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New Awards Competitiof
~selected entries can win cash prizes~

WSSEBre pleasedto announcethat we have a number of new awards,
some with cashprizes,open for young members- PhDstudentsand new
researchers- to apply for. All award winners will receive an Award
Certificateand will be invited to participate in the SET2021 conferencein
Istanbul, Turkey Please note the deadline dates as there will be no
extensiondo these Formoreinformation on eachawardandrestrictionson
entrants, visit the WSSETAwards page at https://www .wssetorg/news
events/awards
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The Presidentof WSSETSs offering a cash prize of £1,000 for a research

project or idea related to helping the fight against COVIEL9. This

competition is open ONLYto PhDstudents or young researchersup to 30

yearsold. Projectsand ideasrelated to minimisingthe impact of COVIBEL9

in hospitals healthcarecentresandbuildingsincludebut are not limited to:

A Innovative and efficient personal protective equipment/mask design;

A Technologies including heating ventilation and air conditioning (HVAC)
systems;

A Indoor air quality devices;

A Filtration systems;

A Novel design/modelling for naturafentilated buildings.

WSSET Terry Payne Awards

Professor Terry Payne is sponsoring two awards, both being open only to
members from developing countries. A list of eligible countries is available
on the WSSET website.

Young Researchers or PhD Students in Developing

Countries

There are two prizes of £500 available here. The Award recognises the
research innovation that our young members in these countries are carryin
out. Applicants must be currently registered students or up to 4 years after
completing PhDEvidence of student registration must be submitted.

Best Research by Female Scientist in Developing

Countries

Prize money of £750This Award acknowledges the extraordinary work that
our female members are carrying out in developing countries.

Deadline for submissions for both Awar@4st March 2021

More next page
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WSSET Terry Payne Awards, cont.

Topicsfor submissiongor both of the TerryPayne

Awardscanbe from anyof the followingareas

A Renewable energy systems (e.g., solar, wind
and biomass);

A Power generation technologies (e.g., CHP
systems, fuel cells and anaerobic digestion
plants);

A Energy efficiency (e.g., heat pumps and hybrid

solar/gas systems);

A Low carbon buildings and future cities (e.qg.,
low/zero carbon buildings, sustainable cities);

A Water treatment and desalination (e.g., solar
water desalination);

A Sustainable materials (e.g., innovative
composite materials and aerogels);

A Waste management and water recycling (e.g.,
households and construction waste
management);

A Agrifood technologies (e.g., innovative
greenhouses and food drying)

Future Cities and Environmerat
Open Competition for PhD
Review Papers

Future Cities and Environment journal is
launching a competition to find the two best
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WSSET PCM Products Award
Best PhD Student Project in
Energy Storage

The successful candidate for this Award will
receive prize money of £500. The Award
recognises research innovation in thermal
energy storage systems.

Deadlinefor submissions21st March 2021

Topicson thermal energy storage systemscan

include,but are not limited to:

A Phasechangematerialstorage

A Thermochemicagnergystorage

A Sensibleheat storage, seasonal/longterms
storage

A Integrated energy storage, solar/renewable
energystorage

A Hybridenergystorage

A Icestorageandpassivecoolingstorage

A Energy storage for building applications
(homes,commercialandindustrial)

WSSET Online Lecture Series

July saw the launch of the WSSET online lecture
series.Professor Li Shafwom the University of
Reading, UK, kicked off with Thermal

Review Papers from current PhD students, aimingPerformance of Urban Trees: recent findings.

for publication in early 2021. Selected papers will
be published open access, with the Article
Processing Charge (APC) being 100% wahlkd.
submissions will be sent for external peer review,
with the best two papers being selected by a
panel from the Editorial Boardruture Cities and
Environments widely indexed, witlscopus
currently providing &iteScoref 0.9. Topics for
review include:

A Sustainable and resilient cities;

A Sustainable urban systems and infrastructure;
A Green and sustainable buildings and materials;
A Energy efficiency in buildings;

A Smart and responsive buildings:

A Energy demand and use optimization;

AWaste management and recycling;

AEnergy and carbon savings incentive;

A Energy and environment policies.

Deadline1st November 2020

If you missedthe lecture, you canview it on the
WSSEYouTubehannelhere:

https://www .youtube.com/channel/lUCVXKvDrL
BT{\82znbJhJw

Therewill be 2 lecturesin Augustby: Professor
Srinivas Reddy (India) and ProfessorHongxing
Yang (HongKong) More information will follow
andfor detailsandupdatespleasevisit:
https://www .wssetorg/newsevents/press
releases

Youcanalsofind out ¢ K | Ba@peningat WSSET
by following us on socialmedia @UoNWSSEdnd
@WSSET_

www.wsset.org
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On the development of daytime
radiative cooling materials

JieFeng MattheosSantamouris

image in realvorld largescale applications and can

make significantly longerm cost savings. Increasingly,

more scalable polymers are being tested and proved t

be potential emitter forradiativecooling purposes, like

polyvinylidendluoride (PVDF) [5], poly(methyl

Faculty of Built Environment, University of New South methacrylatg (PMMA) [5]polymethylpentengTPX) [6],

Wales, Sydney, NSW 2052, Australia polytetrafluoroethyleng(PTFE) [7], etc. In 2017, a hybri
o structure consisting of silica spheres distributed in the

Overheating in cities exacerba_tgs energy problems, TPX matrix was produced by scalability. The basic em

worsens thermal comfort conditions, brings health and reflector are shown in Figure 2. On a sunny day ir

problem_s to vulnerable pe_ople,_ a_nd causes _tremendousCave Creek, Arizona, under direct sunlight, it was pro

economic Ios_ses [1]. Daytlmadlgtlvecoollng isa to have a cooling capacity of 93 W/m2 [8].

passive cooling technique and is a broadly researched

topic with very high potential. To have effectiraiative

cooling, a material needs to have a high reflectance in References

solar wavelength to minimize the absorption of solar  [1] M. SantamourisOn the energy impact of urban heat islan

radiation, and higlemittancein 8-13um to maximize the and global warming on buildings, Energy and Buildings. 82

heat output as the transparent atmospheric window is  (2014) 10e113.

located here, as shown in Figure 1.
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Figure 1: Incoming solar radiation and atmospheric radiationsub-freezing temperatures through a Z#daycnight cycle,
spectra in Singapore, Sydney and Alice Springs, as well as tRature Communications. 7 (2016) 13729.

Sydnay Alico Springs

black body radiation spectrum of a material having the
temperature of 300k

Nighttimesub-ambient performance has long been
reported. But daytime swambient cooling has only
been reported significantly in recent years as

http://doi.org/https://doi.org/10.1016/j.enbuild.2014.07.022

[2] M. SantamourisJ.Feng Recent Progress in Daytime
RadiativeCooling: Is It the Air Conditioner of the Future?,
2018.

[3] A.P. Raman, M.Anoma L. Zhu, ERephaeliS. Fan,
Passiveadiativecooling below ambient air temperature unde
direct sunlight, Nature. 515 (2014) 540.
http://doi.org/10.1038/nature13883

[4] Z. Chen, L. Zhu, A. Raman, S. Radjativecooling to deep

http://doi.org/10.1038/ncomms13729

[5] A.Aili, Z.Y. Wei, Y.Z. Chen, D.L. Zhao, R.G. Yang, X.B.
Selection of polymers with functional groups for daytime
radiativecooling, Materials Today Physics. 10 (2019) 10012
http://doi.org/https://doi.org/10.1016/].mtphys.2019.100127

nanotechnology and photonic structures have developegs) p.Grenier Réfrigératioradiative Effetde serreinverse,

[2]. In 2014, a photoniadiativecooler was tested in
Stanford, California [3]. It was a photonic structure
fabricated by using electron beam evaporation on top o
a silicon wafer. When exposed to solar radiation over
850 W/mz2, its surface temperature reached Z9ower
than that of the ambient. Using a thin polyethylene cove
layer as a convection shield, its cooling capacity at
ambient air temperature was 40.1 W/m2. Similarly, in
winter at Stanford, direct shading devices and vacuum
chambers were used to eliminate noadiativeheat
transfer [4]. When the photonic surface was exposed to
air, it presented a maximum 42 subambient
temperature when solar radiation reached its peak.

However, the high cost and
the inability of photonic
structures to perform scalable
manufacturing greatly limits
their largescale application in
practice. The latest advances
in low-cost and scalable
radiativecoolers, such as the
implementation of common
polymers, sprays or paints,
have shown a very promising

Top layer of silica
sphere as the
emitter

Notes:

1)diagram is simplified to
highlight the solar reflectivity
of the bottom layer and the high
emissivity in the atmospheric
window of the top layer
2)dimensions are not enlarged
to scale

Revue de Physiquppliquée 14 (1979).

1{7] P. Yang, C. Chen, Z.M. Zhang, A-ldyal structure with

record-high solar reflectance for daytinradiativecooling,
Solar Energy. 169 (2018) 3384.

http://doi.org/https://doi.org/10.1016/j.solener.2018.04.031

r
[8] Y.Zhaj Y. Ma, S.N. David, D. Zhao, R. Lou, G. Tan, R. Y

X. Yin, Scalablmanufactured randomized glagolymer
hybrid metamaterialfor daytimeradiativecooling, Science.
(2017) http://doi.org/10.1126/science.aai7899

solar reflection

emissivity in the
atmospheric
window

Bottom layer of
silver as the
reflector

Figure 2: Basic emitter and reflector in [8
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|ncreasing the resilience to the is capable of reflecting timely conditions of different

districts.

health impacts of extreme weather
on elderly people under future Guidance will be developed for urban planners,

architects, developers and other professionals in the fi

Climate Change to help the industry fully unleash its potential in buildin
towards a sustainable and healthy city under the visior
Professor Edward Ng Hong Kong 2030+. They will fill the current knowledge

_ _ . . and awareness gap in the industry.
Chinese University of Hong Kong, Hong Kong, China

Extreme hot weather is expected to be more frequent Qurrent _services_ will be improved by incorpora.ting
and intense in Hong Kong under future climate Change_lnformatlon prpwded by the new weather warning
The impacts will be exacerbated due to the presence ofsystem. HOE’S'ngV p[otoco!§ W'”V be developed to better
the urban heat island phenomenon in our higansity ~ C&t€" }O this tR (?rimlidelr(der e_ﬁtgeme yvegther. ‘
city. In particular, elderly people are more vulnerable to Soma wor efrshan Igo Iuntetijrs wi he tragg to take
the impacts of extreme hot weather because of their etter care of the elaerly under such conditions.
decline in physiological functions and thi&haviourand . _ _
NBALRYAaSd ! 4 adOKSZ LI Fya /9P JFC&'%'%di%elpr Igchdl ‘ tory Pyl Edward
GFRIFLIGEFGAZ2YE FOGA2YA F NB N@z oy gied by @ Btigiscigligary téam composi
of architects, scientists, psychologists, building science
Numerous studies have proved that excess mortality angPecialists and health practitioners.
morbidity are associated with extreme hot weather. It is
important for different sectors of the society to take
necessary actions. However, there are three issues to
addressed for successful responses, including (a) lack
data for understanding the extreme hot weather in our
city; (b) lack of evidenebased mitigation action plans;
and (c) lack of evidendeased adaptation response

The project lasts for three years from 2019 to 2021. It |
tJémded by theResearch Impact Furaf the University
&rants Committee. The funding amount is approximat
GBP 1 million.

The project team is looking for contributions from
colleagues who are interested in this project to share

plan. knowledge and experiences.

This project aims to contribute by: (1) downscaling glOb?l]Iimate Extreme weather | .

climate data to the urban scale for weather information Homa Kona Observatory ! Bu'l't

services and health impact assessment; (2) developing a [ TaskAsClimatetots__Je—pbenhest stand Envnronme‘nt

mitigation action plan with better urban planning and ... . JEQ Panning Deporment

building design under extreme weather; and (3) Urbanscle cinate dtase for ' S e e epartment

developing an adaptation response plan for supporting * e esesmer Health Impacts T

services to increase the resilience of elderly people to Therma stress o

extreme weather. This study will provide a Jemporsarersited s ] Guioce f o

methodological framework for incorporating the e s . for e wesrr

scientific knowledge of extreme weather and its 77 [ TaskC:Adaptationstrategies | TS

associated impacts on the elderly health and vieling el ! RN

into a comprehensive plan for response actions. el Services & Support T
Hosital Authorty Acaptation la o supporting services

The findings of the study will help the Hong Kong Emironmerto ot pariment -+ Erpyeampan

Observatory transform the current simple weather _ _ _
information system into a more comprehensive one that ~ Figure 2: Methodological framework of the project

Hong Kong heatwave left city’s
poorest reduced to tears and
fighting off depression as
temperatures soared In oven-
llke homes  (SCMP 7.Jul 2018)
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tality Rate (%)
o

Crude Mort

0 20 L] 0 0 100
HWII percentiles (%)

o

Health risk

Figure 1: The context and issues of the project
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Photovoltaic thermal (PV/T) A 3% volume fraction of Silicon Carbi&}

nanoparticlesvere used to prepare thaanofluids

CO”eCtorS Wlth SiGParafﬁn and while 0.1% was used to prepare tBeGParaffin.

SiCH-O nanofluid Paraffin was used due to being cheaper than its
2 alternatives, and readily available in the market. The

Kamaruzzama®opian, Ali AlWaelt, Hussein Kazetn  mixing was done using twstep method, and tests of
MigdamChaichaf thermo-physical properties were done using thermal
analyzer, density meter anmtheometer(viscometer).
¢KS aeadsSy ¢la GSaasSR Ay
laboratory inBangiMalaysia. The experiments were
done from 8 AM to 7 PM. The measurement was
recorded using various sensors and a data acquisitior
system. The sensors includemtameter,

Photovoltaic thermal (PV/T) is mutually beneficial for ~ thermocouplespyranometet and IV tracer for

the PV element, and solar thermal element of the measurement of mass flow rate, temperature, solar
collector. PV is cooled and hence can produce more irradiance and PV curreibltage curves, respectively.
electricity, while solar thermal can yield thermal

energy in the same area. The deve|opment in PVIT At a mas$lowrate of 0.017 kg/S, themanofluidand
collectors is done through improving the process of ~ hano-PCM based PV/T collector exhibits superior

1Solar Energy Research Institute (SERI), National
University of Malaysia (UKMBangj Malaysia
2Sohar UniversitySohar Oman

SEnergy and Renewable Energies TechndGegyter
(ERETC), University of Technology, Iraq

heat transfer between PV and thermal absorber performance over conventional PV, wadeased PV/T,

attached to it. To enhance the heat transfer, some and PV/T with PCM and water as coolant. During pea
authors propose new design configurations, while solar irradiance the PV/T achieves a thermal efficienc
others utilize different construction, and operating of 72% and an increase in electrical power of 47.06%

material.b | y 2 T lade/bée@used as coolants for ~ compared to the typical PV module. The thermal
PV/T collectors, while Phase Change Material (PCM) efficiency peaks at around 2 PM local time; attributed
have been used to thermally regulate the temperature t0 charging ohano-PCM and time taken for release.
of PV modules; due to their high latent heat. However, On the other hand, the electrical efficiency remains
issues of PCM such as low thermal conductivity calls high due to continuous transfer of heat between PV
for innovation in these two approaches. andnano-PCM tank.

This project proposes a novel design of PV/T collecto PERFORMANCE OF PV AND PROPOSED PV/T

which utilizesnanoenhanced PCM anadanofluidsto s Solar maciance e P Electrical ffciency
improve its heat transfer (Figure 1). The ability to i PUIT themal eficency
recover from heat storage and release cycles is %0 8

amplified when employinganoparticlesnto PCM.

Hence, the proposed PV/T is a PV module attached t« g I n w3
anano-PCM filled tank. Copper pipes, emerged in the gj‘; SW:E'
nano-PCM layer, carrganofluidfor heat extraction. In £, ] g
this way, more heat is utilized from the PV/T collector | ' w0 &
The proposed system requires a heat exchanger, 5 "I- I I g
I 10 | | | 100
nanofluidtank and a pump. D _/. Tt : It .

IO P I U
S -.°° _ﬁe R S R U g S U U U R
B9 9T 0D Y Y G G G G

LOCALTIME (HR:MR:S)

nano-PCM
‘o,
o,
o,
aﬂ
aﬂ

Exiting liquid

Exiting nanofluid
L
Entering nanofluid

Photovoltaicpanel

: _- SiliconeOil

Upper Sheet
f—  Uppe

Nano-PCM layer

{ Figure 2: Thermal, Electrical and total Energy of PV/T
N POM L Commervives collector in outdoors conditions

tank . Lower Sheet
SiC + Paraffin (Galvanized steel)

The capabilities of PV/T collectors witanofluidsand
nano-PCM show massive potential for development
and applications in different fields where electricity
and thermal energy are needed. Throughout the
continuous experimentation, the proposed PV/T
system remains to produce higher than its
counterparts.

]

Entering liquid
nano-PCM
Exhaust
air bubbles

Figure 1: Schematics of the PV/T widno-PCM and
nanofluids
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Energy and fuels from sunlight
and solid waste

Xian U, YanjunDa?, ChiHwaWang

INUS Environmental Research Institute, National
University of Singapore, Singapore

2) To analyse the variations of optical properties,
species composition, and phases with respect to
chemical reactions;

3) To explore the transient radiation exchange inside
particle/gas suspensions, and variaghermochemical
processes such as thermal cracking, reforming,

2School of Mechanical Engineering, Shanghai Jiao Tongecomposition, and reduction processes;

University, Shanghai, China
3Department of Chemical ariBiomolecular
Engineering, National University of Singapore

Solar gasification uses highly concentrated solar
radiation as a source of highmperature process
heat to drive the gasification processes. In general,
improving the heat value of the produsyngasthe

steam/CO2 mixture serves as the gasification agentof gogy w9 1 ¢ 9

carbonaceous feedstock. Thus, solar energy in an
amount equal to the enthalpy change of the
endothermic reactions. Conversion performance of
thermochemicabasification of solid waste can be
significantly improved, accompanied by solar energy
stored as a fuel carrier.

In this project, we are evaluating the potential of the
hybrid solarautothermalgasification technology with
various reactors. We will specifically investigate the
following aspects:

1) To study the coupling of thermadiativetransport
with gasification reaction kinetics;

4) To optimize thermodynamically the systéevel
matching and control problem assisted by the
advanced optimization technologies. The successful
implementation of the hybrid solaautothermal
gasification will form a potential and promising
technical reserve.

LINEANF YYS KIa f
FANRG FyR { 2dziKS$lux&alar ! & A |
simulator (28kWe) that is able to supply ~1&Nth
radiativepower, associated with a peak concentration
of >7000 suns and an average concentration of >350
suns at the target region with a diameter of 4 cm. Twic
hightemperature solar reactors have been developed
for 900-1000°C and 130a500°C solar gasification of
solid waste by using the configurations of internally
circulating fluidized bed and directly irradiated fixed
bed, respectively.

Research on Energy and Fuels from Sunlight and Sol
Waste is supported by the National Research
Foundation Singapore, under its Campus for Researc
Excellence and Technological Enterprise (CREATE)
programme (E2SZREATE).

SOLAR FUEL LABORATORY

Energy and Fuels from

and Solid Waste

Founder: Dr. Xian Li, supported by E2S2-CREATE Program

WWW.Wsset.org
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Low temperature waste heat 2. Development and demonstration of 50 MW
. absorption heat pump. DoublsectionLiBrwater
recovery with heat pump and absorption heat pumps were developed and applied ir
. a CHP plant in Lanzhou, China. The original heating w
related technologles supply by the low pressure extracted steam from a

Rankinecycle, which was inefficient. Our project used
o o the absorption heat pump driven by the extracted
Shanghai Jiao Tong University steam (0.24VIP3) to recover the waste heat of the

Waste heat recovery is of great significance for energy Rankinecycle (34.63C from the cooling water tower),
saving and emission control purposes, and heat pumps and the heat pump could heat the water from 45204
are among the best options for low temperature waste t0 81.34C for district heating. The real measured

heat recovery. However, its wide application is still heating capacity was 63.57 MW for one heat pump un
restricted by two aspects: 1) the limited efficiency, (Figure 2). Due to the unique doubdection design, the
temperature lift and capacity of current heat pumps, andabsorption heat pump could achieve COP of 1.77. Thi

ProfessoRuzhuNang

In this project, bothvapourcompression and absorption
heat pumps with large capacity and higfficiency were
developed and demonstrated. Additionally, network
utilization of waste heat was proposed for optimized
waste heat recovery. The major achievements were:

1. Development and demonstration of a 10 MW
Centrifugavapourcompression heat pump in a steel
manufacturer in Anshan, China. The waste heat with
temperature of 32C was upgraded to 8¢ for

residential heating in which the heating capacity was 10

MW (Figure 1). The unique compressor designand 3 concept and demonstration of network utilization
double compressor configuration ensured a high COP of,, \vaste heat. Waste heat recovery often encounters
6.93. The heat pump system replaced the original fossil i jssye of mismatch between waste heat source anc
fuel burner and had a short payback period of 1.7 years,,cer demand in spatial, temporal and energy grade

Figure 5uriits absorption heatpp (50 MW each)

The successful demonstration project has enabled degrees. To achieve better utilization of waste heat, tf
another 5 Centrifugatapourcompression heat pumps  concept of network utilization of waste heat was
tS be put into use for Wlnteheatlng in Anshan. proposed (Figure 3), which includes the cooling,

J ¥ = heating, power, storage, and transportation from wast

heat. Technology matching and heat exchange netwo
optimization were integrated together to achieve the
optimized utilization of waste heat. A book edited by
Prof.Ruzhuwang will be published by Science Press il
China. This method was used in a waste heat recover
network optimization project with cooling capacity of 5
MW inJuronglsland, Singapore, and ensured a payba
period of ~2 years.

‘Compression heat pump.
(30-60°C)

Air-conditioning
(5-15 °C)

Absorption refrigeration

Fiovzing (85-150 °C)

(~30 to -5 °C)

Adsorption refrigeration
(70-130 °C)

Heat supply
N o

Aecaon —————
{50-120 °C) (50-100 °C) (80-150 °C)
Figure 3: Network utilization of waste heat [

Phase change
(70-200 °C)

Reversible chemical reaction
(180-200 °C)

Cont
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Cont 5. Development and demonstration of phase change
heat storage. To tackle the spatial and temporal
mismatch between waste heat and demand, heat

eStorage with PCM is necessary to keep the original
energy grade. A series of PCM heat storage plants we
developed. Expanded graphite was used to yield PCM
with high thermal conductivity. A PChased heat supply
system with 2MWhstorage capacity was demonstratec

heat pump with water as refrigerant in China (Figure 4). N B€ling China (Figure 5). The system was driven by «
The heat pump unit was able to lift waste heat from peak electricity, which ensured a short payback period
~8(°C to ~115/136C with COP of 5.7/3.5. Thiswas 23 Years.

further cascaded with an agource heat pump to make

an airsource heat pump steam generator. A 188/

prototype was developed and demonstrated for the

steam supply of wine production in Jinan, China.

4. Development and demonstration of a high
temperaturevapourcompression heat pump with water
as refrigerant. Industrial heating demands typically hav
higher temperatures than domestic ones. However,
conventionalvapourcompression heat pumps cannot
work efficiently under high temperature conditions. In
this project, we developed the firstapourcompression

Figure 5: A MWh PCM thermal storage

This researchwas supported by the National Key R&D
Programof China(No. 2016YFB601200.

Figure 4: Water vapor compression heat pump.

WSSET News and Information

5t WSSET Innovation Awards 2021
Deadline for submissions: 3tiMarch 2021

Followingthe postponementof SEP020 the WSSETnnovation Awardswere postponedfor a :
yearaswell. TheWSSETnhnovationAwardsrecognisehe achievementf private individualsand 1
organisationsgn new sustainableiechnologiesand encouragethe wider applicationof thesenew :

developmentsinnovativeideasare welcomein anyof the followingareas

A Renewable energy systems

A Power generation technologies

A Energy efficiency

A Low carbon buildings and future cities

A Water treatment and desalination

A Sustainable materials

A Waste management and water recycling
A Agrifood technologies

To enter and download an application form, go to
https://www.wsset.org/newsevents/awards/innovatiorawards
Winners will be announced at the SET2021 gala dinner in August.

www.wsset.org



