel layers sintered on a thin stainless-steel
sheet to form a hybrid heat transfer plate. A small
surface of the plate with a porous nickel structure was
captured under scanning electron microscopy (SEM)
(Figure 2 (b)), which could absorb and store liquid water
for evaporation during non-spraying periods.
Microporous surfaces are characterised by water storage
behaviour and capillary action, which contribute to
effective evaporation by constantly transporting stored
water to the metal surface and forming a thin and
uniform film of water. In addition, due to the storage
properties of water on the porous surface, only
intermittent spraying was required, reducing the energy
consumption of the pump.

Renewable Energy Research Group (RERG), Department
of Building Environment and Energy Engineering, The
Hong Kong Polytechnic University, Hong Kong, China
The conventional mechanical cooling cycle poses critical
loads on urban power grids and burdens the local
economy and environment. A sustainable cooling device,
the indirect evaporative cooler (IEC), is gaining popularity
for its energy-efficient and pollution-free features when
compared with mechanical vapour compression
refrigeration (MVCR) systems for air-conditioning (AC) in
commercial buildings. However, for hot and humid
climate regions like Hong Kong, the traditional IEC is
restricted by the cooling capacity due to poor water
evaporation and low heat absorption rate. Therefore, a
novel IEC for energy recovery of the AC system was
developed, as shown in Figure 1, and its promising
energy-saving potential has been demonstrated in Hong

Figure 1: System diagram of an AC system with IEC
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Experimental studies of the PIEC have been completed
and the results show that without water injection, the
PIEC maintained the supply air temperature within a
fluctuation of 0.5°C for up to 2105 seconds, reducing the
running time of the water system by 94.6%. As a result,
the power consumption was significantly reduced and
the coefficient of performance (COPs) was increased by
an average of 117.5% compared to the conventional
continuous water injection mode.
The design of the water spray system arrangement in the
IEC has received a great deal of attention in recent years.
In order to avoid redundant experimental procedures as
well as measurement errors, a numerical model for
predicting the spray density distribution of the water
spray system was developed. The performance was also
evaluated on the basis of the validated model to produce
an optimum nozzle arrangement. The results confirmed
that the COP of the IEC system could be increased by
16% under the same operating conditions when the
optimized spray nozzle arrangement (Figure 3 (b)) was
adopted, which indicated the benefit and importance of
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Figure 2: (a) Overview of the PIEC prototype and (b) Structure
of the sintered porous plate and a photo of the porous surface
under SEM

the IEC spray nozzle arrangement optimization. In
addition to the improved performance of the IEC itself,
the superiority of the whole AC+IEC systems could also
be proven. The energy simulation by EnergyPlus
demonstrated that the AC+IEC system applied in a
commercial building in Hong Kong could achieve a
significant energy-saving potential, especially in summer.
As shown in Figure 4, the IEC as a heat recovery unit
reduced the annual electricity consumption of the air
conditioning system by 41.8 kWh/m2 (floor area) which
equally reduced the carbon footprint by 30.93 kg/m2,
and the annual energy savings of the entire AC system
could be up to 12.6%.
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Figure 4: Analysis of the energy consumption of two AC systems

Furthermore, a quantitative analysis of AC+IEC system
was carried out based on the whole-year measurement
data from a governmental building in terms of cooling,
energy recovery and energy-saving rates (Figure 5). It
was demonstrated that the IEC could reduce the
electricity consumption of the AC system by 48.5
kWh/m2 per year, with an annual energy saving ratio
(17%) higher than the conventional heat recovery heat
wheel (HRW) (8.5%). Besides, the discount payback
periods of the IEC and HRW systems were calculated as
6.8 years and 14.1 years (15-year life cycle). Therefore,
the use of IEC as a superior alternative to HRW for
energy recovery in hot and humid regions such as Hong
Kong is a promising development in both economic and
technical terms.
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Figure 3: The water distribution results on the aimed sprayed
area of different arrangement schemes

Figure 5: Comparison of energy consumption between AC
systems with IEC and HRW
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A heat pump designed for industry Due to its special design, the Rotation Heat Pump has a
Bernard Adler, Thomas Weichselbaumer
ecop Technologies GmbH

Currently, heat generation accounts for 74% of energy
consumption in industrial companies - 90% of which is
generated by fossil fuels. At the same time, a lot of waste
heat is released unused into the atmosphere.
Decarbonization of heat processes in industry is essential
for economic and environmental reasons.
Heat pumps could be a solution, but they have not been
developed for this purpose and have serious limitations.
They can only reach temperatures of up to 90°C, are only
designed for one temperature level and usually use an
environmentally harmful refrigerant. ecop has
developed a heat pump that does not have all these
limitations and is specially designed for industrial
applications.
Conventional heat pumps physically use the two-phase
Rankine process. The superior Joule or Brayton process
has many advantages over this, e.g. in that it is singlephase (the working fluid always remains gaseous).
However, the practical implementation was not
considered feasible, as this process requires an
extremely high efficiency in compression. ecop has
succeeded in achieving this efficiency of over 99% by the
fact that the entire process uses centrifugal force and
thus rotates - hence "Rotation Heat Pump". The
technology is protected by 68 patents.

number of advantages over other technologies that
make it highly attractive:
1. High temperature capability (up to 150°C - in
development up to 200°C);
2. Flexible: different temperature levels possible
without changing the hardware;
3. Highly efficient;
4. Large temperature range: up to 55 Kelvin within one
process;
5. Significant cooling of the source;
6. Environmentally friendly, non-flammable, non-toxic
working fluid (noble gas mixture) instead of an
environmentally harmful refrigerant.
The Rotation Heat Pump has a wide range of
applications:
• To replace fossil fuels in heat generation.;
• When heat and cold are to be generated in the same
process;
• When there are different operating points within one
application;
• When waste heat is available as a source;
• To use temperatures up to 150°C directly in industrial
processes;
• To amplify heat and bring it to a higher level.
The industries for which this is relevant are diverse, e.g.
paper and textile industries, chemicals, metal processing,
food and beverage manufacturers and local and district
heating operators. Due to current energy prices, a return
on investment of less than two years is possible for most
applications, if heat production with gas is used as a
comparison.
The Rotation Heat Pump mostly uses previously unused
waste heat, which is normally released into the
environment. This eliminates the need to use fossil fuels.
Each system saves up to 2,500 tons of CO2 per year
compared to producing the same energy with gas. This is
roughly equivalent to the average annual emissions of
1,400 passenger cars. Over the next 10 years, we aim to
help save several million tons of CO2.
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WSSET exclusive offer – IJLCT
The International Journal of Low-Carbon Technologies (IJLCT) is an Open Access SCI
Journal published by Oxford University Press. In 2022, FCE’s CiteScore has increased to
1.8 putting the journal into the 68th percentile in the category of Architecture, which
means we're currently ranked #44 out of 138 journals in this field on SCOPUS. FCE offers
a 20% discount to the APC (article processing charge) for WSSET members wishing to
publish a paper in IJLCT (open access). This will cost WSSET members £915 (€1099) as
opposed to the full charge of £1144 (€1373). Authors will need to state that they are
WSSET members when paying.
Please visit www.ijlct.oxfordjournals.org to submit your articles.

WSSET exclusive offer - FCE
Future Cities and Environment (FCE) is indexed with SCOPUS and has an increased
CiteScore of 1.0. In conjunction with WSSET, FCE have agreed a £25 discount to the APC
for WSSET members wishing to publish a paper (open access). This will cost WSSET
members £475 compared to the full charge of £500. Authors will need declare their
membership details to the editorial team when it comes to payment before publication.
Please visit www.futurecitiesandenvironment.com to submit your articles .
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If you have recently moved, changed jobs, or changed email
address, please remember to update your membership details
or contact secretary@wsset.org with your new details.
If you no longer wish to be a member of WSSET or you want to
unsubscribe from emails, please unsubscribe here.
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 reputation 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 from, the information in this
WSSET Newsletter;
(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 nearly 2000 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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