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ABSTRACT

Combatting environmental problems, such as climate change, biodiversity loss, and the
overconsumption of natural resources, requires the dual strategies of mitigation and
adaptation to enhance resilience. There is a need for new sustainable solutions targeting the
markets. Wood material-based construction retrofits offer new possibilities but are currently
rare in the urban context. Along with new wooden multistory construction, wooden retrofits
and novel nature-based solutions are being introduced to urban building stock. These
solutions bring synergies with better resource efficiency, circular economy, and resilience to
environmental risks. Theoretically, this dissertation draws from literature ranging from
business and innovation ecosystems, policy instruments, dynamic capabilities, and co-
creation of solutions toward a more resilient urban environment. Following, it explores the
visions, roles, and actions of frontrunner businesses and municipal decision-makers through
the lens of building and retrofit projects in Finnish case cities. The constellation of local
ecosystems began materializing through the empirical datasets of 51 qualitative interviews,
data from 8 workshops, and other supporting materials. Results show that wooden multistory
construction and wooden retrofits could be catalyzed by both policy instruments and better
collaboration in business ecosystems (BEs) and that the policy instruments have been more
effective when they include characteristics of the building projects. However, the
municipalities could take on even more active collaborative roles and a common pool of
challenges exists, which calls for greater resident support. To turn the identified strategic
aims, vision, and resident needs into actionable initiatives, cities face three key challenges:
the lacking inter-organizational division of labor and cooperation, limited interaction
channels, and the unidentified ownership of responsibilities during the change processes. In
local ecosystems of wooden retrofit projects builders and their customers are key actors.
Motivations for retrofit projects are driven by urban densification strategies, by improving
the attractiveness of suburban neighborhoods, and by more efficient space utilization. Results
further elaborate a certain degree of difficulty in project-level, early-stage decision-making.
To aid the strategic thinking in the realms of preparedness, the urban transition pathways of
were fashioned up to 2050 regarding nature-based solutions. Overall, mainstreaming nature-
based solutions and the wood construction and retrofit projects calls for expanding the
knowledge base of innovation ecosystem actors via experiments and co-creative activities.

Keywords: business ecosystem, innovation ecosystem, retrofits, wood construction, nature-
based solutions, sustainable urban environments
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TIIVISTELMA

Ilmastonmuutos, luvonnon monimuotoisuuden viheneminen ja luonnonvarojen ylikulutus
ovat aikamme suuria ymparistbongelmia. Nama edellyttdvét kahdensuuntaisia strategioita,
joissa sekd torjutaan nditd muutoksia ettd sopeudutaan niihin. Uusille kestéville
markkinaratkaisuille on tarvetta. Uudenlainen puupohjainen korjausrakentaminen on
harvinaista kaupunkiympéristdissd, mutta siihen liittyy uudenlaisia mahdollisuuksia. Puisen
kerrostalorakentamisen rinnalle onkin syntynyt uusia ratkaisuja  kaupunkien
rakennuskantaan, kuten vanhojen kerrostalojen korjaamista puulla ja luontopohjaisia
ratkaisuja. Nailld ratkaisuilla on synergioita resurssitechokkuuteen, kiertotalouteen ja
ympdristoriskeihin sopeutumiseen. Ndiden osalta tarvitaan systeemisid innovaatioita ja
uudenlaista yhteistyotd toimijoiden vilille liiketoiminta- ja innovaatioekosysteemeissa.
Tamén véitoskirjan ydinkirjallisuus pohjautuu liiketoiminta- ja innovaatioekosysteemeihin,
poliittisiin  ohjauskeinoihin, dynaamisiin kyvykkyyksiin ja yhdessd kehittdmiseen
kestdvyysmurroksessa kohti sopeutuvampia kaupunkiympéristdjd. Viaitoskirjassa tutkitaan
edelldkavijayritysten ja kuntapdittdjien visioita, rooleja ja toimia kdytdnnén uudis- ja
korjausrakentamisen projektien kautta suomalaisissa tapauskaupungeissa.
Kaupunkialustaiset ekosysteemit alkoivat hahmottua empiiristen aineistojen avulla, jotka
sisélsivat 51 laadullista haastattelua, 8 tyOpajaa ja muuta lisdtictoa antavaa aineistoa.
Tuloksien perusteella puista kerrostalorakentamista ja puista korjausrakentamista voisi
katalysoida poliittisin ohjauskeinoin ja yhteisty6lld liiketoimintackosysteemeissd. Liséksi
poliittiset ohjauskeinot ovat vaikuttavampia, kun ne huomioivat rakennusprojektien
erityispiirteet. Kunnat voisivat aktiivisesti edistdd yhteisty6téd toimijoiden vélilld paikallisissa
litketoimintackosysteemeissd. Kunnilla on kuitenkin paljon yhteisid haasteita ja tarve
kansalaisten tuelle. Pddhaasteena ovat tiedonkulkua estdvit siilot, rajoittuneet kanavat
yhteistyolle ja muutosprosessissa epéselvyydet vastuunjakautumisesta kunkin toimijan
omalle alueelle. Puisessa korjausrakentamisessa pddtoimijoita ovat rakentajat ja asiakkaat.
Korjausrakentamisen hankkeita motivoivat kaupunkien tiivistdmisen tavoitteet, ldhididen
viihtyisyyden kasvattaminen ja tilankdyton tehokkuuden lisddminen. Tuloksissa on
ndhtdvissa tiettyd vaikeutta projektitason varhaisessa padtoksenteossa. Strategisen ajattelun
ja ennakoinnin tueksi kehitettiin kestdvyysmurroksen polkuja vuoteen 2050 saakka
luontopohjaisten ratkaisujen osalta. Uusien puupohjaisten ja luontopohjaisten ratkaisujen
yleistymiseksi tietopohjaa on laajalti lisdttdva eri innovaatioekosysteemin toimijoiden parissa
kokeilujen ja yhteiskehittaimisen avulla.

Asiasanat: liikketoimintaekosysteemi, innovaatioekosysteemi, korjausrakentaminen,
puurakentaminen, luontopohjaiset ratkaisut, kestdvét kaupunkiympéristot
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GLOSSARY

BE

CLT

CO:

DC

GHG

IE

NBS

WMC

Business ecosystem is a concept that has been developed in the 1990s and
onwards to portray interdependence, cooperation, competition, and
coevolution embedded in contemporary business activities. In addition to
value creation, the concept can provide insights on value capture (profit-
making).

Cross Laminated Timber
Carbon dioxide

Dynamic capabilities are a conceptual approach to strategic management.
In it companies’ dynamic capabilities are distinguished from ordinary
capabilities. Three main forms of dynamic capabilities are sensing, seizing
and transforming.

Greenhouse Gas

Innovation ecosystem is cither a conceptual branch of business ecosystem
or an all-encompassing conceptual frame for other ecosystem concepts
(including the business ecosystem concept) depending on various scientific
viewpoints. At the core of this concept is value creation through knowledge
sharing, resulting in innovation.

Nature-based solutions are innovations, such as blue-green roofs or
facades, that draw inspiration from nature and/or use nature to provide
ecosystem services. They can be used to integrate biodiversity components
into built environments.

Wooden multistory construction is a building higher than two stories. It
has been built using significant levels of wood and modern industrialized
housing techniques, such as posts and beams, mass timber, and modular
timber construction. For example, cross-laminated timber, laminated veneer
lumber, and glulam have been used with these engineered products.
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INTRODUCTION

The world is in turmoil and is faced with massive and interlinked environmental problems.
According to Rockstrom et al. (2009), as early as 2009 humanity had transgressed outside of
the safe operating space with respect to three out of nine planetary boundaries, including
biodiversity loss and climate change. Since then, these challenges have continued to worsen,
as six out of the nine planetary boundaries were considered to be beyond the safe operating
space in 2023 (Richardson et al. 2023). Humankind is continuously over-consuming global
natural resources, which will lead to future declines in economic growth (Lampert 2019). To
respond to environmental problems with innovative solutions, a wide range of actors and
activities are required to engage in creative problem-solving processes (Ansell and Torfing
2021).

The call for urban resilience has become stronger in the face of growing environmental
problems and diminishing natural resources (Ribeiro and Gongalves 2019; Wardekker et al.
2020). Resilience can be defined as a system’s ability to recover (Logan et al. 2022), and
urban resilience designates the way an urban system can absorb disturbances while
maintaining the benefits and ecosystem services of the urban fabric (Langemeyer et al. 2021).
Scientists have warned us of negative climate tipping points that, if met, could spiral average
global temperatures to devastating degrees (Lenton et al. 2019). However, lately, there is
growing scientific discussion concerning positive tipping points for global sustainability,
which could catalyze positive sustainability change and could emerge from socio-economic
spheres of agency, policymaking, business, sustainable innovations, and information
guidance (Lenton et al. 2022; Mey and Liliestam 2022). Therefore, as a response to altering
this dire course of ever-deepening environmental problems, scientists are bringing forth e.g.,
the need for research regarding systemic change and complexity (Kohler et al. 2019), the
formation and management of ecosystems around a focal systemic innovation (Foss et al.
2023), taking on new research of sustainability transition combined with business models
(Kohler et al. 2019), and promoting socially equitable climate-wise housing and solutions
(Kanninen et al. 2024). Thus, the problems and suggested solutions are complex, and
therefore the actors producing the solutions are also part of complex actor networks, which
in this dissertation are referred to as business ecosystems (BE) (Moore 1993) or innovation
ecosystems (IE) (de Vasconcelos Gomes et al. 2018).

Cities can be seen as platforms of collaborative ecosystems, linking various actors, such
as businesses, citizens, educational institutions, and government to create city-based
innovation (Rajakallio et al. 2018; Appio et al. 2019; Mukhtar-Landgren et al. 2019).
Globally, the construction and building sector currently accounts for nearly 40% of energy-
and process-related carbon dioxide emissions (GlobalABC et al. 2019). The trend of
urbanization has been depicted as adding to growing carbon dioxide emissions, yet policies
for sustainable urbanization and measures to cut the emissions could counter this spillover
effect (Chen et al. 2023). Simultaneously, urbanization creates more pressure on urban land
use, but there is a need to reverse this trend (Holstrom et al. 2024).

Wooden multistory construction (WMC) in urban settings has been identified to possess
a great deal of unused potential (Toppinen et al. 2018). However, barriers to WMC in Finnish
cities have also been detected, which indicate gaps in information, effective policies, or
industrial actors or active intermediaries (Franzini et al. 2018; Viheméki et al. 2020). In
Finland, the utilization of industrialized timber as load-bearing structures has been prevalent
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in detached houses (Jussila and Lahtinen 2020) but the share of wooden multistory building
has remained small in the overall construction volume, with 5% of the structural frames of
multistory buildings having been built with wood in 2016-2020 (Statistics Finland 2021),
despite the continuous efforts in Finland (and by the Finnish Government) to promote the
issue over the past 30 years (Vihemiki et al. 2019; Lazarevic et al. 2020). Wood can be
considered to have a place among and synergies with nature-based solutions (NBS) and has
been connected along the array of urban plants with carbon sequestration and the storage
potential of cities (Kinnunen et al. 2022) and to local wood and urban forestry bringing
financial impetus for urban NBS (Kampelmann 2021).

Industrial wood and wood-based elements could also play a part in multistory building
retrofits. Some estimates project that the role of retrofits is increasingly gaining significance
(especially in certain parts of the world where the building stock has mainly been built
already). In Europe, the estimated part of the current building stock still standing in 2050 is
a staggering 85-95% (EEA 2022). Therefore, the market opportunities lie in building retrofits
e.g., with ever-tightening carbon dioxide (CO,) emission goals (Killip et al. 2020). The
European Union’s Renovation Wave (EC 2020) at the European level and the renewal of the
Finnish Building Act taking effect in 2025 (Finnish Ministry of the Environment 2023) set a
new operational environment for the retrofit markets. Building retrofits have synergies with
resource efficiency (Kim et al. 2024) and circular economy (Hjaltadottir and Hild 2021), as
they may create less demand on natural resources and utilize some of the natural resources
already tied to them. Building retrofits have scarcely been studied in the past (Lima et al.
2021), and literature is especially hard to find in the context of wooden retrofits on regular
multistory buildings, with the exception of Holtstrom et al. (2024). Systemic solutions are
needed at the grassroot level of cities and in collaboration with the businesses that innovate
and produce these solutions.

This dissertation aimed to shed light on the novel and rare phenomena of using wood as
a construction and retrofitting material along with NBS in urban multistory buildings. The
main aims were bringing new understanding of the formation, leadership, management, and
roles of various actors in the local BEs/IEs. To understand the overall functioning of the
ecosystems in this light, the following research questions were asked in the four articles of
this dissertation:

Article I:
o What policy instruments do cities use in steering the market diffusion of new
WMC and wooden retrofits?
o What perceptions do the city and other BE actors have concerning the role
of municipalities in promoting WMC and wooden retrofits?

Article I1:

e Who are the key actors in the emerging project-based wooden retrofit
business ecosystem?

o What kind of contextual and decision-making -related factors and dynamic
capabilities can be identified among wooden retrofit projects?
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Article I11:
e What kind of challenges and future assumptions (including climate
commitments) steer innovation activities toward low-carbon housing in
cities?
e What kind of citizen support for low-carbon housing could cities engage
with?
e How could cities better govern social innovation initiatives?

Article 1V:

e What factors catalyze the NBS innovation ecosystem?

e What kinds of visions and pathways for the futures of NBS are envisioned
by the local innovation actors?

e How do NBS in the innovation ecosystem contribute to the future urban
resilience in the case cities?

CONCEPTUAL BACKGROUND AND PREVIOUS LITERATURE

Contextual background of retrofits, wooden multistory construction, and nature-based
solutions

The largest overarching contextual themes running through all the articles of this dissertation
are building retrofits in an urban setting connected with multistory buildings. A meta study
by Lima et al. (2021) showed a research gap regarding building retrofits among the
construction literature. However, decarbonizing the building stock of Europe and Finland
requires mainstreaming retrofits. For instance, many of the suburban multistory houses built
in the 1960s and 1970s in Europe require renovation, but the literature typically discusses
this only from the viewpoint of energy efficiency (Karvonen 2013; Brown 2018; Killip et al.
2020), leaving out research that also examines retrofit materials and their sustainability.
Another connecting theme of this dissertation is wood use in urban construction and retrofits.
Wooden retrofits on regular multistory buildings include rooftop stackings, i.e. adding new
floors on top of multistory buildings (Wijinants et al. 2019), or facade replacements using
prefabricated wooden elements (Sandberg et al. 2016). This phenomenon of wooden retrofits
also exists and is being piloted in Sweden (Holstrom et al. 2024) and Estonia (D’Oca et al.
2018), for instance. Finland provides an intriguing contextual backdrop to these phenomena,
with strong traditions in wooden construction (Norvasuo 2021) and an ambitious national
climate neutrality goal towards 2035. The sustainability of wooden retrofits is linked with
smaller energy use and a decreased need for virgin materials (Hasik et al. 2019; Piccardo et
al. 2020), championing with a lower-impact renewable material base, and extending the life
cycle of the existing building stock and all materials embedded in them (Holstrom et al.
2024). This also contributes to the densification strategies of growing cities (Amer and Attia
2019).

Nature-based solutions have been defined as nature-based interventions, such as green
roofs and green facades, that may contribute to the restoration of reduced ecosystems while
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providing ecosystem services (Davies and LaFortezza 2019; Dorst et al. 2022). According to
Frantzeskaki (2019, 101), NBS are “inspired by nature, use nature and/or are supported by
nature”. Nature-based solutions are envisioned to simultaneously combat many
environmental problems (Dorst et al. 2022), and they have been connected with climate
change mitigation and adaptation (Davies and LaFortezza 2019), urban resilience (Tozer et
al. 2023), food security, sustainable water resources, and disaster risk management (Kabisch
et al. 2016), ‘green—blue infrastructure’ (Raymond et al. 2017), and to protecting natural
capital (Raymond et al. 2017). By introducing biodiversity components, such as ecosystems,
species, and genes, to buildings in the form of e.g., rooftop gardens, the roof lifespan
increases and the buildings remain cooler, thereby diminishing building energy consumption.
Additionally, soil micro-organisms can contribute to waste management and carbon
sequestration and can promote sustainable water management (Blicharska et al. 2019). Green
roofs can be connected with solar energy solutions, which, compared to other conventional
solutions, have been researched to produce more energy and less greenhouse gas (GHG)
emissions (Fleck et al. 2022), which highlights the benefits of integrating sustainable
solutions. Wood as a bio-based construction material has been linked with growing plans of
NBS by their carbon storage properties (Kinnunen et al. 2022; Schellnhuber 2024).

The third overarching contextual theme of this dissertation is the way these wooden
retrofits have synergies with other sustainable building and retrofitting solutions. Wooden
construction, wooden retrofits, and NBS are connected with regenerative building and are
needed because “if civilization is not merely to survive, but to develop in diversity and
solidarity, we must take a new holistic view of the built environment.” (Schellnhuber 2024,
172). Thus, the contextual trio of wooden retrofits, WMC, and NBS began forming as the
foundational phenomena of this thesis.

Conceptual evolution from business ecosystem to innovation ecosystem

An increasing amount of literature on ecosystems has been developed in recent years
(Daymond et al. 2022). The plethora of ecosystem concepts includes entrepreneurial
ecosystems, BEs, platform ecosystems, IEs, knowledge ecosystems, entrepreneurial
ecosystems, industry ecosystems, technology ecosystems, service ecosystems, sector
ecosystems, social IEs, and social economy ecosystems (Banoun et al. 2016; Alvedalen and
Boschma 2017; Autio 2022; Catala et al. 2023). In this dissertation, the phenomena are
studied with the concepts of BE (Moore 1993; 1998) and IE (de Vasconcelos Gomes et al.
2018) to highlight the emergence, co-creation, and governance/management of these novel
phenomena with complex organizational actor networks. Hence, various other literature
strands are relevant in the context of this dissertation connected with actor roles, policy
instruments, dynamic capabilities (DC) in strategic management and planning, ecosystem
emergence, and co-creation processes to create new innovations. Table 1 depicts the range of
concepts used in different parts of the dissertation.
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Table 1. Conceptual framework and approaches of the dissertation articles.

Ecosystem Business Business Innovation
concept ecosystem ecosystem ecosystem
Conceptual Policy Dynamic Social Nature-based
framework instruments capabilities innovation solution,
innovation
system
Approach Case studies Case studies Co-creation Identification of
used process transition
pathways

At the core of this dissertation is the BE concept, first introduced by James Moore (1993;
1998). For example, Aksenova et al. (2019) defines BEs as a way to view firms not as part
of an industry but as an ecosystem in which cooperation, competition, and co-evolving
capabilities are centered around a novel innovation at the global market level and for the
purpose of competitiveness. The BE concept originally draws inspiration from systems
theory, complexity theory, and evolutionary biology (Aarikka-Stenroos and Ritala 2017;
lansiti and Levien 2004). It belongs to the economical “branch” of a wide array of ecosystems
research, and the concept originates, draws inspiration, and uses metaphors from biological
ecosystems. These metaphors include “predators and prey” as a metaphor for “out-innovating
the competition” (Moore 1993); using the biological term “evolution” in relation to actors,
technologies, or institutions or the “co-evolution” of business activities (Aarikka-Stenroos
and Ritala 2017); or drawing other metaphors from the natural ecosystems sphere, such as
“keystones, dominators, and niche”, to identify a firm’s ecosystem strategy (lansiti and
Levien 2004). Previous literature indicates the BE concept having been the original concept
from which a wider pallet of other ecosystem concepts have originated from, including the
IE concept (Aarikka-Stenroos and Ritala 2017; de Vasconcelos Gomes et al. 2018; Vigren
2024).

The IE is another useful concept parallel to the BE. The IE is defined by Adner (2006, 2)
as “the collaborative arrangements through which firms combine their individual offerings
into a coherent, customer-facing solution”. Granstrand and Holgersson (2020) build their
definition on this and elaborate the IE further as “the evolving set of actors, activities, and
artifacts, and the institutions and relations, including complementary and substitute
relations, that are important for the innovative performance of an actor or a population of
actors.” (Granstrand and Holgersson 2020, 1).

IE is used synonymously with BE or at least as ‘significantly overlapping’ by some
researchers (Vigren 2024), whereas others have attempted to differentiate between the two
(and other ecosystem) concepts (Aarikka-Stenroos and Ritala 2017; de Vasconcelos Gomes
et al. 2018;). For instance, according to de Vasconcelos Gomes et al. (2018), the two concepts
differ because the BE concept is concerned with value capture and the IE deals with value
creation. Conversely, some literature states that both the IE and BE are concerned with value
capture and value creation, even if the emphasis of BE is on value capture (Gobben et al.
2022), and both ecosystem types aim to innovate (Vigren 2024). Moreover, Aarikka-Stenroos
and Ritala (2017) emphasize that value in many ecosystem streams is actually co-created in
these ecosystems (instead of merely being created) in a systemic manner, using the various
resources and resource integrating practices.
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The BE concept was first adopted to view the construction sector by Pulkka et al. (2016).
Business and innovation ecosystems have recently been studied in the context of new wooden
multistory building by Toppinen et al. (2019, 2022) and Viholainen et al. (2021), in the
context of construction with cross-laminated timber (CLT) products by Erikshammar et al.
(2024), and in the context of wooden rooftop stackings by Holtstrom et al. (2024). Nature-
based solutions have been studied in the context of innovation systems (van der Jagt et al.
2020) and are typically connected with biological ecosystems and NBS providing ecosystem
services, ecosystem benefits, or ecosystem-based adaptation (e.g., Raymond et al. 2017;
Davies and Lafortezza 2019; Frantzeskaki 2019; Tozer et al. 2023). Notwithstanding, to the
knowledge of article IV co-authors, NBS have not been studied from the IE perspective and,
so far, no future studies have examined how the NBS IE may contribute to building urban
resilience.

Some researchers merely mention “ecosystem” as a standalone concept (Adner 2016;
Aarikka-Stenroos and Ritala 2017), without clarifying the exact terminology of the
“ecosystem” stream in relation to business and innovation, and possibly attempt to create a
more comprehensive “ecosystem construct”. For the sake of clarity and simplicity, the
difference and slight variation of the two concepts can be found from the terminology that
indicates that business ecosystem places slightly more emphasis on the flow of business
whereas innovation ecosystem emphasizes innovation as a starting point, but the difference
is not notable. This is also the overall position of this dissertation, suggesting that the concepts
are highly interlinked and valuable in their own right. Hence, BE is claimed to focus slightly
more on business flows and actor networks while IE is oriented slightly more towards
solution and information flow, but the difference is marginal. Nonetheless, it is important to
use exact terminology with the prefixes of “business” and “innovation” to separate business-
oriented ecosystems from e.g. biological ecosystems.

Business ecosystems can be differentiated from business networks in terms of their actor
diversity (see Figure 1). Business networks typically only contain firms and customers,
whereas BEs have a wider range of actors, additionally including e.g., complementors,
competitors, collaborator companies, research institutions, and universities (Moore 1998;
Heikkild and Kuivaniemi 2012).

As depicted in Figure 1, articles I and II in this dissertation continue to illustrate the
diversity of actors involved in the contexts of local Finnish BEs connected with WMC and
wooden retrofits of regular multistory buildings. While article I focuses on the cities’ roles in
the BEs and also draws insight from other BE actors, article II takes on a business perspective
regarding wooden retrofits, to see who the key actors actually are. The emphasis in article I1
shifts to housing companies, as multistory buildings in building retrofits always have pre-
existing owners, which in the Finnish case are housing companies or rental housing
companies. Cities once again play a large role in article III, but the focus of this wide
municipality workshop process is to engage the whole local BE. Finally, article IV takes on
an IE perspective yet allows new NBS actors to be merged in the ecosystem. The perspective
of article IV is from the planners and enlarged business sphere, with new actors such as
landscape and green area experts and maintenance operators gaining prominence. All the
articles I-IV have overlaps but are also unique perspectives to the formation, leadership, and
management of local BEs/IEs and to the roles of various actors in these ecosystems. Thus,
all the articles represent different layers of a mental model of the BEs/IEs in various local
contexts that are manifested in different case cities, projects, and plans.
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Typically, the ecosystem literature, irrespective whether it is BEs or IEs, discusses “value
creation, value capture or a focal value proposition” (Erikshammar et al. 2024). With BE, the
focal value proposition is greater than each firm’s separate and standalone offers via
complementarities and commercialization, and marketing can be more successful with
complementary technologies, goods, and services across many industries and finally, systems
that are more substantial than the sum of their parts (Agarwal, S. and Kapoor, R. 2023;
Baldwin et al. 2024). As the environmental problems faced are complex and interlinked, so
must the business solutions corresponding to them be, and few companies can achieve this
alone. Thus, this dissertation argues that this complexity must be studied with the BE and IE
approaches.

Cities or urban environments can, in some cased, be seen as platforms for “collaborative
ecosystems”, “that facilitate innovation, by creating linkages among citizens, government,
businesses, and educational institutions” (Appio et al. 2019, 2). One array of supporting the
innovations is through policy mixes (Kern et al. 2019). Policy mixes are concerned with
utilizing, in varying degrees, all the policy instruments, which are classically categorized into
regulatory, economic, and information (Bemelmans-Videc et al. 1998). The use of policy
instruments has also been connected with WMC in previous research (Wiegard and Ramage
2022). The three main categories of policy instruments can be used as part of a broader set
of integrated combinations or mixes of interventions as response to growing complexity and
uncertainty (Pacheco-Vega 2020). Lately, the scientific discussion has evolved from policy
mixes promoting innovation to policy mixes enhancing significantly wider socio-technical
changes or a sustainability transition at large, thus emphasizing policy goals and policy
strategies for the wider engagement of actors (Kern et al. 2019; Kdhler et al. 2019).

Strategic management, leadership, and dynamic capabilities

Many previous BE/IE studies portray the management or “orchestration” of these networks
for wider collaboration (Aarikka-Stenroos and Ritala 2017; Daymond et al. 2022; Foss et al.
2023). This dissertation follows this stream of literature, which has links with leadership of
ecosystems (Foss et al. 2023), dynamic capabilities used by the companies as part of the
ecosystems (Teece 2009), and “ecosystem architects”, i.e. public or private actors nurturing
ecosystem emergence and evolution (Daymond et al. 2022). DCs have been categorized into
three main spheres: 1) sensing of opportunities or threats, 2) seizing of opportunities, and 3)
reconfiguring or transforming business activities (Teece et al. 2016; Stehn et al. 2021). DCs
have been viewed as especially useful in times of turbulence and uncertainty (Helfat et al.
2007; Teece et al. 2016). Ecosystem leadership has been examined through the DC concept
by Foss et al. (2023) and Linde et al. (2021). Foss (2023) connects sensing with facilitating
a common vision, seizing to invite others to make investments to the ecosystem, and
reconfiguring or transforming into spontaneous problem-solving to create and sustain
persistency. These DCs and lead actors are discussed in detail in article II. Vision forming is
part of research that led to articles III and I'V.

All decisions being made at the present time are based on assumptions of the future
irrespective of whether they are policies or plans (Bengston 2017). In the context of this
study, the organizational actors’ future assumptions are materializing in city strategies, city
development plans, and in the concrete retrofit project plans of companies. But the future is
not set. It is fuzzy, uncertain, and likely to surprise us. Yet, some developments are extremely
slow and stable, whereas certain changes happen rapidly. The key is to be prepared for a
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multitude of different futures (Bell 2009, Bengston 2017). Therefore, strategies and plans
need to be constantly reassessed and evaluated, as the array of possible futures is changing
and evolving with every new decision and action of the actors (de Jouvenel 2000).

What is commonly said, our thoughts of the future affect our actions today and aid in
deciding the best course of action (Glenn 1994; Bell 2009; Bengston 2017). The future is
being made by the decisions and actions of today (de Jouvenel 2000). In the urban context,
co-creation and co-design are ways for various actors to actively innovate, experiment,
collaborate in creativity, and to share knowledge, experiences, and goals (Sanders and
Steppers 2008; Webb et al. 2018; Mukhtar-Landgren et al. 2019). The principle that many
futures, possible, probable, preferable, and un-preferable, exist is the premise for research
analyzing the long-term future. (Bengston 2017; Glenn 1994). There is a need to actively
promote the possible and preferable futures, with imagining and creativity using transition
pathways and backcasting as useful tools (Vergragt and Quist 2011; Rosenbloom 2017).
Simultaneously, it is important to prepare for possible but unpreferable futures using risk and
recovery capacity assessments and emphasis on resilience and preparedness (Logan et al.
2022). In this thesis, articles III and IV are devoted to future perspectives but from two
different angles. Article III studies the futures through the existing strategies of four cases
cities and the future assumptions that would, according to the estimates by city informants,
lead to the vision of socially equitable decarbonized cities. Moreover, the early co-creation
process unites these cities, their key stakeholders, and researchers to co-create desirable
futures through initiating sustainability pathways among and between the case cities. In
article IV, the visions and pathways of nature-based and resilient urban environments were
created through dialogue between the forefront businesses and cities, and the study also
included estimates of undesirable yet possible futures, the foreseen risks of which urban
resilience should be strengthened against.

To sum up, the emergence of local BEs followed by local IEs, is highlighted in this
dissertation. The phenomena studied in all the articles (I, II, III, IV) of this dissertation
concern novelty and rareness, with a multitude of ambitious projects and actions being
planned and co-created. Thereby, mature ecosystems of actors are not investigated, but the
main focus is on origins and the emergence of new constellations in the context of retrofits
and NBS in particular. These thematically link with the governance of ecosystems and the
actors therewithin and place cities in a significant role as collaborative ecosystems. Cities are
investigated as a place of nurturing multi-beneficial and responsible business. It forms a
collaborative decision-making platform for companies to initiate projects. Finally, the roles
of various actors stemming from city and business organizations begin emerging.

DATA AND METHODS

First and foremost, this thesis relied on multiple qualitative datasets, in which expert
interviews and workshop discussions provided the main data used in the articles (Table 2).
The main data were supplemented by various other datasets, such as actor—project mapping,
city strategy papers, city walks, and citizen diaries for convergence and reliability. Time
frames for data gathering ranged from 2021 to 2024. The local emerging BEs, as study
subjects, were in formative phase, the choice of the qualitative approach was justified because
expert informants held information on the newest project and city plans or were even co-
creating them during the qualitative processes.
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Table 2. Data and methods in articles | to IV.

Article I n n Y
Interviews & Interviews & Workshops (6), | Workshops (2),
actor—project actor—project city strategy interviews
mapping mapping papers,
discussions
during city

walks, citizen
diaries

Method Triangulation of | Triangulation of | Qualitative Backcasting
methods with methods with content method used in
qualitative qualitative analysis data collection,
content analysis | content analysis | combining workshop and
of interview of interview various interview data
data (40 data (27 qualitative data | analyzed with
interviewees) interviewees) qualitative data
and supporting and supporting analysis
qualitative qualitative
actor—project actor—project
mapping for mapping for
cross-check cross-check

Unit of Cities Projects Local Cities

analyses ecosystems

Data 2021-2022 2021-2022 2021-2024, 2023

gathering process

period ongoing until

2026

Case cities

The case study approach was used in the research articles of this dissertation. The unit of
analyses varied between the city, local ecosystem, and project levels (see Table 2). All the
articles were empirical, and data were collected in conjunction with certain Finnish cities,
especially Helsinki, Turku, Vantaa, Joensuu, and Tampere (see Table 3). First, Helsinki
presented an interesting case as the capital and largest municipality in Finland by population.
Its coastal positioning and large construction volume provided an interesting setting for the
study. Second, Turku is another large city in Finland by population and is the historical capital
of the country. The mix of historical buildings and new construction along with its coastal
positioning provided southwestern viewpoints to the mix. Third, Vantaa borders the capital
city Helsinki and is a fast-growing city. Vantaa is part of the Helsinki metropolitan region
and well known as the location of the Finnish international airport. Fourth, Joensuu, with its
eastern location on the northern shore of lake Saimaa, is the regional center of Northern
Karelia. Joensuu as a regional center has most ties to the surrounding rural areas, and the city
itself is not as densely built as the other cities, thus providing an alternative contextual setting
for the study. Fifth, Tampere is an old industrial city located approximately 180 km north of
the capital. Located in between lakes Nasijarvi and Pyhdjarvi, this fast-growing city is the



Table 3. Background data for the case cities of the dissertation.

Case city

Case city 2:

Case city 3:

Case city
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Case city 5:

1: Helsinki

Turku

Vantaa

Description Capital of Historical Bordering Regional Fast-growing
Finland, capital of city with center of old industrial
located in Finland, Helsinki and Northern city, located
coastal located in part of the Karelia approximately
southern coastal Helsinki with most 180 km north
Finland. southwest metropolitan ties to rural | of the capital.

Finland. region. areas,
located in
eastern
Finland.

Population 674 500 201 863 247 443 78 062 255 050

in 2023*

Population 1.0 0.9 1.7 0.5 1.3

change from

previous

year, % on

average

between

2009-2023*

Analyzedin | I, I, 1ll, IV L1, 1V 1, 10, 11 1, 10, 11 1,1

articles

*Statistics Finland 2024.

regional center of Pirkanmaa, is increasing its housing and construction volumes, and thus
presents an interesting supplement to the analyses.

Of these cities, Helsinki and Turku were studied the most during this dissertation project,
as all the PHD articles relied on information and informants connected with these cities. Also,
Vantaa and Joensuu were prevalent in three of the PHD articles, as important information
providers. In addition, Tampere was recognized as an important location in relation to Finnish
WMC and wooden retrofits and was therefore included in the analyses of articles I and II.
Together these five cities represent 26% of the overall Finnish population (Statistics Finland
2024). Thereby, the decisions, developments, and plans of these five cities have relatively
high national significance in Finland.

Informants from the interviews, workshops, and city walks represented a total of 37
organizations (coded between O-1 and O-37) and engaged a total of 95 experts (see Appendix
1). During the research phase, the informing organizations were selected based on their being
linked with the studied phenomena, either as planners, practical producers (as in the case of
businesses), or as promoters, enablers, or commissioners (as in the case of city actors and in
the analysis supporting intermediaries and housing companies). Appendix 1 provides
information on the detected projects linked with each organization, but this is not an extensive
listing and the organizations could have been involved in more projects that this research has
revealed. For instance, NBS-related projects were not mapped as extensively as wooden
retrofits and wooden multistory buildings were, as only one of the thesis articles (IV) focused
on NBS and only in connection with two cities (other cities were not studied from this
viewpoint).
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Empirical dataset collection process
Qualitative interview data

At the beginning of this dissertation process within the Decarbon-Home project, large
qualitative interview datasets, with the number of interviewees totaling 40, were collected in
2021-2022 related to WMC and wooden retrofits on regular multistory buildings. The final
set of interviewees consisted of both city representatives and other BE actors. The first
interviewee group, i.e., city representatives (see Appendix 2, M01-M10), had expertise and
influence in building production, land zoning, wood construction project leadership,
environmental issues, sustainability, or overall management. The second interviewee group,
i.e., the other BE actors (see Appendix 3, C01-C17, C19-C25, and C27-C28), mainly
included companies with businesses in WMC and wooden retrofit BEs. They were either
connected solely to a WMC case(s), to both WMC and wooden retrofit cases, solely to a
wooden rooftop stacking case, or dealt with WMC in general. In addition, the business actors
were supplemented with wooden retrofit building owners (i.e., a privately owned housing
company owned by residents and a rental housing company) and intermediary organizations
with intricate knowledge of the local BE (see Appendix, C18; C26; 101-102). All but one
face-to-face interview were conducted online in Finnish. Interviews took place between fall
2021 and spring 2022, and each lasted 30—120 min. The interview guide, drawn from the
literature review, composed themes of the BE actors and their roles, cooperation, and
instruments promoting low-carbon construction.

The second round of interview data on which this dissertation relies on were collected in
2023. These interviews were conducted in the context of the Decarbon-Home spin-off project
FoREfront. A total of 11 expert interviews were carried out in the fall of 2023 (approximately
11 hours of taped conversations). The thematic focus was on NBS and urban resilience. The
informants represented city zoning, architectural businesses, green solution and landscape
architectural businesses, and design engineering businesses, and were supplemented with a
knowledge broker (Appendix 4). The informants were carefully selected as they were experts
working in one of the two case cities (frontrunners belonging to the EU Mission for 100
Climate-Neutral and Smart Cities (EC 2024)) or businesses identified as having operations
in the NBS field.

Workshops

A large proportion of this dissertation data, especially articles III and 1V, relies on workshop
data either in conjunction with the closest municipal stakeholders or businesses. First, the
largest workshop datasets were gathered in a municipality co-creation process that included
six municipality workshops in 2021-2023. Part of the workshops utilized service design as a
tool for understanding users, use contexts, customer needs, relevant target groups, and
organization’s strategic aims and resources (Stickdorn and Schneider 2010) that affect the
adoption of sustainable building solutions. This process provided a rich and detailed dataset,
as many other interlinked data and processes were connected with or collected during the
workshops, including citizen diaries and profiles, a short questionnaire, city strategies, and
city walks with city representatives explaining to the researchers the challenges and plans of
suburban development. An example of the municipality workshop series discussion topics
and tasks from workshop 3 can be found in Appendix 5. Forty city representatives and eight
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stakeholders were included as informants in this process. Two more workshops, held in the
Finnish coastal cities of Helsinki and Turku, were organized in August 2023 with NBS and
urban resilience as their themes. These workshops and connected thematic interviews were
more at the interface of cities and businesses, with relatively equal representation. Workshop
discussions centered on defining terminology, actors, and cooperation, and preferable urban
futures (discussion frames are included in Appendix 6).

Supplementary data

Supplementary data for the qualitative interview and workshop datasets included actor—
project mapping (I, II) along with city strategy papers, discussions during city walks, and
citizen diaries (III). First, information was gathered of the existing WMC and wooden retrofit
projects and the affiliated actors in Finland. The gathered data were stored in Excel.
Vertically, the database included project names, geographical locations (municipality in
Finland), progress stages (completed, building phase, or planned), year of project completion
or estimated project completion, and the reference. Horizontally, it included the names of the
affiliated actors and the roles of these actors in the projects as mentioned by media sources
(e.g., builder, wooden part producer, architect, city). Project by project, each of the actors
mentioned by the media sources were given a value of either 1 = actor involved in the project
or 0 = actor not involved in the project. Thereby, the scope of the phenomenon was assessed,
as were the currently active actors, whether these actors have repeated the projects, and who
they have collaborated with, in which geographical location, and when. This information
gathering resulted in approximately 70 WMC or wooden retrofit projects (built or planned
for the near future) from the year 2003 onwards and included 243 affiliated actors in total.
This original mapping also provided this study with a small dataset of quantitative material
to assess the size of the phenomena being researched and the collaborative networks existing
between the studied actors of the emerging BEs. Even if these data were not analyzed in
detail for this dissertation, they nonetheless provided support and added reliability for the
qualitative data analyses.

Second, we analyzed the climate agenda-related strategy and program papers and the
housing and construction plans of four cities (Appendix 7). The analyzed cities were
Helsinki, Vantaa, Turku, and Joensuu. The resulted data supported the future-oriented
analyses included in article III. Third, city walks organized by city representatives led a group
of researchers into the realities of particular city suburbs faced with development or socio-
economic challenges and needs for low-carbon construction and retrofits. On a positive note,
the city representatives also provided their exemplary cases of participatory processes aimed
for citizens along with their zoning plans aimed for climate-wise housing. During those walks
the city representatives also showcased functioning developments and buildings, also
connected with WMC. Fourth, citizen diaries provided a backdrop on the types of citizens
living in climate-wise housing and citizen viewpoints on the cities’ roles in supporting this.

Methods

The focus of the study was to understand certain topical phenomena in their formative phase.
The sub-studies leading to articles III and IV also included envisioning and co-creating
future-oriented action to strategically manage sustainable pathways for case cities that
provide a platform for urban BEs and IEs. Therefore, the emphasis was heavily on narratives,
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and the main empirical data collection and analysis was based on qualitative research
(Silvermann 2000). The empirical analysis of the phenomenon included the gathering of
qualitative interview material, which was the main original data source of the study with its
rich and detailed expert views. This type of co-creation for long-term futures and insights on
emerging phenomena would have been impossible to obtain without qualitative research
methods. The following qualitative content analysis consisted of thematization of the
workshop and interview data, while the total of number of actors (including the city walks)
consisted of 95 actors that were included in the participatory processes of the two projects
(see Appendix 1). Typically, the data were analyzed using the Qualitative Data Analysis &
Research Software ATLAS.ti 9 and by simultaneously using Excel as a supportive tool for
data interpretation. The unit of analyses was either cities or projects linked with local BEs
(see Table 2). The chosen qualitative content analysis enabled us to formulate carefully
constructed categories on the newly collected qualitative datasets and to interactively revise
and clarify these categories for reliability throughout the analysis process (Drisko and Maschi
2015).

The supplementary data were combined with large qualitative thematic interview and
workshop data for convergence, complementarity, and divergence between datasets (e.g., it
was possible to check the information of wooden retrofit project actors, who seem to be the
key actors in terms of recent activity, and the number of projects and collaborations). The
interview and workshop discussion guides were jointly developed by several researchers, and
the interviews and workshops were carried out by several individuals to ensure impartiality
and objectivity. In fact, a total of 20 researchers were involved in either organizing the
workshops and/or conducting the interviews in 2021-2023. This ensured neutrality and
carefully considered research designs. The recorded interviewed data were transcribed in
Finnish by a third-party company for uniformity and precision. The qualitative datasets were
triangulated, as they consisted of a multitude of knowledgeable organizational and layman
informants from business and city organizations and supported by citizens and knowledge
brokers to strengthen the analysis with multiple viewpoints (see Appendix 1 for informant
details). Finally, as a supportive tool for reliable data interpretation in each sub-study, at least
three researchers cross-checked that the used data and the created themes, categories, and
codes were in line with the main study concepts. Information was often absorbed
simultaneously and cross-checked between the key concepts and data sources while
conducting the content analysis (along the lines of reflection and design thinking in
Jungmeister (2016)).

In the workshops related to sub-studies III and IV, the data collection was guided by the
future studies methodology, namely for identifying visions, future assumptions, risks,
service, and transition pathways. The focus group method was used during the second-phase
workshops themed with nature-based and resilient urban environments. In line with Sim and
Waterfield (2019), the analytical focus of the focus group data gathering was to gain “co-
production perspectives” supplemented with interviews to acquire comprehensive
information on the transition pathways for NBS as solutions for urban sustainability. The
backcasting method has typically been used as a strategic tool in which preferable futures are
first imagined and then pathways towards these futures are sketched by looking backwards
from those preferable futures to see what has had to have happened to reach the initial
visionary state. Sometimes when applying the backcasting method, a researcher can also
begin from an unpreferable future to devise actions to prevent those futures (Glenn 1994;
Vergragt and Quist, 2011.) Backcasting has previously been used to sketch out the industrial
wood construction markets by Toivonen at al. (2021). While using the backcasting method
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in sub-study IV, a desired future was initially sketched, followed by looking backwards in a
stepwise manner from that future to the present (i.e., the far distance, midterm distance, and
short-term future) to strategize and plan the needed actions for sustainability change.

Research reliability and validity

This research was guided by the pursuit of knowledge and driven by scientific curiosity of
the studied topic. The data and methods were selected based on consideration of where
relevant information could be found. The key aims of this research are in line with the general
aims of research, namely the pursuit of knowledge and truth and improving the world we live
in. Therefore, information has been gathered from multiple sources and research triangulation
has been used. As for the aspiration for truth, the systematic manner of coding and analyzing
the qualitative data has been conducted with openness among the co-authors and the greater
research teams involved. The aims of research are founded on the ethical norms of adding to
knowledge and trust and avoiding errors. This avoidance of error is ensured through working
in a research team with cross-checks and reviews.

The personal information collected during both the interviews and workshops is highly
limited, as it only concerns the names and contact information of the informants. The
informants are expressing their professional views and are not talking of themselves or
sharing personal information. Regarding the interviewees, they were provided a data privacy
notification and a consent form to participate in the research, explaining the purposes of the
research, the confidential and voluntary approach, and their rights as interviewees, also to
withdraw their data from the research if so inclined. All the interviewed informants confirmed
their consent by e-mail. During the analysis phase, all the names of the interviewees have
been anonymized and the interviewees have been given codes. The material has been treated
with confidentiality during all phases of the research. This dissertation has followed the Data
Management Plan of the Decarbon-Home project during all phases of research. The plan
included clear guidelines for content data; ethical and legal compliance, documentation and
metadata; data storage and backup; opening, publishing, and archiving the data after the
research project; and data management responsibilities and resources to ensure research
validity and reliability.

RESULTS

Table 4 revisits the research questions and provides key highlights from each article. Overall,
articles I-IV researched niche and emerging phenomena. These sub-studies examined the
various roles that the actors among the cities and companies had assumed within their local
BEs, and the need for more active and dynamic roles was recognized. The confronted
challenges of communication gaps and the holistic approach create impetus for concrete
actions to generate markets for sustainable solutions in urban built environments. Co-creation
and normative future pathways creation highlighted the need for efficient collaborative actor
networks that require strategic management. Opportunities are foreseen especially in the
realm of ‘sensible retrofitting’ that requires innovative activities in systematically combining
sustainable retrofitting solutions connected with the sustainable use of natural resources in
urban built environments fostering decarbonization and resilience (Table 4).
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Table 4. Key findings in articles 1-IV.

Research questions (RQs) Main takeaways

RQ1: What policy instruments

do cities use in steering the
market diffusion of new WMC
and wooden retrofits?

RQ2: What perceptions do the
city and other BE actors have
concerning the role of
municipalities in promoting
WMC and wooden retrofits?

Wooden multistory construction and wooden retrofits
have remained a niche in residential building markets
Markets of wooden construction and retrofits may be
catalyzed by diverse policy instruments

Steering for wooden multistory construction and wooden
retrofits by financial instruments is rare in Finland. The
use of policy instruments is rarer in wooden retrofits than
in wooden multistory construction.

Cities may face challenges in adopting an instrumental
role as a key actor and/or collaborative actor

RQ1: Who are the key actors
in the emerging project-based
wooden  retrofit  business
ecosystem?

RQ2: What kind of contextual
and decision-making -related

factors and dynamic
capabilities can be identified
among wooden retrofit
projects?

Decarbonizing the building stock requires businesses to
create new solutions for markets.

Wood material-based retrofits offer new possibilities but
are currently rare in the urban context.

City-owned housing companies are found to be most
aware of seizing opportunities of climate benefits and
facelifts in less appealing suburban areas.

Actors use dynamic capabilities in niche-level projects,
yet the reconfiguring stage of business models is not
visible

RQ1: What kind of challenges

and future  assumptions
(including climate
commitments) steer

innovation activities toward
low-carbon housing in cities?
RQ2: What kind of citizen
support for low-carbon
housing could cities engage
in?

RQ3: How could cities better
govern  social  innovation
initiatives?

Local initiatives are significant in driving decarbonization
targets and the cities’ role is key

Cities face a common pool of challenges, the inter-
organizational division of labor and cooperation within
cities, the multiplicity of actors with limited interaction
channels, and unidentified ownership of responsibility in
the process, yet co-creation can bridge these issues
Socially equitable decarbonized cities toward 2035 can
be reached though undesirable developments, e.g., a
lack of resources or via desirable developments, e.g.,
increased spread of innovation

The concrete paths for municipal action are seen in the
emerging themes of sensible retrofitting and in the
creation of a knowledge network of climate-wise actors

RQ1: What factors catalyze
the NBS innovation
ecosystem?

RQ2: What kinds of visions
and pathways for the futures of
NBS are envisioned by the
local innovation ecosystem
actors?

RQ3: How do NBS in the
innovation ecosystem
contribute to future urban
resilience in the case cities?

There is a need to build resilient urban environments to
manage expected environmental risks

Nature-based solutions combined with wooden building
materials provide benefits and resilience to foreseen risks
in case cities

Four transition pathways for sustainable futures in 2050
were created for the case cities using the backcasting
method to highlight the actions needed today

The local innovation ecosystem could catalyze the
desired trajectories via efficient and ambitiously goal-
oriented creative learning and a shared knowledge base
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Article I: City agency springs from wooden construction to retrofits in a Tale of Five
Cities

The focus of article I was on five Finnish case cities: Helsinki, Turku, Vantaa, Joensuu, and
Tampere (see short descriptions of these cities on page 10). The interest first lied on the roles
that the cities have as part of the local BEs connected with WMC and wooden retrofits of
regular and existing multistory buildings. This was studied both from the perspective of city
representatives and the perspective of other BE actors (mainly companies). Secondly, the
policy instruments that the cities had used to guide these phenomena were highly interesting.
Five main roles for the cities in local BEs were detected in the study: minor actor, key actor,
fluid role actor, collaborative actor, and administrative actor. The municipalities themselves
stressed their collaborative role among other BE actors, while other BE actors considered the
municipalities to be in the key role.

All the main category policy instruments (regulatory, economic, and information) were
detected in at least one of the studied cities. Regulatory instruments of land zoning and the
transfer of plot conditions, including information-related pilots, were typical tools used by
all the cities. However, economic policy instruments were very uncommon, with only a few
interesting exceptions. While applying these policy instruments, the cities were functioning
at and affecting various layers of the BE: core business, enlarged business, and the BE in its
largest sense, also depending on the specific phenomenon (either new WMC or wooden
retrofits). At their best, cities can take on a collaborative role, with strong mechanisms for
inner city cooperation and for orchestrating the outer BE actors by networking, cooperating,
and facilitating, while concurrently also taking a key actor role as an active enabler that
promotes and serves, for example via innovative and context-specific policy mixes.

Article II: Wooden retrofits and dynamic capabilities in emerging business ecosystems

Article II focused solely on the phenomenon of wooden retrofits on regular multistory
buildings. The article centered on related and rare projects, emphasizing the project
and business perspectives. This study enabled drafting a project portfolio of the wooden
retrofit projects in Finland stemming from 2010-2022 and reaching towards futures with 22
projects being planned at the time (in 2022) with. Also, it was possible to pinpoint the key
actors of various project activities. The builders were construction companies and consultants
while customers were private building owners, rental housing companies (owned by the city
or privately), and housing companies. The latter actors occasionally also involved a
developer, a real estate agent, a steward, or an architect that played a key role, typically an
excited and knowledgeable individual. The building retrofit context therefore always
includes the building owners (unlike in the case of new construction), and in the Finnish case
this meant that the housing companies and rental housing companies emerged as an important
actor group in article II (see also Figure 1).

The dynamics of early decision-making on whether to execute a project varied among the
key actors. The decision-making process was rapid in the case of construction companies,
city-owned housing companies, and private building owners, whereas the decision-making
processes in housing company cases have taken a long time due to democratic processes and
the need to have a shareholder majority to back the projects. Typically, economic rationale
has been the sole guide for engaging in these exceptional projects, with projects
implementedin expensive areas of cities needing efficient space utilization and with projects
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implemented at opportune moments with favorable changes in the operational environment
(e.g., changes in fire codes or city strategies enabling actors to accomplish something new).
By contrast, city-owned housing companies as an actor group appeared to be an exception
from the others, with wider sustainability goals for carbon neutrality and social justice and
the need for facelifting the less appealing city suburbs in which their projects were located.
The identified actors are further involved in future schemes for wooden retrofits, some with
ambitious deep renovation plans with wood.

Article III: Cities co-creating sustainable retrofits aiming to initiate social innovation

Article III resulted in an analysis of the early stages of an extensive municipality co-creation
process in four Finnish cities (Helsinki, Turku, Vantaa, and Joensuu), especially an analysis
of the ‘fuzzy front-end’ of the process (Sanders and Steppers 2008). Results of article III
suggest that a common pool of challenges exists, indicated by the cities’ strategic climate
goals, which are the future-oriented documents of these cities. On a global scale, the
challenges include various environmental crises and uncertainties, and, on a national level,
aging, urbanization, and digitalization. Local challenges mainly included economic and
segregation issues, but other varied challenges were occasionally shared by some cities. The
study detected several future assumptions that guide the envisioning of the future in 2035 and
surprisingly, they were not all positive. From the negative side, challenges are posed by city
growth in some city cases in which the high volume of housing construction threatens the
quality of housing, climate change poses risks, and the need to adapt and the availability of
restricted monetary and natural resources will steer towards a circular economy and be both
a barrier and driver on the way towards a low-carbon society in 2035. Additionally, there is
a call from the citizens to the cities for greater development of citizen support. A rich setup
of interlinking ideas was formed at the fuzzy front-end of the co-creation process, with three
main directions of service pathways identified: climate-wise housing as a service, sensible
retrofitting as a service, and knowledge networks of climate-wise actors. To turn these
strategic aims, visions, and citizen needs into actionable initiatives, cities face three key
challenges: the inter-organizational division of labor and cooperation within cities, the
multiplicity of actors with limited interaction channels, and unidentified ownership of
responsibility in the process. Nonetheless, according to Deserti and Rizzo (2018), co-
creation is a way to bridge these challenges. From the initial steps of co-creation, the cities
were most interested in implementing concrete actions along the paths of sensible retrofitting
and the creation of a knowledge network of climate-wise actors.

Article I'V: Nature-based solutions for urban resilience

Article IV continued with future-oriented research, resulting in future-related transition
pathways up to 2050 regarding nature-based and resilient urban environments. These
transition pathways consisted of visions of preferable futures concerning nature-based and
resilient urban environments and the pathways leading to these futures. The created visions
showed similarities across two cities regarding preferable futures, e.g., to make cities greener,
calmer, and more comfortable places to live. In the far distance futures (2040—2050) of the
pathways, the informants considered certain boldness and unconventional solutions and
innovations to be co-created among the IE actors, with happiness and well-being spreading
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to all species. In the midterm futures (2027-2040), innovative retrofits combining various
solutions (e.g., solar energy and green solutions) were envisioned with existing indicators of
nature positivity. For the short-term futures (2023-2027), the expert informants believed that
the responsibility of “opening the game” lay with the city processes, i.e. tighter goals and
criteria, the use of tools such as the blue—green factor, plot conditions, public procurement,
and, all in all, engaging in awareness raising of the citizens. When applying the NBS
innovation system framework by van der Jagt et al. (2020), it was evident that certain
catalyzing changes should be made in the city—business actions of today, namely via the need
to educate and expand the knowledge base of the IE actors via experiments and co-creative
activities. This article also presented the notion of urban resilience at the interface of
environmental risks and benefits of NBS that create opportunities for being prepared for
unknown futures.

DISCUSSION

This dissertation investigated the emerging business and innovation ecosystems of wooden
retrofits, wooden multistory construction, and nature-based solutions at the interface of five
Finnish cities and local construction businesses (Figure 2). Both of these actor groups
uniquely impact the development of local BEs and IEs, supporting the development toward
sustainably built environments. Both cities and companies apply strategic thinking and, at
their best, provide a fruitful setting for innovation and successful business bearing in mind
the urban goals (Teece 2009; Webb et al. 2018), also in the WMC context (Viheméki et al.
2019).

Articles 1 and III particularly focused on cities. They were found to provide the
institutional setting for enabling or constraining the studied phenomena, and previous studies
have found their role to be substantial in transforming to sustainable construction in the
context of WMC (Salmi et al. 2022; Franzini et al. 2023). Proper and comprehensive policy
mixes are key for enabling sustainability transitions (Kern et al. 2019), and municipal
strategies and visions can steer the selection of policy instruments towards a comprehensive
mix (see Figures 2 and 3). Policy instruments have been most effective when they include
characteristics of well-designed building projects (article I). Based on articles I and III, it
was evident that the other actors, especially business organizations but also citizens, expect
Finnish cities to take on a more ambitious role as active collaborators and facilitators and
even as leaders in promoting low-carbon living and housing, more so than the city
representatives themselves realized (Figure 2). However, article IV illustrated a slightly
contradictory result by portraying that some city representatives do at least see the need to
raise the ambition level of their own strategies and plans along with the need for cities to
ambitiously show the way toward a more resilient and nature-based urban future.

Cities face three key challenges when turning the identified strategic aims, visions, and
citizen needs into actionable initiatives: the lacking inter-organizational division of labor and
cooperation within cities, the limited interaction channels with other climate-wise actors, and
the unidentified ownership of responsibilities in the change process (articles I and 111, see
also Figure 2). Overall, cities are faced with collaboration and communication difficulties
that manifest as organizational silos (Deserti and Rizzo 2018) and as varying degrees of
funding available for the case municipalities for promoting the issues, resulting in gaps in
using financial policy instruments for guidance, also visible in the results of articles Il and I11.
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BUSINESS

Need for active and collaborative
city role and appropriate policy mix

Difficulty in early decision-making,
need for companies sensing and
seizing new business with wooden
retrofits, and reconfiguring their
business activities

Challenges in cooperation and
communication detected, greater
need for cities supporting citizens in
climate-wise housing

Need for learning and expanding
knowledge base of various actors
via experimentation and co-
creation

Figure 2. Interface of cities and businesses with the key findings of articles I-IV summarized
from the perspective of detected challenges and development needs. Article central focus in
C = City, B = Business, or both.

Nonetheless, a certain type of ecosystem leadership (Daymond et al. 2022; Foss et al. 2023)
is expected from the cities to facilitate and nurture the emerging BEs and IEs by engaging
various actors under commonly shared goals and strategies, along with attracting funding for
sustainable retrofit and construction solutions (articles I and 111, see also Figure 3).

The strategic management perspective was emphasized in article Il and to some extent in
article 1V (Figure 2). Based on the results, companies should nurture DCs at times of
turbulence to sense and seize the opportunities of the expected changes in the operational
environment, along with reconfiguring their business models in the long run. However, the
results elaborate a certain degree of difficulty in project-level, early-stage decision-making
(article I1, see also Figure 2). This is where the dissertation follows and contributes further to
the literature on DCs as part of BEs in line with Teece (2009) and to exploring, exploiting,
and creating business opportunities. Thereby, more than sensing and seizing opportunities,
businesses should actively shape new opportunities. This includes “scanning, creation,
learning and interpretive activity” (Teece 2009, 9). In this study, which is connected with
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practical co-creation and co-designing city development, article 11l poses creativity as a
collective endeavor (Sanders and Steppers 2008; Ansell and Torfing 2021;), see also
Figure 3.

Motivations for retrofit projects are driven via urban densification strategies, by
improving the attractiveness of suburban neighborhoods, and more efficient space utilization
(article II). In comparison to the study by Stehn et al. (2021) on the contexts of industrial
house building using wooden frames to produce WMCs in Sweden, this thesis (article II) also
investigated the narratives of businesses on project initiation. Moreover, in article II, the
studied wooden retrofit projects were attached to many organizations and the focus was on
early decision-making. In their work, Stehn et al. (2021) highlighted strategic directions of
corporate asset build-up through the continuous development of DCs by the standardization
of components, value chain integration, and the standardization of processes and managing
relationships towards new business models. In comparison to Stehn et al.’s (2021) work, the
actors involved in the investigated Finnish wooden retrofit projects had used the first-order
DCs to a degree. These DCs are most apparent among those actors that have repeated these
projects, as occasionally project repetition has occurred with more or less the same team of
organizations. However, the businesses may face difficulties in forming long-term
partnerships and managing partnerships towards new business models for wooden retrofits.
The continuous development of DCs would require novel combinations of actors, such as
seating a wood product manufacturer and an energy retrofit solution provider around the same
table (article II) to negotiate and create a systemic sustainable retrofitting solution built
around complementary resources, as indicated by Stehn et al. (2021).

The exploration for novel innovations often deals with combining complementary
innovations that respond to customer problems with a systemic innovation creating a new
solution (Teece 2009, 14). To innovate the required solutions, strategic collaborations, co-
evolution, and co-specialization with other business actors are needed to produce more
complex solutions with systemic value proposition that meets societal and customer needs
(Moore 1993; 1998; 2006; Teece 2009; Foss et al. 2023). Collaboration requires
understanding the other actors’ perspectives and continuing to build long-standing
partnerships, thus the ‘collaborative arrangement’ dimension portrayed in Figure 3. This
poses requirements for renewing the educational system to educate beyond sectoral and
professional borders. It therefore requires a new flexible and collaborative mindset shift for
businesses, noted already in the context of novel residential WMC projects (Viholainen et al.
2021), see also Figure 3. The field in the wooden retrofit context seems to be more
fragmented, with less advance planning compared to new WMC, as retrofitting is more
context specific. In retrofittings, the buildings vary in age, original construction method, and
retrofitting needs, and it appears to be easier for the businesses to agree together on common
parameters in the new construction context rather than in the case of retrofits.

Based on the tracked wooden retrofit projects in article II and, to some extent, also on the
NBS in article IV, a small and persistent group of business actors exist that have experimented
on and even repeated these projects, including builders, architects, group building architects,
and, on occasion, the same customers. Based on article 11, the builders and their customers
are key actors of wooden retrofit projects in local BEs in Finland. However, there is definitely
room for more business actors to enter the ecosystem and to strengthen these new fields and
to diversify their business models in this novel direction (articles II and IV). There is also a
need for engaging new actors to participate in these novel activities in the realm of BE at
large, including housing companies, landscape and green area experts, building operators,
and yard maintenance experts (see Figure 1).
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Moreover, in the expert discussions of articles III and IV it became evident that both the
cities and businesses need each other for promoting sustainable construction and retrofit
solutions, and the discussions and co-creative processes are important (Mukhtar-Landgren et
al. 2019), see Figure 2. The cities need to know what they can demand from the businesses
when using various policy instruments or policy mixes, as outlined by Wiegand and Ramage
(2021) and Kern et al. (2019), see also Figure 3. Cities are interested in the forefront
companies’ innovations and solutions that are available or alternatively possible to produce
in the realm of sustainable building. Therefore, cities can use this knowledge and ambitiously
demand these solutions by using public procurement tools or other measures that create
suitable markets. On the other hand, companies need to know what the cities expect and will
demand of them to innovate and produce solutions that meet the cities’ needs. Thus, a well-
functioning city—business interface is key in fostering local urban sustainability at the local
level (see Figures 2 and 3).

In the realm of possible futures, articles III and IV depict various pathways ahead for the
studied case cities’ urban environments and for the collaboration therewithin. Yet, even if the
main foci of articles III and IV were on preferable futures, the studies also brought forth
possible futures that are unpreferable. Even while the informants were included in the
preferable vision formation process (resulting in article III), not all the informants’ future
assumptions leading to decarbonized futures in 2035 were positive. The envisioned, yet
somewhat negative future assumptions also included city housing construction that favors
quantity over quality and restricted monetary and natural resources that would, nonetheless,
lead to decarbonization (article III). Moreover, connected with article IV, the worsening
environmental challenges of climate change and biodiversity loss pose risks to urban
environments, such as extreme heat and floods, decreases in biodiversity, and increases in
invasive alien species brought on by climate change, which create risks to human health and
to building durability (article IV). This calls for a need to adapt (article I1I) and for a need for
preparedness and added urban resilience against the risks (article IV). Simultaneously to
futures with risks and uncertainty, some futures developments are slow (Bengston 2017).
Certain future assumptions of the informants reflected this slowness of development by
assuming that most of the building stock will still be standing in 2035 (article III), which
coincides with general estimates of 85-95% of current buildings still existing in Europe in
2050 (EEA 2022). This highlights the importance of retrofitting the existing building stock,
and it was evident in the research carried out that building retrofits are in more direct need of
solutions and actors than sustainable new construction is (articles II, III, IV). However, future
developments also contain uncertainties. To manage these uncertainties in an innovation
economy, organizational flexibility is needed to manage upcoming surprises (Teece 2016;
Bengston 2017). Nature-based solutions have a lot to offer for enhancing urban resilience, as
they enable urban systems to absorb disturbances while maintaining the benefits and
ecosystem services of the urban fabric (Langemeyer et al. 2021). The informant discussions
in article I'V supported this, as the multiple benefits of NBS were the most discussed topic in
the data, also in the context of building urban resilience against environmental risks and
uncertainties.

Concerning NBS, preferable futures were also investigated in the form of visions,
pathways, and positive future assumptions that would enable decarbonized and resilient
urban environments (articles III and IV). To aid strategic thinking in the realms of
preparedness, transition pathways for both cities and businesses were created up to 2050
regarding NBS (article IV). Moreover, the focus was also on NBS dimensions in the IE
framework that could catalyze the wider uptake of NBS (mod. van der Jagt et al. 2020)
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(article IV). In this thesis summary, it is possible to connect these IE dimensions with the
whole dissertation (Figure 3). As a conceptual contribution of this dissertation, the van der
Jagt et al. (2020) NBS innovation system frame has been taken one step further and modified
to portray the catalyzing dimensions linked with all the studied phenomena and the main
conceptual foundations of this thesis (see Figure 3). The main emphasis of this dissertation
is on the following five out of van der Jagt et al.’s (2020) seven catalyzing dimensions: agency
and vision; policy, regulation, and governance; collaborative arrangements; learning,
experimentation and scaling; and resources (Figure 3).

When mainstreaming NBS, WMC and wooden retrofits call for expanding the knowledge
base of IE/BE actors (Figure 3). This thesis detected the need for creating a more efficient
information flow between the ecosystem actors. First, to bridge the silos, information sharing
should be fluent within the city from one city unit to another (articles I and III), following
the logic of Deserti and Rizzo (2018). Second, information flows and facilitating progress in
terms of a sustainability transition in urban built environments are needed between the city
and other BE actors (article III and IV). Third, information should be shared effectively
between planners (both the city and businesses, such as architects) and practical projects and
their implementation experiments. This would enable the practical operators to be aware of
the strategic goals and related actions, and conversely, the planners would understand the
logics of practical projects and maintenance practices (as indicated in article IV). Also, the
efficient information sharing was apparent in the underlying need for supporting knowledge
for the decision-making of the housing companies, with democratic slow processes and
resident shareholders in need of expert knowledge (article II, see also Figures 1 and 3.)
Fourthly, according to Lazarevic et al. (2024) and Kivimaa et al. (2017), information should
be passed on from project to project to circulate, replicate, and scale up the experiments and
sustainable innovations therewithin for a sustainability transition. This confirms the findings
of this dissertation, see also Figure 3.

The main novelty of this research lies in contributing to and continuing the conceptual
foci of the BE and IE constellations described by Erikshammar et al. (2024) and Vigren
(2024). The key is the need for a new sustainability-based systemic value proposition to be
placed at the core of the emerging BEs/IEs. The value creation in these BEs/IEs is achieved
through novel collaboration and communication building on the conceptual foci described by
Erikshammar et al. (2024) and Vigren (2024).

In the thesis, many similarities could be found with Virgen’s (2024) results on higher-
order ecosystem conceptualizations in construction management, namely of ecosystems
being local and city-based, new value being based on ecosystem collaboration, ecosystems
being formed around projects and including actors with various roles. According to our
findings, however, ecosystems can be formed around more complex systems than mere
technologies, also including social innovations (articles III and IV). Erikshammar et al.
(2024) found IEs co-existing with CLT-based building projects and found interdependencies
within individual projects and between projects. Compared to the research results on wooden
retrofits, some of these project-based interdependencies are detectable in and between the
projects and among the small group of actors that have persistently repeated these projects.
In the studied projects, individual champions are driving their projects forward (article II).
As for the customers, i.e. for privately owned housing companies in the case of wooden
rooftop stackings, these projects happen only once in a building’s lifetime. But some builders
have repeated this business model. And if their collaboration with other companies has been
fruitful, it is likely to continue because the field of actors with competence and references is
limited (article II).
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The research on wooden retrofits made evident that such projects were hard to find in
Finland. One implication is that they are scarce. But it is also possible that the retrofitting
companies have not realized the effects that the various materials have on low-carbon
retrofits, that these effects could be calculated, and that these solutions are offered and
marketed as low carbon to customers. The material streams of retrofits require better
understanding. However, statistics on these solutions are currently missing. As the new
Finnish Construction Act takes effect in 2025, with more demanding requirements for
documenting the environmental impacts and carbon footprints of new residential
construction, there is hope that the renovation side will follow.

Wooden retrofits seem to be most affordable in the largest and most rapidly built cities in
Finland, which are already densely built. Thus, the only way to add housing to expensive
locations is to build up, e.g. in Sweden the vertical building program has been denoted the
“timber on top”. However, many locations in Finland are still quite scarcely populated,
including some of the case cities, with lots of room for additional building. Also, the
availability of flat roofs, which are most suitable for rooftop stackings, may vary among the
case cities along with requirements posed on the city landscape. These reasons may affect the
slow adoption of wooden retrofits on urban multistory buildings. However, wood as a lower-
impact, bio-based material has a superior ‘strength-to-weight ratio’ that benefits significantly
its use in rooftop stackings (Holstrom et al. 2024), and wooden facade modules replacing or
installed in addition to the existing building facades have added insulation benefits (Sandberg
et al. 2016). Article II supports Holstrom et al.’s (2024) observation that wood has been
chosen for many rooftops stackings due to its lightness, so that the existing building structure
can bear the added weight. Abreast with wooden materials, article IV recognizes NBS to offer
many benefits to urban design. As far as sustainable material flows are concerned, the
research results can be applicable also when researching other materials in the construction
and retrofitting setting beyond wood, such as reclaimed materials.

The results of articles II and IV show highly ambitious and exceptional project concepts
and plans for both urban wooden retrofits and NBS in large Finnish cities, but the actual
realization of these plans is still a curiosity (articles II and IV). To create demand for deep
renovations fostering a sustainability transition in urban built environments, the emerging
BEs and IEs need both market creation and ability to undertake more ambitious projects.

The evidence from this dissertation may also be applicable beyond the Finnish context in
areas facing the same global issues of natural resource overconsumption and in areas
mitigating and adopting to the environmental challenges of climate change and biodiversity
loss. Compared to Finland, neighboring countries Sweden and Estonia are experimenting
with wooden retrofits on multistory buildings (D’Oca et al. 2018; Holtstrom et al. 2024).
Globally, cities of various continents, such as Cape Town, Mexico City, or Melbourne, are
introducing NBS for urban resilience and have been using various value propositions for
justifying NBS (Tozer et al. 2023). The most powerful arguments for NBS are responding to
numerous sustainability challenges and the quest for resilience. However, building the
intrinsic value societal base for nature would also enhance social equity and benefits to NBS
(Tozer et al. 2023.
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CONCLUSIONS

The scientific novelty of this dissertation is that it bridges the link between the business
ecosystem and innovation ecosystem mindset in wooden retrofits and nature-based solutions
and thereby follows the path set by research on wooden multistory construction (Toppinen et
al. 2019; Stehn et al. 2021; Viholainen et al. 2021; Holtstrom et al. 2024). This dissertation
increases our understanding of less researched sustainable retrofits (Lima et al. 2021) and, as
a theme, building retrofits run through all the research articles. Wooden retrofits and WMC
have synergies with resource efficiency, circular economy, and even enhancing resilience of
the built urban environment (Hjaltadottir and Hild 2021; Kinnunen et al. 2022; Kim et al.
2024), voicing political agendas from the EU Renovation Wave, and decarbonization of the
built environment. As a conceptual contribution, this dissertation combines IE/BE
dimensions with strategic planning and management literatures to increase our understanding
of catalyzing the development to support sustainable urban environments. The
mainstreaming of wooden retrofits, WMC, and NBS can be concluded to call for expanding
the knowledge base of BE/IE actors via experiments and co-creative activities.

There are also some obvious limitations. The dissertation’s empirical data collection and
analyses were conducted between 2021 and 2024. The relatively compact time frame had its
advantages, but nonetheless many extraordinary developments were ongoing concurrently
that affected the data collection and participatory processes. The work began under a global
pandemic, and Covid-19 restrictions were still largely in place in Finland at the beginning of
this study. This affected the participatory processes of many of the interviews, and even the
workshops were carried out either online or in some hybrid form, which may influence the
data quality. Concurrently, it also perhaps enabled more efficient organization of the
workshops and interviews and participation beyond physical locations. And for a researcher,
it provided a fruitful time for conducting an in-depth study without interruptions during the
otherwise isolated times.

A strength of this thesis is the access to large, mainly qualitative datasets that provide a
rich and detailed picture of the developments concerning the studied phenomena of wooden
retrofits, WMC, and also NBS to some extent. However, there are also limitations that come
with such large and heterogenous data. Not all the data are of the same quality and depth of
inquiry. They were gathered at slightly different time frames with slightly varying purposes
and contexts. When compiling the interview datasets, many versions of interview guides
existed with different foci: sometimes on a certain project (or two) and sometimes on the
phenomenon itself. The interview guides were adjusted to suit the organization type and the
kinds of information that that particular actor could be knowledgeable of. Some questions
and themes, however, run through multiple datasets, making them more compatible and
comparable with each other. The validity of the qualitative research results stems from the
interviewees being key experts in their fields and from the collected data being well saturated.
As WMC and wooden retrofits are a rare phenomenon in the Finnish context, the number of
experts in this field is limited. Thus, most of the relevant organizational actors were
interviewed. Result reliability was ensured by precision in the systematic gathering, handling,
and analysis of the results with multiple investigators.

Clearly, there are many unresolved questions in this thesis that deserve further research.
The overall themes of circular economy and resilience are increasingly important to study to
respond to globally increasing challenges. The circular economy and wooden construction
contexts include many interesting streams of follow-up research that could be conducted in
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the realm of less impactful renewable building materials and extending the life cycle of the
existing building stock and all materials embedded in them following Holstrom et al. (2024)
and Schellnhuber (2024). Resident experiences have been investigated regarding WMC and
have typically provided good results with residents finding the wooden spaces comfortable,
natural, warm, and healthy (Lakkala et al. 2020; Viholainen et al. 2020; Jussila et al. 2024).
Resident experiences concerning sustainable retrofits have been beyond the scope of this
thesis. However, they would be worth researching, especially if more systemic and
sustainably ambitious retrofits with wood and NBS could be piloted more. The phenomenon
of wooden retrofits linked with other sustainable innovations is worth looking into beyond
the Finnish context. Circularity and wood reuse and its integration into business models offers
possibilities for future research (Niu et al. 2021), also contributing to the less studied stream
of research connecting sustainability transitions and business models (Kohler et al. 2019).
Finally, urban resilience is a rising topic and worth investigating in various contextual settings
and in comparative international settings, also aiming for more quantitative approaches
instead of case studies among a few cities in Finland.

In this thesis, a few initial steps have been taken into investigating this fast-evolving and
intriguing field of navigating via BEs towards sustainable urban built environments via the
sub-studies and subsequent conceptual contribution portrayed in Figure 3. In conclusion,
many future research pathways and needs for more efficient information flows are foreseen
to make sustainable urban futures possible. Most importantly, the role of urban
experimentation must be understood as pivotal (Bulkeley et al. 2019) in future research. It is
clear that the ambition level must be higher in these experiments. Only then can the learning
from project-to-project to replicate and scale-up experiments (Lazarevic et al. 2024) make a
sustainable effect. And this is a route to mainstream systemic solutions for the urban built
environment to achieve a true sustainability transition.
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0-8 1,1, IV Design 3 1 11 Many wooden multistory building projects and a wooden retrofit project.
engineers Written a guidebook on resilient building and informed on the topic, link to
nature-based solutions in building yet number of projects unknown.

0-9 1,1V Design 4 2 12 Many wooden multistory building projects and 2 known wooden rooftop

engineers stackings, also part of planning a greener city district in one case city.

0-10 (Al Design 1 2 - Consultant in group building of wooden rooftop stackings, one completed

engineers, a another one started at the time of the interview.
group building
consultant

0-11 I, Construction 1 10 - Many rooftop stackings at one case city area, in some projects they have

company significantly used wood (in some not).

0-12 I, Housing 1 1 - Wooden rooftop stacking project from a privately owned housing company

company perspective

0-13 11,1V Design 2 2 3 Projects linked with all of the studied phenomena.

engineers
0-14 I, City E 2 - 1 Around half of all detected wooden retrofits / rooftop stackings were located in
(Tampere) this city at the time of the interviews, even if city itself has not been building
them, it led in the number of projects. Former city wood program led to
construction of a wooden district area in the city.

0-15 City D 16 1 4 Big city and with its housing production unit involved with examples of wooden

(Helsinki) multistory construction and wooden districts, and during the interviews second
largest number of wooden retrofits were detected to be located there. Many
nature-based solutions projects are located in the city and at least one has been
commissioned by the city. City has been part of co-creation process and
interested in promoting sensible retrofitting.

0-16 City C (Turku) 11 1 1 The city has piloted a wooden city district and been in the background of a
wooden retrofit project built to a nearby municipality. The city has initiatives
with policy instruments that promote the adoption of nature-based solutions in
few sites. City has been part of co-creation process and interested in promoting
sensible retrofitting.

0-17 1, 1,1 City B 11 - - A couple of wooden multistory buildings constructed in the city area (even if not

(Vantaa) by the city itself). City has been part of co-creation process and interested in

promoting sensible retrofitting.
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0-29 Il Intermediary - Environmental information provider. Part of the municipality co-creation
organization process.

0-30 1} City-owned - Part of the municipality co-creation process.
rental housing
company

0-31 Il Intermediary - Regional business support services. Part of the municipality co-creation process.
organization

0-32 1} Retrofit - Part of the municipality co-creation process.
company

0-33 v Design 1 Even if this organization could be traced to one wooden retrofit project, it was
engineers interviewed solely on the thematic of nature-based solutions. The organization

has produced an information package on nature-based solutions and can be
traced to at least one project on this.

0-34 v Building 140 Building developer with also green roofs and other nature-based solutions in
developer and their portfolio and the company lists e.g., 140 green roofs located around
green Finland as references.
construction
solutions
provider

0-35 v Architectural 1 The company has produced a concept for green urban block and at least to
company wooden multistory constructions.

0-36 v Landscape 1 Part of designing a green urban block in one of the case cities.
architectural
company

0-37 v Knowledge - Intricate knowledge on nature-based solutions thematic in case cities.

broker
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Appendix 2 Municipality interview guide

Municipality representatives were interviewed with following questions and themes. Other
actors interviewed were asked if in the projects they have learned how municipalities could
by their action enforce the success of projects especially from the perspective of the use of
wood.

Retrofits and rooftop stacking

1. What is the role and need of retrofits in your city?

2. What is woods significance in retrofits?

3. What is rooftop stackings’ role in your city design?

4. What good and what bad experiences have emerged from the point of view of your city in
the realized projects of retrofits and rooftop stacking?

5. What have been the obstacles, if the amount of these projects has been low?

City s possibilities to promote wooden building

6. What concrete measures have been done in your city to promote wooden retrofits?
7. Do the current plan regulations, in your opinion, give sufficient possibilities to enhance
wooden rooftop stacking?

The regional economic effects of wooden building

8. What kinds of regional economic effects do you see wooden building having in your city?
9. Do these have impact on the set target for wooden building as an instrument to your city’s
low carbon building?

The significance of the intangible values of wooden building material

10. What significance do the intangible values have in the planning of your city’s retrofits or
rooftop stacking?

Actor roles and cooperation in the wooden building projects

11. How do you see the city’s role in the field of wooden retrofits?

12. Which actors have the most important role in wooden retrofits and rooftop stacking?

13. What kind of know-how could there still be in your city’s actor network?

14. Which actors do you see having the most important role for the future of wooden retrofits
and rooftop stacking?

15. What has been functioning in the inner cooperation of your city? Do you feel the
administrative model of your city gives sufficiently flexible opportunities in using wooden
building material in different building sites?

16. Which actors do you see as the most important cooperative partners in the field of wooden
construction? And in more detail concerning wooden retrofits and rooftop stacking?
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Using wooden building material in the future

17. How likely do you see the generalization of wooden retrofits in your city?

18. Does your city have certain measures or tools which enable you to distinguish yourself
from other cities as the innovative user of wooden building material?

19. Does the potential diminishing of the carbon footprint of the other building materials
affect your plans towards city’s building materials?

Appendix 3 Interview guides of companies involved with WMC and wooden retrofits

The first interview phase included five different interview guides that were modified based
of interviewee organizational grouping, but they were more or less following the basic
structure of the following interview guide no 1. Depending on the actor group that particular
interviewee represented the questions were modified to represent that point of view, either
the producing company with involvement on both WMC and wooden retrofits; or company
with involvement solely with wooden retrofits; or that of the owners and investors, or that of
the municipality; or an intermediary organization.

Background: Interviewee, company, and projects

1) Please, tell me shortly about yourself, who are you and what is your position in the
company you represent?

2) Would you describe in your own words of the residential construction projects in which
the use of wood has been significant, especially related to retrofits (e.g., rooftop stackings),
but also from the side of new construction? How has the use of wood been significant in these
projects?

3) Have the projects relating to wood use been established practice to your company, or have
they been experimental projects?

Relationship between new WMC and wooden retrofits projects

4) What kinds of roles / tasks have your company had in the new construction projects, in
which the use of wood has been significant? Have the roles/tasks of the company you
represent been the same in the retrofit projects?

5) Has company you represent in your opinion been a promoter of innovations relating to
wood use in construction (yes/no)?

6) Have the municipalities in which the projects have been located been in a special role in
implementation of wood use based new construction or retrofit projects?

7) Has there been lessons learned in your opinion especially on the ways that the
municipalities could with their actions strengthen the success of projects especially from the
point of view of wood use? Have you recognized other actors, who could strengthen the
implementation and success of projects especially from the point of view of wood use?

8) Are there the same collaborative partners in both new construction and in retrofit projects?
In what issues in particular have the potential linkages between the new construction and
retrofits either inside your own company or with other actors have promoted the
generalization of wood use or the related knowhow? Or in what way could the cooperation
in its best promote wooden construction and especially wooden retrofits in the future?
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Special focus on wooden retrofit projects

9) With which actors have you collaborated in retrofit projects in particular? What kind of
cooperation it has entailed and what have been its benefits to your company and the whole
project? Do the actors and cooperation differ from the new construction projects?

10) Who of the actors were in your opinion the key in different projects? Who led these
different projects?

11) What kind of role has the retrofit building/site owners or investors had in retrofit projects
in which the use of wood has been in special role?

12) What kind of role could the different owners and investors have at their best in
implementing and promoting wooden retrofits?

13) Do the building solutions based on wood use have in your opinion special strengths,
which could benefit especially the development of building retrofits? Are there currently
enough possibilities in using wood in retrofits?

14) Are renewals/changes/development needed for wooden supplementary building/rooftop
stacking or in retrofit solutions based on wood use in Finland? By your experience is some
knowhow lacking from Finland or your area, which for instance became clear during your
own projects?

15) What has been learned from the implemented retrofit projects based on wood, for instance
their challenges or observed possibilities?

Pillars of sustainable development and low carbon promotion in the society

16) Did low carbon goals have any significance in your projects? How was this visible in
different stages of execution? Did different project implementing partners emphasize low
carbon aspects during the projects? If the different partners/actors emphasized low carbon
aspects, who were they?

17) Was there something in the network or its structure that promoted low carbon building?
18) As you are looking back on it, what kinds of benefits has there been of your project(s)?
19) What kinds of benefits would you see there to be, if wooden construction and retrofits
would spread widely to the society? And who should in your opinion make this change?

20) Were there some lessons learned from these projects that other actors in construction
sector or in the society should know about as new similar projects are planned in the future?
What is your message to other actors in the field and in the society based on your own
experience?

Appendix 4 Second round interview guides

Background information

1. Would you shortly tell who you are and what do you do in the organization you represent?
Theme 1. Nature-based solutions in housing construction

2. Are you familiar with the concept of nature-based solutions?
3. How do you see the importance of nature-based solutions as part of housing construction?
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4. Do you recognize certain characteristics or qualities which affect the perception of using
nature-based solutions in housing construction?

5. What kind of examples or experiences do you have about nature-based solutions or
operations models related to use of nature-based solutions?

Theme 2. Low-carbon and sustainable housing construction

6. How are the low-carbon goals visible in housing construction?

7. What is the role of nature-based solutions for low-carbon housing construction?

8. What kind of examples or experiences do you have about low-carbon solutions or low-
carbon operations models?

Theme 3. Actors and cooperation

9. What actors can be identified working with nature-based solutions in built residential
environments?

10. How the cooperation between different actors is currently working?

11. Who do you see to be in a key role in construction projects using nature-based solutions?
12. How could companies and cities promote business around nature-based solutions?

Theme 4. Resilience of cities and residential environments

13. What do you think the resilience of cities and of residential environments means?

14. What role does nature-based solutions have for urban environment resilience and for
climate solutions?

Theme 5. Prospects

15. Do you see nature-based solutions to be a part of the housing construction industry in the
future?

16. What measures or actions would have an effective impact on mainstreaming nature-based
solutions and adopting them to the housing construction culture?

17. What factors slow down or even act as a barrier for mainstreamed use of nature-based
solutions?

Finally

18. Is there something else that you would like to bring up or comment on, or know more
about the research project?

Appendix 5: Municipality workshop series discussion topics

Workshop 3 Task description for ideating
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Pre-task:

* Picture in your own mind living around 10 years ago and mark it down to Post-it notes: 1-
3 things that come to your mind for later discussions.

» What kinds of carbon wise solutions municipalities offer in 20227

* VISION: Picture yourself in the year 2035. What is preferable carbon wise living like? Who
all are the actors of housing service solutions and in what roles?

Following task with discussion on overall topic of ‘vision of carbon wise living as a housing
service’:

* Current situation: How are the carbon wise living solutions managed in cities and serviced
these solutions are?

* Actors: To whom and how the municipality should offer carbon wise services?

* Vision: What kinds of carbon wise service pallets exist in 2030s?

Appendix 6 Workshop discussion themes for nature-based and urban resilience
Workshop 1: Nature-based solutions as a part of sustainable built environment

Group discussion — part 1: Nature-based solutions in construction and housing

1. What is the meaning/relevance/importance of nature-based solutions in residential
construction? What purpose they are designed for? For whom they are of benefit?

2. What is meant by resilience of residential environment? What kind of risks and threats
against resilience these nature-based solutions could be answers for? What examples could
arise from the area?

Group discussion — part 2: Actors and cooperation

3. What kind of actors are known to operate with nature-based solutions in residential
environments (e.g., municipalities, producers, consumers, and other advocates)?

4. How the cooperation between actors is working at the moment?

5. Is there a need to bring (e.g., novel) actors together and if so, how?

6. How could cities and businesses together foster nature-based solution business?

Group discussion — part 3: Future and the city

7. What would a desirable and perhaps ambitious future vision of nature-based solutions be
like in Turku in 2050? (Everyone thinks one subject related vision statement, that represents
a desirable future for the city from your organization’s point of view.)

8. What steps have had to be taken to achieve the vision of the year 2050 with nature-based
solutions? (Backcasting: what must be done in the long run (years 2040-2050), in medium-
term (2027-2040) and in short-term planning (2023-2027)?) Elements could be for example:
a. Economy: Innovation, marketing, local market — export

b. Environment: Expected opportunities and risks

c. City and its stakeholders, networks

d. Policy instruments of the city, urban environment development

Workshop 2: Resilient built environment by sustainable regional planning

Group discussion — part 1: Definition of urban environment resilience
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1. How would you define resilience of urban environment?

2. What climate change related risks should the built environment be guarded against in
Helsinki? What are probable and increasing risks? What extreme weather events threaten the
resilience in Helsinki?

3. How biodiversity and urban environment resilience are connected?

4. How regional planning of built environment can foster urban resilience?

Group discussion — part 2: Actors and cooperation

5. Which actors affect the resilience of the built environment in regional planning (e.g.,
municipalities, producers, consumers, and other advocates)?

6. How does the cooperation currently work, is there a need to bring (e.g., novel) actors
together and if so, how?

7. How could cities and businesses together promote business improving built environment
resilience?

Group discussion — part 3: Future and the city

8. What would a desirable and perhaps ambitious future vision of resilient urban environment
be like in Helsinki in 20507 (Everyone thinks one subject related vision statement, that
represents a desirable future for the city from your organization’s point of view.)

9. What steps have had to be taken to achieve the vision of the year 20507 (Back casting
view: what must be done in the long run (years 2040-2050), in medium-term (2027-2040)
and in short-term planning (2023-2027)?)

Appendix 7 Municipality documents under analysis

Helsinki

H-1 City of Helsinki (2021): A Place of Growth. Helsinki City Strategy 2021-2015. Available
at: helsinki-city-strategy-2021-2025.pdf. Retrieved: 17.10.2023.

H-2 City of Helsinki (2021): Asumisen ja siihen liittyvin maankayton toteutusohjelma 2020.
Helsingin ~ kaupungin  keskushallinnon  julkaisuja ~ 2021:1.  Available  at:
https://www.hel.fi/static/kanslia/Julkaisut/Kotikaupunkina-

Helsinki/2020/Asumisen _ja maankayton ohjelma 2020.pdf. Retrieved: 9.1.2024.

H-3 City of Helsinki (2006): Helsinkildinen kerrostaloatlas 2006. Helsingin
kaupunginsuunnitteluvirasto 2006. Available at:
https://www.hel.fi/static/liitteet/kanslia/aluerakentaminen/kehittyvakerrostalo/Julkaisut/hels
inkilainen-kerrostaloatlas-2006.pdf. Retrieved: 9.1.2024.

H-4 City of Helsinki (2008): Kerrostalojen kehittdminen Helsingissd. Available at:
https://www.hel.fi/static/liitteet/kanslia/aluerakentaminen/kehittyvakerrostalo/Julkaisut/kerr
ostalojen-kehittaminen-helsingissa.pdf. Helsingin kaupunkisuunnitteluvirasto. Retrieved:
9.1.2024.

Joensuu

J-1 City of Joensuu (2023): Helppo hengittdd. Joensuun strategia 2021-2025.
Puolivilitarkastelu 8/2023. Available at:
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https://www.joensuu.fi/documents/144181/1835043/joensuu_strategia 2021-2025.pdf.
Retrieved: 9.1.2024.

J-2 City of Joensuu (2021): Hiilineutraali Joensuu 2025. Joensuun kaupungin ilmasto-
ohjelma 2022-2025. Available at:
https://www.joensuu.fi/documents/144181/0/Joensuun+kaupungin-+ilmasto-
ohjelma+2022%E2%80%932025.pdf. Retrieved: 9.1.2024.

J-3 City of Joensuu (2023): Joensuun kaupungin asuntopoliittinen ohjelma. Available at:
https://www.joensuu.fi/documents/144181/2331533/Joensuun+kaupungint+asuntopoliittinen
+ohjelma.pdf/804e95ce-6274-fbb1-6194-8997420808al ?version=1.1&download=true.
Retrieved: 17.10.2023.

J-4 City of Joensuu (2017): Joensuun tdydennysrakentamisohjelma. Available at:
http://dynastyjulkaisu.pohjoiskarjala.net/joensuu/kokous/2020123-12-2807.PDF. Retrieved:
9.1.2024.

Turku

T-1 City of Turku (2022): Ilmastosuunnitelma 2029. Turun kaupungin kestévi ilmasto- ja
energiasuunnitelma 2029. Péivitetty 2022. Kaupunginvaltuusto 16.5.2022 § 103. Available
at: https://www.turku.fi/sites/default/files/atoms/files/ilmastosuunnitelma 2022 vedos3.pdf
Retrieved: 10.1.2024.

T-2 City of Turku (2022): Kaupunkistrategia — Turku 2030-luvulla. Strategiaraportti 2022.
Available at: https://www.turku.fi/sites/default/files/atoms/files/strategiaraportti 2022.pdf
Retrieved: 9.1.2024.

T-3 City of Turku (2022): Turun kaupunkitutkimusohjelma 2022-2025. Available
at:https://www.turku.fi/sites/default/files/atoms/files/turun_kaupunkitutkimusohjelma 2022
-2025.pdf. Retrieved: 10.1.2024.

T-4 City of Turku (2023): Turun strategiamittarit. Saavutettava 2023. Available at:
https://www.turku.fi/sites/default/files/atoms/files/turun_kaupunki_strategiamittarit saavute
ttava_2023.pdf. Retrieved: 9.1.2024.

Vantaa

V-1 City of Vantaa (2022): Innovaatioiden Vantaa. Kaupunkistrategia 2022-2025. Available
at:
https://www.vantaa.fi/sites/default/files/document/Vantaan%20kaupunkistrategia%202022-
2025.pdf. Retrieved: 10.1.2024.

V-2 City of Vantaa (2022): Vantaan maa- ja asuntopoliittiset linjaukset. Kaupunginvaltuusto
10.10.2022. Available at: https://www.vantaa.fi/sites/default/files/document/Vantaan-maa-
ja-asuntopoliittiset-linjaukset-saavutettava-08032023.pdf. Retrieved: 10.1.2024.

V-3 City of Vantaa (2022) Vantaan resurssiviisauden tiekartta. Valtuustokausi 2022—-2025.
Available at:
https://www.vantaa.fi/sites/default/files/document/Resurssiviisauden%?20tiekartta 0.pdf.
Retrieved: 10.1.2024.





