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o This statement is in re5|oonse to a series of grand challenges facing a world of 7 billion
people heading to 9 billion plus by 2050. Another response to these challenges can be
seen in the United Nations Sustainable Development Goals (SDG’s) for agenda 2030.
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SDG12: ENSURE SUSTAINABLE
CONSUMPTION AND PRODUCTION;

ENSURE SUSTAINABLE CONSUMPTION

AND PRODUCTION PATTERNS

THE GLOBAL “MATERIAL FOOTPRINT”

INCREASED BY 70%

Berween 2000 w0 2017

0
%,

1 MILLION 5 TRILLION
PLASTIC DRINKING BOTTLES SINGLE-USE PLASTIC BAGS
ARE PURCHASED ARE THROWN AWAY

=—=DEVELOPING COUNTRIES ——
STILL HAVE VAST UNTAPPED POTENTIAL

FOR RENEWABLE ENERGY
NEW RENEWABLE ELECTRICITY CAPACITY

880 WATTS PER CAPITA _ 4X 219 WATTS PER CAPITA
DEVELOPED COUNTRIES DEVELOPING COUNTRIES

BY 2020,
e ATOTAL OF 700 POLICIES
53{2 AND IMPLEMENTATION ACTIVITIES

THE SUSTAINABLE DEVELOPMENT GOALS REPORT 2021: UNSTATS.UN.ORG/SDGS/REPORT/2021/
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— ELECTRONIC WASTE —
CONTINUES TO PROLIFERATE

EACH PERSON
SR AT
7.3 KILOGRAMS BUT ONLY
OF E-WASTE

1.7 KILOGRAMS

o
P WAS RECYCLED
)

DESPITE PROGRESS,

FOSSIL FUEL SUBSIDIES CONTINUE
T0 THREATEN THE ACHIEVEMENT OF
THE PARIS AGREEMENT AND
2030 AGENDA

/ \ $432 BILLION IN 2019
. D

M — A DECLINE OF 21% FROM 2018

uoek THE 10-YEAR FRAMEWORK OF PROGRAMMES
ON SUSTAINABLE CONSUMPTION AND PRODUCTION
WERE REPORTED (FROM 8

OUNTRIES AND THE EURDPEAN UNION)
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Resources

Population

2000 — 6 hillion

2050 — 9 bhillion
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Floods in Queensland

Australia
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NET ZERO

HOME LCHTING & ABvEIRATON.
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BUILDING LIFE CYCLE

)

Domestic

Non-domestic

Operational carbon

§ O

Heating

Battery storage Appliances

X

Infrastructure

IT loads

Embodied carbon

Maintenance

Products and
materials

2o,

Material emission
intensities

and
replacement

aap

Site emission
intensities

Transportation
methods

Material types

7'

Recycling rates
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CHALLENGES /OPPORTUNITIES OF LOW-ENERGY RETROFIT

* Challenges

e Built environment accounts for large proportion of energy and carbon
emission;

* Significant proportion of existing buildings were constructed when there
was no strong energy efficiency component within the building
regulations;

* These existing old buildings are reaching the end of their useful life;

e Significant cost and environmental impact to replace these buildings with
new construction;

e Performance gap;
Unintended consequences of building energy efficiency improvements;
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In this context, living labs operate

Living Labs (LLs) are open as intermediaries/orchestrators
innovation ecosystems in real-life among citizens, research
environments using iterative organisations, companies and
feedback processes throughout a government agencies/levels. Within
lifecycle approach of an innovation a wide variety of living labs, they all
to create sustainable impact. have common characteristics, user

and co-creation environment.
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ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

SYSTEM COMPLETE AND QUALIFIED

SYSTEM PROTOTYPE DEMONSTRATION IN OPERATIONAL
ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT

OPMENT DEPLOYMENT

TECHNOLOGY VALIDATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN LAB

DEV

EXPERIMENTAL PROOF OF CONCEPT

TECHNOLOGY CONCEPT FORMULATED

RESEARCH

BASIC PRINCIPLES OBSERVED
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OPPORTUNITIES — NEW MATERIALS AND

Building Services/passive

Envelope Elements and active thermal storage

HVAC system

optimization
VIP

Ventilated Facade
PCM cooling and

storage
BIPV System

EC Glazing

Seasonal thermal

storage
High Efficiency Glazing

Lighting

LED lighting

(<7

i
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Renewables

Solar thermal
collectors

Solar PV panels
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- Fabric ( e Occupancy B
Performance behaviour and
Indoor
Environmental
Quality
\_ J
4 )

e Utility metering
and benchmarking

» Systems
performance

Modelling and Canterbury
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U-VALUE MEASUREMENT APPROACH

Surface Heat Flux measurement Non contact method

(a)

heat current thermal resistor

. b
Tobj Tsens ( )
AT
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Data Dashboard Weather Station

: Canterbury
- Christ Church
loT Desktop Station with Wlan and Ethernet; U niversity

Temperature/humidity sensors



TECHNOLOGY INTEGRATION
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JL136-JL137
JL139 Ventilated facade: PV
PCM +VIP+DGU JL134-JL135 JL121-JL122

JL137 ETICS with VIP PCM

PCM —Phase Change Materials

PV — Photovoltaics

VIP - Vacuum Insulated Panels

DGU - Double Glazed Unit

ETICS — External Thermal Insulation Composite System
EPS- Expanded polystyrene
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JLG38 JLG38. ETICSwith 1 JLG38

ETICS with EPS Aerogel mortar ETICS with EPS
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PV Ventilated Facade
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Vacuum Insulated Panels

Core material + foil envelope

The core of the plate is evacuated.
Foil envelope keeps the vacuum
inside.

High-efficiency insulation with
reduced thickness

Low value of thermal conductivity
(A= 0,003-0,004 W/mK)
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EC/PV WINDOWS {;4"}
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ESW: variable tinting

- - and solar heat gain.

Can change the light transmission properties
in a controlled and reversible manner when a
small electric current flows through the device

Reduces energy expenses by 19% and 48% in
cooling and lighting demand

Van | ongéechno | g3

Considered SMART WINDOWS
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Combines aerogel with cement to

provide a super-insulating mortar.

Low thermal conductivity at
<0.020W/mK.

SCMT
Con s n':l ials
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AEROGEL BASED SUPER-INSULATING MORTAR
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Aerogel mortar in external wall insulation
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PCMs: store and release
thermal energy during the
process of melting &
freezing.

When they freeze, they
release large amounts of
energy. When they melt,
energy is absorbed from the
environment as it changes
from solid to liquid.
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U-VALUES MIEASUREMENT RESULT

Pre/Post Retrofit U-values

Min Max

Pre-Retrofit U-value  Post Retrofit U-value Pre-Retrofit U-value  Post Retrofit U-value
(VIP) (VIP) (Aerogel) (Aerogel)
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PCM IEQ - USER ACCEPTANCE

Indoor Environemental Quality (Winter)

Pre-retrofit (winter) post-retrofit (winter)

Indoor Environmental Quality (Summer)

Pre-retrofit (summer) post-retrofit (summer)

Temperature

44'/

SCMT
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Offices indoor air temperature (*C) - 05.06.201

8.06.2016

—JL137 (table level) sensor 20

— 1138 (table level) sensor 13

——JL139 (rable level) sensor 11

Tome

Offices: indoor air temperature (°C) 17.07.2016 - 21.07.2017

——11137 (table level) sensor 20
—IL138 (table level) sensor 13

11139 (table level) sensor 11

/A VA VA

Time
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Total system energy (MWh)

Total grid disp. Elec (Mwh)

2593.34

3180.57

0.00

0.00

2593.34

1103.26

1132751.00

3696.60

0.39

393.46

0.00

Post Full

749.83

1097.08

0.00

0.00

749.83

1168.41

632847.00

1885.39

0.20

200.68

-32.84

Change
0.71

0.66

0.71

-0.06

0.44
0.49
0.49

0.49

418.76

448.84

0.00

0.00

418.76

30.08

106064.00

448.84

0.12

122.63

Post

399.30

428.90

0.00

0.00

399.30

30.10

101614.00

428.90

0.12

117.19

Post Full
371.25
401.35

0.00
0.00
371.25

30.10

95810.00
401.35
0.11

109.66

&

Change
0.11

0.11

0.11

0.00

0.10
0.11
0.11

0.11
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Richard Crossman Building John Laing Building

Pre
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CLIMATE CHANGE IMPACT

60N

SIN

Annual

GON

SAN

".IN

3E

60N

SIN
Low
Emissions

4N

«5IN

GON

S/IN

High
Emissions

54N

Mean
tcmperatum
change ("C)

.0‘)

Changes within

“natural” variability

UK
ﬁi Parliament }

Committees
UK Parlioment > Business > Committees > Environmental Audit Committee > News Article bj(-;l\/l’l"
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Heat-related deaths set to treble by 2050 and Technologies
unless Govt acts
26 July 2018
il
More deaths seen during periods of high heat
Heat-periods, daily deaths and five-year average deaths,
1 June to 31 August 2022, England and Wales
2,000
1,500
Five year
average
1,000
<« Deaths
Heat- Figures
period incomplete
500
O [ T T T
1 Jun 1 Jul 1 Aug 1 Sep
Note: Five-year average covers 2016-21 excluding 2020 because of the impact erbu ry

of the coronavirus pandemic on deaths. Data for late August is incomplete |t C h U rCh

Source: ONS _ B G 1B cC EI’SIty



INTRODUCTION: OVERHEATING RISK =0

* The risk of overheating in buildings is increasing
and projected to increase under different future
climatic conditions.

* Therefore adaptation of existing buildings is
required to mitigate this risk and ensure
sustainability and resilience of the buildings
stock.
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INTRODUCTION: EXTREME EVENT SCMT 6

and Technologies

30,000 deaths attributed
to the heat wave

Forest fires and crop
damage seriously
Impacted economy

Economic losses in
excess of £7.5bn

-1.5 -1 —05 0 0.5 1 1.5 2 2.5 3 Canterbury
Christ Church
University
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2003 TYPE OF SUMMER COULD BE NORMAL BY 2040s & COOL BY 2080 f(.’“ y 6(

- - &> observations : .
uropean - e——— Medium-High emissions (modelled)
summer 81—
temperatures
- Summers in the
T 4 2040s
E d
- .
of |
_j_ 1 ! | | | 1 | 1 1 | 1 1 1 ] ;| ] ] ; ] ]
1900 1950 20049 i‘iﬂ * 2100

Source: Peter Stott, Hadley Centre Canterbury
& Christ Church
University



PCM INTEGRATION

PCM

PCM was selected for use in the architectural
studio space to counteract overheating.

High Internal gains: Density of occupancy and
heat emitting equipment gain;

The space is naturally ventilated providing
the ideal environment for testing a passive
solution.

To investigate different space use and control
mechanisms: (control room)

The selected offices — location and risk of
overheating;

5
N
SCMT 6
it B
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RESULTS: OFFICE TEMPERATURE =0

Offices Temperature (°C)

Nt

Bz Title
ra [
w wn

10/05,/2008 Q000 30/05,/2018 0000 1587062016 D000 O80T 2016 DDDD 28507 2016 0000 1BA0E 2016 0000 OIAIE 20168 D000 23508, 2016 0000 13710/2016 D000 DE11,2016 D000

» Maximum value of indoor temperature over the summer period of
32°C and 31°C compared to 36.4°C in the control room;

» Temperature difference of up to 5K. Canterbury
Christ Church
University



Offices indoor air temperature (°C) - 05.06.2016 - 08.06.2016

M

Offices: indoor air temperature (°C) 17.07.2016 - 21.07.2017
—JL137 (table level) sensor 20

—JL138 (table level) sensor 13

35
JL139 (table level) sensor 11 | KO | SO — (table level ) sensor 11

a

Diurnal temperature swing 6.8°C and 7.20 °C in rooms with PCM
compared to 10.9°C in the control room;

The daily starting temperature is quite high

Canterbury
Christ Church
University



USER COMFORT EVALUATION

14
;512-
2 10 -
& 8 -
o
Z 6
° o 4-
S 9
=, | B I I I l =
= 0
=
1 2 3 4 5 6 7

[Uncomfortable =1 & Comfortable = 7]

m Pre-retrofit Post-retrofit
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BUILDING PERFORMANCE MODELLING

| Creation of 3D models (demonstration buildings)

- Multivariate results analysis
| Demonstration-site buildings modelled in IES VE (Coventry, Barcelona, Skelleftea) l )

report per building

1
1 1
1 1
1 1
1 | 1
[ | [
1 | :
1| |
1 Task 4.2: (m24) Task 5.1: (m18) I Task 4.3: (M24) |
LI Holistic evaluation of a e—! Optimum integral schematic | > Perf y l-? i !
L ‘ technology option design | SRonAancS Beporiing :
1 | |
L Resseepe tech. models coded Multivariate parametric assessments ran | 4 !
! | and developed in the VE in the VE per each demo-site. E.g. | I
o Run1 = EC glazing only | !
I I Run 2 = insulation wall material I !
! 3 Run 3 = EC + insulated walls !
| % | 1
Nd'SO..-c.=-.
1 I _________________________________ I |
e e e s e - PSR S [
| 6
9 Task 4.6: (VER) (M24 — M42)
LCA
VE exports optimum retrofit building energy data ONLY to Nest tool!
O m— o m— T — S—— | — | — T — — - —— | _—_ — — — — — ——, —_ — — — o o o ... s SIS v o S| —— — —— — - —— . — —  — . — -, a— -
| Nest tool (NBK) @0 !
11 12!
1 1
: District model (optimum retrofitis)) —> District model (extrapolated results) | :
I Nest tool to import IES VE results from optimum retrofit Nest tool to extrapolate results from demonstration building to 1
! solutions applied to demonstration building (e.g. George neighbouring buildings with similar classification in defined I
! Elliott, Coventry University) district (i.e. university, school, hospital in RESSEEPE) !

;w'

S( \l]
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BUILDING PERFORMANCE MODELLING x;,gw'

Process of building performance S(\”6
modelling using IES virtual environment i U
which includes the following key steps:

e Estimate the energy

________________________________________________________

Creation of 3D models (demonstration buildings)

Demonstration-site buildings modelled in IES VE (Coventry, Barcelona, Skelleftea) report per building

needs/consumptions before retrofitting | | mmszms | msrmn 0 s @,
» Evaluate the impact of the solutions on e e
the energy demand/consumption HON ErenE §
* Justify the expected performance of the & m ;;k}__;ivééfm;{_;;:?s _________ S
systems based on energy, cost, B T e————— i

' Nest tool (NBK) !
: 11 12 :
:‘ District model (optimum retrofits)) }—>{ District model (extrapolated results) | :
:
1

environment, comfort.

. . . I Nest tool to import IES VE results from optimum retrofit Nest tool to extrapolate results from demonstration building to
[ ] Ret ro It S O m e a re a S O a u I I n a n ! solutions applied to demonstration building (e.g. George neighbouring buildings with similar classification in defined
) :_ Elliott, Coventry University) district (i.e. university, school, hospital in RESSEEPE) i

]

extrapolate the results to the whole

building to evaluate the overall

potential savings in the building after its

refurbishment. & Canterbury

University



DECISION MAKING AND TECHNOLOGY SELECTION
PROCESS

Energy/CO2
savings

Sustainable
Construction Materials
and Technologies

Public tender
limit.

Compability with existing

systems Decision making criteria used to
evaluate suitability of technologies
Decision-making for specific location, building energy

S and environmental performance as
well as building use condition.

Architectural lim.

Construction

timeline Local and national level
regulations

Construction
requirements

Canterbury
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DECISION MAKING AND TECHNOLOGY SELECTION PROCESS

Architectural
Barriers: D3.1
-M12

Financial
Investment
Plan: D2.2 -

M10

Economic
Viability: D6.2
— Ongoing

Energy
Conservation
Studies: D3.2

Technology
Selection

P Dala
Collection
Templates

and Matrix —
V15

BIMs and site
analysis—
M17

Sustainable
Construction Materials
and Technologies

Evaluation procedures carried out for
all demo-sites to ensure that the
technologies selected will meet the
objectives of the project both in
terms of achieving 50% energy
reduction within a specified budget.

Canterbury
Christ Church
University
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USER/STAKEHOLDER ENGAGEMENT PROCESS

1

User perception before
retrofitting

User satisfaction survey

User characteristics

User experience: Thermal,
aural, and lighting comfort;
IAQ, level of control,
general maintenance

Performance data
analysis

2

User acceptance of the
selection process

Selection of building
typology

Technology selection

Performance assessment

Cost evaluation

3

User acceptance of the
installation process

User satisfaction survey

User characteristics

User experience: Level of
disruption, Information and
communication,
Engagement and
participation, Satisfaction /
User acceptance

Sustainable
Construction Materials
and Technologies

4

User perception after
retrofitting

User satisfaction survey

Performance data
analysis

Canterbury
Christ Church
' University
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S E Y
TAKEHOLDER ENGAGEMENT
Lessons learnt from the stakeholder engagement: °°;‘:;'$:L‘£::.‘:;?;;“'S6
« Stakeholder Engagement must be early,
deliberate and for specific purpose;

« Stakeholder/user engagement must be planned
through different stages of the project lifecycle;

« Engage wider stakeholders in the technology
selection process;

« The engagement of users in the entire process
will help long term performance of the
Technologies;

« Understand the constraint and the potential
impact on key users and stakeholders;

Canterbury
Christ Church
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Before Refurbishm

o
c
o
=

i~

1

i)
—
=

2
17}
2

Handover

After Refurbishment

FRAMEWORK FOR PERFORMANCE

DIAGNOSTIC/EVALUATION

e { BUILDING OCCUPANTS ] T { ESTATES/FACILITIES MANAGEMENT ] R T [ USERS - DATA COLLECTION ] ™y
| [ [ | |
+ —i it t
i i i f i
! [ [E Decision making matrix = !
! [ Refurbishment [ !
1 fannin [ - !
i Feeds into p:m;eci £ ' | 7~ ,
: : : Recoasal : : Performance matrix [— :
i [ [ J i
i P [ z i
i — i Building performance i
i i o | simulations - baseline = i
i i [ and post refurbishment | i
: Presentation of project design and : Hndishinent : : ( _ s :
i environmental measures i planning / i Building Monitoring — i
! + Level of disruption expected ' Project 3 i Pre retrofit < :
! Risk and contingency ) completion (F ) !
1 plans | 1 I
i + Gather feedback to implement in i o ( i
i projects i i | Pre-retrofit BIM ¢ i
i i B | modelling i
i i T J i
T i | T
1 | 1 1 | I
1 [ 1 |
i i i i
i - i i
! Project [ !
! Changes ! !
! ! !
! ! !
! ! !
! ? !
i i i
i i T
i i i
i i i i
i I i
i i

i |

1 1 I

i P ( i
1 L

! ::‘ :‘:::i \ 1! Building Monitoring —

p ’ s S Post retrofit

i projects 1 ]
i i i
i i i 4 i
i i i i
i i o i
! ! il i
i i i i
I i i
| 1 [}
i 4 @ @
1 1 1 L
| il i
\ \ 7 B vy 7
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CONCLUSION

*|ntegration performance evaluation;

* Human factors — Stakeholder engagement;
* Regulatory context;

*Business and operational environment;

* Local Technical Skills/upskilling needs;

Canterbury
Christ Church
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