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The Research Centre on Zero Emission Neighbourhoods (ZEN) in Smart
Cities

The ZEN Research Centre develops solutions for future buildings and
neighbourhoods with no greenhouse gas emissions and thereby contributes to a
low carbon society.

Researchers, municipalities, industry and governmental organizations work
together in the ZEN Research Centre in order to plan, develop and run
neighbourhoods with zero greenhouse gas emissions. The ZEN Centre has nine
pilot projects spread over all of Norway that encompass an area of more than 1
million m2 and more than 30 000 inhabitants in total.

In order to achieve its high ambitions, the Centre will, together with its partners:

e Develop neighbourhood design and planning instruments while integrating science-
based knowledge on greenhouse gas emissions;

e Create new business models, roles, and services that address the lack of flexibility
towards markets and catalyze the development of i innovations for a broader public
use; This includes studies of political instruments and market design;

e Create cost effective and resource and energy efficient buildings by developing low
carbon technologies and construction systems based on lifecycle
design strategies;

e Develop technologies and solutions for the design and operation of energy flexible
neighbourhoods;

e Develop a decision-support tool for optimizing local energy systems and their
interaction with the larger system;

e Create and manage a series of neighbourhood-scale living labs, which will act as
innovation hubs and a testing ground for the solutions developed in
the ZEN Research Centre. The pilot projects are Furuset in Oslo, Fornebu in Baerum,
Sluppen and Campus NTNU in Trondheim, an NRK-site in Steinkjer, Ydalir in
Elverum, Campus Evenstad, NyBy Bodg, and Zero Village Bergen.

The ZEN Research Centre will last eight years (2017-2024), and the budget is
approximately NOK 380 million, funded by the Research Council of
Norway, the research partners NTNU and SINTEF, and the user partners from the
private and public sector. The Norwegian University of Science and
Technology (NTNU) is the host and leads the Centre together with SINTEF.

VISION:
«Sustainable
neighbourhoods
with zero
greenhouse gas
emissions»

@ https://fmezen.no
, @ZENcentre
€ FMEZEN (page)



About ZEN Spatial indicators

ZEN Spatial indicators is a set of evidence based metrics that measure potential for
spatial qualities and sustainable transport patterns. The aim is to evaluate plan
proposals and support further stages of urban design by GIS laborations and policy
recommendations. The ZEN Spatial indicators have been selected for supporting both
the early phase of planning (“Kommundeleplaner”) and later planning phase
(“Reguleringsplaner”) within ZEN Pilot projects. All metrics can be measured in free to
use GIS software and the needed background data are usually available at Norwegian
municipalities.

The ZEN Spatial indicators are currently not weighted and summarized. Future
research will develop a KPI (Key Performance Indicator) for Spatial qualities that can be
used in upcoming ZEN KPI Tool. Earlier studies where spatial indicators have been
included in predictive models have shown a strong relationship between urban form as
measured by the indicators and attractive urban environments and sustainable
transport patterns. Based on the already generated GIS models for ZEN Spatial
indicators in Bodg, Baerum and Trondheim, future research within ZEN can proceed in
developing such predictive models.

The ZEN Spatial indicators and it's metrics has been developed by the research group
ZEN-SMS (Spatial Morphology Studies in ZEN) at NTNU-AD (Faculty of architecture and
design at NTNU).



SPATIAL INDICATORS THAT EXPLAINS HOUSING
PRICE AND OFFICE RENTS (GOTHENBURG AND STOCKHOLM)

2 HOUSING
Qﬁ DD PRICE

CLOSENESS TO CITY CENTRE

CLOSE TO PUBLICTRANSPORT (500 M)
LEVEL OF URBAN SERVICES (1 KM)
ENTRANCE DENSITY AND BLOCKS

CLOSENESS TO PARKS

CLOSENESS TO WATER

(SOCIO ECONOMICAL INDEX)

EXPLAINS

»90%

i OFFICE
=
RENT
CLOSENESS TO CITY CENTRE

ACCESS BY PUBLICTRANSPORT
LEVEL OF URBAN SERVICES (1 KM)
CLUSTER OF OFFICES

MODERNITY

EXPLAINS

» 88 %

Spacescape/Evidens, VVardeskapande stadsutveckling 2016



SPATIAL INDICATORS THAT EXPLAINS
NUMBER OF CAR TRIPS PER NEIGBORHOOD (STOCKHOLM)

CLOSENESS TO CITY CENTRE
CLOSENESS TO PUBLIC TRANSPORT

DIVERSITY OF URBAN SERVICES (1 KM)
STREET LENGHT PER PERSON

SHARE OF SINGLE HOUSE

(SOCIO ECONGMICAL INDEX)

EXPLAINS 80 % OF NUMBER OF
CAR TRIPS

Spacescape, Enkla planindikatorer for trafik 2018



SPATIAL INDICATORS IN LATE AND EARLY PHASES OF URBAN
PLANNING

DESIGN MANAGING
THE POTENTIAL

LATE PLANNING PHASE

Street section design Amenity diversity

Speed limitation | Housing diversity

Safe bicycle routes Plot density

*

STRUCTURE THAT EARLY PLANNING PHASE
GIVES POTENTIAL Closeness to public space Street orientation Clty canfon diatance

Share of public space Street connectivity Fast public transport

Building morphology

distance
Street length per person .

Service cluster closeness
Share of street space

Building morphology
il
EEE———

Land use diversity

Building age diversity



CLOSENESS TO A DIVERSITY OF URBAN QUALITIES WITHIN
WALKING DISTANCE
INCREASE SPATIAL QUALITIES AND SUPPORTS SUSTAINABLE
TRANSPORT PATTERNS



EVALUATION OF
BOD@ VEST



16 SPATIAL INDICATORS

BUILDINGS AND BLOCKS

Closeness to city center
Closeness to public transport
Closeness to local service cluster
Closeness to school (public amenities)
People density

Land use diversity
Co-use

Active frontages

Car parking restrictions

O XN EWNE

<— PUBLIC SPACE

12. Closeness to open public space
13. Share of public space

14. Closeness to water

15. Clear social territories

16. Uncovered public space

STREET NETWORK >

10. Street connectivity
11. Traffic speeds

10



BUILDINGS AND BLOCKS




Walking distance

. B 1000 to 4 600

1. Closeness to city center B oo
B 700t 800

B 6800to 700

Q//’g\p\ [ 500to 60O
S o Contributes to attractiveness and are strongly related to [ 400to 500
OSNE NS . I 300t0 400
s;::&f} @ energy demand and sustainable transport patterns. B 2000 300
A '\/ Recommended benchmark: < 3 km = “’g :g fgg

* Hela Bodo Vest ligger inom 1 km
gangavstand fran Centrum medan de Ostra
delarna ligger inom 1 km fran de mest
centrala platserna. Det ger Bodé Vest goda
grundforutsattningar for saval stadskvalitet
och hallbara transporter.
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2. People density

* Tidigare svenska studier visar pa att mangden boende
och arbetande inom 1 km korrelerar starkt med
utbudet av handel, restauranger och kultur.

e Aven om exploateringen inom Bodé Vest ar hog sa
innebédr den |aga tatheten i omkringliggande stadsdelar
an tathet inom gangavstand som ar relativt 1ag sett till
det befintliga Centrumets tathet. | den Ostra delen av
Bodo Vest nas som mest 12 000 boende och arbetande
inom 1 km. | Bod6 Centrum nas som mest 18 000.

Bodo Vest: Population density
Existing 9344
Proposed 9851

EEEEETNT T EN

Within 1 km
walking distance

18 000 to 19 000
16 000 to 18 000
14 000 to 16 000
12 000 to 14 000
10 000 to 12 000
8 000 to 10 000
6 000to 8000
4000to 6000
2000to 4000
Oto 2000
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Share of residents
within 500 m
walking distance

3. Land use diversity

M 09to1 f \
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M 01t00.2 et
B0 to1

* Hog blandning (30-70 %() av boende och arbetande
ger i sig goda forutsattningar for ett valanvant
omrade bade dag och kvall och for trygghet. En hog
blandning leder ocksa till ett mer robust underlag for
service.

* Un Habitat rekommenderar 40-60 % blandning av
boende och arbetande. | en nordisk kontext ar
emellertid 30-70 % en mer realistisk benchmark for
blandade stadsdelar. Redan idag ar blandningen av
boende och arbetande hég i omradet. Med planen
Ookar andelen boende men Bodo Vest kan fortfarande
betraktas som blandad.

Bodo Vest: Land use diversity
Existing 59%
Proposed 65%




Walking distance

1000 to 4 600
900 to 1 000
800to 900
700to 800
600to 700
500to 600
400to 500
300to 400
200to 300
100to 200

Oto 100

4. Closeness to public transport

N

P v .Q’ Contributes to attractiveness on housing market and
;‘:’%@ W office market and are strongly related to share of public
'\/ transport. Recommended benchmark for high diversity:

> 500 metres

«]

EEEfTfEEEEN

* Ny hallplatsvid torget ger stor forbattring av
narhet till kollektivtrafik. | snitt har de
hemmahorandei Bodo6 Vest ca 250 meter till
hallplats. Narheten till kollektivtrafik ar darmed
mycket god.

Bod6 Vest: Closeness to public transport
Existing 422
Proposed 258




5. Closeness to local center

Is together with closeness to City centre one of the most

HNY W important factors for explaining car use
g '\/ Recommended benchmark: > 1 000 metres

* Att fa till ett lokalt servicekluster med en mangfald av
servicetyper (fler an 5), ett lokalt center, skulle givetvis
vara en stor kvalitet inom Bodé Vest och det forefaller
ocksa finnas ambitioner om ett stort utbud av service i
planerna. Samtidigt ligger stadsdelen inom nara
gangavstand fran nuvarande Centrum, med den
konkurrenskraft detta innebar. De platskvaliteter som
kan tankas skapas i stadsdelen, i kombination med
narheten till Centrum och vattnet kan dock tankas
skapa forutsattningar for vissa utatriktade
verksamheter, exempelvis restauranger, och da i
synnerhet i de Ostra delarna kring torget.

Walking distance

N

1000 to 4 600

900 to 1 000
800to 900
700to 800
600to 700
500to 600
400to 500
300to 400
200to 300
100to 200

Oto

100
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6. Closeness to primary school

4
S5, . - . .
§§&%97 o  Closeness to public amenities are important for high
\\Z\’fg%-’@ share of walking or bicycling.
\%:0::)& '\/

* Avstandet till grundskola ligger mellan 500-800
meter | Bodd Vest. Det far betraktas som nara
gangavstand.

Bodo Vest: Closeness to primary school
Existing 647
Proposed 642

Walking distance

EEEfTIEEEEN

1000 to 4 600
900 to 1 000

800 to
700 to
600 to
500 to
400 to
300 to
200 to
100 to

Oto

900
800
700
600
500
400
300
200
100




N
0

o-use

s, . L
&% o Co localisation saves building floor area demand
(QQ\IE 0,". : .
s;::‘%@ %\/; (less energy consumption) and create potential
N/ ¢ for meeting points between different groups

* Baraca4 promille av den totala vaningsytan
samutnyttjas inom Bodo Vest. (Bispegarden)

* FOr att 6ka energieffektiviteten och samtidigt skapa
motesplatser bor mojligheterna till utokat
samutnyttjande undersokas, saval i befintliga och i
nya lokaler.

Bispegarden




8. Active frontages

% of transparent building frontages.

AN

* Aktiva fasader langs gatuplanet skapar en mer
levande stadsmiljo och bidrar til trygghet kvallstid.

* Sett till hurtillgangliga stadsrummen ar och dess
omgivande tathet forefaller det norddstra kvarteret
ha den storsta potentialen for lokaler med
utatriktade verksamheter. Det dr ocksa det kvarter
som har mest aktiva fasader i planen. Féljande
utredning kan emellertid inte anvandas for att svara
pa om laget i Bodo ar tillrackligt attraktivt for den
mangd lokaler som planen anger 6nskvarda.

Spatial integration7 7 Density

% active frontage
along each block

B 75to0 100
25to 75
B 1to 25
B Ooto 1




9. Minimum car parking

& X Minimum car parking increase share of

. ¢ sustainable transport, lower building costs, gives
N / more potential for quality public space. Less cars
per apartment will also decrease CO2 emission
from car production.

* Enbart 3 % av all parkering ar markparkering (langs gata) I |
pa grund av parkeringsanldaggning. Det ger en mycket
yteffektiv I6sning av parkeringsbehovet.

Leiligheter
* Infor kommande planering vore det intressant att utveckla _Q ﬂ @ ,,(
idéer om hur planerad parkeringsanlaggning kan formges : | H
for att forenkla omvandlingar av parkeringsytor till andra i}

—

verksamheter om parkeringsbehovet minskar i framtiden

(bla pga 6kad konkurrenskraft for delad mobilitet). FEILEITE

* Kan nya ekonomiska/juridiska modeller anvandas som
innebar att de som inte ager bil inte heller behéva betala
for den kostnad det innebar att bygga
parkeringsanlaggningen?

* Kan parkeringstalet pa 0,7 sankas genom en mer
omfattande mobilitetsatgarder an vad som hitills provats?
Bodo Vest erbjuder mycket goda forutsattningar att leva i

Bodo utan egen bil.
20



STREET NETWORKS

21



Reference: The importance of street orientation for social inclusion
and local trade potential

Correlation: share of non-locals (%) and integration (N=16)
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R=0.737
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Froure 5:63. Correlation between the share of non-locals and intesration at radius of 10 axial turns

Legeby, A, Patterns of co precense, KTH, 2013



Spatial integration

10. Street connectivity Low

Contributes to perceived closeness, mix of people in
public space and potential for natural movement and
local trade

* Ambitionen med en gagata i den raka férlangningen av
Moloveien ar ett effektivt plangrepp for att 6ka
integrationen mellan Bodo Vest och befintliga Centrum.
Men pa grund av hojdskillnader och ett fragmenterat
gatunat kring planomradet blir Bodo Vest inte fullt ut en
rumsligt integrerad del av ett framtida utvidgat Bodo
Centrum. Det innebar att bydelen far en svag potential
for naturlig genomstromning av besokare. | sin tur leder
detta att stadsdelen blir mer beroende av attraktioner
och attraktiva byrum for att locka till sig en mix av
besdkare.

* Strandpromenaden ar svagt kopplad till resten av byn
och kan komma att upplevas som en plats for lokalt
boende snarare an tydligt offentlig for alla.




Street connectivity: lab

* | fdljande laboration har en alternativ stadsform testats.
Laborationen tar fasta pa malet om en tydligare och mer
rumsligt integrerad offentlig strandpromenad.




Street connectivity: lab

Plan Laboration

* Laborationvisar att Bodo Vests strandpromenad med de
forandringar som foreslas blir betydligt mer tillgdanglig och tydligare
offentlig. Samtidigt visar laborationen pa sma forandringar i
ovrigt. Antagligen beror det pa att det finns kvar barriarer i
omvigningen som fortsatt leder till att Bod6 Vest blir mindre val
integrerat i staden som helhet. 25



11. Traffic speeds

N

;:”9 .,’ A high share of streets with a speed limit of

> @ 30 km/h or lower increase urban quality
'\/ and potential for a high share of

pedestrians and bicyclists

Lag hastighet har stor betydelse for gang-
och cykelvanlig stad. Det leder ocksa till
betydligt battre trafiksakerhet.

Stadsmiljon i Bodo Vest karaktariseras till
stor del av laga hastigheter. Alla gator har en
hastighet pa 30 km/h eller lagre inom och
kring Bodo Vest.

] 30km/n
|:| Pedestrian speed




PUBLIC SPACE

27



12. Closeness to open public space

Good quality open public space plays an important part
- in offering a more stress-free environment. People who
live a greater distance from open green public spaces
‘ also use such spaces less often. Recommended
benchmark: < 300 meters

* Narheten till 6ppna offentliga platser med kvalitet ar
redan hog idag inom planomradet. Med
planforslaget 6kar narheten ytterligare. | snitt har
de boende och arbetande bara 44 meter till narmsta
offentliga plats med kvalitet.

Bodo Vest: Closeness to public space

Existing 68
Proposed 44

Walking distance
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1000 to 4 600
900 to 1 000

800 to
700 to
600 to
500 to
400 to
300 to
200 to
100 to

Oto

900
800
700
600
500
400
300
200
100
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* UN Habitats rekommendation ar att minst 15 % av 3!

marken ska vara offentlig plats. Generellt ar andel
offentlig plats da lag | Bodo (9 %).

* Planforslaget ger en stor 6kning av andelen offentlig
plats i centrala Bodo, vilket ger ett stort mervarde for
Bod® som helhet. Okningen sker till stor del genom
det torget och den nya gagatan. Samtidigt finns har
potential att 6ka den offentliga platsen genom en
bredare strandpromenad langs Bodo Vest.
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15. Uncovered public space

Covered public space normally increase feeling of

& . .
LR 1 unsafety and create less attractive public spaces.
N \\/’/
% N \/ Recommended benchmark: 0 %

* Totalt ar 34 kvadratmeter offentlig plats langs
strandpromenaden éverbyggd. Overbyggda
ytor bor normal undvikas i offentliga miljoer.

30



16. Clear social territories

7 .Q’ % clear public and private space. Ambiguous

INE . o .
~§‘:.:§3¢ @ social territories decrease use potential and

sense of belonging. Recommended benchmark: 0
%

* 1 hektar av markytan inom Bodo Vest (ca 11 %) har
en diffus social tillhorighet Diffusheten skapas av
otydliga granser mellan offentlig plats, privat
gemensam gardsyta och mellan fristaende
byggnader och offentlig plats.

* Enstor del av de diffusa ytorna finns langs
strandpromenaden, vilket kan tankas minska
promenadens attraktivitet for besokare.

clear private
clear public
unclear private
unclear public

Kategori Yta Andel av totalt areal
Unclear private space 0,2 ha 3%

Clear private space 0,8 ha 12%

Unclear public space 0,5 ha 8%

Clear public space 5 ha 77%

TOTAL 6,5 ha




17. Closeness to water

2 Significant contribution to attractiveness on housing

SN market (climate change adaption should be

‘ implemented)

* Planforslaget ger inga betydande férandringar av
narheten till vattnet for de omkringliggande
stadsdelarna .

Bodo6 Vest: Closeness to water - walking distance
Existing 132
Proposed 133

Walking distance

1000 to 4 600
900 to 1 000
800to 900
700to 800
600to 700
500to 600
400to 500
300to 400
200to 300
100to 200

Oto 100
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Rasaarch Centre on
ZERO EMISSION
NEIGHBEOURHOODS
IN SMART CITIES

Slutsatser om evaluering av Bodo Vest

ZEN:s spatiala indikatorer visar att Bodd Vest har sammantaget goda forutsattningar
for en hog andel hallbara transporter och robusta stadskvaliteter som kan tankas ge
hog efterfragan pa bostadsmarknaden. Stadsdelen har en hog blandning av boende
och arbetande,och hog narhet till bade kollektivtrafik och vattenkontakt. Stadsmiljon
domineras av lagfartsgator som ger attraktiva mojligheter att ga och cykla. En
yteffektiv parkeringslésning innebdar att en mycket liten del av markytan anvands for
parkering. Ett stort mervarde for évriga Bodo ar att planen okar tillgangen pa
kvalitativa offentliga platser i Centrum.

Samtidigt visar evalueringen pa att Bodo Vest i mindre utstrdackning kan tankas
upplevas som en del av Bodo Centrum. Stadsdelens ldge och omgivande barridrer
(gator, byggnader och hojdskillnader) skapar ett visst mentalt avstand till omgivningen.
Detta framtrader tydligt i analysen av gatukonnektivitet. Den tillgangliga tatheten av
maénniskor inom gangavstand i Bodo Vest ar inte heller lika hog som i Centrum.

Strandpromenaden férefaller ha stor utvecklingspotential i vidare arbete, om malet ar
att promenaden ska upplevas som ett attraktivt och tydligt offentligt dven for besdkare
utifran. Analysen visar att strandpromenadens skulle behéva bli mindre uppbruten och
bredare for att 6ka dess orienterbarhet och offentlighet. Likval skulle granserna mellan
kvarter och offentlig plats behéva tydliggoras. Overbyggda offentliga ytor bor ocksa
undvikas.
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