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Fi�ure 1. Sensin�, seizin�, �nd reconfi�urin� processes 
in c�p�bility development (Developed from Teece et �l, 
2007)
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METHOD 
This study focused on two case projects, New Slussen in Stockholm 
and Celsius in Uppsala – both of which have imple mented model-
based project delivery. 
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Figure 2. Data collection and analysis process.
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RESULTS
Below, we present our findings in three sections. First section 
illustrates the themes identified in the interview data analysis, 
which were discussed and edited following the focus group 
meeting. 

1. MICRO-PROCESSES SHAPING 
DIGITAL CAPABILITY DEVELOPMENT 
FOR MODEL-BASED PROJECT 
DELIVERY
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Main themes shaping the process Quotes from the empirical data

“It w�s very h�rd to underst�nd the project for 
people who h�d to m�ke decisions like 
m�n��ers, politici�ns. Decision m�kers outside 
the project h�d to be informed, too. We tried 
usin� tr�dition�l section dr�win�s, but it w�s 
very h�rd bec�use of the project complexity. We 
�sked our technolo�y p�rtner (TC) to cre�te 
simple 3D represent�tions.”

”Everythin� w�s modeled from old dr�win�s 
�nd then tr�nsformed into sections, im��es, 
�nd �nim�tions. We provided the client with 
these 3D visu�ls to help them m�ke informed 
decisions. I think th�t w�s the st�r! Bec�use not 
m�ny on the client side could interpret � 
tr�dition�l project section due to its complexity. 
Th�t’s how it �ll be��n ...”

“The city s�w the �dv�nt��es with 3D modellin� �nd �sked us if we c�n continue wi th this. We knew 
we c�n, but the 3D model must be upd�ted �ll the time to be �ble to produce these rende rin�s, so 
we c�n’t re�lly �o for 2D dr�win�s �t the s�me time. If we do, then the 3D model will die by i tself 
bec�use we h�ve to focus on dr�win�s inste�d. It w�s � hu�e decision for the city to s� y we will �o 
‘dr�win�less’ for the whole project. No one h�d done this before on this sc�le! ”

“Dr�win�less” w�s �rticul�ted loudly to �et �ttention just to m�ke peop le more �lert. “No dr�win�s! 
Wh�t? How �re we supposed to build stu�  now? Wh�t �re we �oin� to use?”

“From my perspective, I h�ve never h�d the �o�l of 0 
dr�win�s, the �o�l h�s �lw�ys been to work e� iciently. I 
h�d experience in hi�h level BIM projects, but Slussen 
h�s everythin� in it th�t I do not h�ve expertise. I w�s 
very open to desi�ners from the be�innin� to discuss 
wh�t we w�nt to �chieve here. We tried ide�s to�ether 
�nd this coll�bor�tive work en�bled wh�t we did in the 
New Slussen. We knew we need the models for the 
coll�bor�tion �nd coordin�tion �nd then you �lso h�ve 
to put � lot of time to cre�te the dr�win�s. Th�t w�s like 
extendin� the project time fr�me for sever�l ye�rs. We 
didn’t h�ve time, so we decided ’ let’s try this’. We 
believed in di�it�l delivery �nd we looked �t other 
projects th�t tried the ide�.”  

”…In the det�il desi�n ph�se, the 
client c�me with hi�h dem�nds for 3D 
coordin�tion �nd visu�liz�tion of the 
whole �re�... 3D delivery w�s not � 
common pr�ctice for �ll disciplines like 
electric�l desi�n �nd reb�rs. We 
invited � �uy from Oslo �irport, he 
showed how they m�n��ed to do it 
successfully. The client w�s convinced 
to follow with model-b�sed delivery. 
But this requires � m�nu�l, 
m�n��ement str�te�y which w�s 
l�ckin�.”

“A� er the election, they stopped the project. We (SEC, TC, �nd project res ponsible in C) worked 
durin� this time to cre�te the lo�ic wh�t we c�lled model-b�sed delivery pl �tform now. The client 
w�nted us to define how the ide� would be implemented.”

“A� er the elections we h�d � ��p to test our ide�s for model-b�sed delivery. We r e�lly h�d to look �t 
every technic�l �re� delivery p�ck��e. If we h�dn’t done th�t, I think we h�d t o develop it to�ether 

with the builders in the re�l-time �nd th�t would h�ve been c�t�strophic. ” 

“BIM m�n��ers worked in �re�t 
coll�bor�tion �nd knowled�e exch�n�e, 
(m�n��er in TC) brou�ht the ener�y �nd it 
w�s �ll new �nd excitin� for us so if we find 
� solution we were sh�rin� with others. Of 
course, e�ch discipline needs di� erent 
solutions.”

“I helped my comp�ny in the biddin� process to 
visu�lize thin�s �nd �et inform�tion from the 
models. And then when we �ot the project, they 
s�id to me, -”You �re the VDC m�n��er in this 
project”. -”OK, wh�t’s th�t?”, -”You fi�ure it out. I 
h�ve no ide�, but we must h�ve one”. So th�t’s 
how I st�rted my role in this project. (Contr�ctor)”

“A bi� p�rt of it w�s, of course, (TC represent�tive), if you’ve met him. He’s �r e�t �t cre�tin� 
enthusi�sm with people, so he’s re�lly, it’s one of those you need in this kind o f situ�tion I think…He 
w�s the one knowin� the technolo�y �nd helpin� us to tr�nsform.”

“4�5 people le�  the VDC role in the client �t the be�innin� until he c�me, he is st ill there, he h�s 
been the bi� p�rt of this story. We worked in p�r�llel to expl�in, this is not just m �kin� � cool BIM to 
rollin� �round in meetin�s, this is wh�t you �re �oin� to deliver without �ny d r�win�s.”

 “When (the sub-contr�ctor on site) le�rned th�t we 
only use models, he ne�rly h�d � he�rt �tt�ck. But I 
took him up for some person�l one-to-one tr�inin� 
with the model. And �� er th�t he s�id, ye�h, I’ ll �ive it 
� try �nd two d�ys �� er he c�me…he w�s re�lly proud 
of himself. He �ctu�lly st�rted doin� his own views for 
the construction workers. So when they st�rted to 
re�lize th�t they �ctu�lly could use the model with the 
these �uys, when they s�w th�t they �ctu�lly couldn’t 
re�d inform�tion from the objects thin�s ch�n�e.”

“If you expl�in how they c�n find the 
inform�tion they need in the model �nd 
show the usefulness of model-b�sed 
workin�, you c�n e�sily convince people 
to �ccept ch�n�e.” 

“Once they �re convinced �nd st�rt 
usin� the model, especi�lly on site, they 
then help e�ch other to explore more.” 

Figure 3. Micro processes shaping the transformation towards model- based project delivery in the New Slussen project.



Main themes shaping the process Quotes from the empirical data

“We h�ven’t re�lly ch�n�ed the 
scope for the models, the object 
p�r�meters, or the w�y we split �nd 
desi�n the models. We’ve used this 
�s � �uideline �nd then �dded 
some �ddition�l elements on top of 
th�t… It essenti�lly looks the s�me, 
but we’ve �dded some new 
functions �nd processes th�t we’ve 
developed. We’ve used Slussen �s 
the m�in core in structurin� the 
desi�n.”

”Kjell from By��styrnin� h�d he�rd �bout the Slussen 
project �nd how we used models for construction. He 
expressed frustr�tion with tr�dition�l dr�win�s (�s he 
c�lled r����rC�din�), s�yin� they’re o� en full of errors �nd 
result in buildin� from unreli�ble inform�tion. He w�nted 
to test if it w�s possible to build without relyin� on 
dr�win�s. So, he re�ched out to me, �skin� how we 
m�n��ed it in Slussen. A� er some discussions, he 
�ppro�ched me ���in �nd s�id, ‘I h�ve � project in 
Upps�l�, �nd I w�nt to do it without dr�win�s. C�n you 
help us?’ Th�t’s how I bec�me involved in the project.”

“He w�s �lw�ys in who �nd t�lkin� like he h�d � dre�m of h�vin� some bubbles in the mod el th�t 
tell him how to do this stu�  now �nd then so th�t it be�ins to the discussion �bout t h�t.”

”R�ther th�n � one step l�r�e ch�n�e, � �r�du�l, 
step-by-step �ppro�ch is needed. We focused on one 
thin� �t � time, m�int�inin� on�oin� di�lo�ue �nd 
bein� present throu�hout the process. I truly believe this 
is the key. Movin� step by step, without rushin�, helps 
re�sure people. I underst�nd th�t it c�n feel unsettlin� to 
�ppro�ch thin�s in � new w�y, �nd this isn’t �bout ��e 
or experience, whether you’re � desi�ner or � contr�ctor. 
It’s �bout buildin� confidence, knowin� th�t you c�n 
t�ke this step with support �lon� the w�y, �nd trustin� 
th�t it will work out.” 

”We h�d � �ood environment where 
we c�n spe�k openly, it w�s new to 
�ll. When you �re testin� mist�kes c�n 
h�ppen. Alri�ht, don’t send th�t to the 
construction site.’ Then, I inform 
everyone, �cknowled�in� th�t 
somethin� went wron� �nd th�t we’ ll 
correct it by next week. This mode 
helped us to m�n��e it succesfully.”

”We h�d �n innov�tion ye�r, so the decision w�s m�de to pursue some innov�tio ns, �nd this project 
felt like � perfect fit. I quickly developed � stron� trust in Kjell �nd Joh�nnes —Joh�nnes for his 
expertise �nd Kjell for his drive �nd commitment. I think my b�ck�round �s �n �t hlete t�u�ht me th�t 
you h�ve to d�re to win. It’s � phr�se we coined, me�nin� th�t when strivin� to be be tter th�n others, 
you o� en h�ve to venture into unknown territory. This mindset helped me fee l less �fr�id to try new 
thin�s.” 

”We felt of losin� 
control over the desi�n 
time to time but �t the 
end we h�d more 
control oover det�ils 
�nd we felt �ood.” 
(Architect)

”Wh�t w�s new for us in Celsius w�s th�t they were buildin� directly 
from our models. Everythin� in the model h�d to be �ccur�te, bec�use 
if we only used 3D or 2D PDFs, it wouldn’t m�tter �s much. Since the 
builders were �oin� to use the �ctu�l model, they would see everythin� 
th�t we mi�ht norm�lly skip to develop. We �lso h�d to put much more 
e� ort into qu�lity-checkin� our models—not just for �eometry but �lso 
for the p�r�meters used in qu�ntity estim�tes �nd me�surements. It 
w�s essenti�l to ensure everythin� w�s modeled correctly.”

”We h�d � desi�n studio twice � week to discuss det�ils extensively, includi n� m�teri�l coordin�tion 
�nd schedulin�. Every Wednesd�y, � represent�tive from e�ch desi�n te� m met on-site. This setup 
�llowed contr�ctors to consult with their desi�ners, m�ke �djustmen ts, �nd �ddress issues 
coll�bor�tively. It fostered coll�bor�tion �mon� the site crew, m�n� �ement, desi�n te�ms, �nd 
contr�ctors, with everyone meetin� for �n hour e�ch week. I believe it w�s � tru e coll�bor�tion 
�mon� �ll project st�keholders, focusin� on the necess�ry t�sks.”

”Our m�in �o�l w�s simple: h�ve the 3D model on-site to t�ke me�surements �nd b uild from it. In 
2018, however, the �v�il�ble so� w�re w�sn’t �s �dv�nced for field use on mo bile devices. The Slussen 
project h�d used N�visworks, but its en�ineerin�-focused interf�ce w �s too complex for e� icient site 
use. I considered Autodesk BIM 360, but it presented simil�r issues—com plex n�vi��tion, 
me�surements in inches, �nd l�ck of support for simple field me�surement s. Seein� the limit�tions, I 
se�rched �ltern�tives �nd found Stre�mBIM. This tool �llowed e�sy me�su rement on 3D models, 
simplifyin� our workflow. Th�t’s how we tr�nsitioned to Stre�mBIM. Wit h time, it w�s developed to be 
� pl�tform th�t we now m�n��e our comminic�tion �nd m�ny other functions.”

“Thin�s bec�me much more ch�llen�in� for 
everyone on my desi�n te�m. They couldn’t just 
su��est ide�s, put them on p�per, �nd �ssume 
issues would be solved l�ter. Inste�d, they h�d to 
di� in �nd �ssess: is this fe�sible? Is it build�ble? 
This bec�me the production project le�der’s 
mission, �iven their focus on production. It w�s 
exh�ustin� bec�use, every d�y, we felt like we 
were doin� thin�s wron�. But this w�s bec�use 
we were t�cklin� every question m�rk �nd 
di� iculty durin� our ph�se, r�ther th�n le�vin� 
them to be discovered on the production site. We 
invested our time �nd resources e�rly on so th�t 
production would run smoothly—�nd it did, even 
comin� in under bud�et. We did f�r more work 
th�n usu�l �nd o� en felt like we were repe�tin� 
steps, movin� in the wron� direction. But this w�s 
bec�use we were solvin� issues e�rly on, 
ch�n�in� roles �nd responsibilities.”

“One of the ch�llen�es w�s how to use the 
model �� er puttin� such hi�h e�rlier cost, 
whether could the client benefit from it? 
Modellin� the project for usin� in f�cility 
m�n��ement is di� erent th�n tr�dition�l 
thinkin�. Also, �cceptin� the model �s the 
le��l document w�s the ch�llen�in� issue.”

“In tr�dition�l pr�ctice, subcontr�ctors used 
dr�win�s to extr�ct qu�ntities �nd b�sed 
their bid c�lcul�tions on those fi�ures. Now, 
qu�ntities c�n be extr�cted directly from the 
model, �llowin� subcontr�ctors to focus 
solely on biddin� for the work itself. 
Extr�ctin� qu�ntities directly from the model 
is �lso benefici�l for purch�sin� �nd lo�istics, 
�nd it cre�tes opportunities for usin� 
pref�bric�ted elements more.”

Figure 4. Micro processes shaping the transformation towards model- based project delivery in the Celsius Project.
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DESIGN TEAM NEEDS TO ACCESS WHAT 

INFORMATION IS REQUIRED ON SITE 

PRODUCTION
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3. KNOWLEDGE TRANSFERRED 
FROM THE CASE PROJECT TO 
STAKEHOLDER ORGANIZATIONS
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CONCLUSIONS AND 
RECOMMENDATIONS
Developing digital project capabilities for model-based project 
delivery through collective sensing-by-seizing.
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THE NEW SLUSSEN AND CELSIUS 
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The use of 3D model 
representations for project 
visualization, with 2D 
drawings serving as the 
legally binding documents.

Model-based design 
delivery (BIM enables 
design coordination among 
disciplines, while 2D 
drawings are produced for 
the construction phase.)

Model-based construction 
(involves using BIM as the 
single source of legally 
binding project information 
for the construction phase, 
eliminating the need for 
producing 2D drawings.)

Model based project delivery 
(Design and construction phases are based on the use of BIM as the 
single source of information and legally binding document.) 

Fi�ure 5. The shi� from usin� 3D model for visu�liz�tion to model-b�sed project delivery.
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