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Innovation bottlenecks in the
building sector

“Data is the new oil”, Clive Humby, 2006

9 6 % UNUSED DATA 9 O % UNSTRUCTURED DATA



Vision

The KTH Live-in-Lab is an
infrastructure-enabled idea
incubator and research facility which
bridges academia and practice in the
built environment.

We mitigate risks along the innovation
chain and we support novel tools to
enhance sustainability in buildings.
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Bridge the industry-research gap
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Our assets

An ecosystem of internal and external skills and interests

Sensors and IT equipment

The technical equipment
and tools which can be
made available

Three facilities which @
enable us to showcase and
test different solutions
(]
D

The galaxy of KTH in-house centers, some of
which are living labs

Partners and funding institutions

Internal (Digital Futures, KTH
Sustainability Office) and external
(VINNOVA, FORMAS)

Human capital

Our portfolio of awarded and
completed projects is the
network of our “alumni”. The
core team is running the lab

Energy agencies

Stakeholders interested to
demonstrators and applied
research



The problems we solve

Acting as risk mitigators
.~ Hard-to-test
o As the sector is exposed to liabilities
o and innovation calls for high
o reputational and operational risks,
the KTH Live-in-Lab fit-for-purpose
competences to partners

Targeting

innovation

Hard-to-develop

In presence of scarce human and
financial capital, we help partners in
the  built environment  with

theoretical and applied research.

Hard-to-upscale
As knowledge owners, we are supporting
partners by combinig smaller solutions

for multifaced, complex challenges
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KTH Live-In Lab: testbed and datapool

Testbed KTH Testbed THS

Social media, Other labs,
Energy Systems, etc

Exernal Lab

Core Lab

KTH Live-In Lab
Datapool

Data from sensors,
systems and




Why a center based on testbeds?

Building ICT, Control

Sociology and
behavior

Data integrity
and security

Dlgital services
and business models

Law and
regulations

L|ve In Lab

Sustainability C ’
\;ﬂt

Co-Living

w Health
/

Experimental testing and
demonstration at various
scales, including time, physical,
and TRL.

Simultaneous management of
multiple projects - lean
management and scale.
Validated and reliable data and
infrastructure.

Network development and
project-generated knowledge.



KTH Live-In Lab website

@n KTH Live-In Lab Contact Tokthse = KTH Live-In Lab pa svenska @&

* Datapool

Home Datapool | Projects| Collaboration News & events Aboutus ([ ] B u11d i ng te Stb e d S

description
* Access to datapool
 Virtual tour

“Learning happens in the course of the

experiment itself” | ) | i EXiSting pr‘OjeCtS

Esther Duflo, The economist as a plumber, 2017

e Collaboration

* News and events
* Workshops

* Joint seminars with
other research centers

Testbeds for increased innovation in the construction and real KTH Live-In Lab Datapool Start a project (e Di I t lab C li 3 te
S55atH Sekior The datapool is our portal to data from Project process at KTH Live-In Lab - g. g )
i i ibili ility in mi i testbeds and research results. It is open
The.platform of testbeds are.demgned with flexibility and adaptablll?y |r-1 m|n-d_ Itis P o inckists ACtl O n C e nte r)
designed so as to be able to incorporate almost any product or service imaginable, for students, teachers, researchers and e
and together with other solutions make one integrated real-life trial system. industry partners. For researchers

Our value propositions KTH Live-In Lab Datapool Theses projects




KTH Live-In Lab Residential Testbeds

Plus-energy building design

* Low energy building envelope

e Ground source heat pumps: 12 boreholes

» TABS, thermally activated building systems
« Wastewater heat recovery

e PV panels mounted on roof

* Monitoring of the temperature distribution in
the boreholes (optical fibers)

* Indoor sensors and weather station

* Energy storage systems

Three buildings, two testbeds

* Testbed Einar Mattsson: ~300 apartments
* Testbed KTH: 300 m?
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Aug 2018- June 2020 Aug 2020- June 2021 From Aug 2021



Testbed KTH: sensor placement

Indoor Environment Sensors

e Temperature
* Relative humidity
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Testbed KTH: user interface

Indoor Environment Sensors

Temperature

Relative humidity

CO2

VOC (Volatile Organic Compounds)

Window and door opening (magnetic sensors)
Light monitoring

Occupancy detection

Plug-based electricity metering

Tap domestic fresh water use

Tap domestic hot water use

HVAC

Temperature
Relative humidity
Ventilation flows

Energy flows



Knowledge transfer model - M-RNA

Laws, regulations, norms SOCIAL IMPACT
Industry 1.3 ‘ I ' ‘
KNOWLEDGE TRANSFER KNOWLEDGE TRANSFER

Industry 1.1

II

Project

Living Lab

Project A

Academia 1.2
Academia 1.1 Academia 1.3

KNOWLEDGE TRANSFER KNOWLEDGE TRANSFER



From research areas to themes

Building ICT, Control Sustainable innovation
Sustainability, law and regulation and

Sociology and / w Digital services business model innovation
behavior /\/ and business models

Digital transition
Data integrity m Lawan(.i
and security ' "\ - regulations

lee In Lab

w Health
/

Data integrity and security, digital
services, building ICT

Humans-in-the-loop

Sustainability ‘,
C ’ \ f Co-living, sociology and behavior,
: health
Co-Living /
| —— Horizontal research
| Cross-theme applied research
I
I
L

Increase testbheds Diversify research Expand network



Network of building living labs

Existing network © Xy

. Intelligent Human- g
SiTer Buildings Interaction Lab

J

« KTH Live-In Lab N o

» UniZEB, University of Padua : I ™

« HSB Living Lab, HSB/Chalmers

 NEST Empa Lab, Diibendorf (Zurich)

* Sisslerfeld living lab

 Lillestrom city lab

* Intelligent Human-Buildings
Interaction Lab, Umea University

e Green Campus Living Laboratory TU
Graz

e UPV Living Lab, Valencia University

Financing channel for exchange:
COST action and New European Bauhaus Initiative

ocoskE

EUROPEAN COOPERATION N ew EU ro pean
IN SCIENCE & TECHNOLOGY B au h aus -



https://unizeb.it/
https://www.empa.ch/web/nest
https://www.umu.se/en/research/groups/intelligent-human-buildings-interaction-lab/
https://www.hsb.se/hsblivinglab/
https://www.cost.eu/what-do-we-fund/
https://www.sintef.no/en/all-laboratories/zeb-living-lab/
https://nccr-automation.ch/technology-transfer/Sisslerfeld

Center partners KTH

Schneider BENGT R
: DAHLGREN
Electric
EINAR MATTSSON AKADEM'SKA HUS
Funding agencies
Xe!e!:lll]t!aglﬁ{} F O R M A S oo’ SMART BUILT @Energimyndigheten Q
7 1@ Samhfllsbyggnad s R
digital futures
Project partners

AMS Institute, Arkitektkopia, Barkarby Science Park, Botrygg, Boverket, Chalmers, Charles Strand
Design, Ecophon, Electricity, Energi och Miljotekniska Foreningen, EQUA, FM Mattsson, Geberit,
Grunditz Goransson Arkitekter, Gustavsberg, HSB, HSB Living Lab, Invisense, Labtrino, Lidner Group,
Lokalférvaltningen Goteborg, Lunds Universitet, Lansgarden Fastigheter Orebro,Nibe, Northvolt,
NREP, Podcomp, RISE, Saint-Gobain, Savvy, Stockholms Stad, Stockholms Universitet, Svenska Kyl -och
Varmepumpsforeningen SKVP, Swedish Ventilation / Svensk Ventilation, Swegon, Thermia, Theory
Into Practice Architects, Tovenco, Umea Universitet, Vattenfallsgymnasiet



Projects (selection)



HYSTORE

LHTES
HEX

Improved design of
LHTES+ HEX
(submerged: HEX in
PCM or encapsulated
PCM in HTF

Pilot-scale LHTES to be further designed &
optimized for combined operation with a HP

S u -ards " (<) Case 2 Charge I (e) Case 4 Charge
=2 b,

LEFT: The pilot-scale LHTES system at KTH that will be further
developed and designed, and RIGHT: conceptual designs of this

developed LHTES for combined operation with HPs (Air-source
and Ground-source) > PCM Heating Solution

AAAAAA

.....

KTH Live-in-Lab |

The demo site:
where PCM
Heating Solution s,
will be run for
optimized operation

Bench-scale LHTES
material testing)

LHTES with a shell-and-tube HEX
for supercooling & hysteresis

analysis

BMS, Internet of Things (loT) &
Techno-economic optimization




PARMENIDES

Plug & plAy EneRgy ManagEmeNTt for hybriD Energy Storage

Globel level
(TSO)

(DSO)

(Energy

HESS
A,
Commuedy | |jiszaton

Onrology (Constraints

& Relationships)

onstraints & Relationships)

Ontolpgy (Constralnts

& Relationships]

Local Level

onstraints & Relationships)

PARMENIDES aims to
develop an interoperable
and secure ontology-based
Energy Management
System for HESS
(EMS4HESS) suited for ECs
with energy storage
technologies, with a focus
on the electricity and
heating domain, so they can
offer flexibility services to
the grid, while finding a
balance between
stakeholders’ individual
and collective objectives.



Turnkey solutions with PV and energy
storage

Swedish
Energy Agency

Goals

Enhance access in the housing sector to
solar electricity by identifying sustainable
PV-ESS business models.

Develop and demonstrate two key PV-ESS
related innovations that increase the
flexibility and resiliency of solar PV systems
towards an integrated operation in
buildings.

A demonstration test-bed.

150kW solar PV installation, a 300kWh target
battery system and an optimized management of
the integrated solution.

First of a kind Li-ion battery installation made of
prismatic-cell packaging design manufactured
and assembled in Sweden with a depth of
discharge of 80% and lifetime of 5,000 cycles.



P L E X E @Ensev:ge)gﬁgency

Platform for Lighting Effects
Experimentation Environments
Background

Lighting Effects Experimentation Environment Design

* Lighting Design:
* Placement of spectrally-tuneable lighting
systems.

* Consideration of light distribution, retinal
impact, and control usability.

* Sensors Design:

« Strategic positioning of activity and spectral
Sensors.

* Data System Design:

* Secure, privacy-sensitive, and sensor-
accessible IT infrastructure.



- . Swedish
Optimal flow for maximum e enc
performance of geothermal heat

pumps

Laminar flow
Pressure drop / Thermal shunt

Geothermal heat pumps already have good performance
today, but it could be 10 to 40 percent higher if the

Pumping power | Lower evaporation temperature optimal flow was used in the borehole circuit.

-
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AT over evaporator ~ 1/flow

How does the optimal flow change with different depths
and thermal short-circuiting in borehole heat
exchangers?

How does the optimal flow change, for example, with two
500-meter deep boreholes instead of five 200-meter deep
boreholes?

Does the optimal flow shift (and if so, by how much) as
the temperature decreases, such as due to the transition
between laminar and turbulent flow?

Does the optimal flow change when coaxial heat
exchangers are used instead of U-tubes in the boreholes?



Cost- and Energy-Efficient Control
Systems for Buildings O e

nergy Agency

Are smart buildings so smart?

 assess the quality of data from advanced monitoring
-7 '\I" | systems
;_——ﬂ * enhance existing features and improve the exploitation
' ¥ potential of existing databases

* detect and identify the most common faulty settings in

the heating and ventilation that are causing the systems

to underperform and estimate the related energy waste;
* test and implement of advanced and self-tuning control
o _ il | strategies;
T L O « showcase the feasibility and cost-effectiveness of ICT

SN . solutions to increase the efficient energy use in buildings

and improve comfort

| E 1 A
4 B e0e®|
" i1 19909
o 08 299010808 \




HiSS

Humanizing the Sustainable Smart city

digital futures
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DOCENT (o

Development of Occupant-centric Control for ENergy efficienT
buildings

Behavior of building occupant

* Occupants are no longer seen as mere recipients of the

P indoor climate but as active agents in the optimal
operation of buildings to achieve better indoor climate
and improved energy efficiency.

« Digitalization enables a better understanding of
occupancy and behavioral patterns and their impact on
energy use, but many challenges are still unsolved.

* This project will develop occupant-centric control
systems through an innovative hybrid research approach,
using data-driven tools and digital twins.

Cyber ‘4 Physical




Results from projects (selection)



Swedish
Faults: thermal comfort E oo

e Third quartile
30 —— - sy
5 08 EAF GAF IF T 2e20 IO I .. _ | |
2 os (MRINN I || il N..
2 21004 || _ | | _
§26 4 11401 | | :
; o zvoo (IS | O
524 || % wats | 1| 0l I B,
§ e ¥ o 31310 . -
g2 1 1 — 31408 | (N 1 L g,
- 31008 | BN | ) | 1| 1} S
20 —- S 31315 LI B 2553 E
First quartile e Median T 51210 -21- 4§
18 2 11420 | |8 E
g s p| :
21001 | | HFIFIF
- 18-21
5 30 11001 _ |
= 1207 Yl l (01N IH]I] , I ) ||
5 20 T 21013 ,
& 21213
g _l_ C <18
g 10 T | 21411
% % L ?' _I_ 21114
8 0 | |—4L—‘
g S P P B b Ak g g b P 3
S o il I A A S
P L O X D H PP PP summer autumn sprin
m@" {)9-19' (@19 @'19 @"F @'19 m@?‘ (ﬁfi‘ (5;12‘ q’@} & @fi‘ p g

D. Rolando, W. Mazzotti and M. Molinari, "Long-Term Evaluation of Comfort, Indoor Air Quality and Energy
Performance in Buildings: The Case of the KTH Live-In Lab Testbeds,"” Energies, vol. 15, no. 14, pp. 4955, 2022.



Testbed EM: indoor air quality - CO2

CO2 [ppm]
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D. Rolando, W. Mazzotti and M. Molinari, "Long-Term Evaluation of Comfort, Indoor Air Quality and Energy
Performance in Buildings: The Case of the KTH Live-In Lab Testbeds,"” Energies, vol. 15, no. 14, pp. 4955, 2022.
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Impact of user behavior in buildings
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D. Rolando, W. Mazzotti and M. Molinari, "Long-Term Evaluation of Comfort, Indoor Air Quality and Energy
Performance in Buildings: The Case of the KTH Live-In Lab Testbeds,"” Energies, vol. 15, no. 14, pp. 4955, 2022.



Impact of user behavior in buildings
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D. Rolando, W. Mazzotti and M. Molinari, "Long-Term Evaluation of Comfort, Indoor Air Quality and Energy
Performance in Buildings: The Case of the KTH Live-In Lab Testbeds,"” Energies, vol. 15, no. 14, pp. 4955, 2022.



Feedback platform - Comfort App

Comfort App =

« Comfort feedbacks
 Comfort visualization
cold

S ATISFACTION

Noise!

@ cold
@ heat

air
@ degree
@ toocold
@ dry

@® warm
@ room
@ heater
@ day

D. Rolando and M. Molinari, "Development of a comfort platform for user feedback : the experience of
the KTH Live-In Lab," in 12th International Conference on Applied Enerqy, (ICAE2020), 2020






Behavior, control and energy use
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Behavior, control and energy use
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Social interactions for a sustainable
lifestyle: an experimental case study

PL::“
e
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digital futures

A. Fontan et al., "Social interactions for a sustainable lifestyle : The design of an experimental case study,”
in 22nd IFAC World Congress, Yokohama, Japan, Jul 9 2023 - Jul 14 2023, 2023, pp. 657-663



Social interactions for a sustainable
lifestyle: performance indicators

Sustainability indicators Measurability

Q1. Turn off the lights, or switch off electronic devices when leaving a room

Q2. Use the microwave or stove to warm up food instead of using the oven Weekly Surveys,
. Q3. Cut down on heating/decrease the temperature of the room to limit energy use to compare with
Conservation o . . .
R Q4. Limit the time in the shower in order to conserve energy data collected at
or hesources Q5. Wait until full load to use the washing machine or dishwasher KTH Live-in Lab,
Q6. Wash clothes at temperatures < 40°C' (compared to temperatures > 40°C) see Section 2.1

Q7. Open the windows to ventilate the rooms during cold days

Q8. Recycle the (home) waste
Consumption Q9. Buy second hand items (e.g., clothes, electronic devices) instead of new ones Weekly Surveys
Q10. Decide to repair an item instead of buying it new

Q11. Consume non-meat options (vegetarian/vegan/fish) compared to meat options

—— Q12. Consume non dairy options compared to dairy options

Weekly Surveys
Transportation Q13. Use public transportation instead of driving

or Mobility |Q14. Walk, cycle, and/or use electric scooters instead of driving Weekly Surveys

Q15. Watch TV programs, movies, and/or internet/social media videos about environmental issues
Environmental |Q16. Discuss with others outside the household about their environmental behavior

citizenship (Note: discuss = interact/talk, referring also to social media posts)
Q17. Interact with/talk to neighbors about their environmental behavior

Weekly Surveys

A. Fontan et al., "Social interactions for a sustainable lifestyle : The design of an experimental case study,”
in 22nd IFAC World Congress, Yokohama, Japan, Jul 9 2023 - Jul 14 2023, 2023, pp. 657-663



Social interactions for a sustainable
lifestyle: timeline of the experiments

survey average household Evaluation:
* complete data analysis

on habits: sustainability

reference state score * feedback from tenants
100% D
!sn% s W /ﬁL A ¢

0% F! CADLCEN LN LA

40% |><*,k ‘ =l M

20% E W * ‘ - *—
I {
I _m:w | b | I I ﬁ-

week 0 week 1 ~ Monday week 2 week 3 week 4 week 5  ongoing

feedback
1o tenants

A. Fontan et al., "Social interactions for a sustainable lifestyle : The design of an experimental case study,”
in 22nd IFAC World Congress, Yokohama, Japan, Jul 9 2023 - Jul 14 2023, 2023, pp. 657-663



Social interactions for a sustainable
lifestyle: performance indicators

Identification of relevant sustainable behaviors based on distribution of self-reported

behaviors y, across tenants (for each week)

Resources

high on sustainability scale

Consumption

A

Less critical to influence
mobility behaviors

_[.'%2

C-aunC AN |

Mobility

1 2 3 4 5
weel

1 2 3 4 5

sustainability scale

| R
0% 25% 50% 75% 100%

1

low on sustainability scale

Critical to design influence
strategies of food behaviors

A. Fontan et al., "Social interactions for a sustainable lifestyle : The design of an experimental case study,”

in 22nd IFAC World Congress, Yokohama, Japan, Jul 9 2023 - Jul 14 2023, 2023, pp. 657-663



Social interactions for a sustainable
lifestyle: performance indicators
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A. Fontan et al., "Social interactions for a sustainable lifestyle : The design of an experimental case study,”
in 22nd IFAC World Congress, Yokohama, Japan, Jul 9 2023 - Jul 14 2023, 2023, pp. 657-663



Live-In Lab overall evaluation

Applied Energy 338 (2023) 120877

Contents lists available at ScienceDirect

Applied Energy
ELSEVIER journal homepage: www.elsevier.com/locate/apenergy
L)
Using living labs to tackle innovation bottlenecks: the KTH Live-In Lab st

case study

Marco Molinari >, Jonas Anund Vogel %, Davide Rolando “, Per Lundqvist *

* Department of Energy Technology, KTH, Stockholm, Sweden
® Digital Futures, KTH, Stockholm, Sweden

HIGHLIGHTS

e Living Lab Triangle implemented in the KTH Live-In Lab building innovation platform.
e A SWOT analysis underpins current strengths and weaknesses of the KTH Live-In Lab.
¢ Empirical data shows that smart building living labs can be financially sustainable.

e Identification of eritical conditions to enact smart building demonstrators.

e Thorough analysis, measurable results and transparent evaluation of a Living Lab.
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