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CA RDY@ https://www.climatewatchdata.org/
> Decarbonisation of energy is a major endeavour ! istric! Emisions ole]
Data Source Location Sectors/Subsectors Gases Calculations Show data by Chart Type
Climate Wa... v World x v Sselected * v AllGHG xow Total hd Sectors hd \E hd

o Mitigating climate change through a reduction of
GHG emissions is necessary.

———

o Major contributor to emissions: >2/3 of the total
global emissions.

75%

o Significant progress in the electricity sector, but
more muted in other areas.
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Transforming Heating ‘

2 .. o In the UK, heating accounts for >1/3 of the emissions.

Space Heating = g
(and cooling) 4.68
- MtCO,
e
4 Agriculiure,

o Cooling has been mostly overlooked by policy.
o Heatwaves will drive an increase for cooling services:

N an;‘:i:f: = Uptake of 18m units or air conditioning systems in households by 2050.
B:"[fri;'gf“‘ = +39 GW of peak electricity demand on a typical summer weekend day.
' " = Summer electricity demand is changing...

Estimated UK Emissions Attributable 3

to Heating, 2016
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Heatwaves have been intense and frequent lately, with cooling
demand in cities increasing due to the unusual weather.
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How to quantify cooling demand? What does this mean to the electricity system? Which technologies
can be used to meet cooling demand?
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Flex-Cool-Store: Overview and %ﬁ%?%:;%‘f
Objectives

e Flex-Cool-Store investigated the impacts of a growth in UK cooling demand.

e Objectives:
1. Understanding cooling demand considering technical and socio-economic factors.
2. Quantifying the impacts of an increased cooling demand on electricity networks.

3. Investigating the flexibility provision to the electrical power system from integrating
cooling technologies and storage.

o Key aspects:

o Investigation of prospective cooling demand and cooling infrastructure.

o Interdisciplinary approach to address cooling decarbonisation.

Innovation in Renewable and Sustainable Cooling
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» Modelling UK cooling demand (*existing datasets restricted to non-domestic buildings)

o Literature review on UK households.

o Weather projections obtained from UK Climate Projections (UKCP) database.

o Use of IES VE for modelling radiation.

o Modelling of a community and multiple dwellings.

o Prediction of future cooling demand for UK households using UKCP data and AI-based methods.

Individual dwellings: Community-level:

o IES VE model was verified against a published o A community-level cooling demand
literature. estimator was developed in Modelica.

o Using IES VE multiple dwelling types were o Thermal Circuits were implemented in each
modelled based on a literature review including house for variable indoor temperature
constructions, location and orientations. consideration.

o Generation of dwelling-level cooling demand o Generation of community-level cooling
datasets. demand datasets.

Innovation in Renewable and Sustainable Cooling 6
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> IES VE model verification (house in Loughborough)
House modelled in IES VE

Averaged indoor temperature
35 T . .

= [ES VE
e Modelica
ad§ —— TRNSYS |-
—_ Measured
5
‘E‘ZS‘
g
%20 ‘
o
I5F
lo‘ | 1 ! | ! | ! | | ! | ! |
R "? "’bb ¢ ’g’h q/\b \é% \"{“'Q \"’0 \“e \‘?’b \'\& \*‘5° \°‘-‘;» '19'\) W\Qb "P\% “."?0 ":’6"»"‘? "3’“‘0 "‘9#‘
Roberts BM, et al., A dataset from synthetically occupied test houses for validating Time [hours]
model predictions of overheating. CIBSE Tech. Symp., Loughborough University; 2022 . . .
RMSE between the experimental data and simulation results
Software engine MAE (°C) RMSE (°C)
TRNSYS 1.48 1.85
IES VE 1.15 1.40
Modelica 1.25 1.56

Saleem A, Ugalde-Loo CE, Thermal performance analysis of a heat pump-based
energy system to meet heating and cooling demand of residential buildings.

Applied Energy, 383, 125306, 2025
Innovation in Renewable and Sustainable Cooling 7
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> Creating cooling demand vear Ay w——

225 mm concrete slab (= 3.25) | |Single layered brick/stone 315 mm | N/A N/A
Pre-1920
datasets 188
Uninsulated cavity walls (= 1.6) N/A N/A
o Limit the number of simulations by 300 concreteslab |- N/A /A
1 H =2.94
removing extraneous variables. (24
Thermal insulation on slab (1.2) BUninsulated cavity walls (1.7) N/A Insulated Roofs (1.6)
H HI H Single glazed window (4.8)
o 11 dwelling types, 5 initial locations,
. . Insulated cavity walls - Insulated Roofs (0.68)
4 orientations. -
Insulated cavity walls Insulated Roofs (0.4)
Thermal insulation on slab (0.51) [{Insulated cavity walls (0.45) Double glazed window (3.1 Insulated Roofs (0.35)
B u nga IOW i Thermal insulation on slab (0.22) [{Insulated cavity walls (0.3) Low emissivity double glazed window||Insulated Roofs 0.22)
(2.0)
Thermal insulation on slab (0.13) [Insulated cavity walls (0.18) Double glazed low emissivity window [{Insulated Roofs (0.13)
F|at.BOtt0m i with Argon gas filler (1.4)
Thermal insulation on slab (0.13) |[|Insulated cavity walls (0.18) Double glazed low emissivity window | Insulated Roofs (0.11)
Present (2021) with Argon gasfiller (1.2)

1
2
3

Terraced.End i

8759
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> Results (examples of cooling demand)

External drv bulb temperature Corcoran L, Saikia P, Ugalde-Loo CE, Abeysekera M, An effective methodology to
4 P quantify cooling in the UK housing stock. Applied Energy, 380, 125002, 2025

Detached house: Total yearly cooling demand, north-facing,

%) code ‘7654’
> Location -
g — Cardiff 3 3486.30
® — Glasgow = 3500
R
g Plymouth E 2500 Jo35.20 : glardiff
. asgow
E 2000 \ B London
g s e
June 01 June 04 June07 June 10 June 13 June 16 June 19 June22 June 25 June 28 > 903.61
Time (hourly) E 1000 479.04 511.32
Hourly thermal demand, Cardiff, north-facing, code ‘1111’ g —
a 0 Cardiff Glasgow London Manchester Plymouth
500 Location
0 — sungalow = Multiple studies can be conducted with the
—— Detache - -
500 —Mant methodology developed (e.g. passive cooling,
Terraced (end) heatwaves, cooling demand forecasting).
~1000
~1500 o Journal papers under preparation for
June 07 June 08 June 09 June 10 June 11 June 12 June 13 June 14 Applied Energy, Energy and BUiIdingS,

Time (hourly)

and Nature Energy.
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> Modelling levels in OpenModelica

e |
|
I | |
|
| |

-

Level1 - > Roof

— = Top roof

— = Mid roof

Bottom
roof
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> Modelling cooling demand at community level

Individual house

Ambient temperature in the years 2025 and 2035
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= = = Saikia P, Corcoran L, Ugalde-Loo CE, Abeysekera M, A cooling demand
> Com mun ltY COOllng dema nd prOfl Ies estimator for housing communities in a warming world. Applied Energy, 377

Year 2025 (Part D), 124597, 2025
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Cooling Technologies 999999999999

> Modelling and design of cooling technologies

o Modelling, simulation, and verification of thermal stores for heating and cooling.

o Investigate the use of reversible heat pumps to provide cooling services.

Thermal stores: Heat pumps:

o Literature review on heat pumps and

o 1-D models of sensible and latent heat units. : _ _
integration with thermal stores.

o Simulations performed in MATLAB and Apros.

o Verification against experimental data. o Simulation of thermal loads in TRNSYS.

o Calculation of state-of-charge (sensible and o Detailed case study for a house in Cardiff.
latent heat units) for heating and cooling.

Innovation in Renewable and Sustainable Cooling 13
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> Thermal batteries

o Thermal stores serve as batteries for heating and cooling systems.

o Thermal batteries can provide flexibility services.

o Latent heat batteries may be preferred to sensible heat batteries.
These are based on phase change materials (PCM).

o Calculating their state-of-charge (SoC) is non-trivial.

https://www.engie.com/

—

AUTOMATED ENERGY
TRANSFER STATION

ICE STORAGE CHILLED WATER

STORAGE

CONTROL ROOM
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Modelling of Thermal Stores fioCoollsrone

hT 999999999999
2. Temperature Estimation
LH-TES System
u= (’p‘-;’l‘f: Tf_,'”) X _ f (X ) Y= (Tf\')

1. 1-D model of thermal Y

> 2 a2, store y=Jx)
S AR

3 2 2. Observer design for ol ‘
> 9 4 ) )Server
32 internal temperatures
g g (without sensors) Hx=fxuw+Jly—jx)] |

. X = (Tf.l,fp_h e ,Tf.;\-','ﬁ)@\r)
3. SoC calculation >

1. Modelling

= Definition of a specific heat vs temperature curve.

= Integration of curve provides the latent heat.
Energy Balance Internal descrip-
mepTy = 1hey (T; — To) + tion: channel shape, Numerical integration

UA; (Toy = T,) heat exchanger type
Dynamic Model of .—v > AL,”
thermal energy bat-

tery z =f (t,U,m,T)
Look-up table implementation

. . Parameters:hydraulic = 3 1
et Nammee | - HEl
ey 55 R RS capacity, PCM mass,...etc

Temperature (°C)

Dynamic modelling approach
= Total SoC: average SoC of all

nodes.

Innovation in Renewable and Sustainable Cooling
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> Verification of SoC estimation with experimental data
Model and observer: HTF output temperature

o A sequence of charging/discharging (at 1.09 kg/s)

was conducted for a shell and tube battery.
o State-of-charge calculation
£ —~ B i --S0C.0y — SoCop 1120
E—)‘ PQ 12 , ST - ETPD 0o0Ss i 100
- Z |
ﬁ 60 ; _ Tf,z'n,exp - Tf,o,e:cp _Tf,o,sim Tf,o,obs \; 6
0 20 40 60 &80 100 120 140 160 180 200 220 %o 421
Time (min) S 0
L : 5
e Est',ma’t";O:QOf the '”tefiﬁjt_t:f_fﬁperat”res ; 0 20 40 60 80 100 120 140 160 180 200 220
9 140 Y : 23 // ;j‘\ /f;' ______ 4771\ /f;/»] Time (mm)
\Q)/ y 44/ » 55,;1{// \\\\ /,/ s > ,A;%' ! \§§\ / 4/ X§
5 120 //// \AQT"/ \ e //// N v There is no need to install internal temperature sensors.
+ I \ s \ N7 3
= o // § --------- / Q ___________ \,;/ v Only 3 measurements are required.
@ — e L ] .
e 80 X Ty — X9, — T ;39 . v' The estimation is based on simplified models.
E—’ 60| Ty © Tg ° Tog - Tag © Tzg * Tag v" Reduced computational burden with look-up table.

0 20 40 60 &80 100 120 140 160 180 200 220 _ _ o
. . Bastida, De la Cruz and Ugalde-Loo, Effective Estimation of the State-of-
Time (mm) Charge of Latent Heat Thermal Energy Storage for Heating and Cooling
Innovation in Renewable and Sustainable Cooling Systems using Non-Linear State Observers, Applied Energy, 331, 2023. 16
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» Heat pumps ———a—Dp _.._._.7

= Reversible heat pumps can be used for both cooling == A
and heating. HEE =
IE &=
lnd-unr Coil Mo g““‘_‘;"’ Coil .
= Water-to-water heat pumps and ground-source aporator Condemser
heat pumps lead to an improvement in energy
performance and a reduction in operating costs, Reversing Valve Inpeition  cooling Mode
compared to traditional air-source heat pumps. g Do
—)——  ——D—w—
= When integrated with thermal stores, the coefficient - -

f - |
[ g

of performance (COP) of heat pumps can be

Hot
i Air
) | - W -
—
improved. - = & 5 -
| i e [} = $ -
== == -
Indoor Coil Dutdoor Coll
Inside your House Qutside your house
Condenser evaporator

Saleem A, Ambreen T, Ugalde-Loo CE, Energy storage-integrated ground-source
heat pumps for heating and cooling applications: A systematic review. Journal of
Energy Storage, 102 (Part B), 114097, 2024

Reversing Valve In position B Heating Mode

Heat pump model in cooling and heating modes

Innovation in Renewable and Sustainable Cooling 17
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» Simulation of thermal loads in residential dwelling

Building floor plan (in Cardiff)

Model developed in SketchUp

Kitchen

. 4.72%2.69 .
Sitting / Dining Room

15'6 x 8'10 !
6.38 x 3.66
20111 x 120

2.74 x 2.44
9'0 x 8'0

L

Bedroom 2

312 x2.72 Bedroom 1
10'3 x 811 3.45x 3.12
11'4 x 10'3

sp7

Innovation in Renewable and Sustainable Cooling 18
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> Case study examples

I!

o Heating demand met by gas
boiler.

Aux.
% heater Thermostat L
Tempering
Cold water control Gas boiler
| A valve
HWT-1
DHW N Arerie ©+
Diverter  pump
«—5SH— hA“X- Thermostat
eater
Dwelling 0
” m M HWT-2
Emitter

3 PI
Controller

Innovation in Renewable and Sustainable Cooling

o Heating demand and cooling demand
met by heat pump.

=11l O

Aux.  Thermostat ﬁ
heater ’D§:} > [
— Mixer &

T — 1
emperlng
Cold Water control HWT-1
valve
™\
DHW _(g._H:). A Diverter Pump
Aux.  Thermostat
heater
+—SH———
Dwelling A ’J HWT-2
Emitter

3 Pl
Controller
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» Case study examples

Occupancy patterns

1 | : : 1
09 | Occupaney 0.9 f |——Occupancy Water draw-off profile
08} —Equipment 0.8 L ——Equipment
20 T T T T T T T T T T T T T T T T T T T T T
0.7 0.7 — ‘ Water draw-off profile
06 L 0.6
= =
505 S 05
=04 =04}
03 03} 15 F 1
0.2 0.2}
0.1F 0.1F 1 E
0 1 1 1 1 1 1 1 1 1 1 1 O I 1 1 L L 1 I I 1 L L io
2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8§ 10 12 14 16 18 20 22 2 =
Time [hours] Time [hours] 2101 .
=
a) Single bedroom (Sp5 and Sp7) b) Double bedroom (Sp6) z
[
1 ———— 1 —
0.9 | |——Occupancy 0.9 } |~ Occupancy
08l —Equipment 08l —Equipment ST 7
0.7} 0.7
2 061 = 0.6
g 05 go05
= 04 [ = 04 O | 1 | I | L 1 L 1 L L | L 1 1 1 L
03}t 03 O YD XH6ADIIJVVOIL LN PO AR AP Ak
0.2 0.2 Time [hours]
0.1 0.1
0 A R R S 0 U S S
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24

Time [hours] Time [hours]

¢) Kitchen (Spl) d) Living room (Sp2)
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> Case study examples. Gas boiler-

based system

Historical weather data for Cardiff (Year 2022)

35 :

T I T T T T T T I T

T

amb

T
avg
GHI

ALl \M’ WH

; i WM T
|

2920

il ‘“h A
i I ! | \l HW

Temperature [°C]

25

1%

5110
Time [hours]

H

o Presence of heatwave during August

2190

i \1

1460

_35 LN il ”H
0 730

<

5840

WL

6570

3650

7300 8030

—12500

|

5000

—14500

-1 4000

A 3500

3000

on [W/mz]

2000 8

= 1500

= 1000

— 500

R0

8760

2022: outdoor temperatures over 32°C.

o Heating is activated if indoor

temperature (kitchen) drops below 19°C.

Innovation in Renewable and Sustainable Cooling
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Heat Pump Technologies (5)
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Temperature control by gas boiler (heating): 15t January

\

T T I I I I I I I I I I I I I I I I I I
Living room Kitchen Bedroom 1 Bedroom 3 ‘

Bedroom 2

w

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time [hours]

No cooling provision: 13th August

0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [hours]

o Clear difference in indoor temperatures without
active cooling!

Saleem A, Ugalde-Loo CE, Thermal performance analysis of a heat
pump-based energy system to meet heating and cooling demand of

21
residential buildings. Applied Energy, 383, 125306, 2025
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> Case study examples. Heat pump-based system
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Temperature control by heat pump (heating): 15th January Coefficient of performance of heat pump: 15th January
23 T I |’ I I I I I I I I I I I I I I I I I T T T 75 ‘ ‘ | ‘ ‘ ‘ | | ‘ | : :
Living room itchen edroom edroom edroom
. g Kit B 1 B 2 B 3 |
g T -
ng — | -
s e 565 -
8.20 - J O
£
=19 v — - 6 7
18 | | | | | | | | | | | | | | | | | | | | | | | 55 | | | | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [hours] Time [hours]
Temperature control by heat pump (cooling): 13th August Coefficient of performance of heat pump: 13th August
26 | T T 1 1 | I | | | T T T 1 | I | | | T T \ | 8.5 — S — T T — T T T — T T T ‘
— 25 —
° > ]
324 —
‘g :7.5 — -
B 5 W
£
= 2 s 7
21 6.5 | | | | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [hours] Time [hours]
o Heating is activated if indoor temperature drops below 19 °C. Saleem A, Ugalde-Loo CE, Thermal performance analysis of a heat
pump-based energy system to meet heating and cooling demand of
o Cooling is activated if indoor temperature exceeds 23 °C. residential buildings. Applied Energy, 383, 125306, 2025
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e UKRI (EPSRC) funded project, with Swansea University (lead), Cardiff University and
University of South Wales as academic partners — and civic and industrial partners.

e Objectives:

1. Conduct research to deliver practical and innovative industry solutions and address challenges in
Swansea Bay City Region (SBCR).

2. Accelerate the translation of research outputs into impact to drive economic growth and benefit
people in Wales.

o Impact Primer Project: Design of a Solar Photovoltaic Coupled Ground-Source Heat
Pump for a Small Residential Community

o Design of an integrated system combining photovoltaic-thermal (PVT) panels with a ground
source-heat pump (GSHP) to provide heating, cooling and hot water.

o Small residential community in Neath-Port Talbot (NPT).

o Feasibility work: ground site selection, borehole field design, energy system modelling, and
performance evaluation.

Innovation in Renewable and Sustainable Cooling
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= Afon Nedd / River Neath
Crude DI BIGS7aNET46T B N

o Identification of site — British geological survey
(https://www.bgs.ac.uk/datasets/boreholes-index/) o -/ Boreholerecords

SSTINW231 /UssTanwaze
[ asstonwzes |\ |
ssronr . e\ P sin comt ’ ® Unknown Length
y 4 ssranE262 | || 4
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4 L S e | A ® Cconfidential
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" sstonwez

Cllfaengiym Cryrant
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ot Conwocto, F3593___.......__.  BOREHOLE LOG S5 77N /8%
Location. ... EVang, Rds. Neath........ © Sheet.....of. .
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Diameter of Borehole... Date.... 29/3/77.
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CARDIFF UKIERI

UKIERI/SPARC Project UK-India Education

and Research Initiative

Advancing Sustainable Building Practices: A Comprehensive Investigation into
Estimation Techniques for Thermal Load of Buildings

* Objective:

o Promote academic and research collaboration between IIT Delhi and Cardiff University on
estimation of thermal load of buildings.

 Key activities and outputs:

o Research workshops and seminars at both institutions.

o Taught courses on thermal load estimation for sustainable buildings at both institutions.
o Student and academic staff exchanges.

o Joint publications.

o Specific research project on the design of efficient heating, ventilation and air-conditioning
(HVAC) systems and implementation of smart building solutions.
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PCM-based Ventilation Load E{KIE!}L

REd uct i on fo r H VAC SYSte ms and Research Initiative

> Objectives:
o To reduce inlet air temperature of HVAC system using latent heat store.

o To compare energy savings of proposed approach with conventional HVAC system

PCM
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Wl

[ Heat Exchanger 1 4
Throttling
, Compressor device
5
200

1500 it e e e e e e e e e m
gravity Air conditioning unit

I
|
I
|
I
|
Ambient  d a
Air f :
I
I
I
I
I
I
I
I
I

Heat exchanger with fins

All dimensions in mm

Proposed configuration to reduce the fresh air load of an HVAC system
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PCM-based Ventilation Load },{,’S‘E[}!ﬂ
REdUCtion for HVAC Systems (2) and Research Initiative

> Numerical modelling

o Enthalpy-porosity formulation to analyse melting process Weather station to determine air inlet
temperature

o PCM: Octadecane (melting point: 28°C)
o Inlet air: Average air temperature (May, New Delhi) Propelier vans

(wind direction) |

- >
W T 3-Cup ancmometer

Cross-section and numerical domain of
heat exchanger

15° . . . . . Pyranometer
Numerical Domain Number/dimensions of fins L
Precipitation tank
Fins . - - & [pp— v i -ll" "oy g
[5 (1) % 50 ()] Case | Fins | Height | Width 2 7| == R i
1 1 30 10 S = ;'mPowerunit
| 9250 B e > o I & m
3 2 50 3 ; : ;
200 4 2 15 10
75 5 3 25 4
6 3 50 2

All the dimensions are in mm

X
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PCM-based Ventilation Load
Reduction for HVAC Systems (3)

UKIERI

UK-India Education
and Research Initiative
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Decarbonising the energy sector is critical towards achieving net-zero targets.

Decarbonising heat is (very) challenging!

Decarbonising cooling has been overlooked.

There is limited data on cooling demand.
Impact of increased cooling demand may be considerable.

The research conducted may help inform policy-making, home developers, network
operators, homeowners and other researchers.

A holistic approach in energy networks can help balancing supply and demand efficiently
and economically.

It is critical to continue investigating how cooling may develop and understand how cooling
and energy storage technologies can support integrated, socially acceptable, cost-effective
and sustainable energy change.
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Dr Arslan Saleem Prof Carlos Ugalde
SaleemA7@cardiff.ac.uk Ugalde-LooC@cardiff.ac.uk
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