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Accelerating the transition
to a just and fair zero-
carbon energy system for all

The ZERO Institute is a world-class, multi-disciplinary hub for zero-carbon
energy research, education and innovation at The University of Oxford. The
transition to a zero-carbon economy is amongst the greatest challenges
humanity has ever faced: our goal is to guide global energy implementers
towards a zero-carbon energy future, working closely with policy and
practice.

The ZERO INSTITUTE at Oxford

httpS ://Ze 0.0X.ac.u k/ www.zero.ox.ac.uk @ZERO _Oxford




ZERO Institute at Oxford
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Global target Net ZEROby 2050
All energy sectors need to have netero emissions by 2050
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CO2 emissions in the building sector

2 (%- Building operations

Operational carbon

10%- Materials and construction

Embodied carbon

UNEP (2024). Global Status Report for Buildings and Construction: Beyond foundations: Mainstreaming sustainable solugomss$mns from the
buildings sectorhttps://doi.org/10.59117/20.500.11822/45095

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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The decarbonisation path ﬁ.
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What is a netzero building?
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IS It just about
Installing
photovoltaic &
panels?

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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UK Green Building Council (GBC):

Energy demand
i VS
Renewable supply

A reduction in buildings
60% will be necessary by 2050 for demand to
be matched by available renewable supply

2020 2030

S. Hill, A. Dalzell, M. Allwood, Net Zero Carbon Buildings: Three Steps to Take Now, Arup, 2019.

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Definitions of netzero buildings

Institutions Terms:
UKGBC (Green Building Courd@l)19 Net Zero Carbon Buildings Framework

International Energy Agency (IE2D21 %S NR Ol Nb 2y nNBEl Ré o6dzAif RAYy 3

European Union (EPBD, E@P24 Zeraemission buildings (ZEBS)
Nearlyzero energy building®iZ EBsC previous term (EPBD 201

UK NZCBS Standay@024 (pilot) Net Zero Carbon Buildings

Metrics (what and when?)

Transitioning to Zer&arbon Buildings, Buildings and Cities. (202®)s://www.buildingsandcities.org/insights/commentaries/zeoarbonbuildings.html
UK NZCBS Standard. https://www.nzcbuildings.co.uk/pilotversion

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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UK Net Zero Carbon
Buildings Standard

Pilot Version

EEEEE e = Thelnstitutionof
BBP [z:zk., @ carson IS StructuraEngineers

@ RBAR (@rics tHese

Definition of a net-zero building
UK context

™ ™ | BETTER —~ $5=  The Institution . T—
BBP[zizk,, Gmsow DX Structurakingineers

TRUST  CIBSE

@ REBEA® (Qrics  tigae

UK GBC, UK Net Zero Carbon Buildings Standard, 2024. https://www.nzcbuildings.co.uk/pilotversion
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UK Net Zero Carbon

Buildings Standard

sssss —_— %V&E The Institutionof_
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The Standard’s Requirements

Limits are set for:

Upfront Carbon

Operational Energy

Fossil Fuel Free

District Heating and
Cooling Networks

Refrigerants

Sl (7R S

\W Heating Delivered

On-site Renewable
Electricity
Generation

\,

J

o

- - O S .,

o — %
There is an optional
reporting requirement for:

UNIVERSITY OF
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There are reporting
requirements for:

*_ Life Cycle Embodied

'%c]f Carbon

. Operational Water Use

25 Electricity Demand

Heating and Cooling
delivered to the building

- J
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What Is the role of building services
engineering and academia in
achleving netzero?



Portfolio of technologies

Primary source
Wind

Solar

Geothermal

Sky/Cold
Universe

Fuel
Gaseous, Liquid, Solid

Biomass

Generation

Small wind
turbines

Photovoltaic
modules

Electric energy
generator

Combined heat
and power

Boilers

Solar thermal
collectors

Radiative
cooling systems

Conversion

S\‘ I/
7/

Organic
Rankine cycle

Kalina cycles

Electrical
boiler/heater/radiator

Heat Pump

Sorption
chillers

Desiccant
processes

Evaporative
systems

From district scale to building scale

Storage Distribution

LRI K 2% BE B 1
EFRERE

Electricity
distribution
Electric
storage
Hydronic
distribution
District network
Thermal Building scale
storage

Air
distribution

Energy Us

Electricity

Lighting
Ventilation
Cooking
ICT

Electrical appliances

Heat

Space heating

Domestic Hot water

Cool

Space cooling

Refrigeration
c.uk



Efficiency
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Typical efficiencies of heating and cooling technologies

Conventional boilers | ] 60-85
Condensing boilers | [ ]85-97
Wood stoves/furnaces [ <70
High-efficiency fireplaces | []70-80
Pellet stoves [ 175-85
Masonry heaters | | ]80-90
Electric resistance heaters - L] 100
Heat pumps (electric) | l 200-600 |
Heat pumps (gas-driven) | | 1120-200
Sorption chillers | | | 70-180
CHP [ J70-90
Solar thermal systems []100
0 100 200 300 400 500 600

Efficiency (%)

International Energy Agency, Transition to Sustainable Buildings. Strategies and Opportunities to 2050, OECD/IEA, :20d@.dntyf10.1787/9789264202956n

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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New Teaching Curriculu

AUndergraduate programmes = =
AVISc programmes B 3 Rogon X

ADPhil programme - NETZERO PUILDING .
AExecutive Education NG G ?@F Y Ll @'
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Educational resources

A=ducational publications

A ducational software/tools Upcoming event at ZERO Institute:

Online courses Friday, 21st NovemberThe Future of Datacentres
5pm at Somerville College

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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A CIBSE 2025 Awaid Learning
and Development

A ASHRAE 2025 Awafadr Zero
Carbon Education

A 2025 MPLSeachingAward

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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First prize in the European ASHRAE 2025 student
competition on Net Zero Data Centres

‘;_', BM Loughborough University
, Wy unversiy -~ \LSBU @ of Exeter

European ASHRAE 2025 competition on Net Zero Data Centres

ASHRAE UK Chapter team RISE-UP — a student collaboration across four UK umuers:ttes
i1 \v
¢ S
>
4 v g ,.
Samuel IOy ola

-

X4

Gayatri Sundar Rajan Ben Bowden eda Hussain Syed Muhammad Faiq Ali Asim Zaib

Team Mentors

w\ &

Prof. Ma h 0 Eftekhar Prof. Jesus Lizana

Yy O N8

UNIVERSITY OF

OXFORD

Rasing Start Awarth the 2025 ASHRAE Student

Competition- Building EQ category

Rising Star Award - ASHRAE 2025

RO

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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https://eng.ox.ac.uk/news/oxford-dphil-students-win-the-european-ashrae-2025-student-competition-on-net-zero-data-centres/
https://eng.ox.ac.uk/news/engineering-students-win-international-recognition-in-ashrae-2025-student-competition/
https://eng.ox.ac.uk/news/engineering-students-win-international-recognition-in-ashrae-2025-student-competition/
https://eng.ox.ac.uk/news/engineering-students-win-international-recognition-in-ashrae-2025-student-competition/

Are the best practices In the
building sector enough?
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Best practices in the UK
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Sampleof bestpracticesin the UK

. € Retrofit
Buildingsector ® New build

" Homes

Recognitioror award(e.g, CIBSE, BREEAM, I gfﬁ%ej

PassivaHouse, LEEBpm 2021 onwards

Data availability:
A Upfront embodied carbon
A Final energy demand

10 selected case studies in the UK
ga® 'Y bSO »“SNRB /I Nb2y
targets by 2035 & 2050

Reference: Ibanes et al. (2025)
Jesus Lizanajesus.lizana@eng.ox.ac.uk



Final energy demand vs. UK net zero targets
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120

100 —

Building performance:
metered data

80 Building performance:
estimated data

mmm UKNZCBS target 2025

60 I

— = mmm UKNZCBS target 2035

mmm UKNZCBS target 2050

40 I I I I I I

Final energy demand (kWh/Afyear)

20
0
Globe Point  Entopia  Hackbridge Larch CorneMax Fordham Ostro  Parc y Rhodyn The Seed Harpenden Shepherds
Temple Building Primary House Passivhaus EnerPHit Plus Barn
School

| J\ J L J
Offices Schools Homes Jesus Lizanajesus.lizana@eng.ox.ac.uk




Upfront embodied carbon vs. UK net zero targets

Upfront embodied carbon (kgC®/m?)
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Building performance
- . == UKNZCBS target 2035
mmm UKNZCBS target 2050
Globe Point  Entopia  Hackbridge Max Fordham  Ostro The Seed Larch CorneParc y RhodynHarpenden Shepherds
Temple Building Primary House Passivhaus EnerPHit Plus Barn
School
J\ J L J
Offices Schools Homes Jesus Lizanajesus.lizana@eng.ox.ac.uk



Best practices alone will
NOT get us to Net Zero In
the building sector
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Zero-Carbon Heating and Cooling

Leading researcly Enabling collaborations in Oxford and abroadVith global impact

in heating and cooling standing on the shoulders of giants in science, policy, and practice
climate changdMITIGATION climate RISK climate ADAPTATION
Heating decarbonisationnet-zero targets Climaterelated hazardg exposure- vulnerability Mitigation of rising cooling need<Resilience

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Final energy consumption in Europe ﬁ.

OXFORD

30%- Space and water hating

Building sector

16%- Medium-to-high tempheating

Industry sector

4%- Cooling

Agriculture, building, and industry sectors

Soure: European Union, Policy Support for Heating and Cooling Decarbonisadiemimap, 2022. https://doi.org/10.2833/977806.

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Global research/global impact

International institutions:

United Kingdom

University of Oxford (England)

The University of Edinburgh (Scotland)
Cranfield University (England)

University of Bristol (England)

University of Gibraltar

Centre for Net Zero, Octopus Energy Group
KrakenFlex, Octopus Energy Group

UNIVERSITY OF

OXFORD

Organisations:

(R&I projects, research, consultancy, etc.)

United Kingdom

DESNZi UK-GOV

CIBSE

University College London (UCL)
Oxfordshire county council

s T g counal lism (3G
ICMS, CSIC e ird Generation Environmen alism (| )
Polytechnic University of Madrid @ Ualia\l/”;rsidad de Cantabria
CIEMAT X
University of Granada ‘ Ps ® J. Terrados - Architecture
Universidad Rey Juan Carlos L4 ;'Z'Sr:gclgtf zoﬁrchltecture
Norway 3 ® Morocco
Arctic University of Norway Ctrl-Z - Architect
Erance .. Dr- -krclecure
University of La Rochelle ‘ chrr:gi:)w
Portugal .
Universidade de Lisboa Eo;ial Dlamsh Academy
Instituto Politecnico de Lisboa E([))rlégRal‘EEN
Iligl;/ersny of Porto Instituto de Soldadura e Qualidade
Politecnico di Torino (italy) gfzglttlagao Bandeira Azul da Europa
Belgium .
Hasselt University (Belgium) I;;?lei l;rsatllkt)lijetle of Technology
Germany . .
Technical University of Berlin ::E::}-COH Co. LTD i Architecture
Technical University of Munich LTNI;P i Cool coalition
CEPT university
Vietnam
Hanoi University of Science and Technology
Australia
University of New South Wales
USA
Stanford University
Rocky Mountain Institute (RMI)
Smart Surface Coalition (SSC)
WRI
. . . . . . . . El Salvador
Working with >20 international academic institutions Habitat para Ia Humanidad

Collaborations with >45 organisations
(R&lI projects, research & consultancy)

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Innovations for heating decarbonisation

1) Hybrid indoor design conditions

ProjectsesCOOMSCA EU)¢ resilient cooling

2 ) Optimal sizingnd controlof heating systems
ProjectopenBEFEPSR&)open Building Energy Simulation softwa
3 ) A better auxiliary system for heating systems
ProjectThermoReadt low-temperature TCES reactions



Thermal comfort IS not
only temperature




1) Hybrid indoor design conditions

Factors affecting human thermal comfort

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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Psychrometric chart

OXFORD

Temperature/Humidity Distribution Points

Indoor design conditions: n
- Dry-bulb temperature ;= X/ 2 NJ YO / - S
- Relative humidity (RH, %) e aSmS———
Thermal comfort zone
-ASHRAB5

£
(BB} Appiwny enjesay

=t 0
C

Source psychrechart2d Jesus Lizanajesus.lizana@eng.ox.ac.uk



Psychrometric chart

Indoor design conditions:
- Dry-bulb temperature(pe=z X/ 2 NJ YU

- Relative humidity (RH, %)
Thermal comfort zone
-ASHRAB5

Outdoor design conditions

-ASHRAE standard: 99.and 99.@®
In Oxford {5.54C and-3.7/AC)

Outdoor design conditions5.5C

20 W
Dry Bulb Temper®ure ("C)

Indoor design conditions: 2C, 50%

UNIVERSITY OF

OXFORD

Temperature/Humidity Distribution Points
0% 50% 50% akg

£
(BB} Appiwny enjesay

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Psychrometric chart
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Temperature/Humidity Distribution Points

Indoor design conditions: B, O SO S ™ Sl Sest
- Dry-bulb temperature oz x /' 2 NJ Y 0 R H_H ':
- Relative humidity (RH, %) s a

Thermal comfort zone \ SaSSSNea

-ASHRAES5

Outdoor design conditions

-ASHRAE standard: 99.and 99.@®
In Oxford {5.54C and-3.7/AC)

£
(BB} Appiwny enjesay

--T:?::‘-;\H\\.

\

=t 0
C

Dry Bulb Temperature (*C)

Outdoor design conditions5.5/C Indoor design conditions: 28, 50% Jesus Lizanajesus.lizana@eng.ox.ac.uk



Psychrometric chart

Indoor design conditions:
- Dry-bulb temperature ;= x /2 NJ

- Relative humidity (RH, %)

Expected benefits:

AReduction of energy demartaly up to 30%9

Thermal comfort zone
-ASHRABE5

AReduction of peak design lody >10%

Outdoor design conditions

-ASHRAE standard: 99.and 99.@®
In Oxford {5.5/C and-3.7AC)

v.

~
.
~ .
. - .
- e .
~a .
~

Temperature (*C)

Outdoor design conditions5.5/C Indoor design conditions: 28, 50% Jesus Lizanajesus.lizana@eng.ox.ac.uk
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Home | InDepth | Israel-Gaza war | War in Ukraine | Climate | UK | World | Business | Politics | Culture
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Oxford city councillors do battle in
‘thermostat war'

(@ 23 January 2024

By Noor Qurashi

Local Democracy Reporting Service

Radiators were padlocked in a town hall after a "thermostat war" was
declared, a councillor has claimed.

Temperature knobs in the Oxford City Council public building were kept

Ms Railton, cabinet member for Zero Carbon Oxford and Climate Justice, said:
"Clearly someone has lost their temper and thought 'right I'm going to solve
this problem'.”



What can be measured can be controlled

OXFORD

PMV index PPD (%)
3—{ Hot >87.5%
Air temperature _ )
L e 50-87.5%
Mean radiant temperatur )
| Slightly warm
i A 11— gntl) 10-50%
Air velocity Thermal =
Relative humidity comfort »o—@ Neurral 2 510%
model -
Activity level -1 Slightly cool 1050%
Clothing insulation 2— Cool 50-87.5%
3 e >87.5%
N i

Predicted Mean Vote (PMV) index
Predicted Percentage of Dissatisfied (PPD)

Jesus Lizanajesus.lizana@eng.ox.ac.uk



»88 Display / Office Comfort V2 Main Office

Coffee Number

Main Office 3

‘ 513 %H ‘ 15.4°C

Qutdoor Temperature

36.7 %H ‘21 J1°C

Indoor Humidity Indoor Temperature

Indoor vs Outdoor Temperature

-w/"

e
5 -
.
.
0 SiZ
-~
B

Temperature (deg C)

0300 OO0 0900 1200 1500 1800 2100 0000
== Indoot T e Outdoor T e Outdoor forecast

Lizana, J., Wheeler, S., et al. (2024). Integrated post-occupancy evaluation and intervention that achieve real-world zero-

@ Stopplaylist © @ now-12htonows1zh ~ Q@

Last updated

1238:49 7 EBRA 4 EPC % EiEzhnG @

PMV index (-3 to +3)

Bl -

Assumed clothing level:

PMvirend  Trending cooler Percentage of people dissatisfied ©% B o achet

Action justification

Current conditions complies
with ASHRAE Standard 55-
2020

Activity (last hour)
CO2 |evels

acceptable

Activity (counts/15min)
°

0400 0800 1200 1600 20:00 00:00 04:00 08:00 1200 16:00 20:00 00.00
+ PIR sensor

carbon buildings. Energy & Buildings, 113766. https://doi.org/10.1016/j.enbuild.2023.113766

UNIVERSITY OF

OXFORD
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1) Hybrid indoor design conditions

w(l’ he classical approach

ZERO UNIVERSITY OF

INSTITUTE OXFORD

Predicted Mean Vote (PMV)
%

100% 0% 80% 70% 80% 50¢ a/kg

35

30

21/C
ndoor design condition 3
temperature (5=

20 g
g
g
z
3
15 é

10

5

1]

45 C
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1) Hybrid indoor design conditions

b, The hybrid approach

v

v

vv v

v

v

v

Radiant heat

Convective heat

|
¢

27/C 18AC

Indoor design conditions:

Dry-bulb temperature {5
Mean radiant temperaturet(nrx

M

y X/ 0
HT X

20

20
Dry Bulb Temperature (*C)

100% 80% 80% 70%

ZERO

INSTITUTE

Predicted Me;

60%

UNIVERSITY OF

0):420)28D)

50%

an Vote (PMV)
36
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Key research guestion
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It's time to stop overengineering
systems for managing peak loads



Cost of heating tech per kW

£/ kKW
0 1,000E/ kKW 2 00CE/ KW 3,00E/kW  4,00E/kW

Gas bollers Heat pumps

Jesus Lizanajesus.lizana@eng.ox.ac.uk



Psychrometric chart
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Temperature/Humidity Distribution Points

Indoor design conditions: S
- Dry-bulb temperature (o2 x /2 NJ Y 0 H “‘H
- Relative humidity (RH, %) x__% SN aSa "
Thermal comfort zone | S

Outdoor design conditions T S g N, S
-ASHRAE standard: 99.8nd 99.®

£
(BB} Appiwny enjesay

In Oxford {5.54C and-3.7/AC)

. Peaksngnload\

20 W
Dry Bulb Temper®ure ("C)

Outdoor design conditions5.5/C Indoor design conditions: 2C, 50% Jesus Lizanajesus.lizana@eng.ox.ac.uk



2) Optimal sizing of heating systems
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a, Heating load duraction curve

140
% 1h, 100.0%

120 A

—

100 A

35h, 99.6%

The heating load exceeds 75kW for just 88 hours

[=:]
o
1

88h, 99.0% <«

Heating load (kW
3

438h, 95.0%

-8
(=]

76h, 90.0%

M
o
1

2628h, 70.0%
0 T g T . T

100.0% 95.0% 90.0% 85.0% 80.0% 75.0% 70.0% 65.0% 60.0% 55.0% 50.0%

Annual percentile (%)
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2) Optimal sizing of heating systems
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a, Heating load duraction curve

190 735 1000%
120
Installed capacity
LT | S
= 35h, 99.6% . Auxiliary
© 80 - all
o 88h, 99.0% system
Lo ) T TS N
S 60 - -
®
T
40 1 Main
76h, 90.0% —
system
20 -
2628h, 70.0% _
0 T ‘ T ‘ T

100.0% 95.0% 90.0% 85.0% 80.0% 75.0% 70.0% 65.0% 60.0% 55.0% 50.0%

Annual percentile (%)
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2) Optimal sizing of heating systems

a, Heating load duraction curve

140
® 1h, 100.0%

120 -
Installed capacity
L | S
= 35h, 99.6% y Auxiliary
§ 80- 2 system
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e . i AN
= 60 n
©
T
40 - Malin
system
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2628h, 70.0% —
0 o . o

100.0% 95.0% 90.0% 85.0% 80.0% 75.0% 70.0% 65.0% 60.0% 55.0% 50.0%

Annual percentile (%)

Thepower of digitalisationand Al
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2) Optimal sizing of heating systems
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a, Heating load duraction curve
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2) Optimal sizing of heating systems

a, Heating load duraction curve

140 85
" 1h. 100.0%
L 80
120
L 7%
= 100 - L 70
= 35h, 99.6%
-(3 80 11\ ash, 20.0% Il
~ , 99.0%
> L 60
'_.g 60 B | 55
P 438h, 95.0%
T 195.0% L 50
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0 1 1 L 1 1 . 1 . 1 ‘ 35
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Annual percentile (%)

UNIVERSITY OF

OXFORD

Flow temperature (°C)
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2) Optimal sizing of heating systems

a, Heating load duraction curve

140 5 1h, 100.0% 85
- 80
120 -
Installed capacity - 75
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2) Optimal sizing of heating systems %
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openBESoftware to create coseffective solutions for achieving net zero objectives
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Software validation
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Investment In an auxiliary
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Best practices in heating systems
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Energy flexibility
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Smart Demand Response
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L3
-

Conventional energy demand

[0 Smart energy demand

J. Lizana, et al., Energy flexibléldingthroughsmartdemandsidemanagementandlatent heatstorage AppliedEnergy. 230 (2018)

471¢485. https://doi.org/10.1016/j.apenergy.2018.08.065.
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Thermal energy storage In

buildings
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Water 0-250 SENSIBLE STORAGE
Oil 0170
Underground materials  0-105
Concrete  0-95
Brick 0-30
Ice 30 LATENT HEAT STORAGE
Organic PCMs (commercially available) 100-250
Paraffins 121-220
Fatty acids 128-191
Fatty acid esters 85-210
Sugar alcohols 281-442
Polyethylene glycols 112-206
Other organic PCMs 11-251
Inorganic PCMs (commercially available) 150-430
Salt hydrates 218-514
Metal alloys 124-419
Eutectics. Organic-Organic 126-216
Eutectics. Inorganic-Inorganic 170-365
Solid adsorption TSMs 151-648 THERMOCHEMICAL STORAGE
Liquid absorption TSMs
Chemical reaction TSMs 1470-2000
Composite TSMs 216-900
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Volumetric storage capacity (MJ/m?)
Comparison of thermal energy storage materials

J. Lizana, et alAdvancesn thermalenergystoragematerialsandtheir applicationdowardszeroenergybuildings Acriticalreview, AppliedEnergy. 203 (2017) 2¢9239.
https://doi.org/10.1016/j.apenergy.2017.06.008.
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SAbased composite material

UNIVERSITY OF

OXFORD

Charging process Dehydration Heat release Hydration
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Sodium acetate
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time(min)

J.ArceneguiTroya, J. Lizana et @odiumacetatebasedthermochemicaknergystoragewith low chargingtemperatureand enhancedpower density
Journalof Energy Storage. 86 (2024) 111310. https://doi.org/10.1016/].est.2024.111310.
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3 ) A better auxiliary system for heating systems
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thermochemicaknergystoragewith low charging P ro| ectThermoReact
temperatureand enhancedpower density, Journalof .
Energy Storage. 86 (2024) 111310. low-temperature TCES reactions
https://doi.org/10.1016/j.est.2024.111310.
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Zero-Carbon Heating and Cooling

Leading researcly Enabling collaborations in Oxford and abroadVith global impact

in heating and cooling standing on the shoulders of giants in science, policy, and practice
climate changdMITIGATION climate RISK climate ADAPTATION
Heating decarbonisationnet-zero targets Climaterelated hazardg exposure- vulnerability Mitigation of rising cooling need<Resilience
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Designing for the future requires a
deeper understanding of future
climates



Citizen science for accurate climate information
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Global climate modelling ~ Local climate information
Citizendriven distributed computing Citizen weather data
Climate scale: global (macro anaso Climate scale: city (local and micro)
Spatiotemporal resolution6h at 60kn? Spatiotemporal resolution:Lh at 1kn¥
Platformt Climateprediction.net (CPDN) Platformt Netatmo, Wunderground

Model: HadAM4

Data extraction Data pre-procesing Data analysis UHI Mapping
Online server
o il HI Intensity. Day 2021.08-17 06:00:00

Location of weather stations —

I

N
on 7]
sran v »7.on [N et )
e . y- .
. L |
sl  og ¢ - 7.0 [N 3
| 5., . =
PO et Y
S . . . - %
A b o
an . % L wand k2 %
) - | 3
X . | . 4
ey | ¥ s
3TN - * 37N | b2
o OWs - offia Westher | [
WS- Citizen Weather
" CWS - Citizen Weather Stati | - o
cw  eiw aow 6ow 6w 61w 60w 60w S9v 59W 5.

|
oW

ather Stations - Netatmo

Fig. 1. Workflow opublicallyvolunteered Fig. 2. Workflow of citizen weather data for high
computers for climate modelling | resolution urban climate mapping

Jesus Lizanajesus.lizana@eng.ox.ac.uk



64

Climate observation and projections

D ‘ Bl University of _g.

: BRISTOL

e e
a, Global CDD and HDD b, Urban Cooling Degree Hours
Resolution: 6 hours at 60km Resolution: 1 hour at 1k
“me: o(;lzl'(i;(l;\:t:;ily, Day 2021-07-18 00:00:00
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Global dataset of CDD and HDD = ﬁ
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A New global dataset of heating degree days
(HDD) and cooling degree days (CDD)

A 3 global mean temperature rise scenarios
1.0°C, 1.8C, and 2.8Ct regardless of the
pathways leading to these levels.

A 30 gridded maps characterising climate
variability through five statistical descriptors

: per variable and scenariover a

e T T representative 1§ear period

Lizana et al. (2025) Nature Sustainability

Dataset available in ORA
Jesus Lizanajesus.lizana@eng.ox.ac.uk



Cooling Degree Days

a, Scenario 1.0°C (2006-2016)

Lizana et al. (2025) 0 500 1000 1500 2000 2500 3000 3500

Jesus Lizanajesus.lizana@eng.ox.ac.uk
Cooling Degree Days (CDD) J @eng



Population
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Cooling Degree Days Ropulation
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Distribution of Population by CDD (in intervals of 100 CDD) - 55P2-4 .5
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Cooling Degree Days Ropulation
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Distribution of Population by CDD (in intervals of 100 CDD) - 55P2-4 .5
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Cooling Degree Days Ropulation

Distribution of Population by CDD (in intervals of 100 CDD) - 55P2-4 .5
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Cooling Degree Days Ropulation

oo Distribution of Population by CDD (in intervals of 100 CDD) - 55P2-4 .5
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Predicted Mean Vote (PMV)
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Key messages

AThermal comfort is not only about temperature
1AC can save-50% of heating/cooling demand

Alt's time to stop overengineering systems for managing peak
loads.HP size can be reduced to 1/3 of the peak load

ALy adSatGyYySyld Ay |y FdzEAf ALl NB A&
R2Say Qi YHighdensitaTES/cdn Sughort peak load and be
used throughout the entire year for energy flexibility.

AUltra-low-cost cooling should be the next research priority

Jesus Lizanajesus.lizana@eng.ox.ac.uk
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Innovations for zero -carbon heating and cooling:
the path to net-zero buildings by 2050.

Jesus Lizana

Associate Professor | Department of Engineering Science

Programme Leader Zero-Carbon Space Heating and Cooling | ZERO Institute
Governing Body Fellow | Wolfson College

University of Oxford

. . + contributions from Barbara Rossi, Scot
jesus.lizana@eng.ox.ac.uk

Wheeler, Juan Arcenegui, Zeynep Tekler,
Amr Suliman, and many others!
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Psychrometric chart 20092023
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