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THE | MPORTANCE OF ZERO
NEI GHBORHOODS

Tonje Frydenlund, Chair of the Board at the ZEN Research Centre, Snghetta

6 years ago, in 2015he Paris Agreement ensurghbbal commitments were made to reach-zexd

carbon emissions by micentury to limit global warming to 1.5°C and minimize its negative impacts

on the ecosystend years ago, in 2017, 20 industry partners, 11 public partners and municipalities and
2 resarch partners and host institutions, established the Research Center on Zero Emission
Neighborhoods in Smart Cities supported byRiesearch Council of Norway

The FME ZEN partners cover the entire value chain and include representatives from munttipal a
regional governments, property owners, developensgineers,consultants and architects, ICT
companies, contractors, energy companies, manufacturers of materials and products and governmental
organizations. The ZEN Research Centre develops solutiorfstfme buildings and neighborhoods

with no greenhouse gas emissions and thereby contributes to a low carbon society.

The Paris agreement is a global commitment to combat climate change, and forturgataiyng
number of coumtes are making commitments to achieve carbon neutrality, or "net zero" emissions
within the next few decades. It is a tremendous task and reauinbitious actions starting right now.

We are not yet on track to meet agreed targets in the Paris agreemehtstipulated keeping global
temperature increase well below 2 °C or at 1.5 °C abowindsstrial levelsThe last decadeas been

the warmst on record. On the current path of carbon dioxide emissions, the global temperature is
expected to increase by 3 to 5 degrees Celsius by the end of century.

Put simply; we must act now!

We are all responsible as individuals, in terms of changing duitshend living in a way which is more
sustainable, and which does less harm to the planet. We must engage and be engaged as citizens and
professionals in the development of sustainable solutions. We must challenge the current market with
innovative busiess models and efficient solutions. Grasp opportunities provided by technology
development and digitalization, and create new business partnerships across disciplines, sectors, and
traditional market chaing.he remarkable year of 2020 has shown us thatanehange and adapt when
needed.

The ZEN Centre has 9 pilot projects spread across Norway with an area of more than 1 million m2,
creatingsustainable neighborhoodisr over 30 000 inhabitants in total. Best practice projects and
examples through casasd living labsare essential for learning and gainingdigpth knowledgeOnly
through actual testing and measuringwit be able to give advice on how to further develop our future
sustainable neighborhoods and smart cities. We will through the gidtbving labs create a demand

and supply for Zero emission solutions through ambitious goals anetdamgvalue creation. We
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engage users in aeating attractive neighborhoods, and we support innovative approaches and acquire
new knowledgen energy tansition, zero emission materials, amdart technology.

Halfway into the Research Centre activities we already see results from case studies, the work package
research activities, pilot projects, and living labs. Our research and innovations are nraEqylebal
perspective, especially when it comes to the holistic approach and enabling the transition to a low carbon
society. With the ZENIefinition, criteria, and tools in place, the ZEN Research Centre with partners
will contribute to changing both thadustry and the society at large. rQuission is to share insight,
inspire, and support the necessary actions to ensure optimal energy use, zero emission building,
sustainable neighborhoods, and smart cifirs. research and shared knowledge and insight is of great
importance to the future developmehhank you!

Centre Board

Anders Fylling Statsbygg
AnnaThekla Tonjer, Elverum vekst
Fredrik Shetelig, NTNU

Jo MortensenSkanska Norway

Leif @ie, GK

Partow P HenriksenSINTEF

Svein Olav Munkeby, NTE

Tonje Frydenlund, Snghetta
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ZEN ACTI VI TIES I N A DIF

Arild Gustavsen, ZEN Centre Director, Professor, ZEN, NTNU

The Research Centre on Zero Emission Neighbourhoods (ZEN) in Smarto@ifgaszed our general
assembly March 17 2020, the last day before Norway closed down due to the Corona virus. The event
was organized as a mixed physical and virtual meeting, setting the standard for meetings and gatherings
during the remaining part &020. Even if 2020 has been a very different year compared to a regular
year and we miss the typical physical meeting arenas, the ZEN Research Centre has continued its
activities (mostly) according to the developed plan. Research, development and imrmagttities

have continued, and stronger partner collaboration has been sought through the ZEN Pilot Projects and
initiation of more ZEN Cases.

Research and Development Activities

The Centrehascontinued to evaluate theercemission neighbourhoodefinition. Overall findings
indicate that it is challenging to achieve net zpmenhouse ga&HG) emissions at the neighbourhood
level, given how projects are designed today. There is a need for much stronger attention to minimizing
material embodied emissis, to creating a surplus generation of renewable energy that casetoff
emissions from fossil energy generation or use elsewher#g anduring substantially lower emissions

from mobility than what is common today.

Life cycle assessment (LCA) isedto calculate potential greenhouse gas emissions from ZEN @oject

and associated solutions. Whesmparing building materialsnd solutions we find than increased

level of detail is necessary to reach correct conclusiomsnake detailed LCA analysig ventilation

systems possible, a database has been prepared, with most components that are part of ventilation plants.
This provides greater opportunities for calculating and balancing environmental impacts associated with
material use and operation. Eagrmore, a novel approach for building performance robustness
assessment bBabeen introduced. The results show that the proposed approach can select a high
performance and robust building design simultaneously with less analysis effort.

A suite of moded and tools is under development, which enathlestudyof buildings' energy loads

(with hourly resolution)and how to modify them. This is done by gathering and structuring knowledge
on today's typical energy demand profiles from measurenféatabase trEASURE and load profile
generator PROFet@ind then changing tomorrow's demand by implementing demand sesjion
buildings and neighborhoods, thus obtaining flexible energy loads that deviate from the typical ones.
The tooleTransport is used ithe evaluation of alternative energy system configurations for confined
areas. The model minimizes total system ca#isin a given planning period, subject to hourly energy
demands, options for further development, and limitations of the existing energy system. The model
includes multiple energy carriers and also electric and thermal energy storagather tool, ENRIRE,

the impact of ZEN and ZENsolutions on the power system has been expldde@ finding is that
reduced use of electricity in Norwegian buildings can increase the contribution from Norwegian
hydropower in Europe.

A conceptual model for strategic proement implementation in complex systems and prog(kies

ZENS) has beesuggested-urther, he innovation system has a significant impact on the development
of zero emission neighbourhogdkerefore, innovatiomcaystem analysis is undertaken, asllvas
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exploration of new business models in relevant industtiemvative solutions, some of which are
important to realize the ZEBWmbition, can bein conflict with current legislationChallenges and
opportunitieshavein particularbeen identifiedn connection with the Plarand building act as well as
the Energy act.

Several of the activitieare connected to the pilot projecdsmethod based on geographical information
system (GIS)has beenused to analyze spatial conditions essential to carbmissions in
neighbourhoods. This method was recently applied to evaluate three different proposals for the
development of the Boda NyBy aré&aurther, lased on an analysis of existing living labs and a literature
study, a definition for civic ZEN livingdbs was developed and explored. Civic living labs aftovthe

analsis ofenduserrelated barrierand help overcome thebg providing knowledge aboutends e r s 6
needs and demands and supporting citizen participation.

New Ideas and Innovation

The ZEN plot projects located from Baerum in the south, to Bodg in the narthour most important

innovation arenas. Here researchers and partners meet, and innovations are tested and demonstrated.
New ideas and innovations are noted and followed up on inEherzhovation registration systetwe

record the following information per idea: Number on the Technology ReadinesgTB&Iscale (in

each year: 2012024), type of innovation, who is involved, a description of the idea, market potential

and potential mpact (6l mpacté). Goals are set related t (
the market in the form of socially beneficial products or servi¢agty-two innovations have been

describedn the first ZEN Innovation Report published@ttober202Q

International Collaboration and Dissemination

Researchers in the ZEN Research Centre collaborates and presents their results internationally in several
ways. The EU H2020 projedyn.ikia on Sustainable Positive Energy Neighbourhqolssted by

NTNU, started in January 2020, with thirteen industry and research paNMi@&ttl andSINTEFare

also part of the newly funded projésit)t H2020iclimabuilt on Functional and advanced insulating and

energy harvesting/storage materials acrogmalte adaptive building envelopdse be stared in 2021.

Several of the researchers are part of International Energy Agency Annexes and Tasks, and researchers
regularly present their results at international conferefaes.of the PhD candidates receivagards

for their work in 2020Xingji Yu received the BesPaperAward for his paperat the BuildSimNordic

2020 ConferenceKasper Emil Thorvaldsen got the Roy Billinton Betidentpaperaward for his

paper presentedt the Probabilistic Methods Appliedo Power Systems Conference 2023 of
December 2020ur ZEN Centre has published close to 150 scientific reports and ard8lpspular

science publications, 55 media publications (in newspapers, radio, or TV), &1@ reports,
memoranda, articlegnd presentations held at meetings or conferences for project target @aups.
website www.fmezen.nd now has more than 21.000 users and is currently in the process of being
translated into Norwegian.

Snapshots obur research, development and innovation activities are presented in the following
chapters. Enjoy reading!
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| NNOVATI ON I N THE ZEN F
CENTRE

The year 2020 has presented the ZEN Centre with unique challenges, resulting in researchers and
partners hawng to adapt and work in new ways. For ZBdllot projects are our most important
innovation arenas. With that said, innovations are best nurtured through the interactions between actors.
The flow of interactions has been more difficult in 2020, howenemearch and innovation activities

has continued as much as possible.

Several publications have come out in 2020 where innovation in ZEN has been the focus. In dne report
seven of the FME centres collaborated describing their approach to, and wbrlnmévation.
Collaboration across the FMEs commenced in 2018, and it continues to offer a useful exchange of
common issues of interest among the FMEs.

A milestone in 2020 was the publishing in October of the first innovation report f. In this report, 32
innovations and innovatieidleas are presented, starting with innovations that are tested in one or more
of the pilot projects. This report serves as a point of departure for further discussions about the
innovation work in ZEN, and it will be used to gress this work further. This include ensuring partner
collaboration, as well as exploiting the potential for commercialization.

The ZEN innovation committee (see text box) has been an important resource for the centre management
through 2020. Theommittee contributes to the establishment of excellence in innovation processes in
terms of the interface between the ugartners and the researpartners. The committee also acts to
ensurehe execution of the innovation work plastablished for thperiod 20262021

TheZEN Centre will continue to focus on increasing innovation and the capacity for knowledge transfer
in collaboration with the public and private sector. The goal is to increase the impact of innovation; to
identify ideas with the potdial to become new innovations; to further develop an innovation culture;
and to increase collaboration in clusters andresnthere ZEN participates.

The innovation committee members are:
Svein Olav Munkeby, NTE Marked AS (leader)
Zdena Cervenka, Stétgmg

Morten Dybesland, Statsbygg

Stein Stoknes, FutureBuilt

Rakel Hunstad, Bodmunicipality

Kai Haakon Kristensen, Bodg municipality
Shannon Truloff (from 2021), NTNU
Elsebeth Holmen, NTNU

Terje Jacobser§INTEEommunity

Ann Kristin Kvellhein§INTEEommunity

! Innovasjonsarbeid i FMEne, 2020
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ORGANI SATI ON OF THE ZEN
RESEARCH CENTRE

The ZEN Research Centre is a Centre for Environsfrearidly Energy Research (FME) and was established in
2017 by the Research Council of Norwdhe Centre is hosted by the Norwegian University of Science and
Technology, and jointly organised by NTNU/SIEF.

The ZEN Research Centre has a General Assembly and an Executive Boarixecutive Board (EB) is
responsible for the quality

and progress of the research activities and for the allocation of funds to support the various activities. The user
partnes have the majority and the Chair of the EB. The General Assembly (GA) includes a representative from
each of the partners. The GA gives guidance to the EB in their deaisikimg on major project management
issues and approval of the seaminual implemetation plans.

The Centre also has a Scientific Committee (SC) with representatives from leading international institutes and
universities to ensure international relevance and quality of the work performed. The SC consists of selected
representatives froomhe Centreds international partners, who ha
relevant for the Centreb6s research activities.

General Assembly
All partners

Executive Board

7 representatives:

5 user partner representatives,
NTNU and SINTEF

a7 H

Arild Gustavsen  Terje Jacobsen  Sunniva Danielsen Shannon Truloff Lasse
from 2021 Hopstad Solberg

Scientific Committee

Leading international expertise from
i and universiti

Innovation Committee

User partner representatives,
NTNU and SINTEF

Internationalization Committee

User partner representatives,
NTNU and SINTEF

WP 5 WP 6

Local energy system Pilot projects and
optimization in a living labs
larger system

WP 1

Analytical framework

WP 2 WP 3 WP 4

Policy measures, Responsive and Energy flexible

innovation and energy efficient neighbourhoods
business models buildings

for design and
planning of ZEN

o

L=
: C WS
Helge Brattebe Ann Kristin Hans Martin Igor Sartori Hanne Kauko Judith Thomsen

Kvellheim Mathisen
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OUR PARTNERS

The partners in the ZEN Research Centre hold central roles within the design and development of
neighbourhoods and the energy system. Tibtudes representatives from municipal and regional
governments, property owners, developers, consultants andeatshikCT companies, contractors,
energy companies, manufacturers of materials and products, and governmental organisations. The
Norwegian University of Science and Technology (NTNU) is the host and leads the Centre together
with SINTEF Community and SINTEEEnergy Research.

it £
AFRY pasplqn viak E!ES (IR - ELVERUM VEKST /}:\’{ EnergiNorge EUTUR

. '\J“\ T
i\ A | A NORCEM
GK&GE AS - HUNTON VIO ELVZEN] HEIDELBERGCEMENTGroup Fiemmvarme, \/NTE

AT BERGEN
SE) KOMMUNE

L)
SKANSKA i %24, Snohettas\ Z) Statkraft sweco 2§ NUEEE
boda | ELVERUM Tl
a g KOMMUNE ﬁ:
KOMMUNE -

Trondelag fylkeskommune T D U
%9 Trigndelagen fylhkentjielte @ TRONDHEIM: KOMMUNE BARUM KOMMUNE @ NTN SINTEF

STATSBYGG g Steinkjer kommune

Oslo kommune
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OUR LABORATORI ES

We have systematically developed our laboratories through the FME Zero Emission Buildings and
several other projects, and we continue to do so in the ZEN Research Centreofamwiedbare being

used by our reseehers and partners within user cases and the work packages. Examples of lab research
activities can be explored in the snapshabtapters in this annual report. In addition to the labs below,
several of our pilot projects function as living labs.

ZEB Living Lab

More information:http://zeb.no/index.php/en/livialab-trondheim

Photo:Geir Mogen
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Living LabPhoto:Leikny Havik Skjeerseth

ZEB Test Cell
More information:http://zeb.no/index.php/en/testll-laboratory
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Smart Grid Laboratory
More information:https:/www.ntnu.edu/smartgrid

Distribution network with two departureg radials.

14
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ZEB Laboratory

ZEB lab is a laboratory for zero emission buildings (ZEBan arena where new and innovative
materials and solutions are developesestigated, tested and demonstrated in mutual interaction with
people.

The construction of the laboratory was completed in the fall 2020.
More information:http://zeblab.no/

n

Photo:Nicola LolliSINTEF
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ZEN board meetingPhoto: Arild Gustavsen
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Evaluation of parall el
BodMy by

Bendik Manum, Professor NTNU, Tobias Nordstrom, Assistant Professor NTNU, Lillian Rokseth, PhD
candidate NTNU aniristoffer L. Seivad\rea planner Bodg municipality

The goal for Bodg NyBY is to establish a compact city with good connections between existing and
new districts, adapted for pedestrians, cyclists and public transport and with short distances
between home, work, school and other daily destinations.

The research group ZEISSMS (Spatial Morphology Studies in ZEN) at NTNU, Faculty of Architecture
and Design (NTNLAD) has developed GHBased analysis tools to measure and evaluate characteristics
of urban form that are important for urban qualities and foragwsble mobility. The analysisas
previously been used to provide input for specific planning of pilot areas in ZEN, more specifically
Sluppen in Trondheik{parallel assignments), Bodg vetistrict master plan) and Fornebu in Baefum
(district master fan). At the request of Bodg municipality, ZEBMS has now carried out an analysis

of the proposals received in the parallel assignment for Bodg Nyby.

The analysewerecarried out by first establishing a detailed GIS model of the existing Bodg area, and
then adding the three plan proposals for Bodg Nyby into the same Mbegleight different analyses

were conducted for the three plan proposals, more specificalbesaibility / continuity in the street

network the street network's «degree of intersection desisitgnsity of dwellings / residents and of
workplaces composition / distribution of dwellings / residents versus ;j@rsessibility to public

transport share of public space and accessibility to green space and to the sea. The analyses do not
assess the concepts but reveal some basic aspects of the received proposals for specific urban form These
aspects are crucial for urban qualities and sustainabléitmalnd which are largely determined in the

early planning phase.

The analyses reveal major differences between the three plan proposals. While one proposal creates
clear continuity and integration between the new district and the existing city angrebibly
strengthen the existing city center, another proposal does almost the opposite and will probably result
in a new city center separated from the existing city center. The analyses also show interesting
differences in terms of the number of homessidents and workplaces within walking distance, which

is of great importance for the potential for local service in an area. The design of the street network will
be a decisive factor in the further planning. This applies to both the overall streetiknstiwrcture and

design in more detail. lrachcase it is important to reduce barrier effects, which in practice means
establishing a coherent street network rather than individual continuous road facilities. Another
important issue is to ensutkat the potential of good overall plans is utilized and not weakened in
further detail with regulations and building plans.

References
1. Nordstrom, T., Rokseth, L., Green, S. & Manum, B. ZEN SPATIAL INDICATORS Evaluation of
parallel assignments for SluppefEN MEMO No. 28INTEF akademisk forlag 2020 29 s. NTNU
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2. Nordstrom, T., Rokseth, L., Green, S. & Manum, B. ZEN SPATIAL INDICATORS Evaluation of Bodg
west. ZEN MEMO No. 19. SINTEF akademisk forlag 2020 36 s NTNU

3. Nordstrom, T., Rokseth, L., Green, S. & ManB. ZEN SPATIAL INDICATORS Evaluation of
Kommunedelplan 3 (KDP 3) for Fornebu. ZEN MEMO No. 21. SINTEF akademisk forlag 2020 60 s.
NTNU

Populationdensity measured as residents and workplaceghin 1km walking distanceBodgwith
proposal forBodg NyBy

19
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Eval uering av planfors

Bodg NyBy skal bli en kompakt by med gode koblinger mellom eksisterende og nye bydeler,
tilrettelagt for fotgjengere, syklister og kollektivtransport og med korte avstander mellon hjem,
jobb, skole og andre daglige gjgremalEME ZEN har vurdert ulike planforslag opp mot denne
malsettingen.

Forskningsgruppen ZESMS (Spatial Morphology Studies in ZEN) har utviklet analyseverktgy basert
pa GIS (geografisk informasjonssystem) fandle og evaluere egenskaper ved byform som pavirker
stedskvalitet og muligheter for baerekraftig mobilitet. P& forespgrsel fra Bodg kommune RSNEEN

na evaluert innkomne forslag i parallelloppdraget for Bodg Nyby.

Vi har farst etablert edetaljert GISmodell av dagens Bodg, og deretter lagt inn de ulike planforslagene
for Bodg Nyby i samme modell. | neste steg har vi analysert forskjellige egenskaper ved planforslagene,
naermere bestemt tilgjengelighet, kontinuitet og tetthet i gatentttitet av boliger/beboere og av
arbeidsplasser, fordeling av boliger/beboere versus arbeidsplasser, tilgjengelighet til kollektivtransport,
andel offentlig areal og tilgjengelighet til grantareal og til sjgen. Dette er stedskvaliteter som i stor grad
besemmes i tidlig planfase.

Analysene avdekker store forskjeller mellom planforslagene. Mens ett forslag tydelig integrerer den nye
bydelen med eksisterende by og antagelig vil styrke eksisterende bysentrum, gjar et annet forslag nesten
det motsatte og vil antagelig resultere i ngteemsdannelse adskilt fra eksisterende sentrum. Analysene
viser ogsa interessante forskjeller nar det gjelder antall boliger/beboere og arbeidsplasser innen
gangavstand, noe som har stor betydning for potensialet for lokale tjenester i et omrade.

Utforming av gatenettet, bade overordnet struktur og detaljert utforming, vil veere avgjgrende for videre
planlegging.For & unnga barrierer melloomrader som gnskes utviklet soemsnenhengende by, er
detviktig & etablere sammenhengende gatenett heller entistdkade gjennomgaende veianlegg,. Det

blir ogsa viktig & sikre at gode overordnede planer ikke svekkes i videre detaljering med reguleringer og
bebyggelsesplaner.

20



ZEN REPORT No. 31 ZEN Research Centre 2021

Befolkningstetthet malt som beboere og arbeidsplasser innen 1km gangav&add, dages situasjon.
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OPPORTUNI TI ES ANDFORMI 1
ADDI TI BNAORN WOOD TO
EXI STI NG APARTMENT BLOC

Anne G. Lierenior ResearcBcientistSINTEEommunity Rune AbrahamseiCEQMoelven Gunhild
Solem EidsvjlCity planneiGottlieb Paludan Architects

Owners of apartment blocks built in concrete with three, four or five floors without an elevator,
can sellthe roof to new apartments and get an elevator partlfinanced.

Areas with large demands for new housing can achieve sustabtertddication with a low climate
footprint. However, there are some drawbacks and limitations as well. Additions to apartment blocks
will be stressful for the residents during the construction period. Densification in older residential areas
which are attctive because their density/vibrancy is much lower than in newer areas, is unpopular. But
older residential areas can often, in principle, not tolerate taller houses which increase shadows and
place more demands on shared public space.

These findings arbased on a case study in ZEN. Here, opportunities for extensions with modules are
studied because this is a construction method with a short construction tsite wiich will be the

least invasive for residents. Issues related to the load bearing systefire protection have been
discussed but will require more detailed knowledge. Costs and profitability must also be calculated to
be able to read which types of projects will be feasible, but this was not prioritized in this project due to
limited timeand resources. Alongside this, Gottlieb Paludan Architects have developed a checklist for
spatial qualities when adding dwellings to the relevant apartment blocks. This Checklist highlights
which qualities must be ensured for extensions to be a positivigilmtion in a residential area.
Researchers at the research centre ZEN have assessed the climate footprint of two alternatives, namely
the increased span from extensions constructed in materials with low emissions, and also the case of
demolition and n& construction.

Renovation of older apartment blocks has many advantages. However, those who live on the first floor
miss the benefit from having an elevator installed. Those who live on the top floor before the extension,
can be disadvantaged by the Hing above them. The most important question for the residents is
perhaps: How does the project affect the market price for the existing apartments? It is probably positive
for the upper apartments that need a lift and positive in terms of upgradeddtantiaegative in terms

of increased density in the area and increased rent.

Further work is needed, in particular case studies of good model projects to gain knowledge about the
load-bearing capacity of apartment blocks, fire protection, costs, degisding processes in the
housing associations and other important issues that needs to be resolved.
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The illustration is made for the project Circular econerilyood industry concepts for upgrading and
extension of existing buildings (end Febr 2024prwegian Wood Industry association) and shows
extensions with new apartments, common area and terrace, and elevator to each floor.
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Mul i gheter og begrensni
med tremodul er p- eksi s
bol i gbl okker

Eiere av boligblokker bygget i betongmed tre, fire eller fem etasjer uten heis, karselge taket til
bygging av nye leiligheter ogfa delvis finansiering til heis.

Omrader med stort behov for nye boligean dermed f& en beerekraftig fortetting med lavt
klimafotavtrykk. Det er imidlertid ogs ulemper og begrensninger ved slike lgsninger. Pabygg pa
boligblokker vil veere belastende for beboerne i byggeperioden. Fortetting i boligomrader som er
attraktive fordi tettheten i utgangspunktet er lav, er ikke populeert. Ulempen er at hgyere hus gir mer
skygge og starre belasting pa utearealene.

| dette ZENcaset beskriver Moelven muligheter for pabygg med moduler fordi det gir kort byggetid og
er skansomt for beboere. Problemstillinger knyttet til baeresystem og brannsikring er diskutert, men disse
problemstillingene krever mer detaljert kunnskap. Kostnader og lgnnsomhet gjenstar a beregne for a
kunne vurdere hvilke typer prosjekter som vil veere gjennomfarbare. Arkitekter fra Gottlieb Paludan
Architects har utviklet en sjekkliste for stedskvaliteter v@ibygg av boliger pa eksisterende
boligblokker. Listen viser hvilke kvaliteter som ma sikres for at padbygg skal bli et positivt tilskudd for

et eksisterende boligomrade. Forskere fra FME ZEN har vurdert klimafotavtryklsstnogenliknet

utslipp fra pabyggned materialer med lavt utslipp ogmimg og nybygg.

Renovering av eldrboligblokker har mange fordelemen de som bor i 1.a&tjehar ingen nytte aat
heis installeresDe som har toppetasjen far pabykan synes det er en ulempe a fa nye leilighater
seg.Det viktigste spagrsmalet for beboerne er kandkjeordan pavirker prosjektet markedsprisen for
de eksisterende leilighetenB@t er sannsynligvisgsitivt for de gverste leilighetene som har befwv
heisog positivtmed tanke pappgradert standarthennegativti forhold til gkt tetthet i omradet og gkt
husleie.

Det er behov for & se naermere gade forbildeprosjekterfor a fa kunnskap om boligblokkenes

beereevne, brannsikring, kostnader, presefor beslutning i borettslagene og andre vik§ggrsmal
somfortsatt er ulgst
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Figur 7. Figuren viser klimafotavtrykket per2nog ar for dagens situasjon (en blokk med 5 etasjer)
sammenlignet med tre alternative pabygg (2 etasjer). Resultatene viser at et pabygg i henhold til TEK17
vil ha et klimafotavtrykk omtrent tilsvarende den eksisterende boligblokken, mens et pabygg med hgy
klimaambisjon og hgy energiambisjon vil ha omtrent det halve. Kilde: Skaar i Lien et al. 2020 Fortetting
med pabygg i tre, ZEN Memo N62020.
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MODEL PREDI CTI VE CONTRC(
HEATI NG SYSTEMS FOR UTI
OF BUILDI NG FLEXI BI LI T}

Harald Taxt WalnunResearch Scientist SINTEF @amty andlgor Sartorj Senior Research Scientist
SINTEF Community

Results from simulations show a potential to shift 5®0 % of heating energy consumption away
from peak hours, while keeping a good indoor climate.

Utilization of the flexibility potential in building stock can contribute to increased capacity and more
efficient operation for both electricity and the district heating grid, and hence lower emission and
investments. A significant part of the potential is derifrech a buildings thermal mass. Many existing
buildings today have minimal or no control of their heating system. At the same time these buildings
represent a large share of the flexibility potential. Current work therefor focuses on how to release the
flexibility potential in a cosefficient way.

A simulation environment has been developed to evaluate the flexibility potential for buildings. The
model allows for coupling of detailed building models (Emulator) with external control algorithms. This
then inturn enables an evaluation of the flexibility potential of a building and for a comparison to be
conducted of different control algorithms.

An algorithm has been developed of a building substation based on the Model Predictive Control (MPC)
concept. Theoncept is founded on optimization of operation for time periods -@82Hdours for the

control model, Predictions of user behaviour, weather and energy prices (and other external control
signals have been factored into the model). The optimization steghét each control step (typically

one hour) with measurements from the building/emulator, to ensure stable control.

This enables the building respond to external control signals, e.g. from the grid operator, and thereby
supply flexibility as a sergie. Results from simulations show a potential to shift980% of heating
energy consumption away from peak hours, while keeping a good indoor climate.

The concept is planned for demonstration AAMNTEF Communities own premises in Oslo, in
Barrestuveien 3To raise further funding for this project, the building is part of a newpElgosal as a
demonstration site. ZEN partners GK and Fortum Oslo Varme are both involved in the application and
the work related to the demonstration as BMS supplier-@&¥ud) and district heating company,
respectively.

The developed framework andsults show a significant potential for flexibility and will be further
utilized both for flexibility potential evaluation and testing for control concepts.
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Figurel: Example on how buildings can respond to external signal by modifying the indoor air temperature
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PREDI KTI'V STYRI NG AV
OPPVARMI NGSSYSTEMER FOF
UTNYTTELSE AV FLEKSI BI L

Resultater fra simulering viser at det er mulig fiytte 50-90 % avbyggetsenergibruk til
oppvarming fra topplasttimene, til andre timer pa dggnet, samtidig som man opprettholder
et godt inneklima.

En stor del av bygningsmassens fleksibilitetspotensial inn mot energisystemet ligger i muligheten for a
flytte energibruk i tid. Med riktig styring kan fleksibiliteten i bygningsmassen utnyttes for bedre drift av
elektrisitets og fjernvarmenettet, og dermed gi lavere kostnader og utslipp. Et av de stgrste potensialene
ligger i den termiske massen til bygg.

Ved riktig styring av energibruken er det mulig & flytte store laster i tid, slik at man kan avlaste nettet.
Mange gamle bygg har i dag enkel eller ingen styring av varmesystemet, samtidig representerer disse
byggene et stort potensial for fleksibilitetenergiforsyningen. | FME ZEN ser vi pa hvordan
eksisterende bygg kan bli fleksible pa en konstandseffektiv mate.

For & evaluere potensialet for & spre energibruken er det utviklet et simuleringsoppsett, der man kan
koble en detaljert modell av byggetntElator)i bade av bygningskropp og klimaanlegaed eksterne
kontrollalgoritmer. Slik kan vi bade evaluere fleksibilitetspotensialet og teste og sammenlikne ulike
kontrollalgoritmer.

Det er utviklet en algoritme for styring av kundesentraler baseMaqufel Predictive Control (MPC).
Dette er et konsept som baserer seg pa at en forenklet modell av byggaingsmodell, som er egnet

for bruk i sanntid, sammen med prediksjoner for fremtidig bruk, veer og pris (eller andre
styringssignaler) brukes til dptimere driften for de neste 28 timer. Styringsmodellen oppdateres
hver time med malinger fra bygningen/Emulatosékat den optimale driftestadigjusteresDette gjar

det mulig for bygget & respondere pa eksterne signaler fra for eksgenpearméeverandaren, og
dermed levere fleksibilitet som en tjeneste.

Konseptet er planlagt for implementering og testingS¥TEF Communitys eget bygg i Oslo, i
Barrestuveien 3. For & innhente ekstra midler til dette er bygget med som defid-seknad. ZEN
partnerne GK og Fortum Oslo Varme er involvert i sgknaden og arbeidet p4 demonstrasjonen gjennom
& veere henholdsvis leverander av&fiegg (GKCloud) og fiernvarme til bygget.

Det utviklede rammeverket og resultatene vigebetydelig potensil for fleksibilitet og vil brukes
videre bade for evaluering av fleksibilitetspotensial og testing av mulige styringskonsepter.
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Prinsipp for tilkobling av MPC til byggets&idegg for overstyring av radiatorkurser.

Referanse: Walnum, Harald Tax®&artori, Igor., Bagle, Marius., 2020, Model predictive control of
District Heating substations for flexible heating of buildings. BuildSim Nordic 2020. Book of Abstracts.
International Conference Organized by IBRSArdic 13th14th October 2020, Oslo ISBN:7882-
8364-267-4. Available from:https://fagarkivet.oslomet.nadhdle/20.500.12199/6424
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How zeemossSi on areas 1 n
t he European power mar k

Stian BackePhD Candidate NTNU

Reducing the electricity need Norwegian buildings is a valuable contribution on the transition towards

an emissiorfree European power systeMore heat pumpprodudng heat with less electricity & key

measure to lower electricity consumption in Norwegian buildings. Additionalbyre incineration of
biomass and waste to heat Norwegian buildings lower their electricity need. When Norwegian buildings
use less electricity, less wind power is demanded and the costs of achieving European emission targets
are reduced.

The above are &hfindingsfrom the EMPIRE model simulation, where investments minimize total costs

when decarbonizing the European power syseM.P| RE6s strength is the sim
of hourby-hour operation and muljiear investments. Through FME ZEN, BPMRE has been

developed to represent building heating and charging of electric transport, to better represent energy
solutions in ZEN.

Half of Norwegian &ctricity use comes from buildings, and 40% of European electricity production is

fossil. Europeaglimate targets demand the elimination of emissions from electricity production within

20-30 years. EMPIRE shows that this is feasible with emission quotas through renewable energy
investments and increased transmission between coun®ies. 90% of Norwgian electricity

production is renewable hydropower, amrdjulated hydropower is rare and valuable in a renewable
Europe. EMPIRE reveals that Norwegian buildings using less electricitynic r e a s e Nor way
hydropower export, which makes it easier for Eurtmpdecarbonize.

In ZEN, the goals to develop a neighborhood that contributes to net zero greenhouse gas emissions
over its lifetime. EMPIRE shows that renewable electricity production in ZEdsdnot yield avoided
emissions in the power system when &siun quotas are fixed:he premise for avoided emissions
through renewable electricity generation in ZBNhat the electricity production replaces production

with higher emissions elsewhere. HoweuekPIRE shows that theeplacedelectricity productionis
rerewable rather than fossil, which happens because the power system dominated by variable
renewables has very high value of dispatchable electricity production.

Energy solutions in ZEN affect the power system, and changes in the power system affech@EN.

transition towards the zesmmission societyvill be most effective when ZEN and the larger power
system coordinates.
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Figure 1 lllustration of the multi-carrier operations in EMPIRE. There are twoparallel markets
(building heat and electriecspecific)that are cleared a an hourly basis.

Ref:

Backe, Stian, Magnus Korpas, and Asgeir Tomasgard. "Heat and electric vehicle flexibility in the European power system: A case
study of Norwegian energy communities." International Journal of Electrical Power & Energy Systems 125: 106479.
https://doi.org/10.1016/}.ijepes.2020.106479
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SLI' K Pj VI RKER NULLUTSLI
OMRj DER | NORGE DET EUF
KRAFTMARKEDET

Nar norske bygg bruker mindre strgm, blir det enklere a fasefossil kraftproduksjon i
Europa.

Energilasninger i nullutslippsomrader pavirker kraftsystemet, og endringer i kraftsystemet pavirker
nullutslippsomrader. Overgangen til nullutslippssamfunnet krever store endringer som enklere
giennomfares nar nullutslippsirader spiller pa lag med det gvrige kraftsystemet.

Det er farst og fremst gkt bruk av varmepumper, som produserer varme for mindre stram, som kan
redusere strgmforbruket i norske bygg. Ogsafaitirenningav avfall og biomasse til oppvarming
reduserer strambruken. Det viser beregninger fra modellen EMRI&E simulerer hvordan ulike
investeringer pavirker utslippene og lgnnsomheten i det europeiske kraftsystemet. Styrken til modellen
ligger i & bade representere kraftsystemets drift -fondime og samtidig representere flerarige
investeringshorisontet. FME ZEN er EMPIRE videreutviklet til & simulere varmebruk i bygg samt
ladning av elektriske kjgretgy. Slik gir modellen et bedre bilde av energilgsninger i nullutslippsomrader.

Bygg star for omtrent halvparten av det norske strgmforbruket. Samtidig dwodddo av dagens
Europeiske stremproduksjon fra fossile kilder. Klimamal tilsier at disse utslippene skal elimineres innen
20-30 ar, og EMPIRE viser at dette gjares kostnadseffektivt med et kvotemarked gjennom massive
investeringer i fornybar energi og gktaftutveksling mellom landegrensene. Mer enn 90% av
stremproduksjonen i Norge er fornybar vannkraft, og regulerbar vannkraft er bade sjelden og verdifull
i et Europa som nar klimamalene. EMPIRE viser at bygg som bruker mindre strgm i Norge, gjar norsk
vannkraft mer tilgjengelig i Europa, noe som igjen bidrar til at europeiske klimamal blir enklere & oppna.
Et nullutslippsomrade er et nabolag som bidrar til netto null klimagassutslipp gjennom sin levetid.
EMPIRE viser imidlertid at fornybar stremproduksjogt nabolag ikke unngar utslipp i kraftsystemet

nar utslippene er politisk regulerForutsetningen for & unnga utslipp gjennom fornybar stram
produksjon i nullutslippsomrader er at strgamproduksjonen i nabolaget erstatter annen strgmproduksjon
med mer Wlipp. EMPIRE viser derimot at stramproduksjonen i nabolaget erstatter annen fornybar
energi fremfor fossil energi. Dette skjer fordi vi sammenligner med en situasjon der Europa nar
klimamalene og fierner godt over 90% av utslippémaekraftproduksjon. Daeduseres ikke de totale
klimautslippene ved a bruke lokal fornybar energi.
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Figur 2 lllustrasjon av kraftsystemmodellen EMPIRE. Nodene representerer kraftmarkeder, mens linjene
representerer mulighetene for kraftutveksling mellomarkedene.

Ref:

Backe, Stian, Magnus Korpas, and Asgeir Tomasgard. "Heat and electric vehicle flexibility in the
European power system: A case study of Norwegian energy communittesriational Journal of
Electrical Power & Energy Systeri25:106479 https://doi.org/10.1016/}.ijepes.2020.106479
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YDALI R LI VI NG LAB: THE

Ruth Woods Research ScientisNTNU Thomas BerkerProfessorNTNUY AnnaThekla Tonjer
ProsjektledeElverum VekstKate LangsethagemadgiverElverumVekst

¢KS RSAANB G2 oNRARYy3a GKS &adzadr Ayl ofS Fdzidz2NB C
of the ZEN vision. By designing and building sustainable neighbourhoods, ZEN expects to
make it easier to live more sustainably.

The Ydalir neighbourhood in Elverum has broad political suppdttt ambitionsthat are mostly
supported by the local population and construction indudtwever,as with anything new, there exist
some reservatits about the project.

Ydalir living lab is designed tanderstandhe reservations differentuser groups, but rather than
focusing on theincertainties, whave asked whathegoodlife is in Elverumtoday, ands a sustainable
future far ahead ais or is it connected to how we live today?

To find answer s, we need to know more about pec
sustainability. This is being done by collecting
contributins from people of all ages and cultural backgrounds. The good life is a broad concept and
encourages all kinds of stories about what it is like to live in Elverum; experiences from World War I,

the forest, trade and industry, café culture, handicrafisgdo school and local architecture.

Ydalir living lab operates in close collaboration with Elverum Vekst, Ydalir school and kindergarten.
Using photo documentation, we have gathered insight from local children about why they think Elverum
is a good place to live, and the slow process ofggat stories has begun. By locating the living lab in

the library, in the offices of Elverum Vekst, and a local shoppérgrewe are making Ydalir living lab
available to anyone who feels that they have a story to tell.

Talking to people is necessaty:parents, building users, workers, the elderly, the single, children, and
teenagers. We are equally interested in people who were raised in the town and those who have relocated
there later in life. It is important to know about the evéay lives of tlose living in Elverunto be able

to connect ZENOped pltaBber Isbdakiironsi tt oi s i mportant
i fedo i s todgaytpemsure that looth the environment and the quality of life are ensured. In this
way, Yddir living lab is working towards making good living environments and sustainable
neighbourhoods two sides of the same thing.
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Ydalirkindergartenpicking blueberriesPhoto: Linda Vespestad, Elverununicipality
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YDALI R LI VI NG LAB: DET

Sentralt i visjonen til ZEN er et gnske om & bringe en baerekraftig fremtid nsermere folks
hverdag. ZEN vil gjare det lettere & leve mer baerekraftig giennom & designe og bygge
baerekraftige nabolag.

Ydalir-omradet i Elverum har bred stette bade hos poltiikienbyggere og byggenzeringen. Men som
med alt nytt, finnes det noes usikkerhet og skepsis til prosjektet.

Ydalir living lab er designet for forsta utfordringene og usikkerheten. Mestedet for & sette sgkelys
pa det sper vi lokalbefolkning hva egtdyode liv i Elverum? Og om en beerekraftig fremtid ligger langt
foran oss? Eller er det kanskje tettere knyttet til hvordan vi lever i dag?

For a finne svar, ma vi vite mer om hverdagene til folk i Elverum og hva de mener om beerekraft. Vi
gjgrdettegenom - samle historier fra AEl verumsingero
kulturell bakgrunn. Det gode liv er et bredt konsept som oppmuntrer til historier om hvordan det er & bo

i Elverum, opplevelser fra andre verdenskrig, a veere i skdgenlel og industri, kafékultur, hAndverk,
skolegang og lokal arkitektur.

Ydalir living lab er et samarbeid med Elverum Vekst, Ydalir skole og barnehage. Vi har blant annet
brukt fotodokumentasjon til &amle meninger og tankéa barn om hva de synes lera med & bo i
Elverum og vi er i gang med & samle historier fra andre. Vi har lagt opp til at folk kan fortelle sine
historier til oss pa biblioteket, kontorene til Elverum Vekst og i et lokalt kigpesenter. Dermed blir Living
lab gradvis tilgjengelig foalle som har lyst til & fortelle sin historie.

Det er helt ngdvendig & snakke med alle typer fofkreldre, arbeidere, eldre, enslige, barn og
tenaringer. Mennesker som er fgdt og oppvokst i byen og de som har flyttet til Eivertinger a

vite mer om hvordan Elverumsinger lever sine liv for & kunne koble ZENs baerekraftige lgsninger til
hverdagen deres. For Ydalir er det viktig a finne ut hva det gode livet er for & sikre at bade miljget og
livskvaliteten blir ivaretatt. Ydalir living lab jobbdor & tydeliggjere at gode bomiljger og baerekraftige
nabolag kan veere to sider av samme sak.
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7. trinn ved Ydalir skole som har veert med pa fotodokumentasjonsprosfekb: Linda Vespestad,
Elverum kommune
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CAN DEMAND CONTROLLED
VENTI LATI OM THCWBAT
RECOVERY ACHI EVE DUAL
VI CTORY (DCV) ?

Peng Liu, Researc®cientistSINTEFCommunity Hans Martin Mathisen, Professor NTNMavard
Bergsdal, Senior Research Scientist SINTEF Community

Buildings become highly insulated and airtight with stringent requirements on the energy
performance of the building envelope. Ventilating these better sealed buildings is essential
to ensure indoor air quality (IAQ) as an imperative public health aspedtjch has its social
and economic consequences.

On the other hand, heating and pumping the ventilation air is an energy intensive process. In energy
efficient buildings, ventilation often accounts for a prevailing share among total energy required by
heding, ventilation and air conditioning (HVAC).

Demand controlled ventilation (DCV) with heat recovery is identified as a superior technology to reduce
energy use and thus mitigate greenhouse gas emission without compromising IAQ. DCV adjusts airflow
rates to continuously match the actual demand characterised by IAQ and/or thermal comfort. During
most of the operating time, DCV runs at reduced airflow rates leading to energy savings by handling
less ventilation air. The varying reduced airflow rates in D&¥ in relation to the temperature
efficiency of heat recovery.

Recent findings on heat wheels, one of the widely adopted heat recoveries, reveals that the temperature
efficiency decreases considerably with reduced airflow rates. The maximum tempefttigacy

tends to be limited to around 80 %, which is then only achieved in the rare cases where DCV requires a
lot of air. This means that the energy saving potential in DCV may have been overestimated. This study
is developing a calculation model forore realistic annual ventilation energy use in DCV. The design

of heat wheels for DCV is optimised to yield yearly maximum energy savings considering heat recovery
amount and fan power.

There is a tradeff between operating energy and material use i O@rger dimensions of DCV with

more material use results in lower air velocity and thus less fan power demand [1]. This work is studying
the environmental impacts of DCV systems with Life Cycle Assessment (LCA). The results of the more
realistic energy se of DCV become input parameters together with the material use for the LCA. Multi
objective optimisation with developed models to minimise DCV energy use and environmental impacts,
which refer to Double Centredictory, is expected to answer the questii@an Demand Controlled
Ventilation (DCV) with Heat Recovery Achieve Dual Centred Victory (D&V)?
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Optimised DCV energy use

DGVENERGYUSE I

Common case

LCAINVENTORY  3°8° Optimised DCV carbon
emission with LCA

Optimising DCV with goals to
minimise energy use and
carbon emission with LCA

Figure 1. Workflow of optimising demand controlled ventilation with goals to minimise energy use and carbon
emission.

[1] Bergsdal H. and Tgnnesen J., hoying the knowledge of environmental performance of ventilation systems, FME ZEN
Annual Report 201%vailable at:https://fmezen.no/wjgontent/uploads/2020/04/NTNU_ZEN_AnnReport2019 web.pdf
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BEDRE DESI GN AV BEHOVSE
VENTI LASJON OG VARMEGJE
MED LI VSLI PSANALYSE?

Var tids strenge krav til energiytelser i bygningssektoren farer til meget godt isolerte og
luftt ette bygninger. A ha god ventilasjon i disse godt forseglede bygningene er viktig for &
sikre god inneluftkvalitet.

Inneklima er et viktig folkehelseaspekt som har sine sosiale og gkonomiske konsekvenser. Pa den annen
side er oppvarming og transport aentilasjonsluft en energiintensiv prosess. | energieffektive
bygninger utgjer ofte ventilasjon en vesentlig andel av den totale energien som kreves for klimatisering.

Behovsstyrt ventilasjon med varmegjenvinning er ubestridelig en overlegen teknoldgifdusere
energibruken og dermed redusere klimagassutslipp uten & kompromittere luftkvaliteten. Den
behovsstyrte ventilasjonen justerer luftmengden slik at den kontinuerlig samsvarer med det faktiske
behovet, bestemt av luftkvaliteten og/eller termisk fann | det meste av driftstiden opererer
behovsstyringen med reduserte luftmengder som farer til energibesparelser fordi det handteres mindre
ventilasjonsluftmengder. De varierende og reduserte luftmengdene ved behovsstyring har imidlertid en
sammenheng ed temperat@ffektiviteten til varmegjenvinningen.

Nylige funn avslgrer at temperatureffektiviteten til roterende varmevekslere, som er en av de mest brukte
varmegjenvinnerteknologiene, synker betydelig med reduserte luftmengder. Maksimal temperatur
effektivitet har en tendens til & veere begrenset til rundt 80 %, noe som da bare oppnas i de sjeldne
tilfellene hvor behovsstyringen ber om mye luft. Det betyr at energisparepotensialet i DCV kan ha blitt
overvurdert. Det pagaende arbeidet utvikler en beénggmodell for mer realistisk arlig ventilasjens
energibruk ved behovsstyrt ventilasjon. Utformingen av den roterende varmeveksleren for behovs
styring blir optimalisert for & gi maksimale arlige enbegiparelser med tanke pa varmegjenvinnings
mengde ogyifteeffekt.

Det oppstar en avveining mellom energi til drift og materialbruk. Starre dimensjoner gir lavere
lufthastighet og dermed mindre energibehov til drift av vifter. Til gjengjeld gker materialbruken til
komponentene. Resultatene av en mer regligtnergibruk for den behovsstyrte ventilasjonen sammen
med materialbruken blir inngangsparametere for en livssyklusanalyse (LCA).-ddjaktiv
optimalisering med kriterier for & minimere DCV energibruk og miljgpavirkning forventes til slutt &
svare pa s B r s mBeldre tesigh av behovsstyrt ventilasjon og varmegjenvinning med livslgps
analyse®
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DCV flow Heat recovery with and Optimization of heat
rate without considering exchanger design
profile LHC efficienc

Effect of highly efficient heat
recovery on power peak shaving R o

Ductwork pressure drop and fan
power for simple shoe box layout Ventilation energy
Operating energy for
3 scenarios of LCA

common case

Select common G Ventilation LCA .
building ommon case components inventory

3 layouts of
ductwork

GHG emission with LCA

Figur 2. Modellering av energibruk og karbonutslipp for system med varmegjenvinning og behovsstyrt

ventilasjon
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ENERGY SYSTEM OPTI MI ZAT
EVERYOINEERE COMES THE W
BASED VERSI ON OF ETRAN:

Magnus AskelandResearclscientist PhD Candidat8INTEF Energnd NTNU

eTransport is a tool that can be used to plan development and operation of energy systems
which builds advancedmathematical models based on a graphical user interface.

The user specifies the current system, assumptions related to future development and
investment options, and eTransport presents optimal investment strategies.

One challenge regarding eTranspaas ibeen that it has been relatively cumbersome for new
users to get started since it requires underlying optimization tools to be installed and correctly
configured at the user's computer. Since eTransport is supposed to bdreendigrtool that

does ot require advanced knowledge of the underlying methods, we decided to improve this
aspect.

To make eTransport more udeendly, SINTEF researchers have cooperated with external
expertise on functionality in Sharepoint to devedoploudbased solutiothat is significantly
simpler to use. From the user's point of view, only Microsoft Visio is required to get started
with eTransport, and the rest is handled at a SINTEF server.

Secure connection of external users to the SINTEF server has been a chaltecigbas been
solved since the solution exploits already established methods for interacting with external
parties. The setup works by connecting the server and the users to a commeraskalifile
structure through tailemade routinesEven thoughtie solution is based on relatively advanced
architecture and tailemade routines for the clieserver interaction, the solution is easy to use
from the user perspective. The solution has recently been put into operation after testing by
SINTEF researcher and now the plan is to deploy it to students and other interested parties.
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®NTNU @ SINTEF

PIN
z

ZERO EMISSION
NEIGHBOURHOODS
IN SMART CITIES

WEB-BASED SOLUTION FOR
ETRANSPORT

Outline of possible solutions
ZEN MEMO No. 25 - 2020

ZEN-memo describing possible solutions
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ET VERKTIY FOR ENERGI
SYSTEMANALYSER -HEBR ALLE
KOMMER WHEBRSJONEN AV
ETRANSPORT

eTransport er et verktgy fod planlegge utvikng og drift av energisystemesom er basert
pa at avanserte matematiske modeller blir bygget opp og optimert basert pa et grafisk
brukergrensesnitt.

Brukeren spesifiserer dagens system, antagelser om fremtidig utvikling samt investerings
muligheter og far presentert optimale investeringsstrategier. Na har vi gjort analyseverktgyet
enklere a bruke ved a ta i bruk skybaserte Igsninger.

En utfordring med eTransport har vaert at dette er tungvint a ta i bruk pa grunn av behov for at
underliggende optimeringsverktgy er installert og konfigurert riktig hos brukeren. Da
eTransport er ment & vaere et brukervennlig verktgy som ikke skal kreve at brukeren er kjent
med de avanserte metodene som den bygger pa sa vi et behov for & gjgre dette enklere.

For & gjare eTransport mer brukervennlig har SINT&Bkere i samarbeid med ekstern
ekspertisepd Sharepointunksjonalitetutviklet en skybasert lgsning som er langt enklere a
forholde seg til fra et brukerperspektiv. Fra brukerens side er det na kdukf@bMicrosoft
Visio som ma veere installert pa egen PC, resten handteres pa en SINVEF

Sikker tilkobling av eksterne brukere mot SINTEFs server har veert en utfordring, og dette har
na blitt last da lgsningen bygger pa allerede etablerte mésmnkdandle med eksterne parter.

Dette fungerer ved at serveren og brukeren er koblet opp mot samme skybaserte mappestruktur
giennom skreddersydde rutinegselv om denne lgsningen bygger pa en relativt avansert
arkitektur samt skreddersydde rutiner for ktiserver interaksjon, sa er lgsningen smidig for
brukerne av eTransport. Lgsningen har akkurat blitt satt i drift etter innledende testing av
SINTEFRforskere, og na er planen & ta den i bruk hos studenter og eksterne aktgrer som gnsker
a prave dette.
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MATERI AL EMBODI ED EMI S-S
BUI LDI NGS I N ZERO EMI S
NEIl GHBOURHOODS

Helge BrattebgProfessoNTNU, Eirik RescRhD Candidatd TNU and Eivind SelyBartnerCivitas

A study of newNorwegian buildings show that they have material embodied emissions
around 5.4 kgCee/m?/ar, as an average. This can serve as a reference for needed future
emission reductions.

FME ZEN develops knowledge on net zero emissions from neighborhoods. Em@sareused by

energy, materials and land use changes in a development project. To reach net zero, these emissions
must be compensated by measuresgifing gati ve emi ssionso0o. Such measu
from construction, material use in buitdis and outdoor structures, are minimized by mateffaient

design and by selection of materials with low-ifgcle emissions. Compensating measures include: the
generation and export of excess renewable energy which replace more-io&ghsive endagy

elsewhere; reuse and materials recycling; and carbon storage in materials used in buildings and
landscaping.

Emissionsarequantified by life cycle assessment (LCA). The ZEN Centre dagd out several LCA
studies, and synthesizstlidies by otherdViik et al. (2020) examined LCAlata from more than 130
building projectdrom 2009202Q representing more than 1 millior? imeated floor argavith focus m
production (module AJA3), redacement of materials during use (module B4), datissical analysis
Resultsshow a interquartile rang®f 4.0-8.2 kgCQe/nflyear and a median &4 kgCQe/ntlyear
over a 66year periodfor all building types.The report offers data for building elents, life cycle
modules, building types and project phaségyre J.

Results can be used as a basis when developing requirements for material emissions in buildings, in
building codes (TEK). The research also pointsto neededemisgott u ct i ons t o compl y
policy target for 2030 and 2050his is alsodeveloped further in mew calculation method for
FutureBuilt ZERO (Rgure 2), with contributions from ZEN partners FutureBuilt, AsplanViak and
Civitas, and PhBstudent EirikResch at NTNU.

It is important for FME ZENhatresults arausel in new FutureBuilt ZEROcriteria, and that the new
calculation method shall be explored and further developedthysbygg forNTNUS sCampus
GlgshaugenThis method includes neelements not covered by NS3720 today, suclealsnblogy
improvementdor materials carbon storage in concrete and wocahbon compensation for potential
reuse of building elementand time weighting oftiture emissions
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MATERI ALRELATERTE UTSLI
BYGNI NGER | NULLUTSLI PF

FME ZEN utvikler kunnskap om netto null utslipp av klimagasser fra utbyggingsomrader.
En studie av nyere norsk bygg viser at de i snitt har materialrelaterte utslipp av klimagasser
pa ca 5,4kgCQe/m?ar, og kan veere en referanseverdi for utslippsreduksjoner fremover.

Klimagassutslipp skyldes av energibruk, framstilling og frakt av materialer og endret arealbruk. For &
oppna netto null utslipp ma disse utslippene kompenseres med titaksomg i | svarende sto
utslippo. Kompenserende tiltak kan vbpre | okal p
omradet selv forbruker, som kan erstatte mer karbonintensiv energi andre steder, ombruk og
materialgjenvinning, og karbonlaggni materialer i bygningene og i utearealenes jordsmonn og
vegetasjon.

For & begrense behovet for kompenserende tiltak og oppna lav ressursbruk mé utslipp fra byggefasen,
materialbruk i bygninger og uteomrader, samt transport minimeres. Dette opprmaateeidleffektiv
design og valg av materialer med lave livigpsutslipp.

Utslipp skjer i mange byggevarers verdikjeder, og estimeres ved livslgpsvurderinger (LCA). FME ZEN
har utfart flere LCAstudier for bygninger og nullutslippsomrader, og sammenfatidtes utfart av
andre. Wiik et al. (2020) sammenfattet L<lata fra over 130 byggeprosjekter, med fokus pa utslipp
fra produksjonsfasen (AA3), utskiftninger av materialer i bruksfasen (B4), og statistisk analyse av
bygninger fra 2002020 som dekker ovd million n? oppvarmet gulvareal. Resultatene over livslgpet
p& 60 ar viser en kvartilbredde pa-8,2 kgCQe/n/ar og en median pa 5,4 kg@&nt/ar for alle
bygningstypene. Rapporten gir utslippsdata for bygningsdeler og livslgpsmoduler, og ulike
bygningstyper og prosjektfaser (figur 1).

Resultatene kan brukes som grunnlag ved innfgring av krav til materialrelaterte utslipp fra bygg, f.eks.
i teknisk forskrift (TEK) til plan og bygningsloven. Arbeidet peker pa ngdvendige arlige kutt i utslipp
for & gopna Norges klimamal i 2030 og 2050. Dette er ogsa behandlet videre i ny beregningsmetodikk
for FutureBuilt ZERO (figur 2) med bidrag fra ZEpartnerne FutureBuilt, AsplanViak og Civitas samt
ZEN/NTNU-stipendiat Eirik Resch.

Det er viktig for FME ZEN at resultatene brukes som grunnlag for nye FutureBuilt Z&iRCer, og

at de nye metodiske elementene skal utforskes og videreutvikles i Statsbyggs planlegging og
gjennomfgring av NTNU Campussamling.
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Figur 12: Boksplott av klimagassutslipp (A1-A3 og B4) fra ulike bygningstyper i som bygget fasen. Figur 15: Boksplott av klimagassutslipp (A1-A3 og B4) fra ulike bygningsdeler i som bygget fasen.

Figur 1Klimagassutslipp fra materialer i norske bygninger (Wiik et al. 2020). (Bygningsdeler ihht NS 3451 i hgyre
figur er: 21-grunn og fundamenter, 22 baerekonstruksjon, 28 yttervegger, 24; innervegger, 2% dekker, 26
G tak, 27¢ fast inventar, 2&; trapper og balkonger, 29 andre bygningsmessige deler).
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| NVOLVI NG CI Tl ZENS ON
TOWARDS ZERO EMI SSI ON
BOURHOODS

Daniela BaerResearch Scientist SINTEF CommandZaroline Chendresearch Scientist SINTEF
Community

Active citizen particigtion is central in area and urban development, and especially in the
development of new concepts such as zeemission areas.

Citizen participation has been a recurring theme in urban development. Zero emission neigh
bourhoods is a new concept that willquire active involvement from citizens and relevant
stakeholders. The journey towards ZEN involves the interplay of the built environment, infrastructure
and usetbehaviour A successful process towards ZEN requires citizens' insights, as well as the
understanding of planners and developers of their opinions and needs to find the best solutions
together.

Therefore, we need innovative approaches to better involve various actors to bring about well
functioning and attractive living environments, bothtire planning and constriction phases as well

as the operational phases. Drawing on design thinking approaches and in collaboration among ZEN
researchers and ZEN partners, we have worked towards identifying relevant tools and methods for
citizen participatbn and usefcentered innovation for developing ZEN areas.

One result is the "basketball method" (ZEN report no. 25). This method provides structures where
citizens can contribute by "throwing in" ideas and provide feedback continuously using different
methods and channels. To capture these ideas and feedbadaknssitally by the municipality, it is
recommended to establish the role of a central facilitator who is ready to "play ball* with the citizens
and bring their ideas and feedback to the fore. This method therefore presents a more dynamic form
of citizen paticipation compared to prevailing often more static approaches.

In another initiative oriented towards better understanding of customer preferences, we are also in
the process of developing a workshop tool to capture knowledge among planners and desalbpe
ZEN areas and to better juxtapose them with customers' needs (and vice versa). We have tested the
initial design in the Ydalir pilot area with relevant stakeholder such as developers, landowners, city
and county municipalities, and energy compankigns are underway to further test and finetune

this workshop tool in additional pilot areas to provide new thinking for marketing ZEN areas and
feasible business models.
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I
The good ZEN solutions for the future of Ydalir were identified by the workshajgipants.
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| NNBYGGERNE Mj TAS MED
MOT NULLUTSLI PPSOMR|j DET

Aktiv innbyggermedvirkning er helt sentralt i omradeg byutvikling, og spesielt i utvikigen
av nye konsepter som nullutslipmsnrader.

Det er samspillet mellom det bebygde miljg, infrastruktur og brukerens adferd som farer
nullutslippsomrader kan bli en realitet. En vellykket prosess mot nullutslippsomrader trg
innbyggernes og brukernes ekspertise, og planleggere og utviktare forstar deres meninger g
behov for & finne frem til de beste lasningene i felleskap.

Vi trenger innovative tilngerminger for & involvere brukere bedre i prosesser som farer til velfunge
og attraktive omrader bade i planleggingsbygge og dritsfase og pa omradekommune og bygg

niva ¢ alle disse arenaene ma spille sammen her. | samarbeid med flere av FME ZENs parl
eksterne eksperter har vi derfor identifisert verktgy og nye modeller for innbyggermedvirknir
testet metoder for brukersentrert innovasjon ved utvikling av nullutslippsomrader.

Et av resultatene er "basketbatiodellen" (ZEN rapport Nr.25). Hoveminget her er & etablere
arenaer der innbyggerne kan «spille inn» ideer og tilbakemeldinger kontinuerlig ved bruk avliges
metoder og kanaler. For at ideene skal fanges opp av kommunen foreslar vi & satse pa en tilr
struktur, organisasjonsform og helst en sentral fasilitator som er rigget for & «spille ball>
innbyggerne og deres innspill. Modellekiller segdermed fra de ofte mer statiske strukturene
navaerende medvirkningsosesser, til mer dynamiske former der ogsa innbyggerne og de som f
planlegger og driver byen, treffes pa nye mater.

For & gi planleggere og utviklere av nuligpsomrader mekunnskap om kundenes behov har
utviklet et workshopopplegg som fagrst ble testet i Ydalir med utbyggere, geieme, Elverum
kommune, fylkekommunen og energiselskaper. Vi brukte deségikning som en metode for a forst
kundes behov og verdier, dipne ut hvordan nullutslippsomrader svarer pa disse. | felleskap had
denne matenutviklet nye ideer for markedsfaring av og forretningsdeller for nullutslippsomrader.
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WorkshopdeltakerneYdalir presenter sine tanker rundt markedsfaring av nullutslippsomrader.

ZEN Research Centre

53

2021



ZEN REPORT No. 31 ZEN Research Centre 2021

DOMESTI C HOT WATER TYPI
PROFI LES

Synne Krekling LienMaster of Scienc8INTEF Communityand Igor Sartori SenidResearch ScientiSINTEF Community

We have compared different methods for separating energy use li@ating ofhot water
from district heating measurements and proposed a new method. All methods have their
limitations, but the hybrid method gives the most correct results.

In Nordic climates, the energy use in buildings is dominated by space heating (SH) anticdoohes

water (DHW). Heat load measurements with hourly resolution from smart meters are now becoming the
standard. However, in most cases, only the total heat use in the building is metered, without separation
into DHW and SH use. The analysis performiedhis work is aimed at comparing and verifying
different methods for estimating typical DHW load profiles by decomposition of heat load
measurements into SH and DHW.

Three methods have been used for the decomposition of the same set of measurersgdsoiial
method, the energy signature method and a hybrid swsignesture method. All three methods have
limitations, but in this article it is shown that the hybrid method has the closest similarity to
measurements.

The measurements analyzed are pérhe trEASURE' databadé] that consists of more than 300
energy meters representing ca. 2,4 millichofifloor area, from buildings in several places in Norway,
subdivided into 11 building categories, both residential aneresidential buildings. Aubset from 78

energy meters, comprised of apartments and hotels, was used in this work. The reference datasets, on
the other hand, come from a Swedish study where DHW was directly measured on over 1000
apartments, and from the VarmtVann2030 project atels.

It is found that the average DHW load profile from measurements is significantly flatter than assumed

in the normative values for building performance simulation-(&EK 3031). There is a large
variation in the DHW measurements, but even in tghdst decile (the 10% of the apartments with the
highest DHW consumption) the difference between morning and evening peaks adgaym@ue is

not as accentuated as in the norm. The decomposition methods seem to be able to reproduce a daily
profile with relatively small morning and evening peaks. However, the summer method and the energy
signature method@ which are the most common methods for decomposition of DHem to give
particularly high values during the nigtitne. The proposed hybrid methodthaugh not perfect, gives

a better estimate when compared to measured average values.

Involved ZEN partners in this work have be&iNTEF Community, NTNU an&INTEF Energy. The
research project Varmtvann2030 has been a collaborating partner.
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The normatse profile probably gives a good dimensioning margin for small buildings, but may lead to
oversizing of DHW systems for larger buildings that aggregate several dwellings, such as apartment
blocks.
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Comparison between different DHW decomposition methagsmative profile and the measurement span
(10%¢ 90%) in the reference dataset.

[1] S. K. Lien, K. H. Ander sen, K. B. Lindberg, H
validation of the O6tr EASUREG®6 energy measur ement:
(wor k i n I BuildyPedosns $imud Assoc. 2022021
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TYPI SKE LASTPROFI LER F(
OPPVARMI NG AV VARMT TAP
BYGG

Vi har sammenliknet ulike metoder for & skille ut energibruk til varmtvann fra fiernvarme
malinger, og foreslatt en ny metode. Alle metodene har sine begrensninger, men hybrid
metoden gir demest riktige resultatene.

Romoppvarming og oppvarming av tappevann star for det meste av energietterspgrselen i norske bygg.
Stadig flere bygg har fatt digitale energimalere som maler bruk av fiernvarme pa timesniva. | de fleste
bygg som har timesbasem@ergimalinger, skilles det derimot ikke pa energi til romoppvarming og
energi til oppvarming av varmt tappevann. Vi har gjort en analyse der vi har sammenlignet tre ulike
metoder for & skille ut energibruk til tappevannsoppvarming fra fiernvarmemalinggg.i

Vi sammenliknet "sesongmetoden"”, "energisignaturmetoden” og "hybrid ssigmagurmetoden
(hybridmetoden)".

Metodene har blitt testet pa det samme datasettet bestaende av malinger av energibruk til oppvarming
fra ulike bygg. Analysen har vist atér av metodene har sine begrensninger, men at hybridmetoden gir
den beste tilpasningen nar resultatene sammenlignes med malinger av energibruk {il tappe
vannsoppvarming.

Datasettet med energibruksmalinger er hentet fra databasen 'trEA$L)JREM bestaav energi
malinger fra mer enn 300 bygg som til sammen utgjer ca. 2,4 millioRear@al. Bygningene er
lokalisert pa ulike steder i Norge og er fordelt pa 11 bygningskategorier og bestar av bade boliger og
tienestebygg. Malinger fra 78 boligblokker ogéditer fra databasen ble brukt i denne analysen.

Gjennomsnittlige timesprofiler for tappevannsoppvarming i boligblokker og hoteller ble laget ved hjelp
av fiernvarmemalinger fra disse byggene og de tre metodene. De resulterende profilene ble deretter
sammenlignet med energimalinger av tappevannsoppvarming fra 1000 svenske leilighetsbygg (for
boligblokkene) og energibruk til tappevannsoppvarming i hoteller fra forskningsprosjektet
VarmtVann2030 (for hotellene).

Analysen viser at gjennomsnittlig timesgtdbr energibruk til tappevannsoppvarming er betydelig
flatere enn det som blir antatt nar man bruker normative verdier i bygningsenergisimuleringer (SN
NSPEK 3031). Energimalinger fra Sverige viser at det er stor variasjon i energibruk tilaapge
oppvarming i ulike leiligheter, men selv i den hgyeste desilen (de 10 % av leilighetene med hgyeste
energibruk til oppvarming av varmt tappevann) er det mye mindre variasjoner i energibruk til
tappevannsoppvarming gjennom dagen, sammenlignet med normeite \a@er det antas en hgy topp

pa morgenen og kvelden, med lav energibruk midt pa dagen. Metodene som har blitt testet ut for a skille
ut tappevannsoppvarming fra fiernvarmemalingene ser ut til & gi daglige timesprofiler mer relativt lave
topper for eneripruken pa morgenen og kvelden. Resultatene viser ogsa at sesongmetoden (som er de
meste brukte metodene for & skille ut tappevannsoppvarming) gir hgyere verdier for energibruk til
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tappevannsoppvarming om natten enn det man kan forvente. Den foresladenbydden gir ikke et
perfekt resultat, men metoden gir et bedre estimat for energibruk til tappevannsoppvarming
sammenlignet med malte verdier enn de @vrige metodene.

Involverte partnere i dette arbeidet har v&8INTEF Community, NTNU ogSINTEF Energi.
Forskningsprosjektet VarmtVann2030 har deltatt som samarbeidspartner.

Den normative profilen gir sannsynligvis en god dimensjoneringsmargin for sma bygninger, men kan
fare til overdimensjonering av varmtvannssystemer for starre bygninger som sareldofiger, for
eksempel boligblokker.
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Energibruk til oppvarming av tappevann | leiligheter pa hverdager. Sammenligning av normative simuleringsverdier
og variasjon i malte data fra referansedatasettet viser at simulerte verdier i stor grad skiller seg fra malte verdier.

[1] S. K. Lien, K. H. Ander sen, K. B. Lindberg, H
validation of the O6tr EASUREO6 energy measurement
(wor k i n In.BuildyRFerfosms Simub Assoc. 2022021
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POSSIBILITIES AND LI MI T
CURRENT LEGI SLATI ONS WE
DEVELOPI NG A ZEN AREA

Lars Arne Béenior advise8INTEEommunity, Magnus AskelanehD Candidatd TNU Eivind Junker
Associate professaxord University

Obstacles in the regulations can make it difficult to realize zenmission areas. We have identified
issues in the planning and building legislation and in the Energy Act.

From the work inthe Ydalir pilot Elverum Vekst and the muni@pty of Elverum have
encountered some challenges thighalthe regulatory frameworks not congruent withthe
requirements for theansition to zereemissiomeighbourhoods

Our findings show thait is the regulatory framework thareventsdevelopment, rather than
technical limitationsWith regards tdhe Planning and Building Act, requirements for material
use,greenhouse gas emissions (with requirements for certain improvement from TEK17
percentag), and requirements for passive house standadhds cannot be made within the
current regulationsWhen it comes to the Energy Act, it is primarily adapted to individual
buildings, and coordination at the neighbourhood level is not incentivized witlenturr
accounting practices when we have different owners of the buildings.

The study revealed several current issues that we have continued to work on. To elaborate the
findings, we want to discuss what access planning authorities have to adopt plaruiatgrey

on energy requirements for buildings and areas. Preliminary findings indicate that the current
regulations allow for relevant planning provisions, but that a change in the law's legal basis will
reduce uncertainty and help to advance the purgioe law.

We also want to shed light on the construction phase, including whether the law covers

requirements for the construction phase (such as {imssil construction sites)n a
comprehensive way
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Ydalir School. Ole Roaldrkitektur.
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UTFORDRI NGER OG MULI GHE
DAGENS LOVVERK VED ETAE
AV NULLUTGMRPPBER

Hindringer i regelverket kan gjgre det vanskelig fa realisert nullutslippsomrader. Vi har
identifisert problemstillinger i plart og bygningslovgivningen oigenergiloven.

| arbeidet medpilotomradet Ydalirhar Elverum Vekst og Elverum kommune stgtt pa
utfordringer sontyder pa at lovverket ikke er tilpasset overgangen til nullutslippssamfunnet.
Pa bakgrunn av dette har vi identifisert muligheter og begimgsnfor & realisere ZEN
ambisjonsnivaet innenfor gjeldende forskrift og lovverk.

Vare undersgkelser viset det i gkende grad er det regulatoriske rammeverket som hindrer
utviklingen, heller enn tekniske begrensninganenfor dagens regelverk karamikke stille
strengere krav til materialbruk og klimautslipp enn det som er kravene i byggteknisk forskrift
til plan- og bygningslove(TEK17). Det er heller ikke mulig & ha reguleringsbestemmelser
som stiller krav om passivhus.

Energiloven er stor grad tilpasset enkeltbygg dagens regulatoriske rammeverk vanskelig
gjgrbalansering pa nabolagsnivédtdinering av lgsninger pa tvers av akt@mproblematisk

pa grunn av insentivstruktureer gir dagens regulatoriske rammeverk manglendessam
mellom hva som er optimalt hvis man ser pa nabolaget under ett, og hva som er fornuftig fra et
privatgkonomisk perspektiv.

Studien avdekkeflere aktuelle problemstillingesomvi har jobbet videre med-or a utdype
funnene gnsker vidiskuterehvilken adgang planmyndigheter har til & vedta planbestemmelser
om energikrav til bygningesg omraderForelapige funn tyder pét dagens regelverk gir rom

for relevante planbestemmelser, men at en endring av lovens hjemmel vil redusere etsikkerh
og bidra til & fremme lovens formal.

Vi gnsker ogsa a belyse hvorvan og bygningsloverekker krav til anleggsfasesiik som
fossilfrie anleggsplasser.
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Perspektiv av Ydalir. Gottlieb Paludan Architects Norge
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CASE RI SVOLLAN: VELTERNA
ENERGY SUPPLY SCENARI O¢S
EXI STI NG HOUSI NG COOPEH

Authors: Ruth WoodsResearch ScientiddTNU, Hanne Kaukdresearch Scientist SINTEF Bnerg
Researctand Ove WolfgangResearchcientistSINTEEnery Research

Encouraginghousing associations built in the 60s and 70s to make choices that are both
energy efficient and sustainable will depend on good examples.

The Risvollanhousingcooperativeva s b ui | t . It has X1 apartiheéntd andl Iscaldistrict
heatingnetwork supplesheating and hot water. Each apartment pays a set pricedting jndependent
of the size of the apartment or the number of members in each household. Residents have little influence
on howspaceheaing or hot water is supplieénd naespnsibility for regulating how much they use.
After 50 years of use theeatingsystems consideredhefficient and in need of upgrading
An interdisciplinary ZEN casanalygdtwo alternativeenergy supphgscenarios

1. Upgrading the existing district heating system.

2. All-electricheating including panel heaters, hot water tanks and an automatic control system

for load management in each apartment.

The analysis found that the -@lectric scenario will be the most cost effectiveth with respect to the

total energy system costs atie costs for thehousing cooperativ€Satori et al. 2020) There were
however several uncertain factors in the study, including the assumed energy prices and costs for the
required upgrading of heating infrastructure in both scenarios.

In addition, arandysis of potential barriers to the decisionaking proceswas carried out iree main
barriers to the transition wetexcovered

1. Gaining approval could be hindered by two main groups of residents, the elderly who worry
about costs and younger resident®wlorry by environmental implications. Controversy about
proposed changes may be expected.

2. The switch will require an adjustment in household energy practices in terms of how they heat
their homes and how much hot water they use, as well as engagemeamvinbilling system.
Residents will require support during the transition.

3. Information exchange: An extensive system for information exchange is in place, but there is
always someone who has not received information or feels that they have not bee®higard
a minority participate when decisions are ma
annual general assembly.

These barriers are equally relevant for decisiaking processes in other similar housing cooperatives

in Norway, as described inlauge et al. (2011.) This makes changes proposed for the Risvollan
cooperative particularly pertinent. Housing coop
are dealing with similar challenges and encouraging them to make choices that amebgy efficient

and sustainable will depend on good examples.
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oL ARANTENNERSG, ERANTENIERG OG HIONTOY """“012
ATTRRTIN VML WESSELS G136 000 THONORDIM TL7, 23404

Overviewmapof Risvollan housing cooperative
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Sartori, I., Serensen, A.L. (2020) ZEidse Energisystem Risvollan. ZEN Memo 24, NTSINTEF.
Hauge, A.L., Mellegard, SAmundsen K.H. (201)). Beslutningsprosesser i borettslag og sameiere:

Hva farer til baerekraftige oppgraderingsprosjekter? Prosjektrapport r8INSREF akademisk forlag.
ISBN 97882-536-12331
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CASE RI SVOLLAN: ALTERNA
ENERGI FORSYNI NGSSCENARI
ET EKSI STERENDE BORETTS

A t& beboere i borettslag fra 60og 70tallet til & ta valg som er bade energieffektive og
baerekraftigekreveer gode eksempler.

Risvollan borettslag ble bygget pa 1%allet. Borettslaget har 1113 leiligheter, og et lokaltrfje
varmenett som forsyner romoppvarming og varmt vann. Hver leilighet betaler en fast pris for
oppvarming, uavhengig av stgrrelsen pa leiligheten eller antall medlemmer i husstand. Beboerne har lite
innflytelse p& hvordan romoppvarming eller varmt varfaris, og har ikke noe ansvar for a regulere

hvor mye de bruker. Etter 50 ars bruk anses varmesystemet som ineffektivt og i behov for oppgradering.
En tverrfaglig ZENcase haanalysert to alternative energiforsyningsscenarier:

1. Oppgradering aeksisterende fjernvarmesystem.
2. Helelektrisk oppvarming, inkludert panelovner, varmtvannstanker og et automatisk kontroll
system for laststyring i hver leilighet.
Analysenkonkluderteat det helelektriske scenariet vil veere det mest kostnadseffektive, bade med

hensyn til de totale energisystemkostnadenél é@stnadene til borettslagébartori et al. 2020). Det

var imidlertid flere usikkerhetsfaktorer i studien, inkludert antatiergipriser og kostnader for den
ngdvendige oppgraderingen avergiinfrastruktur i begge scenariene.

| tillegg ble en analyse av potensielle barrierer for beslutningsprosessen gjennomfart. Analysen
oppdaget tre hovedbarrierer:

1. A f& godkjenning kan hindeeav to hovedgrupper av innbyggere; eldre som bekymrer seg for
kostnader og yngre som bekymrer seg for miljgmessige konsekvi€ns@overs om
foreslatte endringer kan forventes.

2. Bytt av energiforsyningssystem vil kreve en forandring i husholdningenegignadsis i
forhold til hvordan de varmer opp clog hvor mye varmt vann de bruker, samt engasjement i et
nytt faktureringssystenbetvil veere behogtatte under overgangen.

3. Informasjonsutveksling: Et omfattende system for informasjonsutveksling er gamplas det
er alltid noen som ikke har mottatt informasjon eller fgler at de ikke er blitt hgrt. Bare et
mindretall deltar nar beslutninger tas under matene i borettslagets arlige generalforsamling.

Disse barrierene er like relevante for beslutningspresasandre lignende borettslag i Norge, som
beskrevet i Hauge et al. (2011.) Dette gjgr at endringer som er foreslatt for Risvollan borettslag er
spesielt relevant. Borettslag bygget pa 6@ 70tallet over hele Norge mgter lignende utfordringer, og

det afad dem til & ta valg som er bade energieffektive og baerekraftige vil veere avhengig av gode
eksempler.

65



ZEN REPORT No. 31 ZEN Research Centre 2021

Risvollan borettslagFoto: Ase Lekang Serensen, SINTEF

Sartori, I., Sgrensen, A.L. (2020) ZEddse Energisystem Risvollan. ZEN Memo 24, NTNOWEEF.
Hauge, A.L., Mellegérd, SAmundsen K.H. (2011). Beslutningsprosesser i borettslag og sameiere:
Hva farer til baerekraftige oppgraderingsprosjektr@sjektrapport nr. 82. SINTEF akademisk forlag.
ISBN 97882-536-12331

66



ZEN REPORT No. 31 ZEN Research Centre 2021

A FI'RST REAL | MRLEMENTA
MPC I N THE ZEB LI VI NG 1

Michael Dahl KnudserAssistah ProfessorAarhus, Laurent GeorgeassociateProfessor NTNldnd
Kristian SkeiePhD CandidatdTNU

Energy flexibility can be used to minimize energy costs, greenhouse gas emissions or peak
power.

Energy flexibility requires energy storage. The building fabric is a cheap thermal energy storage, but it
has limited storage efficiency. The control of Heating system should thus be smart enough to charge
the building at the right time w@llow for optimal utilization Model Predictive Control (MPC) is a key
technology to reach this, as it combines numerical optimization and prediction of the fututeasndi

(like weather and price) to find the optimal way to charge the storage while keeping the indoor
temperature comfortable for users.

Several studies using simulation have shown the potential of thermal mass activation using MPC.
However, the numberf MPC implementationi a real building are still limited. In this research work,

an MPC has been implemented and tested in the ZEB Living Lab in Glgshaugen campus in Trondheim.
The MPC adapted in retime the temperature spoint of the radiator to cihge the building when the
energy price is low. The control has been applied during two weeks without residents in the building.

The most demanding part in the design of a MPC is the calibration of the control model. To guarantee
a large market penetratipthe model should be cheap to establish, especially in small residential
buildings. However, it should remain accurate enough. The main idea was to use black box models,
meaning datalriven models where no physical knowledge of the building is requitedeXperiments

have proven that the black box model was accurate enough.

A time-varying price signal was sent to the controller, with Figices during peak hours, medium and

low prices in other periods. Experiments showed that the controller was abtiute the energy use
during peak hours with 80% compared to keeping a constant indoor temperature.
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The ZEB Living Lab's radiator is placed on an inner wall in the LivingRatad.heating power is ca. 2800 Watt
at 55/50°C su
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EN FI REBMELEMENTERI NG A\
Pi ZEB LI VI NG LAB

Energifleksibilitet kan utnyttes for & minimere energikostnader, utslipp i drift eller kutte
effekt.

Energifleksibiliteten vil veere avhengig av muligheten for lagring. A lagre energi i termisk masse er en
bilig mate a lagre energi p4, men metoden har begrenset utnyttelsesgrad. Derfor ma oppvarmings
systemet styres pa en smart mate for & lagre energien i bygget til rett tid, slik at man oppnar hay
utnyttelsesgrad. Model Predictive Control (MPC), dvs. prediktivreyer en ngkkelteknologi for dette.

MPC kombinerer numerisk optimalisering med prognoser for fremtidens driftsforhold (slik som veaer
eller energipris). MPC beregner den optimale maten & lade varmelageret pA mens den beholder termisk
komfort for beboerne.

Flere simuleringsbaserte studier viser potensialet til termisk masselagring ved bruk av MPC. Likevel er
antall studier basert pa virkelige implementeringer fortsatt begrenset. | et pagdende arbeid har en MPC
blitt implementert og testet i ZEB Living Lapd Glgshaugen campus i Trondheim. MPC tilpasser
settpunkitemperaturen til en vannbaren radiator i sanntid for a lade bygningen nar energiprisen er lav.
Styringen ble testet i to uker uten beboere.

Den mest krevende delen av et MPC design er & kalibmmgoimodellen. For & oppna en hgy
markedsdekning ma kontrollmodellen veere billig & etablere, spesielt for eneboliger. Samtidig bar
modellen veere nayaktig nok. Derfor var ideen a bruke en svarnhodtsll, dvs. en databasert modell
uten behov for fysiskunnskap om bygningen. Resultatene viser at svart-tmakiellen var ngyaktig

nok.

En tidsvariabel pris ble sendt til styringssystemet, med hgy energipris i topplasttimene, middels og lav i
andre perioder. Forsgk viser at MPC reduserte energibruken nmidi &0pplasttimene i forhold til
styring med konstant innetemperatur.
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Hestpriza, e,

Energiprisen, oppvarmingseffekt og innetemperatur ved bruk av prognosestyring (MPC) sammenlignet
med vanlig styring med konstant innetemperatur.
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COMMUNI CAAT ONHE ZEN
RESEARCH CENTRE

Sunniva Moum Danielse@ommunicatiomdviser and coordinator, ZEN, NTNU

The ZEN Research Centre has worked continuously with external and internal communication
throughout 2020. There has been substantial scientific and popular scientific publication activity, as the
numbers below show.

Because bcovid-19 we were forced to think in new ways. Since March of 2020 we have carried out
ZEN lunch lectures, seminars, PhD defenses and other events digitally on Zoom, Skype and Microsoft
Teams.

The ZEN Facebook pag@fmeZEN and Twitter accoun®ZENcentrehave been updated regularly

with recent news, events, and references to publications from the Centre. Our website now has more
than 19.000 sessions, and we are currently in the works of translating it and making a Norwegian version.

ZEN researchers and Ptcandidates had 11 ZEN lunch lectures physically and on Skype and Zoom.
Partners, researchers, PhD candidates, and postdocs laid plans for the remaining time of tardCentre

for the Centreds midway eval u'hand® of Ocober whichwe4t h pa
hosted on Zoonturthermore, the ZEB lalbatoryatthe Glgshauge€ampus is mostlfinishedand is

undergoing some final tests and calibration experiments. Use of the laboratory is expected to start in
March 2021.

2428"of Augus t he ZEN summer s c howih afodus onenoddling and s An a
forecasting in energy systemso for PhD candidate
place online. A workshop on Positive Energy Districts: Definition and Rémy Frameworks,

organized by the ZEN Research Centre and +CityXchange, was completed on the 13th of March. The
results will be used to influence the European work related to Positive Energy Districts and Cities. Two

of our PhD candidates held their dotl defenses in 2020. A piltd-pilot workshop with researchers

and pilot owners was held on the"28f June Our PhD candidates and post docs heddnall,informal

seminar on th@34 of Octoberwhere theypresented their results and pldoseach other and some of

the work package leademgjpervisors and researchers.
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TThank you for your attention **

PhD gathering at GlgshaugémOctober.

Mads Mysen

Arild Gustavsen NTNU

Sunniva Danielsen NTNU Helge Brattebg, NTNU Ann Knsnn Kvellheim SINTEF
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Sven Egil Holmsen, Moelven Katrin Knoth SINTEF Sy, Torger Mjanes - Trandelag fyl
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Terje Jacobsen SINTEF Elr k Resch, NTNU

Christofer Skaar

Thomas Berker NTNU

Bendik Manum, NTNU-, AD‘ Partow P. Henrlksen SINTEF
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&

Morten Fossum Statkraft

Screenshot from day one of our digital partner seminar.

COMMUNICATION ACTIVITIES IN 20 20

ZEN lunch lectures 2020: 10

Partner workshops/seminars 2020: 4
ZEN Newsletters: 11

Scientific publications: 52

Unigue popular scientific articles and media features: 40

Webpage users: More than 10.00(seepie chart)
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Unigue users

m 2019 m 2020

Awards:
Our Ph.d candidatgirik Resch won theDiscovery Innovation Scholarshipr his software for carbon
footprint calculations in the construction sectoongratulations

Congratulations té\nnemie Wyckmansfor being electediMission Innovation Champion 2020

Ph.d candidat&asper Emil Thorvaldsen won thefiRoy Billinton Best Studeitpaper awardvith the
paper A Re pr-ersndmpact of Residemtial Building Energy Management using Stochastic
Dynami ¢ Pr oCongratotationst g 0

And congratulations to Ph.d candidatengji Yu for winning best paper on the BuildSiidordic

conference withhis paper'Influence of Data Prérocessing Techniques and Data Quality for Low
Order Stochastic GreBox Models of Residential Buildings".

Our meeting places:

Type of activity What Date

Lectures ZEN lunch lectures in Trondheim and Skype 10in 2020

Meetings Work package meetings Regularly 1-2/month

Meetings ZEN board meetings 4x in 2020211, 11.3, 3.6, 2.9.

Gathering Kick-off: EU-project syn.ikia 20 January

Workshop Workshop on Co2 emissionfactors for ZEN 31 January

Meeting Delegasjon fra NTE pa besgk hos FME ZEN 11 February

Meeting Breakfast meeting: Lavkarbyfggematerialer 25 February

GeneralAssembly ~ ZEN General Assembly 11 March

Workshop Workshop orPositive Energy Districts: Definition afRegulatory Frameworks
(joint +CityXchange/ZEN workshop). 13March

PhD hearing PhD hearing withNiels LassemiSubjective datstreams for indoor climate
assessment. in buildingslddune
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Summer school ZEN summer school online 24 August

Seminar ZEN partner seminar online 27-28 October
Workshop Life Cycle Assessment (LCA) research activities 27 November

PhD hearing PhD hearing with Hasan HamddPrbcurement and collaboration in the context
of sustainable neighborhood projects 3 December
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COLLABORATI ON AMONG OUF
PARTNERS

Terje Jacobselice President Research, SINTEF Comnauntityudith Thomsen, Research Manager,
SINTEF Community

The ZEN Centre haseveralegular activities designed to involve and actively follow up all of the ZEN
partners; these include the General Assembly, ZEN partner sentimarh lectures, and the biannual
conference(The planed conference for 2020 is postponed to the fall of d021to the Covid9
situation.)in addition, in 2@0, the ZEN Centre has organisszleralvorkshops/seminars with partners
and welcomed several partnersdagital visits. There weravorkshopswith thepilot projects, e.g. Pilet
to-pilot meeting in Jun2020. Most of the partner meetings and workshops have been done digitally.

To improvepartner involvement and their sense of ownership of FME projects, the board introduced

t he ¢ onc eypttu dChsesttdiasseshort term projects or studies nad and lead by one or

more partners with the appropriate support from research partners. The experience has been so
successful that some of the case studies are being incorporated into revised work plans. The idea for the
Casestudies grew out of an inteail evaluation conducted in 2019. The reshdigeled to better partner

i nvolvement in the centrebs wor k. The allocate
Coved19 situation. This as a compensating measure for reduced activity fronrtiiey pan the centre.

Glimpse from a digital Pilot partner meeting

The theme of the meeting was how pilots work to disseminate ZEN information to customers and the
market. A total of 29 researchers and partners participated to exchange experiences. In the first part,
Elverum Vekst (Ydalir), Bodg Municipality (NyBy New Airport), ByBo (Zero Village Bergen) and
Baerum Municipality (Fornebu) presented reflections on communicating the ZEN goals to the
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