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Preface

1. CIB World Building Congress 2016

CIB World Building Congresses (WBCs) are triennially arranged major research events for the
built environment and construction sector. In 2016 this congress is organized in Finland
(www.whbcl6.com ). This event is gathering together academic experts together with industry
representatives from different parts of the world. The theme for CIB World Building Congress
2016 is "Intelligent built environment for life”. It highlights the importance of build environment
and its development to the society.

The WBC16 congress is a major event for all experts from industry, public sector and academia
for advancing the development of built environments. The main theme of the WBC16 “Intelligent
built environment for life” presents a cogent message that the built environment is a very
important enabler for the well-being of its citizens, the success of its companies and the
competitiveness of whole society, region or country. By defining the role of built environments
in this way we can see the fundamental importance of our real estate and construction sector. In
the WBC16 congress we turn our attention to the development of built environments in different
conditions, countries and continents. Such developments can happen in different forms and scales,
but always in a way where interplay between different stakeholders and experts play crucial role.
These developments also need access to the latest knowledge and understanding which can be
based both on industrial experiences and research-based findings.

Together, and by learning from each other we can be stronger and smarter for carrying out efforts
where the main target is to deliver solutions that can be called Intelligent built environments for
life. Our global umbrella organization CIB has three priority themes which are seen as focus
areas for overall development and transformation of real estate and construction sector. These
themes are Sustainable Construction, Integrated Design and Delivery, and, Resilient
Urbanisation. The CIB priority themes present the overall framework for the content of this
congress, supported and underpinned by specific congress sub-themes. In the WBC16 event a
holistic viewpoint over this topic is presented that includes different dimensions from built
environment as a system down to pragmatic end-user experiences and daily operations.

Seven sub-themes were developed to showcase the main areas where the majority of contributions
was expected in the forms of presentations, workshops, special sessions and relating papers. Each
sub-theme is presented using a simple but general challenge that expresses direction or need for
different contributions. Each of these areas represents a broad totality. Thus, anyone whose work
and expertise relates to the built environments can clearly place their work in one of these seven
areas easily. The activities of CIB constitute work by a wide variety of different Working
Commissions and Task Groups. The contributions from these bodies are linked to these sub-
themes (Figure).
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Figure. The sub-themes of the World Building Congress 2016.

2. Introduction to the WBC16 proceedings

The WBC16 call for papers produced 550 paper proposals. All abstracts and full paper
submissions were double blind reviewed by the members of WBC16 International Scientific
Programme Committee. Finally, 360 paper contributions were accepted to be published in the
WBC16 proceedings. We would like to take this opportunity to express our sincere appreciation
to the WBC16 International Scientific Programme Committee and all editors of the WBC16
proceedings. All members of this committee can be found in the chapter four of this preface.

The WBC16 proceedings comprise five pdf-books (Volume I-V). The contents of different books
are according to the sub-themes of WBC16 as presented on the following.
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3. Introduction to the Volume | of WBC16 Proceedings

Volume 1 includes 75 paper contributions linked to the congress sub-theme “Creating built
environments of new opportunities”. This includes topics of three different levels. First the macro-
level contributions cover aspects such as development policies and programmes on national or
international levels for creating desirable systemic changes (sections: I, 11). Second the meso-
level aspects mean here certain topics relating to e.g. organizations and their operations,
implementations or performance of new solutions or systems such as complete buildings
(sections: I11-VII). Third the micro-level topics are addressing particular contexts and their
solutions, such as a specific building code, structure, material and analyses relating those
(sections: VI-1X). The paper contributions included in VVolume I are classified into the following
nine book sections.

VII:
VIII:

Policies and programs for the development of built environment (11 papers)
Lessons learned from regional challenges (9 papers)

Meeting successfully different stakeholders and their interests (11 papers)
Towards advanced solutions for sustainability and resilience (10 papers)
Reshaping processes for construction operations (9 papers)

Successful implementation of BIM technologies for the realisation of potential benefits (7
papers)
Innovative buildings and their performance (8 papers)

Building regulations and control in the face of climate change (6 papers)

Moisture and mould Issues (4 papers)
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Abstract

The economic recession has hit especially hard the residential building sector in the EU region,
e.g., the number of the housing completions has decreased -49% and the total residential output
has been squeezed down by -24% between 2007 and 2014 (Euroconstruct, 2015). In turn, the aim
of our paper is to suggest a set of radical, novel programmes for developing the national residential
building sectors within EU member countries up to 2025. We have applied the framework of
strategic niche management (SNM) to the diagnoses of the current portfolios of the innovation,
R&D programs in our two member country contexts. In the case of the Northern Finland, the
prime example is Hiukkavaara, the largest district to be built in the City of Oulu. Homes will be
constructed for 20,000 new residents. Hiukkavaara is a model for climate-conscious design in the
northern hemisphere. Energy and materials are conserved, nature is valued and human beings
adapt to their environment. One sub-programme involves Future Buildings and Renewable
Energy Project. In the case of the Netherlands, the prime example is Energiesprong (Energy
Leap), i.e., the innovation programme commissioned by the Dutch Ministry of the Interior. The
aim is to make buildings energy-neutral and boost large-scale initiatives. The sub-programmes
are targeting homes owned by housing associations, privately owned homes, office buildings,
shops and care institutions. This programme is about ensuring new supply by encouraging
companies to package a variety of technical sub-solutions, full services and financing options as
well as about asking clients to put out tenders and ask for quotes in novel ways, with the
government making changes to the rules and the regulations. Experiences on which the Dutch
case in this paper focuses are sub-programmes for residential buildings which includes Rapids,
All Lights on Green and Our Home Deserves It. Based on the emerging Finnish and Dutch
evidence, we are suggesting key elements to be incorporated into future national residential
programmes within EU member countries on: (1) radical direction with balanced stakeholder
groups, trustworthy advocates, contextual goal-setting and barriers management, (2) radical
networking with entrepreneurial roles and causal links, novel expertise, transparent choices and
digital platforms and (3) radical learning processes to arrive at better informed markets on user
preferences, co-innovating, new rules and regulations, higher performance/price ratios, higher
quality, new roles and responsibilities assignments.

Keywords: Hiukkavaara, Energiesprong, innovation programme, residential building sector
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1. Introduction

The economic recession within the EU member countries has had its negative consequences vis-
a-vis the real estate and construction sector. Especially, the residential building sector has been
hit hard, e.g., the number of the housing completions has decreased -49% and the total residential
output has been squeezed by -24% between 2007 and 2014 (Euroconstruct, 2015). Therefore a
new innovation impulse is needed. The aim of our paper is to suggest a set of radical, novel
programmes for developing the national residential building sectors within the EU.

The concept ‘system of innovation’ is widely accepted as a unit for studying innovations. Its
operating level varies. For industries like construction, the national level is the most appropriate
level (Lundvall, 1999). Research is not the only source of industrial innovation, i.e., other sources
include knowledge flows, co-operation and technology diffusion (OECD, 1998). Moreover,
common culture, legal framework, education, customer preference, institutions and other
variables impact innovation. For industries like construction the latter may be more significant
than research. Manseau and Saeden (2001) have shown that some countries have established
technology and best-practice diffusion networks in construction.

In turn, the aim of our paper is to suggest a set of radical, innovative programmes for developing
the national residential building sectors within EU member countries up to 2025. We have adapted
the 3-area framework of strategic niche management (SNM) to diagnose national programmes
(Section 2). We have selected a case programme within Finland (Section 3) and another within
the Netherlands (Section 4) to exemplify and diagnose some radical solutions and features readily
being adopted, such as participative district planning and the co-alignment of wilderness and
residents. Finally, we put forth the key suggestions (Section 5).

2. Programme diagnosis method and data

2.1 Theoretical diagnosis framework

For innovation at the level of (a part of) an industry, generally the term transition is used. Socio-
technical transitions have emerged from evolutionary economics (Nelson & Winter, 1977; Dosi,
1982). From the studies of former major societal changes, the insights have emerged about
experimentation, multi stakeholder learning, coevolution of technologies, organisational forms,
rules, regulations and financial systems. This has resulted in the theories of Strategic Niche
Management (SNM) and Multi Level Perspective (MLP) (Geels & Kemp, 2007; Loorbach &
Rotmans, 2006) that can be used to evaluate innovations. Innovations start in niches, but their
further development is highly dependent on developments at different societal levels. SNM
describes the role of emerging innovative niches in becoming mainstream in combined social and
technological systems. This innovation management perspective focuses on the formation of
niches in which innovations can flourish. SNM describes the transition by reporting on the three
processes which enable for a successful technological niche (Kemp et al., 1998):
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The articulation of expectations and visions. Such articulation would provide a direction
to the learning process of parties involved and help to attract attention from necessary
stakeholders and legitimate involvement and support.

Construction of social networks. The interaction of stakeholders is needed to collect
resources (time, expertise and money) and commitment required.

Learning on multiple aspects. Such aspects include technical aspects and design
specifications, market and user preferences, cultural and symbolic meaning,
infrastructure and maintenance networks, industry and production networks, regulations
and governmental policies as well as societal and environmental effects.

In turn, MLP uses the following indicators for reviewing the stabilization of niche-innovations
that are ready to break through: (a) learning processes have stabilized in a dominant design, (b)
powerful actors have joined a network, (c) price/performance relations have been improved and
there are strong expectations of further improvement and (d) the innovation is used in niche
markets, which amount to a market share of more than 5% (Grin et al., 2010).

For the context of this paper, we have merged the three processes distinguished by Kemp et al.
(1998) and the list of the sub-topics with the indicators specified by Grin et al. (2010) into a
diagnosis framework containing (1) clear direction, (2) network formation and (3) learning on the
six aspects, i.e., (@) market and user preferences, (b) product and process innovations, (c) new
rules and regulations, (d) price and performance improvements, (e) architecture, environment
and quality improvements as well as (f) roles and responsibilities.

2.2 Prior empirical studies enabling the diagnosis

The diagnosis of the Finnish innovation programme, Hiukkavaara district in the City of Oulu, is
based on the review of references published in English and Finnish, available via the website.

The diagnosis of the Dutch innovation programme is in part based on the case study research on
the two of the 4 sub-programmes and the annual report of Energy Leap (Energiesprong, 2015).
For the study of the Rapids sub-programme different pilot projects were visited in Heerhugowaard
(7 April 2015), Nieuw Buinen and Emmen (both on 24 April 2015) and Soesterberg (3 June 2014).
More direct information came from the meetings with Energy Leap and Rapids and conversations.
The additional information was accessed via the websites of the partners of the programme. The
detailed results have been reported via Oostra (2015a-b). In turn, the study of the LALOG sub-
programme is based on the experience of Oostra as a member of the board of #ENEXAP between
November 2013 and April 2015. Various projects were undertaken to facilitate owner-occupants
to make their desires and needs explicit, to analyse the situation in their houses and to gather the
information necessary for the inclusion of professionals, the formation of consortia, to provide
training to make them fit for the job, etc. Data was gathered via action research, board meetings,
occupant meetings, meetings with Energy Leap, study meetings with companies, meetings with
other LALOG initiatives and conversations with people involved. The key results have been
reported via Oostra (2015b) and Oostra & Been (2016).
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3. Finnish case programme diagnosis
3.1 Hiukkavaara District as the case programme

The City of Oulu boasts to be “the Capital of the Northern Scandinavia”. The prime example is
the Hiukkavaara, the largest district to be built. The development started in 2008. Homes for
20,000 new residents will be constructed around the old barracks area. The housing plan includes
10 000 homes, i.e., 3 200 apartments, 3 300 terraced houses, 2 000 semi-detached houses and 1
500 single-family houses (City of Oulu, 2015). 1,800 workplaces are being facilitated. In addition,
the nearby Hiukkavaara Centre will serve 40,000 Oulu residents. Hiukkavaara is a model for
climate-conscious design in the northern hemisphere. The Head of Urban Developments assures
that energy and materials are conserved, nature is valued and human beings will adapt to their
environment (City of Oulu, 2015). Best practices for developing construction and zero-energy
buildings are being identified, assessed and implemented. The construction started in 2013. The
first buildings were ready in Summer 2014. The building physical modeling started in the end of
2014. About 80% of the target area will be under construction by Winter 2015. The piloting
culture in the City of Oulu is being continued via this project (Seppéla & Mikkonen, 2015).

3.2 Results of the diagnosis of Hiukkavaara district

(1) FINNISH CLEAR DIRECTION. The City of Oulu has defined the 14 guidelines for the
development of Hiukkavaara Disctrict, i.e., to take into account (i) the nature and landscape
values, (ii) a densely-built neighbourhood of urban houses in a versatile environment, (iii) dense
7-zone residential areas bordering on large green areas, (iv) comprehensive services, (v) cycling,
walking and public transportation, (vi) facilities and areas for sports, recreation and outdoor
activities, (vii) an integrated storm water system, (viii) alternatives and impact assessments, (ix)
participatory planning, (x) cost efficiency, (xi) development projects on Living Lab platform, (xii)
energy efficiency, (xiii) city farming and (xiv) art in urban space (Kallioniemi, 2012). During
2008-2015, a series of the pilot projects have concerned calculating life-span efficiency in city
building (KERVO; Vainio et al., 2012), integrating urban development concept, partnering for an
arctic, smart and sustainable city (INURDECO), consulting builders in choosing concepts for
renewable energy efficiency solutions (RESCA), innovating public procurement with life-span
and R&D, arranging the Living Lab and services, researching winter city, stimulating the creative
sector in the former military barracks area, engineering ICT solutions for traffic, safety and
lighting, designing home information systems, and piloting Smart City ICT platform and service
center, RadioCity 2020 (Kallioniemi, 2012).

In turn, the goal of the Future Buildings and Renewable Energy Sub-Project is to create common
operating models to builders and to exchange and implement the best renewable energy and
energy efficiency practices generated during the pilot project. The sub-goals of the joint project
are (i) to intensify the development of renewable energy technologies, (ii) to promote the
spreading of successful solutions to other cities throughout Finland and (iii) to develop them into
business models (Seppéld & Mikkonen, 2015).
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(2) FINNISH NETWORK FORMATION. Companies and educational institutions co-develop
products and jointly execute research. User experience and information about the operability of
new solutions is being collected via Living Lab. A 3-circle network is being established. The inner
circle involves the 12 pilot site builders and each of them is collaborating with design offices,
material suppliers, etc. The builders have been selected based on their proposals to meet one of
the three energy efficiency levels. In Group 1, each project including nearly zero energy solution
or E-Number < 35 can freely choose a lot. In Group 2, each project where heat loss and E-Number
are at maximum 60% of the minimum level defined in the norms can select the best possible lot
after Group 1. In Group 3, each project where heat loss and E-Number are equal or less than 70%
of the minimum level defined in the norms can get a lot, if it is not selected earlier. The middle
circle consists of Building control of the City of Oulu and Business Oulu’s seminars/educational
events having around 80 enterprises and nearly 1000 participants. The broader circle with the E-
mail list has over 250 contacts (Seppéld & Mikkonen, 2015).

(3a) FINNISH LEARNING ON MARKET AND USER PREFERENCES. City of Oulu is
developing its user-oriented Hiukkavaara as follows. It listens to its residents and companies, has
conversations with them and serves them. This “low-threshold” city gives its residents space to
express themselves and creates opportunities to exercise recreational activities and enjoy the
nature. Apartments, buildings, blocks, yards, streets and parks are all designed for human-scale
life. Residents can walk, cycle and ski. Nature starts at the front door, yet shops and cultural events
are within walking distance. Dwellings are accommodating specific client groups: young, middle-
aged and older residents. Future residents can choose their own ways of life. Urban gardening
allows for home-grown vegetables and herbs. Services include schools, day-care centres, youth
centres, a residential community centre, health services, commercial services, a swimming pool,
an ice stadium, a sports hall, sports fields, a fitness centre, Aalikkokangas Sports Centre and 250
kilometers of cross-country ski tracks. Old Hiukkavaara is a meeting point for actions and ideas.
The culture life has discovered the renovated old barracks. Crazy ideas have resulted in successful
companies. Work, activities and new business ideas are based on creative energy. Hiukkavaara is
already one of the biggest centres of the creative sector in the Northern Finland. There are some
250 rehearsing bands. Artists, photographers, graphic designers and sheet-metal workers are
merging with the new growth platforms. All this is being blended with the ICT expertise of the
city (City of Oulu, 2015). Officials and experts are giving occupants advice on the usage and
maintenance of buildings (Seppéld & Mikkonen, 2015).

(3b) FINNISH LEARNING ON PRODUCT AND PROCESS INNOVATIONS. Hiukkavaara
district offers premises for R&D, testing and launching to tackle critical issues like “How can a
home become energy efficient?”, “How are renewable energy sources utilised?” and “What kind
of new services are needed in the future?” Companies developing services can get inspiration by
observing the behaviour of locals. The performance of energy production and consumption,
building automation systems and building physics are being measured and analysed. The
challenges are related to the levels of energy design, moisture management as well as automation
and control systems. For example, Saikotek Oy has installed the building-physical measurements
in its pilot building. University of Oulu is modelling the building-physical operation of structures
by utilising data from these measurements. In Sonell Oy’s building, heat is produced by a ground-
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source heat pump and distributed to room air by a radiant floor heating system. About 30 m2 of
the solar collectors are on the roof of a shared technical room. A home automation system is
controlling heating, ventilation and safety systems (Seppdld & Mikkonen, 2015). Besides,
Hiukkavaara has an international digital service home where ICT companies take part in
developing services to support living and recreational activities. Living Lab is packed with the
development themes of a sustainable city, i.e., energy efficient dwellings, intelligent electric
networks, block models of a winter city, alternative and regenerative forms of energy, ecological
water system, centralised waste management, functional public transportation, safe wintertime
cycling and related ICT services (City of Oulu, 2015).

(3c) FINNISH LEARNING ON NEW RULES AND REGULATIONS. Subarctic and arctic areas
like Hiukkavaara district require special technologies and skills to build climate friendly, energy
efficient and user oriented winter cities with innovative services and logistics processes. For
example, the Ecocity Evaluator software is used to assess the energy consumption of the
community development, the carbon dioxide emissions and the costs based on the master and city
plans. The software enables the assessment of the emissions of both production and consumption.
The assessment takes into account buildings, traffic, energy production, industry, agriculture and
carbon sinks. Comparisons with other Nordic cities are also being relied upon (Kallioniemi,
2012).

(3d) FINNISH LEARNING ON PRICE AND PERFORMANCE IMPROVEMENTS. The initial
present value of the life-cycle costs for Hiukkavaara district as a whole is about EUR 3,4 billion.
Thereof, the majority share of the residential buildings is EUR 3,0 billion (87%), the share of the
community services is EUR 165 million (5%) and the share of the infrastructures is EUR 280
million (8%). Both the present value method and the annuity method have been relied upon. The
calculations are based on the 50-year life-cycle and the 3% interest rate. All the costs are reported
as those of the first quarter of the year 2012 without VAT. Concerning each of the three sectors,
the five sub-cost categories include lot prices, construction, maintenance, operations and
demolition. When the district plan accommodates 20 000 residents, the average life-cycle costs
per resident is about 170 000 euros (Vainio et al., 2012).

(3e) FINNISH LEARNING ON ARCHITECTURE, ENVIRONMENT AND QUALITY
IMPROVEMENTS. Hiukkavaara acts as the centre of city life in all four seasons, also as a big
recreational area. The land area is 1,500 hectares. The architecture of a snowy city, the sunshine
of a crisp winter day and the joys of winter time sports provide new opportunities for district
design. For example, the same designated areas are used in the winter for storing snow and in the
summer for playing floorball and basketball. Different routings are provided: if weather is good,
people can enjoy fresh air, but if it is bad, they can choose a covered route protecting from rain.
Streets and parks create opportunities for walking a dog or doing some parkour. Special attention
is being paid to make nature and wilderness an integral part of the design, connecting nearby
beaches along riverbanks and lakeside, heathlands, boulder fields and marshes with paths and
duckboards. Arctic wilderness involves forest animals, snowmobiles and hounds. Ideally,
“recreational areas are within walking or cross-country skiing distance. Seasonally changing light
and nature are part of city life. The district is designed to be the model city for sustainable
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community planning. Houses, streets, districts and landscapes create a rich and diverse cityscape.
Houses come in different shapes and sizes, even on top of each other. Various lifestyles are visible
in its architecture. Urban gardening is visible in gardens and on rooftops.” (City of Oulu, 2015).

(3f) FINNISH LEARNING ON ROLES AND RESPONSIBILITIES. The adoption of the
viewpoint of sustainable development in construction creates new and expands existing business
opportunities during all phases within building processes. In addition to life-cycle projects
suitable for large companies with risk-bearing capacity or novel networks, sustainable
construction offers opportunities also for small, local companies. In the design of one- and two-
family house dominated residential areas, value chains from general design to finished residential
areas take many years. Designers and contractors alike are being advised to retain possibilities to
make future changes instead of meeting exact needs among particular clients. Value chains are
developing solutions for changing operating environments and uses of buildings (Vainio et al.,
2012).

4. Dutch case programme diagnosis
4.1 Energy Leap as the case programme

The Dutch innovation programme described herein is Energy Leap (Energiesprong, 2015),
commissioned by the Dutch Ministry of the Interior. The extended programme ran between 2010
and 2015. The aim was to make buildings energy-neutral and boost large-scale initiatives
targeting dwellings, office buildings, shops and care institutions. The four most ambitious sub-
programmes targeted at dwellings, i.e., (i) All Lights on Green (LALOG Lokaal Alle Lichten Op
Groen) with owner-occupants was seeking to make homes energy-neutral, (ii) Rapids Rental
(Stroomversnelling huur) was set to renovate rental houses to the level of nearly zero energy
buildings and to overcome the financial problems and the restricted resources that the housing
associations were dealing with, (iii) Rapids Purchase (Stroomversnelling koop) focused on the
market for owner-occupants and (iv) Our Home Deserves It (Ons huis verdient het) campaign
was launched to show to banks and companies that owner-occupants are interested in converting
their homes to net zero homes and the TV show highlighted the results of Rapids Purchase. When
the national funding of Energy Leap came to an end in December 2015, the arrangements have
been put in place to continue the funding via the partners already involved. In many regions, e.g.,
Utrecht, Brabant and Overijssel/Gelderland, plans have been made to set up regional agreements
with dedicated (new) partners to retrofit substantial amounts of dwellings.

4.2 Results of the diagnosis of the four sub-programmes and the
pilot projects

(1) DUTCH CLEAR DIRECTION. LALOG provided support to the groups of owners in
Apeldoorn, Wageningen, Den Bosch, Hoorn, Amsterdam and Amersfoort. The objective was to
bring at least 20 homes in each municipality to energy-neutral via the process of learning by doing
by residents, builders, municipal officers, contractors, brokers, appraisers and bankers. In turn,
the goal of Rapids Rental was set to deeply retrofit and convert the 111.000 rental houses owned
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by the associations before 2020 to the level of zero-to-the-meter (on a yearly basis), block by
block, within two weeks, for 45k/dwelling and satisfied occupants. This clear goal has become
the joint ambition of an entire network. Rapids Rental was considered to be the best example by
the Building Performance Institute Europe (Staniaszek, 2014). Rapids Purchase was aiming at
similar goals for individual privately owned dwellings.

(2) DUTCH NETWORK FORMATION. Considerable efforts have been made in the building of
all sorts of networks to come up with technical and social innovations that are needed for large
scale retrofitting of dwellings without additional subsidies. This provided a solid base to further
integrate necessary solutions and make operations more cost efficient. At the beginning, ad hoc
coalitions were created for zero-to-the-meter retrofitting, project-by-project, in design
competitions. The next step was to create coalitions in municipalities, in which demand would be
clustered for local builders (LALOG). However, it turned out the incentive for proper innovation
was still not enough. Next step in Rapids Rental was to make deals including the supply chains
and housing associations for a series of projects and, thus, fostering a situation in which
innovations could emerge across projects. Supporting parties like e.g. brokers, municipalities and
financial experts have also been linked to the network. This finally got the innovation process

going.

(3a) DUTCH LEARNING ON MARKET AND USER PREFERENCES. The Energy Leap
programme provided the opportunity to cluster the preferences of housing associations, tenants
and private house owners in different municipalities and contexts. The people executing the
Energy Leap programme took the time and effort to reflect on this in several settings. This made
it possible for them to draw conclusions on what was necessary to develop a highly industrialized
approach for the retrofitting of mass-produced housing from the fifties, sixties and seventies. Also
attention was given to the preferences of tenants in order to develop approaches to win them over.

(3b) DUTCH LEARNING ON PRODUCT AND PROCESS INNOVATIONS. In Rapids Rental,
the idea was that retrofitting methods can be improved and gradually scaled up to industrial
production levels by employing integrated prefabricated building components and deals that
included the perspective on a series of projects, to convince the construction sector to make the
necessary investments. Process changes were also needed to speed up execution, as well as to
improve quality and customer satisfaction. (see for more information: Oostra, 2015b) Originally,
the knowledge and the experiences gained by each team related to a specific retrofit project,
supply chain or client. In Rapids valuable insights were disseminated via planned sessions with
all programme participants and focused meetings with e.g. the housing associations only. The
contractors, i.e., Volker Wessels, Dura Vermeer, Ballast Nedam and BAM developed and
integrated technical solutions and social innovations to meet the high ambitions set for tenant
satisfaction, price levels and house performance levels. Now a new, rather large market is opening
up for zero-on-the-meter retrofitting, interactions are set up with the big building product
suppliers like BASF and Mitsubishi to realise new products for this market and thereby making
concepts even more cost effective and of higher quality (e.g., Gent and Lippens, 2015). Major
innovative steps have been made including: new facade components & service components as an
integral part of new specific retrofit concepts and the use of BIM, lean and 3D scanning to speed
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up the preparation and execution processes. All this is fundamentally different from traditional
contracting where the room left for project-specific innovations and risk taking is rather restricted.

(3c) DUTCH LEARNING ON NEW RULES AND REGULATIONS. During Rapids Rental,
many adjustments to legislation and regulations were deemed necessary. It turned out crucial to
make it legal for social housing associations to use the money tenants pay for energy as a source
to fund the retrofit. The problem was that for many houses the rent would go up over the
allowance-limit for many houses, if the rent would also include the envisioned energy
performance fee. Amendments were also needed in the areas of licensing, energy labelling and
exemptions. Exemptions were deemed necessary since related procedures often take half a year.
Such delays are costly for stakeholders. Environmental assessments can be speeded up because
all the Rapids retrofitting concepts are obliged to meet the requirements set out in the rules for
zoning, the Building Act and the Flora and Fauna Act.

(3d) DUTCH LEARNING ON PRICE AND PERFORMANCE IMPROVEMENTS. The first
three retrofitting projects of Energy Leap were commissioned in the form of a competition. In the
De Kroeven project in Roosendaal in 2010, 244 family homes were renovated by the designs of
the two architectural firms, at just over 130,000 euros per home. This reduced energy consumption
for heating from 200-150 kWh/m2 to 30-20 kWh/m2. In Kerkrade, 153 homes were renovated in
10 days each at an average of 100,000 euros per home. The homes were fitted with the new
facades and roofing, solar panels, high-efficiency combi boilers and mechanical heat recovery
ventilation. Monthly, this saved 101 euros, but the tenants saw their charges reduced by just 37
euros a month because of a 64 euro rent increase. In Apeldoorn in 2013, 188 homes should have
been renovated in Het Schilderskwartier dating from 1951, at an average cost of 80,000 euros.
However, none of the consortia met the financial requirements. In the end, only one plan could
match the housing association’s requirements by providing for the establishment of an energy
company called Energy BV. Since the residents did no longer have a say in the matter, their
resistance grew and only 60% of the residents approved the plans, well short of the 70% required
by law. This is why the plan for this third project has not been executed. Instead, the housing
association opted for a regular B label renovation and continued the energy-neutral experiment
on a smaller scale (Oostra, 2013). With the more systemic innovation started with Rapids Rental,
the costs of a zero-to-the-meter retrofit for standard row houses dropped to 60k. Plans are in place
with the housing associations involved to retrofit a substantial part of their portfolio. Although
only about 500 dwellings have been retrofitted by 2015 (van de Groep, 2015), the plan is still to
retrofit in total 110 000 houses before 2020. In order to attain such high numbers, it is necessary
that the government approves the new regulations concerning the energy performance fee. During
the 4-year programme, a considerable improvement of quality (architectural concepts, integrated
technical solutions and performance) has been realised in combination with a price drop of more
then 50% (Oostra 2015b).

(3¢) DUTCH LEARNING ON ARCHITECTURE, ENVIRONMENT AND QUALITY
IMPROVEMENTS. An important requirement for housing associations is that these concepts
improve the architectural quality of the existing dwellings. Dutch housing associations have
noticeably attention to maintain or rather improve the architectural qualities of both the dwellings,
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as well as the neighbourhood in which these dwellings are located. In New Buinen e.g., the
neighbourhood as a whole will be restructured, by swopping public and private side of the houses
and by re-introducing a canal, a typical landscape element for these peat areas. Quality
improvement was an aim, but of course there were also teething problems in projects part of
Rapids. In Heerhugowaard for example, delamination occurred of the facade finishing (Oostra,
2012b).

(3f) DUTCH LEARNING ON ROLES AND RESPONSIBILITIES. The Energy Leap
programme has proved that real progress can be made within four years towards a cost-effective,
quick, up-scalable and occupant friendly retrofitting approach. These developments forced
professionals in private companies and public bodies alike to rethink their roles and the ways to
do business. Thus, discussions were, and are still, being held within many consortia to (re-
Jorganize themselves in order to deliver retrofits with ease, performance and cost efficiency.
Builders are intensifying and extending the integration of supply chains to deliver suitable
solutions. In the same vein, this implies that companies are focusing on the tasks they themselves
are good at and able to invest in. Entire supply chains need to become more client-focused. In the
case of #ENEXAP, a lot was asked from the professionals involved. The occupants were eager to
keep modifications already made to their homes, including the measurements for saving energy
and generating durable energy mainly via solar panels. They also asked for additional changes to
their home, which made matters for consortia even more complex to handle (Oostra 2015a).

5. Discussion and conclusions

The decisive impacts of the housing sectors on the development of the EU countries, economies,
socio-political constellations, technologies and environmental footprints are widely recognized,
not forgetting the mutual dependencies between all these spheres, regionally and country by
country. In reality, severe barriers are still being met across the EU member countries, such as
highly uncertain housing demand, prolonged project development times, late-arriving local public
services, still-missing infrastructure, obvious needs for change in involved organisations and
supply chains, changing preferences within wider social and institutional context, etc. Thus, we
are herein arguing that, for many national stakeholders, it is far from clear how the transition of
the EU housing sectors could be directed towards the socio-politically balanced, economically
integrated, technologically advanced and high-sustainability sectors we would like them to be, let
alone what key roles and tasks stakeholders should become engaged in. This uncertainty triggered
us to write this joint paper and explore what kinds of radical elements could be implanted into
national residential development programmes within the EU region. For this purpose, we have
diagnosed the prime Finnish and Dutch experimental programmes in the previous sections.
Relying on the 3-area diagnosis framework introduced in section 2.1, we would like to put forth
a set of the suggestions for making radical progress as follows.

For ensuring (1) clearly and radically directed residential programmes, we suggest that key public
decision making bodies, at a governmental, regional and/or city/municipality level, or an
organisation that is appointed to represent one of these, define clear goals with support from some
key stakeholders, daring to be frontrunners. These goals are set (1a) to improve outcomes on each
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of the socio-political, economic, institutional, technological and environmental contexts, (1b) to
unite stakeholders in terms of balancing their aims and benefits, (1c) to stimulate the sector to
include other (only value adding) stakeholder groups in order to be able to reach goals and
overcome barriers to be met, and (1d) not to be afraid of asking for radical innovations on key
dimensions, such as living quality, space, technical performance, public and private services,
mobility, costs, etc. The attainment of ambitious goals and the realization of wide action plans
both start with small-scale pilot projects and alike in order to allow for the evaluation and re-
setting of goals before programmes are actually started and desired innovations are becoming up-
scaled. The Finnish and Dutch experience with the pilots and programmes have proven that such
an approach is realistic.

For forming (2) radical networks, we suggest that a range of alternative networks be classified in
terms of (2a) developing new key entrepreneurial roles that stakeholders can assume, (2b)
initiating multi-dimensional, causal links between different stakeholder/party roles, (2c) leaving
room to introduce novel expertise and insightful stakeholders to deal with missing expertise, to
advocate, facilitate, enable and moderate during every phase of the (sub-)programme, (2d)
evolving memberships through the phases of the programme and beyond, (2e) making key
decisions, activities and tasks included in each network class transparent for all to criticise, while
not hampering the creativity necessary for innovation and (2f) innovating all kinds of institutional,
digital and physical supportive systems and tools that parties can rely upon. A programme
directorate then compares gains and losses by each network class, chooses the most radically
viable ones and plans networking sub-programmes accordingly directed at upscaling.

For enhancing (3) radical learning, we suggest that a range of alternative ways of learning,
exploiting existing knowledge and creating new solutions, be selected and planned by learning
areas, to arrive at: (3a) a flexible, highly sustainable market and better knowledge of user
preferences in relation to changing demographics, public, private and third sectors, built
environment, nature, etc., (3b) product and process innovations, incremental/disruptive, solo/co-
innovated, co-funded, given/openly competed, scaled up/down, etc., (3c) new rules and
regulations to mend hampering or missing legislation, on city/country/EU levels, by areas and
units, etc., (3d) affordable prices, performance improvements and guarantees for stakeholder
groups and participant roles, home/apartment/house types, public and private buildings,
infrastructure, etc., (3e) improvement of architectural quality, environmental quality and building
quality to enhance the realisation of appealing cities, attractive country-sides, meaningful places,
true well-being, environmental sustainability, personalised living, inclusive society, regional
prosperity, etc. and (3f) commitment from stakeholders to take on new roles and responsibilities
designated to realise the goals set and provide performance warranties. The members of the
programme compare the alternative routes, choose the most effective ones and integrate them
accordingly in designated sub-programmes to start the next learning cycle.
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Abstract

The purpose of this article is to present the method used for preparing the Research Road Map
on Construction in Brazil and the results of this study that involved a broad participatory process.
Academia and the private sector, with the participation of the public sector, jointly reviewed and
proposed strategies, under the leadership of two institutions: The Brazilian Chamber of the
Construction Industry (CBIC) and the Brazilian Association of Technology of the Built
Environment (ANTAC). Although elaborating strategic proposals normally involves a complex
approach, a working method was chosen that simplified this procedure. A more orthodox
approach would have required mounting an extensive data survey, and undertaking numerous
analyses and diagnoses; a wide spectrum of research sources would have been needed for this. A
shorter method was adopted, commencing with the preparation of a document that described inter
alia the resources that already existed for the production of STI in the Built Environment, and
that indicated the level of subject-relevant collaboration existing between academia and industry.
This document analysed the main postgraduate centres relevant to the subject in Brazil. A series
of challenges to be confronted by the construction industry was also identified, as well as various
issues that needed to be resolved prior to tackling them. The document also emphasized the need
to establish an ST1 policy for the construction industry. The second step was to hold five thematic
workshops, bringing together experts from academia, government agencies, and companies and
their offshoots. They hosted 318 guest participants. Given their expertise and the dynamic
interface established, the data collection, analysis and diagnosis phase was avoided, and the
participants progressed quickly and confidently to formulate a set of consistent and relevant
strategies. The output from these workshops led to a set of 19 strategic lines of research. Nine
obstacles were identified that needed to be overcome, and a description was included of the type
of STI infrastructure required for the successful of their implementation. Six strategic projects
for developing ST, together with four strategic public policies, were proposed and detailed for
overcoming these barriers and for deploying the required STI infrastructure.

Keywords: Brazil, research road map, construction, construction industry, technology foresight
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1. Context and working method

In 2002, the Brazilian Association of Technology of the Built Environment (ANTAC), with
support provided by the Ministry of Science, Technology and Innovation, the Ministry of
Development, Industry and Foreign Trade, and the Ministry of the Cities, issued a document
called "The Strategic Plan for STI in the Built Environment with a focus on Housing
Construction”. The aim of the document was to establish strategic priorities for actions to promote
Science, Technology & Innovation (STI) in Brazil (ANTAC, 2002). While this document was
useful for guiding public sector STI initiatives, the Construction Industry, regardless of its key
role in Brazil's sustainability, continued to be disregarded as a priority STI development sector.
Furthermore, the initiative failed to change corporate culture concerning innovation and did
nothing to encourage companies to work more closely with academia. ANTAC brings together
and represents the community of researchers and technical experts in the field of Technology of
the Built Environment.

In 2007, the Brazilian Chamber of the Construction Industry (CBIC) and its partners launched the
Technological Innovation Project (TIP) with a view to "making technological innovation an
inseparable part of the competitive strategy of the construction sector and its companies
throughout the entire supply chain" (CBIC; NGI, 2009). Completed in 2009, the TIP study
proposed a range of development projects needed to boost innovation in the sector. ANTAC was
invited by the CBIC to proceed with one of these projects: "Project 7 - Science and Technology
for Innovation in Construction.” CBIC represents the construction industry players from a
political standpoint, promotes the integration of them at the national level, and serves as a
mouthpiece for 79 construction trade unions and employer associations in Brazil’s 26 states and
the Federal District.

An opportunity therefore arose for addressing the issue in a new light: by broadening the goal of
Project 7, the academic and private sectors, with public sector participation, joined forces to
review and propose new strategies as a first step towards formulating an ST1 Built Environment
Policy for the country. This resulted in the emergence of the Brazilian Research Road Map on
Construction.

While strategy formulation is usually a complex, multiphase process, the working method adopted
for Project 7 was eminently straightforward. It was decided that the strategies would embrace an
STI policy that would genuinely enable the construction sector to evolve and thus contribute more
substantially to the economic, social and environmental sustainability of the country. More wide-
ranging discussion, although it would have helped to shape more precisely the three dimensions
involved, would not have changed the core premise. It was noteworthy that, notwithstanding the
abovementioned studies, stakeholders had made little headway in their approach to STI. This was
also the case with the government agencies responsible for formulating ST1 policies.

The next step in the process was also simplified: how to reach this goal? An orthodox approach

would have meant exhaustively scrutinizing a mass of data, analytical and diagnostic studies.
Research would have needed to focus on many different fronts: research institutions and
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universities; laboratories; companies and their various representative associations; public
agencies; and entities responsible for formulating and promoting ST1 policies. It would also have
been necessary to examine similar studies already done in countries such as Ireland (ICSTI;
FORFAS, 1999), France (Bougrain and Carassus, 2003), Australia (Hampson, 2004), Denmark
(National Agency for Enterprise and Construction, 2006), United Kingdom (Department of Trade
and Industry, 2002; Edkins et al., 2008), South Africa (Rust et al., 2008), USA (National Research
Council, 2009), and New Zeland (Bates and Kane, 2009), as well as the countries of the European
Union (ECTP, 2005a and 2005b; Goodier et al., 2008) or even larger groupings (Barrett, 2005;
CIB et al., 2010).

The adopted route was in fact considerably shorter, starting with the drafting of a document with
a number of clear goals. One of the goals of the exercise was to examine the existing infrastructure
for producing construction industry-related STI, paying particular attention to the level of
cooperation in STI between academia and the productive sector on the subject. The paper listed
the main postgraduate centers working on STI in the Built Environment in Brazil, identifying
their main active lines of research, the precise subjects being researched, their prospects, and the
challenges faced. Reference was also made to the many challenges still to be faced by the civil
construction industry, including various bottlenecks that needed to be surmounted. Finally, the
paper underscored the need to establish an ST1 policy for the sector and discussed the opportunity
for creating a specific Sector Fund (Cardoso, 2011).

The second decisive step was to organize five thematic workshops bringing together experts from

academia, from companies and their representative associations, and from government agencies.

These workshops were intended to cover the main thematic areas of Built Environment

Technology.

The workshops were held between October 2011 and October 2012. They involved a total of 318

invited participants, including 88 senior research professors from 29 Brazilian educational and

research institutions, and one from abroad. The expertise of the participants and the positive

energy generated in the workshops created substantial synergy and convergence of ideas, while

avoiding the usual data collection, analysis and diagnosis phases, and resulted in the rapid and

reliable formulation of coherent, relevant strategies.

The thematic areas addressed in the five workshops were as follows (Cardoso, 2012):
Workshop 1 - Construction systems and processes and production management:

o Production management: quality, productivity and sustainability.

o Rationalization, innovative systems and construction processes.

Workshop 2 - Building materials and components:

o Innovation in materials and components for sustainable development.
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o Innovation in materials and components to improve productivity in building construction.
o Materials and components innovation to improve building performance.
Workshop 3 - Water, Energy and Comfort:
o Water use in buildings.
o Energy use in buildings.
o Acoustics in buildings.
o Comfort and energy on an urban scale.
Workshop 4 - Project Design, Use and Operation:
o Design process management.

o Operation and maintenance of buildings (Facilities Management) and post-occupancy
evaluation.

o Information and Communications Technology and Building Information Modeling (BIM).
Workshop 5 - Cities:

o Urban infrastructure.

o Housing management.

o Real Estate.
2. Results: Research Road Map on Construction

The workshops resulted in a three-part Research Road Map on Construction in Brazil (Cardoso,
2013):

Proposition and description of 19 strategic lines of research in the Built Environment;
Identification and description of nine obstacles to be overcome and the STI infrastructure
required for the successful implementation of the proposed strategic lines of research;
Proposition and description of projects for developing ST1, together with four strategic public
policies for overcoming these barriers and for deploying the required STI infrastructure.
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2.1 Strategic lines of research for STl in the Built Environment

The proposals put forward in the workshops envisaged 19 strategic lines of research for ST1 in
the Built Environment, covering the different life cycle phases of a project:

Line 1 - Carrying out studies on (i) competitiveness and value creation by conducting
research on innovation-inducing mechanisms in companies; (ii) the economics of the
construction sector; (iii) articulation and modernization of the supply chain; (iv) public and
sectoral policies; and (v) improving the professional competencies and productivity of the
workforce at every level. Particular efforts need to be focused on micro, small and medium-
sized firms.

Line 2 - Strengthening fundamentals, methods and tools with a view to scaling up sector-
relevant practices in the real estate segment in areas such as: improving decision-making
processes and strategic and tactical planning in companies; improving the presentation of
real estate products; identifying the concerns and needs of different consumers; defining the
relationship between business and government with regard to urban planning and
environmental regulations, and the operationalization of instruments such as public-private
partnerships, urban planning schemes and the granting of concessions.

Line 3 - Development of design process management systems in public and private works
focused on organization, contract and coordination models.

Line 4 - Development of collaborative design processes using Information Technology in
Construction (ITC) and Building Information Modeling (BIM) concepts and tools.

Line 5 - Development of a knowledge management system to support projects to ensure the
sustainability and performance of buildings and urban infrastructure. This knowledge
management system involves setting up and using databases and other information sources
that will contain inter alia: key environmental parameters maps; information on materials
deterioration agents; reference service life of materials, components and urban elements;
thermo-hygrometric behavior of materials and components; acoustic characteristics of wall
materials; technical catalogs and Building Information Models (BIM) of materials and
components; performance evaluation inventories according to the user’s point of view;
inventories on use, operation and maintenance indicators; inventories of socio-
environmental sustainability indicators; inventories of the generation potential, consumption
and end-use of energy in cities; inventories of urban solid and liquid wastes, and their power
generation capacities; data on the activities of real estate markets in Brazilian cities.

Line 6 - Development of a simplified method of Life Cycle Assessment (LCA) applicable to
different-sized companies, in order to facilitate the introduction of verifiable Environmental
Product Declarations (EPDs). This involves e.g. defining the scope of each product, as well

as its governance models and Product Category Rules, etc.

Line 7 - Development of models, methods, tools (including test equipment) for evaluating
the continuous development and improvement of performance evaluation technology for
buildings and urban infrastructure.

Line 8 - Development of a National Codes of Practice System and a knowledge

management system to support it, including the development (creating and assembling) and
application (dissemination and use) of best design practices, and the construction, use,

33



operation and maintenance of the buildings and urban infrastructure systems and elements,
including control practices at every stage.

Line 9 - Development of ITC in the design, construction, operation and maintenance of
buildings and urban infrastructure and Building Information Modeling (BIM) at the design,
construction, control, use, operation and maintenance stages of buildings and urban
infrastructure.

Line 10 - Development of components, systems and innovative processes, and of open
industrial systems based on principles such as modular coordination, easy connectivity,
increased productivity, reduced product delivery times, improved performance and
durability, lower environmental impact during the product life cycle, lower consumption of
materials and lower losses, etc.

Line 11 - Development of materials, components, equipment and eco-efficient systems, and
improvement of the eco-efficiency of existing materials, etc., always considering the typical
life cycle of the built environment. This initiative should include finding solutions to
improve the durability of materials, components, equipment and systems, to assess their
prospects for dematerialization, potential reuse, recycling or regeneration, and to reduce
losses by employing the correct tools for selecting materials.

Line 12 - Development of research on water use in buildings, to include exploring concepts,
methods and tools to reduce user demand. Also to study possible safe ways to ensure
domestic water supplies from alternative sources, to encourage the rational use of water, to
design cold and hot water, drainage and sewerage systems for buildings, and to evaluate
climate change and the performance of building systems.

Line 13 - Development of research on energy use in buildings, to include exploring energy-
related concepts, methods and tools used in buildings with regards to natural ventilation,
thermal performance, bioclimatology natural lighting, and using models to simulate energy-
efficient buildings.

Line 14 - Development of studies on concepts, methods and tools related to buildings
acoustics: acoustic characteristics of internal and external sound-reducing materials; floor-
insulating materials and technologies; vibration; subjective acoustics; and using numerical
and computational simulation.

Line 15 - Development of integrated technological and management production systems.
Exploring the development of methods, tools, indicators and their respective benchmarks
focused on production systems management, involving items such as costs, target dates and
risk management, people management, logistics and supply management (procurement),
and clean production.

Line 16 - Development of fundamental concepts, methods and tools for consolidating the
use, implementation, maintenance and adaptation of the concepts concerning the use,
operation, maintenance, post-delivery and security of products, and the management of
facilities. Development of methods and tools for commissioning buildings and their parts,
and urban infrastructure; post-handover and management of occupied buildings; automation
and oversight of buildings and urban infrastructure management procedures; control and
oversight of building and infrastructure use; costs management during warranty periods;
management of operating costs, maintenance and life cycle of buildings and urban
infrastructure.
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Line 17 - Development of urban-wide design methods and interventions aimed at
integrating urban morphologies with infrastructure and housing systems. This should
involve considering topics such as: the growth dynamics of cities and rural areas, including
both small and large size cities; risk prevention, security, accessibility, comfort, energy,
urban planning and the adaptation of buildings; the development of inclusion and different
living styles in cities; classification and upgrading of the housing stock; and accessible and
appropriate information technologies for participatory decision-making and activities.

Line 18 - Development of models for housing production programs, and of public policy
proposals for housing, taking into account the diversity of cities and different income levels
and market segments. Studies to be carried out on ways to improve existing practices.

Line 19 - Development of fundamentals, methods and tools for environmental comfort and
energy on an urban scale, involving topics such as: the behavior of urban heat islands
(UHTI); the impact of urban geometry and building density on accessibility to natural
resources, and in response to local climate change; the development and measurement of
urban thermal comfort indices; thermo-hygrometric behavior of native vegetation clusters in
urban areas; thermo-hygrometric behavior of urban building materials and components, and
the effects of the reflection coefficient (albedo) in urban areas.

2.2 Obstacles to be surmounted and STl infrastructure required

The workshops identified the obstacles blocking successful development of the strategic lines of
research:

Distancing between academia and the market and between academia and the public sector;
Poor liaison between construction industry players;

Problems with access to knowledge;

Conservatism of construction industry players;

Short-term view held by construction industry players;

Legal constraints affecting development of STI,

Use of inadequate mechanism for evaluating research by academia focused on technological
innovation;

Unavailability of data in support of STI; and

ST1 held back by shortage of standards and regulations as well as by their limited application.

The workshops also identified and described STI infrastructural limitations vital for successful
development of the strategic research lines in the laboratorial, human, and financial resources

areas.

Further details can be found in Cardoso (2012).
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2.3 Strategic projects for developing STl and strategic public
policies

The discussions on ways to surmount obstacles and secure the necessary infrastructure for STI to
ensure the successful development of the strategic research lines led to six strategic projects for
developing STI in the Built Environment being identified and defined:

Employing STI development models to bring academia, the market and the public sector
closer together;

Enhanced cooperation between construction industry players;

Increased knowledge dissemination;

Scaling up research evaluation mechanisms for research focused on technological innovation;
Increased resources for STI; and

Better human resources training for STI.

Finally, discussion on ways to overcome the obstacles identified and to guarantee an infrastructure
for STI led to four strategic policies being identified and defined:

Tax incentives to promote investment in STI;

Industrial policy for development of the construction supply chain;
Changes in public procurement and contracting; and

Increased access to information on STI.

More details can be found in Cardoso (2012).

3. Final comments

The Research Road Map contributes to filling a gap by working up strategies for formulating an
STI policy for the construction industry focused on the Built Environment in Brazil. The process
of strategic formulation does not however end with this Road Map. The strategic lines of research
and the proposals put forward for projects to surmount obstacles and barriers and for public
policies vital for achieving an STI policy for the sector call for a more accurate definition of
objectives. Action plans need to be drawn up for each strategic research line, and people appointed
to be responsible for taking them forward successfully. Targets, deadlines and a procedural road
map are also vital components, together with the necessary human, technological, scientific and
financial resources and strategies for obtaining them. Rapprochement between academia, the
market and the public sector is essential for moving this process forward.

Notwithstanding its limitations, the Research Road Map on Construction provides guidance for
decision making on investments in ST1 by construction companies and other sector stakeholders
and government funding entities. The Road Map also steers research institutions towards the lines
of research that need to be adopted, thus contributing to the modernization of the construction
sector and quickening the pace of innovation therein. Above all, it is hoped that the strategies
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proposed will lead to the effective formulation of an STI policy for a sector that is vital for Brazil's
economic development and the welfare of its population.

Although the Research Road Map on Construction has been developed for Brazil, the results are
similar to those of studies done in other parts of the world, which suggest that the construction
sector depends heavily on the performance of the players involved in the industry as a whole. All
share inherent views on the need to develop STI, and confront similar obstacles, regardless of the
level of development of the different countries. A worthwhile initiative would be to conduct a
comparative study on the methodological approaches of the studies cited above (and others) and
on the data outcomes produced on the situation of the construction sector, with a view to gaining
further invaluable knowledge about the sector’s basic characteristics.
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Abstract

The study is a review of the state of knowledge on the construction industries in developing countries
and an attempt to explore new ways to address the task of developing the industries to enhance their
capabilities to deliver the buildings and infrastructure which the countries require to improve the
quality of life of their citizenry. The nature of the long-term national development task of the
developing countries is discussed to provide the background for the examination of the ways in which
the construction industry can contribute to the fulfilment of the broad aspirations of the nations, and
the attainment of their developmental goals.

The objectives are: to consider the needs for built items in the developing countries in the context of
national development; to examine the challenges and problems facing the construction industries and
consider the usual solutions suggested; to explore possible new, contextually relevant ways in which
the industries can be developed and their performance improved; and to consider how construction in
developing countries can leapfrog developmental stages, and draw lessons for the industrialised
countries.

The study is based on an analysis of data on existing needs of construction items in the developing
countries; and a review of literature on the development of the industries in these countries. An
analysis of relevant key overarching issues and factors in the economies of the developing countries
and a consideration of the construction industry from its basic nature, informed the drawing of
inferences on new ways of improving the performance of the construction industries in the developing
nations. The possibility of leapfrogging in many areas is explored. It is suggested that the construction
industries in the developing countries have the potential to offer lessons for their counterparts in
industrialised countries.

Keywords: construction industry, developing countries, infrastructure, future, leapfrog, lessons
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1.0 Introduction

The construction industries of the developing countries have been studied since the mid-1960s. The
earliest works were by the University College Economics Research Group (UCERG) which
undertook many studies for the World Bank and International Labour Office. The development of
knowledge on the subject is presented by Ofori (1993, 2012a). This study is a review of the state of
knowledge on the construction industries in developing countries. Its aim is to explore new ways to
develop the industries. The objectives are to:

1. consider the needs for built items in the developing countries in the context of national
development

2. examine the challenges and problems facing the construction industries which must fulfil these
needs and consider the usual solutions proposed

3. explore possible new, contextually relevant ways in which the industries can be developed and
their performance improved

4. consider how construction in developing countries can leapfrog developmental stages, and draw
lessons for the industrialised countries.

The study is based on an analysis of data on the needs of the economies and how construction can
contribute to their realisation; a review of recent literature on the development of construction
industries; and an analysis of the construction industry from its basic principles. The possibility of
leapfrogging stages and lessons for industries in industrialised countries are considered.

2.0 Development needs, goals and programmes

2.1 Washington and Post-Washington Consensus programme

Various approaches have been taken to set the poorer countries on a path to long-term development.
The Washington Consensus of economic development which was applied by the World Bank,
International Monetary Fund, United Nations agencies and the US government over the 1980s and
1990s comprised (Williamson, 2004): Fiscal discipline; Public expenditure priorities — moving them
away from subsidies and administration; Tax reform; Financial liberalisation; Exchange rates -
managed to induce growth in non-traditional exports; Trade liberalisation; Increasing foreign direct
investment; Privatisation; Deregulation; Secure intellectual property rights; and Reduced role for the
state. This ‘package’ was intensely debated and criticised (Williamson, 2004). It went through many
changes. By the late 1990s, it comprised: sound fiscal and monetary policies; broad-based taxes levied
at moderate rates; market determination of prices and quantities; discriminating use of infant industry
protection; an acceptance of foreign direct investment; active government provision of education,
health care, and infrastructure; and anti-poverty programmes. Stiglitz (2004) presents a sharp critique
of the approaches in the 1980s and 1990s, and concludes that, given the differences among countries,
there cannot be any consensus as a one-size-fits-all solution cannot work.
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The Millenium Development Goals (MDGs) provided the framework for socio-economic
development from 2000 to 2015. Progress was made in many areas including poverty reduction (in
1990, half of the population in developing countries lived on less than $1.25 a day, that proportion
dropped to 14 percent in 2015; the number of people living in extreme poverty declined from 1.9
billion in 1990 to 836 million in 2015); and primary education (net primary school enrolment rate in
developing regions reached 91 percent in 2015, from 83 percent in 2000; the number of out-of-school
children of primary school age worldwide reduced by half, to 57 million in 2015, from 100 million
in 2000) (United Nations, 2015a). The progress in connectivity is impressive. By 2015, 95 percent of
the world’s population was covered by a mobile-cellular signal; the number of mobile-cellular
subscriptions grew tenfold over 15 years, from 738 million in 2000 to 7 billion in 2015. Internet
penetration grew from 6 percent of the world’s population in 2000 to 43 percent in 2015; and 3.2
billion people were linked to a global network of content and applications.

However, many of the targets were missed and much remains to be done (United Nations, 2015a).
For example, in 2015, 91 percent of the global population was using an improved drinking water
source, compared to 76 percent in 1990; 147 countries had met the drinking water target, but only 95
countries had met the sanitation target and 77 countries had met both targets. Worldwide, 2.1 billion
people had gained access to improved sanitation, but 29.7 percent of the urban population in the
developing countries still lived in slums in 2014 (although this fell from 39.4 per cent in 2000).

2.2 Post-2015 Development Agenda

The Post-2015 Development Agenda is built around the attainment of the Sustainable Development
Goals (SDGs) (United Nations, 2015b). The SDGs are presented in Figure 1, categorised with respect
to relevant aspects of construction. United Nations (2015b) considers the SDGs as being integrated
and indivisible, global and universally applicable, taking into account different national realities,
capacities and levels of development and respecting national policies and priorities. Unlike the
previous ‘consensus’ approach, it recognises that each government would set its national targets
guided by the global level of ambition but taking into account national circumstances; and decide
how the targets should be reflected in planning processes, policies and strategies. Countries could use
different visions, models and tools, in accordance with their contexts and priorities.

Basic human and national needs What construction must do
* Goal 1. End poverty in all its forms everywhere * Goal 9. Build resilient infrastructure, promote
* Goal 2. End hunger, achieve food security and inclusive and sustainable industrialization and

improved nutrition and promote sustainable agriculture | foster innovation

* Goal 3. Ensure healthy lives and promote well-being | * Goal 11. Make cities and human settlements
for all at all ages inclusive, safe, resilient and sustainable

* Goal 4. Ensure inclusive and equitable quality
education and promote lifelong learning opportunities | Some of construction’s results

for all * Goal 6. Ensure availability and sustainable
* Goal 5. Achieve gender equality and empower all management of water and sanitation for all
women and girls * Goal 7 Ensure access to affordable, reliable,

sustainable and modern energy for all
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* Goal 8. Promote sustained, inclusive and sustainable
economic growth, full and productive employment and
decent work for all

Inputs and methods of construction industry

* Goal 12. Ensure sustainable consumption and
production patterns

* Goal 13. Take urgent action to combat climate
change and its impacts

* Goal 14. Conserve and sustainably use the oceans,
seas and marine resources for sustainable development
* Goal 15. Protect, restore and promote sustainable use
of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land
degradation and halt biodiversity loss

Broad international goals

* Goal 10. Reduce inequality within and among
countries

* Goal 16. Promote peaceful and inclusive
societies for sustainable development, provide
access to justice for all and build effective,
accountable and inclusive institutions at all levels

A key international ‘wherewithal’
* Goal 17. Strengthen the means of
implementation and revitalize the Global

Partnership for Sustainable Development

Figure 1 Sustainable Development Goals

2.3 Role of construction in meeting development needs

The subject here is to consider the contribution the construction industry can make to the effort to
find viable solutions to the development challenges of developing countries. The literature provides
evidence on the potential of construction in development. Authors such as Lopes (2009) continue the
work began in the 1960s at UCERG on the developing countries (Ofori, 1993). Ofori (2012a) and
Zawdie and Murray (2008) examined how the construction industry could help to attain the MDGs;
and Ofori (2015) investigates its potential in the pursuit of the SDGs. Construction influences
development mainly through the provision of the physical infrastructure. Easterly and Levine (1997)
found that infrastructure is strongly and significantly co-related with economic growth. Fedderke and
Bogetic (2006) found a long-term relationship between infrastructure and growth in South Africa.
Calderon and Serven (2008) found that Africa's economic growth per capita would be 1.0 percent
higher if it had South Korea's infrastructure. In a study on Africa in general, Escribano et al. (2008)
found that infrastructure has a substantial effect on total factor productivity. Foster and Bricefio-
Garmendia (2010) found that: infrastructure has been responsible for over half of Africa’s recent
improved growth performance. Models for assessing competitiveness of countries give much weight
to infrastructure provision (Schwab, 2016). Thus, whereas the Post-2015 Development Agenda and
the SDGs themselves continue to be subjects of debate (Ofori, 2015), there is a consensus on the
importance of infrastructure for sustainable development.

Infrastructure needs are greatest in Sub-Saharan Africa, as shown in Table 1. Its infrastructure
networks increasingly lag behind those of other developing countries and are characterised by missing
regional links and stagnant individual access; its infrastructure services are twice as expensive as
elsewhere. Power is Africa’s largest challenge; 30 countries face regular shortages.
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The role of the construction industry in economic growth and national development is well recognised
in developing and industrialised nations. As an example of the latter case, an element of the vision
for UK construction by 2025 is an industry “that drives and sustains growth across the entire economy
by designing, manufacturing, building and maintaining assets which deliver genuine whole life value
for customers in expanding markets both at home and abroad”. Governments of many industrialised
countries have broader expectations of the construction industry than in developing nations. In New
Zealand, the government noted: “At home, we need to address a persistent productivity gap to make
sure our businesses remain competitive on the world stage. Infrastructure will play a key role in lifting
productivity and ensuring we can take advantage of opportunities in the global economy...” (p. 7).
Government of Ireland (2014) observed that in its path towards economic recovery (following the
2008 economic and financial crisis), Ireland needed a strong and sustainable construction industry,
because it needed good quality homes and high-quality commercial developments to underpin
recovery and growth, and infrastructure fit for the future. Sugii (1998) suggested: “From the
perspective of building social infrastructure efficiently, the improvement of labour productivity in the
construction sector will lead to greater efficiency and international competitiveness of the overall
economy, as well as to the long-term development of the construction industry”. Thus, a strong and
efficient construction industry is a strategic national asset and it is necessary to explore its full
potential, from the perspectives of developing countries.

Table 1 Africa’s Infrastructure Deficit

Normalized units Sub-Saharan Africa | Other low-income
low-income countries | countries
Paved-road density 31 134
Total road density 137 211
Main-line density 10 78
Mobile density 55 76
Internet density 2 3
Generation capacity 37 326
Electricity coverage 16 41
Improved water 60 72
Improved sanitation 34 51

Source: Yepes, Pierce and Foster (2008)
Note: Road density is measured in km per 100 square km of arable land; telephone density in lines per thousand population;
generation capacity in megawatts per million population; electricity, water, sanitation coverage in percentage of population.

3.0 How ready is construction?
3.1 Construction industry problems and challenges

The problems and challenges of the construction industries in developing countries are well
catalogued. The findings of two recent studies in Africa can be outlined. Windapo and Cattell (2013)
found the following in South Africa (in rank order): increases in the costs of building materials; access
to affordable mortgage/credit; high interest rates; high rate of enterprise failure/delivery capacity and
performance; mismatches between available skills and required skills; availability of infrastructure;
external influences such as government legislation; availability of suitable land; public-sector
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capacity; poverty; critical global issues/globalisation; procurement practices/ capacity for sustainable
empowerment; and technology. In a study of 323 public-sector projects in Botswana, Ssegawa-
Kaggwa et al. (2013) found these deficiencies in the construction industry: (a) Deficiencies of clients
— inadequate competent human resources, inadequate project briefs, lack of project management
approach, lack of effective project supervision, lack of a prompt payment system for suppliers; (b)
Deficiency in the regulation of professionals, contractors and the procurement process — ineffective
and inefficient regulation of project procurement process, ineffective regulation of consultants,
ineffective regulation of contractors; (c) Deficiencies of suppliers — incompetent consultants,
inefficient and ineffective contractors, unreliable utility providers; and (d) Deficiencies of facilitators
(such as firms which provide information).

Planning Commission (2013) highlighted these constraints of the construction industry in India: less
than 6 percent of workers had structured training; lack of a unified national regulatory framework for
construction firms; lack of an efficient and stable regime for dispute resolution; shortcomings in
contracting procedures (they are cumbersome and costly); lack of standardisation of core contract
conditions, procedures and evaluation criteria; time and cost over-runs; high operation, maintenance,
and financing costs; low access to institutional finance (it is inadequate and costly); poor state of
technology leading to inefficiencies, wastage and low value added; poor quality of construction; low
productivity growth; and low investment in research and development (R&D).

Some examples of new challenges facing construction industries in developing countries which have
not yet been addressed can be raised. The first of these is the high volume of uncompleted buildings.
Williams (2015) found that, in Ghana, a study of over 14,000 local government projects showed that
about one-third are never completed, although these were small projects (with a median budget of
US$36,000 and scheduled duration of five months). The second issue is the large volume of debt
owed to construction companies by public-sector clients. Whereas delays in payment have been
among the key problems highlighted by researchers for many decades (Sambasivan and Soon, 2007),
the situation, in many developing countries, has significantly worsened, with the delays running into
many years (Fugar and Agyakwa-Baah, 2010). This situation will require a novel approach to solve,
considering the size of the debt compared to annual public-sector development budgets and the need
to continue to fund current and future projects. The third issue is the increasing level of importance
of stakeholders including traditional rulers, community leaders and ordinary people, now well
informed, and empowered by mobile telephony (Thasarathar, 2016). Also important is the emergence
and growth of non-governmental organisations (NGOs) dedicated to monitoring projects, such as
Road Watch in the Philippines, and the emergence of multi-stakeholder initiatives such as the
Construction Transparency Initiative (Ofori, 2016).

The construction industries in all countries face challenges and problems. Examples of recent reviews
of construction industries in industrialised countries are now considered. The weaknesses of the UK
construction industry identified in a strategic review were (HM Government, 2013): (a) low vertical
integration in the supply chain, with high reliance on sub-contracting which often leads to fracture
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between design and construction management and a fracture between the management of construction
and its execution leading to lost opportunities to innovate; (b) low investment in R&D and intangible
assets; (c) lack of collaboration and limited knowledge sharing; and (d) high construction costs in
comparison with the industry’s competitors, driven by inefficient procurement and processes. It was
suggested in the review that the industry could significantly enhance its performance (HM
Government, 2013). The ambition, under the strategy, was to achieve by 2025: 33 percent reduction
in both the initial cost of construction and the whole life cost of assets; 50 percent reduction in the
overall time from inception to completion for new build and refurbished assets; 50 percent reduction
in greenhouse gas emissions in the built environment; and 50 percent reduction in the trade gap
between exports and imports for construction products and materials.

The issues to be addressed under Ireland’s construction industry strategy included (Government of
Ireland, 2014): a strategic approach to the provision of housing, based on real and measured needs;
continuing improvement of the planning process, striking the right balance between current and future
requirements; availability of financing for viable and worthwhile projects; ensuring the country has
the tools to monitor and regulate the sector so that it underpins public confidence and worker safety;
and ensuring a fit for purpose sector supported by a highly skilled workforce achieving high quality
and standards.

The proposals being made in the developing and emerging economies for addressing their
construction challenges are similar to those in the industrialised countries. The aim of Malaysia’s
“Construction Industry Transformation Programme 2016-20” is: “a transformation of today's
construction industry into a modern, highly productive and sustainable industry that is able to enjoy
continued growth and enable Malaysian companies to compete with international players whether
domestically or abroad”. The programme has four strategic thrusts: Quality, Safety and
Professionalism; Environmental Sustainability; Productivity; and Internationalisation.

3.2 Developing country exceptionalism

It is necessary to consider the special nature of the industries in developing countries. Ofori (2012b)
shows that there are differences between the construction industries in industrialised countries and
those in developing countries with respect to appropriate responses to the inherent features of
construction owing to the differences in resources, sophistication of their administrative systems and
maturity of their industries; differences in the industries’ capabilities and performance; and how they
deal with the industry’s driving forces. Ofori (2012b, p. 8) argues that: “As, in the developing
countries, resources for implementing the policies and programmes are limited, the need is great and
time is of the essence, it is important that the knowledge that forms the foundation of the policies and
programmes should be sound and practically and directly relevant”. For example, Foster and Bricefio-
Garmendia (2010) estimated the cost of Africa’s infrastructure needs at about $93 billion per year in
capital, and operation and maintenance expenditure (required capital spending on power, on water
supply and sanitation, and on transport were 26.7, 14.9 and 8.8 billion per year respectively). The
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fragile states face an impossible burden and even resource-rich countries lag behind. The construction
industry also has a greater technical, professional and social responsibility in the developing countries
because the clients and users are often not knowledgeable about the construction process; and the
legislative and administrative systems are relatively weak.

Thus, the construction industry should: (a) deliver projects which meet the greatest level of
performance with regard to the parameters (including new ones here such as affordability, durability,
social performance); (b) contribute to economic growth and long-term national development; (c)
provide employment and enhance incomes; (d) enhance the quality of life of the populace; and (g)
further grow and develop as an industry. There is also a need for action across a broad spectrum of
areas because the project goals and performance parameters are closely inter-related. For instance,
the latest International Monetary Fund (2016) forecasts indicate that the economies of many
developing and emerging countries are facing stress, and thus, public budgets are tight. Thus, there
should be, initial cost savings so that a bigger volume can be constructed; and higher quality and
durability, in order to reduce repair and maintenance needs.

3.3 Some ideas for improved industry performance

Some of the suggestions on improving construction industry performance which have been made in
industrialised countries for many decades, but which are only practised in exceptional circumstances
could be key in the developing countries. Six pertinent examples could be considered. These are: (a)
effective co-ordination and integration of the contributions of members of project teams; (b) project
health; (c) community participation in aspects of projects; (d) project governance; (€) post-occupancy
evaluation; and (f) best practices. First, many reviews of construction industries highlight the
fragmentation of the industries as a negative feature. HM Government (2013) considers the separation
of design from construction and reliance on subcontracting as among the most important weaknesses
of the UK construction industry. The structures of the construction process which are applied in the
former metropolitan nations have been adopted in the different cultural and administrative contexts
in developing countries (Ofori, 1993). Some studies consider the project arrangements used in
developing countries as contributors to poor performance on projects and highlight the cultural
disconnect (Rwelamila et al. (1999). Thus, in the developing countries, a fresh approach can be taken.
The roles of participants could be based on the selection of the most appropriate persons and teams
on the basis of their technical and professional suitability in the context of the project concerned.
Local cultural norms should inform the design of contractual arrangements and project relationships,
which are, currently, ‘foreign’.

The second example is project health: tracking key performance indicators on construction projects
while they are underway, to enable action to be taken on them at relevant points has been proposed
by some authors (Humphreys et al., 2004). This makes the learning of lessons a dynamic process.
Otherwise, as noted in HM Government (2013), lessons are never learnt, owing to the uniqueness of
projects, differences in teams for each project and poor data capture, analysis and dissemination in
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construction. In developing countries, the idea of maintaining project health cards rather than
undertaking project post-mortems at the commissioning and feedback stages should be fostered.

The third example is the participation of other stakeholders in the construction process. Community
participation in various aspects of the construction process, such as design, has not been widely
accepted among the design professions (Wates and Knevitt, 1987), and has been applied on projects
only as an exception (Moodley and Preece, 2008). The community’s involvement can make the design
more culturally and contextually relevant; optimise benefits to users and the community; and ease
disruptions to the lives and livelihoods of residents. The community’s involvement can extend to the
operation and maintenance stage when members can provide performance information.

The fourth issue is that of project governance. Construction has a poor reputation among other sectors,
as evinced by its score in the Bribepayers’ Index (Transparency International, 2012). This is more
important in developing countries for many reasons. These nations have poor records with regard to
corruption, for example, on Transparency International’s (2016) Corruption Perception Index, more
than six billion people live in countries with a serious corruption proble. The global average score
was 43 (out of 100); that for Africa was 33, and for the Asia-Pacific region, 43. Thus, ethics is a key
issue, and it should be incorporated into project structures and procurement and contractual
arrangements, educational and training programmes in the developing countries.

The fifth example is post-occupancy evaluation (POE) which has also been proposed for many
decades (National Academy Press, 2001), but remains highly uncommon. Projects can produce a
stream of information for improving their own performance and those of similar ones in future. Such
evaluations can be undertaken at regular intervals after the completion of the item. For example, in
developing countries where green building benchmarks have not yet been firmly established, the POE
could incorporate environmental performance and could be undertaken some years after completion
rather than during the design stage, followed by regular assessments. The possibility of establishing
a national database on various aspects of the performance of items of construction could be
considered. This information could be developed into best practice guides.

The final example is “best practices” (which might cover some of those discussed above). In
construction, best practices occur in exceptional situations only. Construction Industry Institute
(2015) categorises “best practices” under headings including: Advanced Work Packaging; Alignment
—where project participants are working within acceptable tolerances to develop and meet a uniformly
defined and understood set of project objectives; Benchmarking and Metrics; Change Management;
Constructability; Disputes Prevention and Resolution; Front End Planning; Lessons Learned;
Materials Management; Partnering; Planning for Modularisation; Project Risk Assessment; Quality
Management; Team Building; and Zero Accidents Techniques. Cain (2003) presents six goals for
construction best practice: delighted end users and clients; lowest optimum cost of ownership;
elimination of inefficiency and waste; specialist supplier involvement in design; single point of
contact for clients; and proof of performance from measurement. Federal Facilities Council (2007)
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proposes best practices owners should adopt at various stages of projects to minimise contract
disputes. Lahdenpera (1998) suggested actions “to modify the operational modes of the construction
industry for the common good”. Considering the needs and circumstances, in developing countries it
would be appropriate to apply best practices routinely on all projects.

The availability of information and communication technology makes the wide application of these
six practices in developing countries possible. Thasarathar (2016) highlights technological trends in
construction including: 3D printing, the Internet of Things (1oT), robotics, drones, cloud computing,
infinite computing, reality capture, augmented reality, gaming engines, crowd-funding, crowd-
sourcing, generative design, big data and artificial intelligence. He notes that in future, the cloud will
place a theoretically unlimited amount of processing power at the disposal of any company, regardless
of size, location, or experience, on demand to: solve complex problems; connect to an unlimited
number of people to get ideas; and raise capital for projects, through funding techniques such as
crowd-funding. As an application for POE, Rogers (2016) suggests that a database from a building
information model (BIM) linked to real time sensors can log many metrics to determine the building’s
performance against what the designers predicted and the quality of service it provides.

4.0 Whatis to bedone?

The construction industry in each developing country should ask itself: (a) in the changing national
and global economic and social developments, what does our nation need from the "built
environment" 'sector'? (b) how can the industry be set up to enable the pursuit of innovation and
continuous performance improvement? (c) how best can the industry benefit from existing and
emerging enablers, such as information technology? Each industry should seek context-specific
solutions to its problems and challenges. It should scrutinise its practices and procedures and question
assumptions which form their bases of practice elsewhere. For example, In the US, Federal Facilities
Council (2007) notes that: "Given the infinite complexities of delivering a building or infrastructure
project, the multiplicity of organizations and individuals involved, and the magnitude of the dollars
at risk, it is perhaps not surprising that the construction industry has been characterized by an
adversarial operating environment that generates disputes and conflicts” (p. 1). Developing countries
cannot afford to adopt this “practice norm”.

As another example, Construction Industry Board of UK (1996) proposed a strategy to improve the
industry's image. The internal objectives in the industry were: provide better value for the client;
improve the achievement of quality, professionalism, efficiency and profitability; and improve the
professional relationships between constructors, consultants and clients. The external objectives
were: attract greater investment; encourage more construction work to the responsible contractors and
consultants; improve environmental and social relationships; attract high-standard recruits; and
encourage equal opportunities. One could argue that this range of objectives is what should be attained
on projects on a routine basis. In the developing countries, these should be the norm.
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Developing countries can leapfrog stages of development. First, the role of the community in projects
can be applied through the traditional system of governance and the increasing strength of
“development committees” representing particular districts. The chiefs and local committees can
contribute to many aspects of the projects in their areas over their life cycle. This will also make
stakeholder management necessary, resulting in leadership by the developing countries in that area.
The community could pool ownership and crowd fund essential infrastructure and social projects in
the area. Construction companies could set up joint venture entities with the communities.

Second, developing countries have the opportunity to derive meaning for, or apply aspects including:
construction as a contributor to value and wealth creation; effective, culture-sensitive and
contextually-relevant project team selection and dynamics; innovative community involvement in
project planning, design, operations and maintenance; effective value chain formation and
management, including strategic alliances among firms in design and construction for continuous
operations and possibly, formation of multi-disciplinary firms as a norm. Finally, the availability of
infinite computing power to the industries in developing countries offers many possibilities.
Examples include: (a) enhancing briefing, planning and design processes using augmented and virtual
reality; (b) using the capabilities of the 10T — to collect and analyse performance data in operation of
items, such as the volume of passengers, trade carried on a road, in order to guide decisions on
maintenance or rehabilitation; and (c) small firms using the available computing power to set up
effective project and enterprise management systems.

5.0 Conclusion

No construction industry is perfect. There is also no panacea for the challenges faced by the industries.
It is important to widen one’s horizon in seeking to improve the industries in developing countries.
In construction, only the best is good for the poor. If one thinks of the ideals of construction, that is
what the developing countries need. The ideals include: ensuring that each project and each
constructed item contributes effectively to national sustainable development, and applying this in
awarding and implementing projects; harmonising and aligning motivations and obtaining the
maximum commitment and contribution from each project participant; optimising the combination
of the participants’ contributions; applying best practices in all aspects of projects; effectively
developing the construction industry from each project; and providing leadership to the community.
More research is needed to explore the application of best practices and each of the six previously
proposed approaches in developing countries. Maturity of the industry might not be a prerequisite in
all these cases; it could even be a hindrance. If the construction industries in developing countries
apply these ideals, they can teach their counterparts in industrialised nations.

References

Cain, C T (2003) Building Down Barriers: A guide to construction best practice. London, Spon.

49



Calderon, C and Servén, L (2008) “Infrastructure and Economic Development in SubSaharan Africa.”
Policy Research Working Paper 4712. Washington, DC., World Bank.

Construction Industry Board (1996) Constructing a Better Image. London, Telford.

Construction Industry Development Board (2015) Construction Industry Transformation Programme
(CITP) 2016-20. Kuala Lumpur.

Construction  Industry  Institute (CIl) (2015) CIl Best Practices, December 2,
https://www.construction-institute.org/Store/Cll/Publication Pages/bp.cfm?section=orders

Easterly, W and Levine, R (1997) “Africa’s Growth Tragedy: policies and ethnic divisions.”
Quarterly Journal of Economics, 112 (4): 1203-50.

Escribano, A, Guasch, J L and Pena, J (2008) Impact of Infrastructure Constraints on Firm
Productivity in Africa, Working Paper 9, Africa Infrastructure Sector Diagnostic. Washington, DC.,
World Bank.

Fedderke, J W, and Bogetic, Z (2006) Infrastructure and Growth in South Africa: Direct and Indirect
Productivity Impacts of 19 Infrastructure Measures, Policy Research Working Paper 3989,
Washington, DC., World Bank.

Federal Facilities Council (2007) Reducing Construction Costs: Use of best dispute resolution
practices by project owners. Washington, D.C., The National Academies Press.

Foster, V and Bricefio-Garmendia, C (2010) Africa’s Infrastructure: A Time for Transformation.
Washington, D.C., Agence Francaise de Développement and World Bank.

Fugar, F D K and Agyakwa-Baah, A B (2010) “Delays in building construction projects in Ghana.”
Australasian Journal of Construction Economics and Building, 10 (1/2): 103-116.

Government of Ireland (2014) Construction 2020: A strategy for a renewed construction sector.
Dublin, Stationery Office,

HM Government (2013) Construction 2025 — Industrial Strategy: Government and industry in
partnership. London.

Humphreys, M and Mian, D and Sidwell, A (2004) A model for assessing and correcting project
Health. In Proceedings of International Symposium of the CIB W92 on Procurement Systems, 7-10
January, Chennai, India.

International Monetary Fund (2016) World Economic Outlook April 2016: Too Slow for Too Long.
Washington, D.C.

Lahdenpera, P (1998) The Inevitable Change: Why and how to modify the operation al modes of the
construction industry for the common good. Helsinki, Technical Research Centre of Finland and
Technology Development Centre of Finland.

50



Lopes, J (2009) “Investment in construction and economic growth: a long-term perspective.” In
Ruddock, L. (eds) Economics for the Modern Built Environment. London, Taylor and Francis, pp.
94-112.

Moodley, K and Preece, C (2008) “Community interaction in the construction industry.” In Murray,
M. and Dainty, A. (eds) Corporate Social Responsibility in the Construction Industry. Abingdon,
Taylor and Francis, pp. 98-117.

National Academy Press (2001) Learning from our Buildings: A state of the practice summary of
post-occupancy evaluation. Washington, D.C.

National Infrastructure Unit (2015) The Thirty Year New Zealand Infrastructure Plan. Wellington,
New Zealand Government.

Ofori, G (1993) Managing the Development of the Construction Industry in Singapore. Singapore,
Singapore University Press.

Ofori, G (2012a) “Construction and Millenium Development Goals.” In Ofori, G. (Editor) New
Perspectives of Construction in Developing Countries. Abingdon, Spon, pp. 72-105.

Ofori, G (2012b) “Reflections on the great divide: strategic review of the book.” In Ofori, G. (Ed.)
Contemporary Issues in Construction in Developing Countries. Abingdon, Spon, pp. 1-19.

Ofori, G (2015) “Construction and the Sustainable Development Goals: the role of research.”
Presented at Joint International Symposium on “Going North for Sustainability: Leveraging
knowledge and innovation for sustainable construction and development”, London, 23-25 November.

Ofori, G (2016) “Transparency and accountability as antecedents of value for money in construction.”
Paper presented at CIB World Building Congress on “Intelligent built environment for life, Tampere,
Finland, 30 May to 3 June.

Planning Commission (2013) Twelfth Five Year Plan, 2012-17. New Delhi, Government of India.
Powell, J M (2008) The New Competitiveness in Design and Construction. Chichester, Wiley.
Rogers, D (2016) “Property in the digital age: have we any idea what’s coming?”” Global Construction

Review, 15 March, http://www.globalconstructionreview.com/perspectives/property-digital-age-
have-we-an7y-id7ea-wh7ats /

Rwelamila, P D, Talukhaba, A A and Ngowi, A B (1999) “Tracing the African Project Failure

Syndrome: the significance of ‘ubuntu’.” Engineering Construction and Architectural Management,
6 (4), 335-346.

Sambasivan, M and Soon, Y W (2007) “Causes and effects of delays in Malaysian construction
industry”, International Journal of Project management, 25 (5), pp 517-526.

51



Schwab, K. (Ed.) The Global Competitiveness Report 2015-2016. Geneva, World Economic Forum.

Ssegawa-Kaggwa, J, Ngowi, A and Ntshwene, K (2013) “Using a situation analysis to identify the
construction industry deficiencies in Botswana.” Journal of Construction in Developing Countries,
18(1), 1-18.

Stiglitz, J E (2004) “The Post Washington Consensus consensus.” Paper presented Foundation
CIDOB and the Initiative for Policy Dialogue conference, “From the Washington Consensus towards
a new Global Governance”, Barcelona, September, http://intldept.uoregon.edu/wp-
content/uploads/2015/03/Yarris-Joya-5.1.15-Brown-Bag-Article.pdf [accessed on 9 May 2016]

Sugii, T (1998) The Construction Sector Suffers from Declining Labor Productivity. Industrial
Research Department, NLI Research Institute, No. 117, pp. 18-26.

Thasarathar, D. (2016) “Change is the new normal, so what’s beyond BIM? BIM+", 7 April,
http://www.bimplus.co.uk/people/change-new-norm5al-so-wha5ts-bey9ond-bim/ [accessed on 10
April 2016]

Transparency International (2012) 2011 Bribepayers’ Index. Berlin.
Transparency International (2016) Corruption Transparency Index 2015. Berlin.
United Nations (2015a) Millenium Development Goals Report 2015. New York.

United Nations (2015b) Resolution adopted by the General Assembly on 25 September 2015 — 70/1
Transforming our world: the 2030 Agenda for Sustainable Development. New York.

Wates, N and Knevitt, C (1987) Community Architecture: How people are creating their own
environment. Abingdon, Routledge.

Williams, M J (2015) “Bricks-and-mortar institutions matter: project delivery and unfinished
infrastructure in Ghana’s local governments.” International Growth Center Policy Brief, November,
file:///C:/Users/bdgofori/Downloads/Williams-2015-Policy-brief.pdf [accessed on 9 May 2016]

Windapo, A O and Cattell, K (2013) “The South African construction industry: perceptions of key
challenges facing its performance, development and growth.” Journal of Construction in Developing
Countries, 18 (2), 65-79.

Williamson, J (2004) “A short history of the Washington Consensus.” Paper presented at Foundation
CIDOB and the Initiative for Policy Dialogue conference, “From the Washington Consensus towards
a new Global Governance”, Barcelona, September 2004.

Zawdie, G and Murray, M (2008) “The role of construction and infrastructure development in the
mitigation of poverty and disaster vulnerability in developing countries.” In Murray, M and Dainty,
A (eds) Corporate Social Responsibility in the Construction Industry. Abingdon, Taylor and Francis,
pp. 74-97.

52



Urban Sustainable Resilience Values: Driving
Resilience Policy that Endures

Adriana X Sanchez,
University of New South Wales
Email: a.sanchezgomez@student.unsw.edu.au
Jeroen van der Heijden,
Australian National University
Paul Osmond,
University of New South Wales
Deo Prasad
University of New South Wales

Abstract

Countries across the globe are likely to face significant challenges in coming years that will test
the resilience of their cities. However, there is often a lack of proactive evidence-based analysis
of available options and their outcomes as well as indicators of success or progress. Without such
analysis it is difficult to clearly gauge progress towards set goals, to improve effective policy
development and implementation, and to create an active learning culture that can efficiently and
effectively tackle future challenges. The present work offers an introduction to research being
done to develop a policy evaluation and implementation framework that can help policy-makers
produce more effective resilience policies which are sustainable over time. The term sustainable
resilience has some usage in the literature but has had limited uptake and has not been formally
characterised until now. This new concept creates a clear differentiation from reactive disaster
resilience which is often the sole focus of urban policy development. This paper contributes to
developing a working concept and guiding principles for urban sustainable resilience policy. This
work suggests that sustainable resilience policy will need to take into account the complexity
within and between the various systems that form cities, rapidly changing technologies,
environmental conditions, and emerging forms of governance. This paper also briefly outlines
the methodology that will be used to continue to develop a sustainable resilience policy
framework and evidence-based assessment tool.

Keywords: resilience, sustainable, policy, evidence-based assessment.
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1. Introduction

Cities currently host more than half of the world’s population, a number which is projected to
reach 66% by 2050 (UN, 2014). In 2014, countries such as Australia, Japan, Qatar, the
Netherlands and Uruguay had less than 11% of their population living outside of urban
settlements (The World Bank, 2015). Cities also generate large percentages of the national gross
domestic product (GDP) and are important sources of employment. In Australia for example, 80%
of GDP and 75% of employment is produced in cities (Commonwealth of Australia, 2011).
Climate change and fast technological progress, among other factors, will bring considerable
challenges for urban policy makers and implementers. They will need to be able to keep pace with
the unforeseeable and a future that will likely be significantly different from past experience,
while also aiming to maintain and increase liveability and social well-being.

This realisation has led to a surge of resilience literature and policies for ecosystems and urban
settlements. The academic literature has been particularly prolific in providing different
interpretation of the term. A recent literature review for example analysed 172 resilience studies
and found 25 distinct definitions of the term “resilience”. Half of the definitions were centred on
a specific threat and 40 percent focused on a static (single-equilibrium) view of resilience
(Meerow, et al., 2016). Even within disaster focused resilience literature there is a range of
definitions. Manyena (2006) for example was able to separate 12 definitions. Policies are thus
guided by different understandings of resilience. Davoudi (2014) argues that many of them are in
fact driving a new form of “resilient urbanism” which is focused on short-term emergency
response rather than long-term adaptive capacity. These are driven by the objective of quickly
returning to a state of equilibrium after being affected by sudden external shocks, such as climate
events, and often pay little attention to chronic long-term stress sources. These “high time
preferences”, namely valuing the present above the future, has been argue to generate a perception
of time which is incompatible with cycles that shape civilisation. Further to this, Moffat (2014)
argues that this short-term vision devalues the key idea of resilience and that *“until time
preferences change, progress towards resilience will be very slow, regardless of changes to public
policy or technical expertise”. The concepts of sustainable resilience and sustainably resilient
policy aim to challenge this trend and bring the focus of the debate towards how to deliver urban
policies that can be proactive in creating enduring resilience and prompting sustained action.

The present work explores and outlines the concept of sustainable resilience, which has usage in
literature but has received marginal application, particularly when compared to concepts such as
socio-ecological resilience. It is argued here that the concept of sustainable resilience requires a
more solid foundation in the resilience literature. This approach creates a clear differentiation
from reactive conceptualisations of resilience that have a short-term narrow focus. This paper also
proposes that cities not only require policies that encourage resilience which is sustainable over
time or enduring, but also require policies that themselves are sustainably resilient. The following
sections therefore explore policy implications of using this concept and introduce the ongoing
research being carried out to develop a sustainable resilience policy framework and assessment
tool.
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2. Research Methodology

This paper presents the early findings from a research project that aims to develop a sustainable
resilience policy evaluation and implementation framework. The following sections outline the
working concept and draft guiding values or principles resulting from an initial literature review.
These are now being tested through a systematic literature review. The detailed methodology and
outcomes of this ongoing research will be later published through a journal article.

The initial literature review was based on a thematic analysis of published personalised resilience
concepts. These are definitions that, although they might be based on mainstream concepts, have
been expanded to include a more comprehensive set of characteristics based on a focus on
urban/community planning and management. The working hypothesis is that a large portion of
these emerging resilience concepts are guided in part by sustainability values, either explicitly or
implicitly. In some cases, the authors do not completely outline a new concept but argue for
changes in the way resilience is defined in order to become more sustainable over time (see for
example Meerow, et al. (2016)). The concept of sustainable resilience has also been used in the
literature (see section 3) but has yet to be defined. This paper aims to provide a characterisation
of this concept, including a working definition with a focus on urban policy implications.

The inclusion criteria for the thematic literature review is: academic and policy papers and book
chapters discussing resilience policy, sustainability thinking, resilience thinking, sustainable
resilience, proactive resilience, urban policy for complex problems and multi-actor networks, and
climate change policy; papers published in English; and papers published since 1970. This initial
literature review included 93 references.

Within the context of this research, policies are understood as the positions taken and articulated
by government and other organisations that recognise a problem and state, in general terms, the
actions to be taken to address the problem (Dovers, 2005). These are composed of a set of
objectives, targets, instruments and agents (Vogel & Henstra, 2015).

3. Sustainable Resilience: A Concept to Bring them All and
Bind them

The word resilience has existed in the English language for a couple of centuries and has evolved
into a number of types of resilience applied to different scopes and used for policy development
worldwide (Alexander, 2013). Different resilience concepts have significantly different policy
implications. “Bouncing back” or equilibrium-based concepts tend to generate policies that focus
solely on recovery and often underestimate the difficulties of managing complex and highly
adaptive systems such as cities (Fiksel, 2006; Davoudi, et al., 2012). By focusing only on recovery
from and vulnerability to acute unexpected disturbances, such as earthquakes and floods, policies
may be limiting the impact of the initiatives they encompass and the long-term resilience of the
cities they apply to.
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The terms urban resilience and sustainability are closely related and, in more recent times,
increasingly used interchangeably (van der Heijden, 2014). The links between sustainability and
resilience have also been highlighted by a number of authors over the last 20 years (Ahern, 2011,
Fiksel, 2006; Fiksel, 2003; Perrings, 2006; Arrow, et al., 1995). These however often focus on
the use of resilience principles to achieve environmental sustainability.

The term sustainable resilience, on the other hand, has been used in some publications (Steiner,
et al., 2007; Steiner, et al., 2006; Vogel, et al., 2007; Bonstrom & Corotis, 2012; Afgan &
Veziroglu, 2012). There are also a number of publications that advocate integrating sustainability
principles with resilience thinking, such as Angeon and Bates (2015). Nevertheless, the concept
itself, clearly outlining the characteristics of a type of resilience which is sustainable over time or
enduring, has not been fully developed in the literature.

The relatively low uptake and development of this concept may be related to two facts. On the
one hand, some proponents see sustainability and resilience as interchangeable concepts voiding
the need, in their view, to define a form of resilience which is sustainable. However, although
complementary the two terms can lead to significantly different policy outcomes; some
sustainability policies may not increase the resilience of cities and some resilience policies may
be unsustainable. On the other hand, the term sustainability is often highlighted as ambiguous as
well as having charged ethical (Fiksel, 2003) and political undertones (Dovers, 2005). However,
we propose that formalising the concept of sustainable resilience which is already emerging can
help improve policy development and leverage decades of scientific literature already available.
The following sections propose a working concept and guiding values based on sustainability
thinking applied to urban resilience policy.

3.1 Sustainability as an Approach to Resilience

Sustainability as an approach can be applied to a number of goals as an overarching guide. It
requires taking into consideration the dynamic interactions and behaviours of complex self-
organising systems to support coordinated action to address challenges in the context of
uncertainty and incomplete information (Ahern, 2011). A sustainability approach also encourages
a long-term vision leading to preventive and proactive attitudes. Lederach (1997) for example
used the term sustainable reconciliation in his book about conflict resolution emphasising that
this goal requires a long-term, integrated, inclusive and holistic view of the issues and objectives.
The following four overarching values or principles are dominant in the urban sustainability
literature and much of the more recent resilience literature.

Adaptive/dynamic capacity: Although these words may not always be explicitly used,
literature about sustainable development and resource management often deals with
practices and processes related to adaptation and dynamic systems (Smit & Wandel,
2006; Fiksel, 2006). In this sense, it refers to the capacity of systems to dynamically adapt
to changing challenges and opportunities in order to better cope with and manage them
(Smit & Wandel, 2006).
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Sustained/persistent: At the core of most definitions of sustainability is the ability to
sustain human and ecological systems. The way in which this may be done and measured
is open for debate, but the ultimate objective is to allow systems to continue to function
and persist into the future (Gale & Cordray, 1994).

Preventive/proactive: Another core characteristic of strong sustainability is its focus on
long-term futures (which are inherently uncertain) in order to ensure the survival of future
generations (Brown, et al., 1987; Dedeurwaerdere, 2014). This is sometimes referred to
as the precautionary principle in environmental sustainability management (Dovers,
1995).

Holistic/quadruple bottom line: Sustainability science and policy typically deal with
balancing goals of various stakeholders and aiming to identify potential conflicts
(Dedeurwaerdere, 2014). The idea of the quadruple bottom line provides a holistic
approach where urban sustainability resides in the interaction of four drivers: economic
development, social development, environmental protection and effective governance.
Within the present context, the latter refers to the institutional capacity of the urban
system (Teriman, et al., 2009).

These values have also been highlighted as requirements for long-term sustained resilience.
Adger, et al (2011) for example write about resilience highlighting the relationship between
adaptive capacity and the confluence of economic development, technology, human capital and
governance structures.

3.2 Sustainable Resilience Network Values

The above overarching values from sustainability thinking were used to map specific network
values that are highlighted in the literature as underpinning forms of resilience which can be
sustained in the long term. The following recur throughout this literature.

Dynamic: A complex systems view of cities is required in order to understand and cope
with cascading effects of stress events (Mcllwain, et al., 2013). Characteristics of
complex dynamic systems often mentioned include: non-linearity, uncertainty,
emergence (sometimes described in terms of surprise), scale and self-organisation
(Berkes, et al., 2003; Damper, 2000). A dynamic view of the urban system emphasises
the constant state of flux and change as well as the uncertainty surrounding future stress
sources (Folke, et al., 2002).

Socio-eco-technical interactions: The fact that cities can be seen as socio-ecological
systems is hardly debated since the rise of socio-ecological resilience. These socio-
ecological interactions create the opportunity for technological progress (Folke, et al.,
2002). In turn, technology can be used as a tool to enhance the resilience of cities (Fiksel,
2003). Technological progress has also been acknowledged as providing both new
challenges and opportunities for urban resilience (Smith & Stirling, 2010). However,
information technologies are evolving into socio-technical systems and slowly becoming
integral to every aspect of urban asset management and governance. Therefore,
sustainably resilient systems also include dynamic technological change and socio-
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ecological as well as emerging socio-technical system interactions as part of the
environmental context.

Sensitive and adaptive: There is a need to make management and governance systems
adaptive and flexible in order to be able to deal with uncertainty. This approach
emphasises an ongoing and active learning capacity which is sensitive to feedback from
the system components and environment, including the community context (Berkes, et
al., 2003; Mcllwain, et al., 2013). The Rockefeller Foundation for example talks about
reflective and resourceful systems referring to the ability to learn and change behaviours
in response to changes (100 Resilient Cities, 2015). Jabareen (2013) further argues that
urban resilience in the face of climate change requires uncertainty-oriented planning
policies so the system can cope with statistical uncertainty and a continuous range of
conditions. Labaka et al. (2015) additionally highlight the need for ongoing data
acquisition, monitoring and evaluation in order to maintain the sensitivity of the systems
to current conditions.

Coordinated and cohesive: Cities are formed by systems of networks that function based
on their connectivity in order to increase cohesiveness and coordination (Ahern, 2011).
Here cohesion refers to the existence of linkages across system components (Fiksel, 2003)
and coordination relates to more effective multi-scale network functions (Ahern, 2011).
Horizontal and vertical coordination across the components of the systems are necessary
for it to function as a whole while maximising its adaptability. This should include
feedback loops between and across the components and governance systems (Mcllwain,
et al,, 2013). This for example refers to coordination across infrastructure network
governing bodies as well as across political governance levels such as councils and state
organisations in order to achieve a cohesive system.

Capacity to persist: This characteristic is related to having a proactive approach to risk
mitigation and abating at different time-scales. It is about reducing the likelihood of stress
events occurring and affecting the system in the short, medium and long-term. In the
short-term it refers to being able to withstand both acute shock events and chronic stress
due to the robustness of the systems, existence of redundancies and flexibility in the face
of changing conditions (Mcllwain, et al., 2013; 100 Resilient Cities, 2015). In the
medium-term it takes in part from evolutionary resilience in that stress events are
opportunities to ““bounce forward”; that is to move away from simple recovery and
towards renewal to improve the resilience of the city and the community (Mcllwain, et
al., 2013). In the long-term is about prevention of future sources of stress, this includes
for example climate change mitigation initiatives (Jabareen, 2013). Although having a
different understanding of resilience, Register (2014) argues “if we start thinking in really
basic terms, we may realize that the city that is best for adaptation adapts least —
because... it doesn’t have t0”. Register also argues against seeking to adapt to changes
while ignoring the root cause, principles and likely futures. Truly sustainable resilience
policy should address short, medium and long-term time scales.

Embraces diversity: This relates to the existence of redundancies and promotion of
modularisation to spread risk across time, geographic and system scales. This is for
example provided by distributed and decentralised systems (Ahern, 2011). Diversity of
redundant components means that the system has back-up structures and does not depend
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on a single component. Systems are made of sub-systems which are relatively
independent of but provide support to and complement each other (Mcllwain, et al.,
2013). It encourages multiple forms and behaviours in order to create inherent resilience
across the whole system (Fiksel, 2003; 2006).

Efficient: It refers to the efficient use of capital and resources through multi-functionality.
It supports response diversity within single functions while being able to perform more
than one function either simultaneously or progressively (Ahern, 2011). This
characteristic can be complementary to diversity where one component can create
redundancies by performing multiple functions to maximise the efficiency of the resource
investment (Ahern, 2011). It is also closely related to the capacity to persist in that by
using resources more efficiently, there is less resources needed and less risk of loss as
well as less demand. This can potentially also reduce long-term risks (Fiksel, 2003;
Register, 2014). It requires a clear understanding of the system needs, limits and
opportunities for synergies across system components.

3.3 Sustainable Resilience Concept

Engineering R Socio-ecological R Sustainable R
Returning to Dynamic system Sustained proactive and
normal after withstands coordinated approach to
shock (bouncing disturbances, self- disturbance risk mitigation
back) organises and builds and adaptation (short,
capacity to adapt medium and long-term);
technology as part of dynamic
system.
Ecological R Evolutionary R
Buffer capacity to Constantly changing
withstand shocks dynamic systems;
and move to disturbances are
multiple equilibria opportunities for
bouncing forward

Figure 1 Characteristics of some common concepts compared to Sustainable Resilience

From the above discussion it follows that dominant concepts of resilience may be insufficient for
the development of more comprehensive resilience policy which can be sustained over the long
term. The lack of mainstream concepts that openly include sustainability principles may be a
result of perception biases, either because authors use the terms interchangeably or because they
consider the term “sustainability” too loosely applied, vague or semantically charged (van der
Heijden, 2014). Whatever the case, there are good reasons to bring core sustainability aspects to
our thinking of resilience in order to improve the effectiveness of urban policy. This is reflected
by (although not always explicitly) academics and policy-makers proposing new
conceptualisations of resilience that expand the defining characteristics based largely on

59



sustainability principles. These new conceptualisations may be summarised through the following
working definition, referred from here on as urban sustainable resilience:

Urban sustainable resilience is the capacity of socio-eco-technological complex dynamic urban
systems to tolerate disturbances, which can be chronic or acute, and persist in a sustained manner
through ongoing learning and adapting to changes to the environment and the needs of the system.
It requires efficient, diverse, coordinated and cohesive strategies that proactively address short,
medium and long-term challenges. Urban sustainable resilience is underpinned by sustainability
and dynamic system resilience principles in order to define practical policy aspects that allow
cities to tolerate disturbances, evolve with the changing environment (where environment refers
to climate, social sentiment and technological context) and mitigate future sources of stress.

Figure 1 briefly outlines some of the different policy implications for some more common
resilience concepts and the proposed sustainable resilience concept.

4. Urban Sustainably Resilient Policy Qualities

“Urban policies are critical in making cities more resilient and are crucial factors in bringing
the governance of global environmental problems to urban contexts™ (Jabareen, 2013). However,
from an offer and demand point of view, policy-makers struggle to offer policies that address
long-term resilience challenges and citizens often do not provide a sustained demand for policy
interventions. This is in part due to the short election cycles and people often failing to understand
the urgency of having a long-term vision. This leads policy-makers to take advantage of windows
of opportunity when disaster strikes to introduce resilience policies (Vogel & Henstra, 2015). The
constantly changing political, economic and social environment also prompts short-term
interventions rather than sustained action (Broniatowski & Weigel, 2008). However, resilience as
conceived here, requires continual action incompatible with constantly changing policies. In
addition to urban policies’ goals, targets, instruments and agents striving to create more
sustainably resilient urban systems, it is therefore hypothesised that the policies themselves can
have sustainable resilience qualities in order to ensure sustained outcomes. Under this hypothesis
policies themselves should show the seven values outlined in the previous section. After exploring
the implications of this proposition (to be published at a later date), the following policy qualities
are suggested to form the policy development guiding principles.

Political resilience: The political environment has a clear impact on the choice of policies
and the time-scale of their objectives and implementation. Short-term political cycles
commonly translate into short-term goals and policies but to achieve sustainable
resilience of urban systems a long-term strategy is also required. “A system designed
under these circumstances must be able to deliver value under a constantly shifting
political environment... These systems must therefore have an architecture that allows for
political sustainability”” (Broniatowski & Weigel, 2008). Political resilience means that
policies need to be designed to withstand changes in government within and across levels
of governance. This is closely related to policy goals, values and interests, and although
it depends on the perception of delivered value, this is not a sufficient condition
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(Broniatowski & Weigel, 2008). Multi-level governance perspectives can leverage on
opportunities and identify contradictions that arise from the interpretation of challenges
that apply to different scales and spheres of governance and authority (Bulkeley & Betsill,
2005). Promoting a resilience-based culture across stakeholder groups can also help
improve coordination and communication, and lead to more politically resilient policies
(Labaka, et al., 2015). Political resilience also relates to the way issues are framed and
perceived by policy-makers (Vogel & Henstra, 2015). Sustainable resilience policies
should be framed in such a way that urgency that springs to action is conveyed without
politicising the issues. This can help reduce the risk of changes in the government’s
political views affecting the objective assessment of policy outcomes. In the long-term,
policy-makers should aim to integrate successful aspects of implemented policies into the
overarching values that guide the evaluation and implementation of subsequent policies
and laws; including across other policy fields. “To be robust and durable over time,
adaptation principles and objectives must be integrated into day-to-day planning and
decision-making processes” (Vogel & Henstra, 2015).

Economic resilience: Political will, the collective willingness to do something, is critical
to successful policy implementation but may waver depending on a number of aspects
(Vogel & Henstra, 2015). Funding of any policy is commonly closely tied to political
will. This often leads to funding short-term programs with ribbon-cutting opportunities
at the expense of long-term cost (Herrmann, et al., 2009). Setting resilience priority areas
and cost-benefit analysis can help deal with limited funding for capital investment.
However, designing policies that encourage infrastructure that has more than one function
while increasing urban resilience and providing potential financial gains can support
political resilience by providing economic resilience (Mcllwain, et al., 2013). Policies
should take into account the financial sustainability of the initiatives but also be able to
absorb additional cost brought by evolving challenges as they arise (Labaka, et al., 2015).
Economic resilience could entitle transforming sunk costs into returns on investment
(ROI) by leveraging inter-governance synergies (e.g. integrating urban waste treatment,
district heating/cooling and industrial waste heat disposal). Assessing commercial co-
benefits and partnering with industry for long-term financing of resilience initiatives as
well as coordinating budgets across governance boundaries can also help achieve this
(Mcllwain, et al., 2013).

Social resilience: Stakeholder support commonly influences policy choices and actively
addressing stakeholder concerns can help avoid implementation failure (Vogel &
Henstra, 2015). Resilience policies should include “adaptable social infrastructure to
assure meaningful participation” (Ahern, 2011) in order to maintain sensitivity to the
constantly changing needs and interests of the system. Additionally, for policy to be
sustainably resilient in the face of constant change it is suggested that it needs to be able
to steer or adapt to changes in social sentiment (general priorities and views of the local
public). Achieving this may require integrating deliberative democracy processes which
have been proposed as a way of delivering long-term transformational policy objectives
(Hartz-Karp, et al., 2013). Progress towards higher levels of resilience often also requires
social uptake of new behaviours (Mcllwain, et al., 2013). Long-term policy effectiveness
and social support requires active engagement with stakeholders and brokering
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knowledge in a way that the community can be receptive to it. This could mean
integrating educational programs or gaining insight into how decisions are made by
individuals in order to frame policy actions appropriately (Shediac-Rizkallah & Bone,
1998). The growing fields of opinion mining and sentiment analysis may also be of use
(Pang & Lee, 2008).

Environmental or contextual resilience: A network value of sustainably resilient systems
is proposed to be that their environment is formed by its socio-ecological components as
well as by technology. The latter is often a key part of urban resilience policy actions and
frequently changes at a higher pace than the built environment and models used to design
the policy in the first place (Mcllwain, et al., 2013). Action plans and strategies resulting
from resilience policy need to be able to remain sensitive and adapt to changes in the
ecological and technological environment in order to stay effective over time. The
understanding of the policy priorities and what forms, for example, critical infrastructure
may also change over time (Mcllwain, et al., 2013). This means that resilience policy
programs should include active learning and monitoring processes that encourage
frequent and comprehensive reviews of the needs and opportunities provided by the
changing environment.

5. Future Research

This work is part of a three-year project. Future research will continue a systematic literature
review of academic and government documents related to urban resilience and policy. This effort
will meticulously map the characteristics of emerging concepts of urban resilience which are
framed as more sustainable over time; following sustainability principles explicitly or implicitly.
This will be used to complete the working concept and draft framework which will be tested
through expert consultation that includes academic, government and industry professionals. The
revised version will be further developed into an evaluation framework consisting of specific
indicators for urban sustainable resilience policy assessment. This will be tested through a series
of international case studies that will also include policy content and processes analyses. This
research will aim to deliver three main practical outcomes: (i) best practices based on success
factors of sustainable resilience policy from international case studies; (ii) a set of
comparators/indicators that allow evaluating these types of policies across city and state borders;
and (iii) a practical tool for policy-makers for evaluation and implementation of more effective
and sustainable urban resilience policies.

6. Conclusions

This publication briefly explores the relationship between resilience concepts and urban policy as
well as suggest a working concept for the term sustainable resilience. This is done by drawing
from emerging resilience concepts which are implicitly or explicitly driven by sustainability
principles. The authors also introduce a set of urban sustainable resilience values and policy
principles. Future research will continue a systematic literature review to increase the robustness
of the proposed concept and framework as well as continue developing them. The resulting
framework will be tested and validated through further research.
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Abstract

Urbanization had been rapid, currently 54% of the global population lives in cities and it is
projected to rise to 70% by 2050. New cities have emerged, and hundreds are expected to be built
in coming years. Cities are also engines of economic growth, accounting for 80 % of the global
GDP (UN habitat 2015). But they also consume around 75 % of global primary energy and
responsible for 70 % of the global greenhouse gas (GHG) emissions (UN Habitat 2015, EIP
SCC). All sectors associated with urbanization (transport, building construction and maintenance,
housing, waste management, energy, etc.) are registering trends that raise sustainability issues.

Urbanization trends pose a need for strategic and innovative approaches to urban design,
planning, management and governance. The accompanying trends in technologies play a
significant role in 21st Century urbanization as technologies are increasingly supporting business
functions, city logistics and grids, transport, delivery of basic services, environmental
management systems, government operations, data-driven industries like finance, and people-to-
people interactions.

CIB Task Group 88 has created smart city roadmap were the main findings were following.
Technologies have a crucial role and potential in address the urban challenges, presenting new
opportunities and smart approaches for the global community to make cities inclusive, safe,
resilient, and sustainable.

Due to climate change and lack of critical resources energy management and technologies to
transform our cities low carbon becomes important. Digitalisation and new technologies enables
us to use more and more data in real time. In addition internet of things makes it possible to use,
combine and enrich data from many different sources. The future city actors and stakeholders are
changing internet of things to internet of meaningful information. New technologies enable also
service based solutions. Future construction business is in transformation. Construction will
change to services: living as a service, energy as a service, urban environment as a service. Future
smart cities are sustainable and resilient and they are constructed from self-healing materials and
systems. Zero carbon resource efficient solutions are created without compromising peoples’
well-being.

Keywords: smart city, sustainability, energy, buildings, urban planning, traffic
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1. Introduction

All around the world, urbanization is a growing trend. As more and more people get together,
smart systems and their integration need to be developed, not only to provide the services that
people need but also to do so efficiently with minimum impact on the environment. It can be said
that efficient ICT, one part of which is the Internet of Things, is a common dominator: tying
together services, residency, mobility, infrastructure and energy. It is a global challenge to reduce
environmental impact and the carbon footprint.

At the same time, societal development needs to be addressed and the focus put on people’s well-
being. Pressure is growing to reduce our environmental impact, and there is a parallel compelling
need for business to remain globally competitive. Sustainable transformation of cities is only
possible when it is done in a smart way. Smart city design, operation and management need to be
done at system level. Sub-optimization of individual components will not lead to optimal
performance of the system. Multi-target optimization is not an easy task, but it becomes necessary
as different components and systems are interlinked and interconnected — irrespective of where
they are physically located. Traditional sector-based industries and value chains are also
changing, and completely new business models are starting to emerge. Radical innovations and
paradigm shifts are changing our whole city systems.

Cities are a driving force in generating world’s economic growth. Cities are becoming even more
important as urban population and populated areas grow leading to a rapid increase in resource
consumption and emissions. The principal challenges for cities, around the globe, are to deliver
better services while being globally competitive, and meeting climate targets. Expenditures on
improving energy efficiency, modernizing infrastructure and on creating high quality living and
working environments are enormous. At the same time, cities have limited and less financial and
resources for governance and services.

Innovation in the form of 'smart city solutions' can deliver technologies, products and services
that meet the dual challenges of reducing greenhouse gas emissions and delivering more efficient
services. Cities worldwide are modernising and becoming poles of competitive strength. There is
a clear need for resilient, sustainable, safe, energy efficient, connected, good quality to live and
work in cities.

The rapid development of information technology, technologies for local small-scale energy
production, as well as the transport solutions are the key enablers for cities becoming more
resource efficient although at the same time meeting the users’ needs better. The built
environment, i.e. buildings and transport and utility networks, cannot remain only a passive
platform. It also needs to be reshaped to make optimum use of the technology opportunities.

The aim of this work was to compile the CIB community’s vision and perspectives on the future
of cities under the impact of the expected development of the new technologies (distributed
energy, virtual services, urban transport and living/working opportunities). In addition this task
group created strategic roadmap for the building and construction related research needed for
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envisioned future smart cities. The challenges and contributions were identified from the political,
social, market, environmental and technological perspectives but also the values and their effect
on different perspectives were considered in the workshops.

2. Methodology

The roadmap work started with the conceptual framework, how we define smart city in the CIB
context and what aspects are included in our frame. After framing the CIB context in smart cities
the state-of-the art was defines and the identification of priorities and priority themes were
defined. Highlighting today’s state-of-the-art it was logical to set the vision how we want to see
a smart city in the future. Setting the vision sets also the requirements for development strategy
and research as well as industry needs to realise the vision.

The first task group meeting and workshop were organised in Finland on February 2014. The
workshop had 15 participants among the 22 task group members. The second meeting was
organised as a webinar in June 2014 and the third workshop meeting was held in Washington on
September 2014. The initial roadmap was send to feedback and validation for the CIB community
as well as for expert and stakeholder consultation. The interactive work process and schedule are
shown in Figure 1 below.
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Figure 1: The interactive work process and schedule of the CIB smart city roadmap

3. Main priority areas and the CIB vision

The priority areas for the smart city roadmap were identified in the first workshop. The
participants listed and discussed in three groups about choosing the priority areas. The main
themes identified from the prioritisation of topics were structured into following groups:

Energy: increasing the use of renewable energy, optimisation of the energy system and
the management and balancing of energy supply and demand.

Existing and new buildings: new solutions for renovation, living comfort and
replication of building services and solutions.

Land use, infrastructure and asset management: adaptive use and integration to
existing systems.

Transport and mobility: Easy and fast mobility, smart management systems, reducing
the need and time for travelling.

Communities and users: people participation, on-demand services, increasing
awareness, trust and security, and good well-being.

The discussion included many cross-cutting themes, which are relevant for all priority areas. ICT
solutions, interoperability and integrated planning and systems are essential elements in the smart
city context. The discussion also strongly reflected cities’ sustainability targets, including
economic, environmental and social aspects. Especially efficient resources use and low carbon
targets were considered as priority targets. One of the major changes considered was the
development towards service based economy. In addition, cities adaptability and resilience was
highlighted, as well as policy and governance related issues with improved collaboration and
communication.

In CIB smart city workshops each theme group analysed the needs/problems from the
perspectives of policy, markets, products & services and technologies. In addition each group
already started to draft reasons and solutions for possible problems. In the end of that session a
vision/goal for desired state was written. The group work result tables are presented below.
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Commonly the tables highlight the need for technologies and services to support sustainability in
cities and also the importance of technologies to support sustainable choices in people everyday
life; i.e. making the sustainable choice the most convenient and easy choice without
compromising well-being. The visions also highlight the new technologies for predictive, resilient
and self-sustaining energy and resource management. In addition the vision states the
transformation from internet of thing to internet of meaning, highlighting the importance to enrich
the date to decision making to support city goals.

The detailed roadmaps for each theme can be read from CIB roadmap publication.

Analysis Framework: Energy & Buildings

Policies

Markets

Products or
services

Technologies

Problem or

need

* Distributed generation
and its limits

* Reliance on single energy
source (fossil / centralised)

Reason for

problem

* Lack of awareness

* Legacy of design: central
production

Possible
solutions

* Microgrids & islanding
* Load balancing

* Transactive energy:
market & technology

* Reusing waste heat

* Primary energy vs.
delivered energy (process
losses)

¢ Uncertainty

* Lack of ROI for
environmental protection
* Variable discount rate &
time value for money

* Costs & pay pack time

* Size-based sliding scale
pricing & taxation

Vision
(Goal)

¢ Clean, efficient and
sustainable energy sources
* Nearly zero energy
buildings

* Pricing policy that
provides ROI on resilience,

environment etc.

* Dynamic energy prising

* Building stock inertia

* Design to change user
behaviour

* Energy efficiency & losses

* Renovation need is huge

* Grid monitoring

* Adaptive building
management

* User education

* Real time feedback &
pricing

* Smart grid & city

* Adaptable and flexible
structure design

* Resilience

* Accessibility and
affordability

* Lack of ROI for resilience

* Fluctuating supply from
RES

* Response market &
mechanisms

* Holistic design

* Novel building materials
* Different design levels:
Horizontal, vertical,
temporal, 3D etc.

Figure 2: Energy and buildings theme and its vision

Analysis Framework: 1) Infrastructure and asset management,
and 2) Resources and waste

Vision
(Goal)

*Self-managing multi-

Need Reason for

problem

Policies |* Transition to sustainable functional infrastructure for
energy & resource resource efficiency and zero
efficiency waste.

*Smart energy management
*Reduce life cycle costs for water, waste and energy
Markets

management / and smart

* Legacy of infrastructure techmolagy

" Building stock and investment

management
* Effective urban water and

*Clean water scarcit
y waste water management

* Adaptive infrastructures
* Integration of existing
infrastructure with new
infra 70

Products or
services
* Effective waste & resource

management
*Zero waste




Figure 3: Land use, infrastructure and asset management theme and its vision

Analysis Framework: Transport & Land Use (T & LU)

Problem or need Reason for problem Possible solutions

* Too much land use for transport | |* Locations not optimally planned

Policies |and infrastructure (parking lots)
* Better management
" coordination: Municipal to
* Opportunities for work are ¢
. S regional level
more intensive in cities -> .
L * Better means for public
Urbanisation e
" . ) i participation in development
* Cities develop to quickly * Values (interests) of populations
: o N : : process
Markets |* Population dissatisfaction with are changing faster than

land use development

* Capital intensive development,
different hinders e.g. legality and
public acceptance

* Lack of public transportation
and un-motorized options

* Slow development and changes
inT& LU

* Energy demanding solutions

* Too much time

* Intelligent Transport System

* Retrofitting current systems to
become more energy efficient
and fuel consuming +ITS

Products or
services

* Support for- and initiatives
towards multidisciplinary
research and collaborations

* Optimal regional layout is not

* Non-multidisciplinary research
yet understood/explored

and collaboration ->
suboptimisation

Technologies

Policies

Markets

Products or
services

Technologies

Figure 4: Transport and land use theme and its vision

Analysis Framework: Community & users

Problem or

need

Healthy & happy
citizens

Set the standards
* Data security
* Interfaces

* Requirements

Citizen engagement

Affordability of
housing

Reason for
problem

* Lack of
power/involvement in
decision making

+ Land use (crime &
security)

Possible
solutions

* Open communication &

governance

* Creative consideration in
urban planning

« Decision making to local
level

+ Lack of jobs

* Mapping of human
resources
* Distributed facilities

* Lack of education &
career opportunities

+ Affordability of adequate
healthcare

« Self monitoring ->
Preventive health care

* Service resilience

« Better control on services

 Lack of good quality 71
buildings/homes

« Warning systems/
predictive monitoring of
vulnerable people

* Interactive infrastructure

Vision
(Goal)

*Health & wellbeing

*Inclusive + equal +
feeling part of the
society




Figure 5: Community and users
4. Trends, drivers and vision of the business environment

Cities are facing serious challenges stemming from global megatrends:
Urban growth and urban sprawl: urban populations are estimated to grow by 2,3 billion
over the next 40 years. Immigration causes problems in many parts of the world.
Ageing population: the number of people over the age of 60 is expected to triple by
2050. This sets concerns of sufficient workforce.
Global warming: cities consume 75% of world’s energy and produce 80% of its GHG
emissions.
Under these circumstances, cities are forced to adapt and improve the whole city system and its
efficiency, for example develop new energy systems and tackle social issues. The philosophy of
smart cities is to see challenges as opportunities and take advantage of other trends, such as
Digitalization: the proportion of broadband access has exploded worldwide which
enables more efficient and economical service provision and internet and remote retail
and services.
Automation and servitization: more and more jobs are carried out by machines and the
trend has been since a long time from goods based manufacturing economy to service
and solution oriented economy.
Technological development: e.g. intelligent transport (automatic vehicles, electric cars)
and smart grids give new opportunities for cities to think about their service provision.”

On the positive side, also 85% of innovations happen in cities. Cities are driving forces in
generating economic growth. Innovation in the form of “smart city solutions” can deliver
technologies, products and services that meet the dual challenges of reducing greenhouse gas
emissions and delivering more efficient services.

A key goal for many cities that want to be smart is to achieve better transparency in decision
making through involvement and engagement of citizens in decision making by participative and
co-creative approaches, providing data publicly (open data) and providing opportunities for
bottom-up initiatives.

5. Barriers

There exists various barriers that can impede or restain the realisation of the development
steps proposed in this roadmap. They are into following four categories: administrative
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and legal barriers, technical and infrastructural barriers, economic and market barriers
and social acceptance and political barriers.

One of the most challenging ones is that cities have limited and often reducing financial
resources for providing governance and various services. Often it is hard to understand
the real benefits and costs of investments, and evaluate their life cycle impacts in the long
term. Other common barriers for many smart city developments are related to systems
sub-optimisation and unclear vision. It is typical that there are many stakeholders
involved from different sectors and backgrounds, which makes the integration of
processes and systems complex, and communication and collaboration need lots of
efforts. Another common barrier is that the relationship between data monitoring and
services and the privacy and security of users’ data is not clearly regulated. Error!
Reference source not found. below summarises some of the main barriers for the main

targeted development areas and main cross-cutting themes in this roadmap.

Table 1 Summary of main barriers for the targeted roadmap development areas and cross
cutting themes.

Barriers Administrative and Technical and Economic and Social acceptance
legal barriers structural barriers market barriers and political
Energy Legal issues and Lots of actors makes High costs and long Legacy of design
lacking of new interoperability and pay-pack times. for central energy
business models for integration of processes supply. Lack of
local energy services and systems is complex. | Costs and efficiency | common vision.
and supply/demand still developing for
matching. Limits of distributed some supply
energy (e.g. timing and technologies, e.g. PV.
Development and fluctuation).
changes are slow.
Location affects to the
Sub-optimisation. accessibility and
availability of RES.
Existing and Isolated sensor networks | Doubts about ROI for | Lack of awareness

new buildings

No common semantics
or standardisation for
communication and
data exchange.

and subsystems

Rare integration of smart
products, services and
technologies into wider
city systems and tools.

investments.

Smart renovation
solutions not cost-
efficient and focus on
isolated buildings

Different interests
of stakholders
(landlords, tenants,
investors, owners,

)
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Lack of policies for the
integration of smart
renovation measures

Huge renovation need.
Maintenance reactive.

rather than district
integration.

Building stock

Old habits.

Data monitoring vs inertia.
services vs privacy is
not clear regulated
Infrastructure Sectorial approach; separate standards & Long term Lack of asset
policies for various infrastructure assets investments vs. short | management
term costs. expertise
Maintenance and renovation sub-optimised.
Fiscal problems State of stagnation
Path depedence in existing infrastucture without
developing attitude
Mobility Too much land use for | Lack of public Many cities develop Muistrust towards
transport and transportation and un- uncontrollable. reliability of public
infrastructure (e.g. motorized options. transport.
parking lots).
Rarely linked to other
Unnecessary trips. city services.
Communities Lack of possibility for | Security and privacy of Affordability of Users resistance
and users: involvement in data. housing. and mistrust
citizens decision making. Lack towards new
of information. Services, systems and Lack of education solutions.
interfaces that are not and career
easy to use. opportunities.
Governance, City decision making Sub-optimisation of the Hard to see the Dissatisfaction of
policies, and in silos. Development land-use. impacts of the people regarding
land use and changes are slow. investment costs in the land use.
Inadequate evaluation of | the long term.
life cycle criteria.
Interoperability | Data monitoring vs No common semantics Hard to calculate the | Inadequate

and ICT

services vs privacy is
not clear regulated

and standardisation for
communication and data
exchange.

benefits of
investments.

collaboration,
communication and
integrated

planning.
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Lack of open data.

Resource Sub-optimisation. Clean water scarcity. Lack of ROI for Competition for
management; environmental resources.
environment protection.

6. Discussion and Conclusions

The global challenge is to reduce environmental impact and carbon footprint. At the same time
societal development needs to be addressed and people well-being must be in focus. Pressure is
growing to reduce our environmental impact and there is a parallel compelling need for business
to stay globally competitive. Investment and expenditure needs for improving energy efficiency,
modernizing infrastructure and creating high quality living environments are enormous. At the
same time, cities have limited access to financial resources.

Globalisation has opened new markets and is requiring much more competitiveness from local
industries. The advanced and modern systems deliver new services and opportunities to growing
well-being. But at the same, societies have become more vulnerable to human based criminality
and also to natural based catastrophes. Climate change is feeding new and unexpected phenomena
requiring more robust but flexible and self-recovering systems.

The concrete threats to the urban system include natural disasters and other sudden shocks
(storms, terrorism, collapse of vital technical infrastructure), vast consequences of climate change
(decreasing biodiversity in the ecosystems , repeated flooding, long periods of hot and arid
summer seasons, distorted population structure, escalating migratory movements, and epidemic
diseases). These challenges are very different from each other as some occur suddenly
(epidemics) and have relatively limited duration (collapsed infrastructure) while some affect the
society slowly and may be very difficult to change or to adapt to.

Smart cities emphasize the relations between the urban flows on energy, material and people as
well as governance and human behaviour. Further, the relations need to be explored in a holistic
way realise cities of high resiliency and sustainability. Innovation in the form of 'smart city
solutions' can deliver technologies, products and services that meet the dual challenges of
reducing greenhouse gas emissions and delivering more efficient public services. Cities
worldwide are modernising and becoming poles of competitive strength.

If we think about the concept of a mart city, we can easily conclude that currently the deployment
of technologies and ICT solutions for energy use and production, mobility and transport is still
fragmented, limited in scale and thus with low impact. A European large scale action is needed
to bring the many valuable results of research and development projects together, and to focus on
deployment. This can be done only by accelerating full-scale deployment of technological smart
city solutions in the key areas of energy production, distribution and use, as well as in mobility
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and transport. ICT is the key enabler for the smart city solutions and new technologies creating
interdisciplinary opportunities.

Vitality and capacity for reinvention form an essential part of a Smart City. This means that the
building stock and infrastructure must be flexible according to changes in the usage needs as well
as the users. A Smart City also attracts new residents, and it must be able to grow sustainable.
Eco-efficiency involves recycling districts and buildings to new uses. Energy efficiency involves
reducing the energy consumption of old buildings so that the energy demand of new buildings
can be satisfied with the saved energy. In addition other aspects of sustainability likes social and
economic aspects must be taken into account.

Choices made concerning a single building have only a limited impact. The impact can be scaled
up, if the choices are made on the district level, instead. In district-level projects, it is possible to
invest in innovations, product development and structural changes. With regard to energy
efficiency, for example, district-level improvements and new construction solutions can achieve
greater benefits than if they were implemented one building at a time.

Unlike in traditional building stock and other infrastructure, interactive data transfer is an
essential part of Smart buildings. Advanced technology and economy are not enough to make a
building smart. At its best, a building could promote the well-being of its residents or the people
working there. At its simplest, the high quality and healthiness of the indoor air can be ensured.
Taken further, the building can, for instance, monitor the condition and safety of senior citizens.
At the district level, the quality of life of, for example, people with memory disorders could be
improved by allowing them a wider living environment through new technology.

Modelling is an absolutely necessary tool, as the initial data produced with it can be utilised in
the simulation of functionality and solutions affecting energy efficiency. Modelling produces
compatible data so that a common model of the district's building stock can be generated as part
of the city model.

If the development project concerns an entirely new district, the infrastructure models and
building construction models can be reasonably easily combined even today. This can be done at
many different levels. At its simplest, it is a question of visualising the planning options. At its
most demanding, the operations and traffic flows planned for the district are included, and the
best solution for the overall system selected. The task becomes somewhat more laborious, if old
building stock or old infrastructure is involved. Model-compatible data of these must be obtained
by means of, for example, laser scanning and ground penetrating radars, if the original plans are
not available. Complete modelling of the district is necessary when the objective is a
comprehensive city model.

Digitalisation and new technologies enables us to use more and more data in real time. In addition
internet of things makes it possible to use, combine and enrich data from many different sources.
The future city actors and stakeholders are changing internet of things to internet of meaningful
information. New technologies enable also service based solutions. Future construction business
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is in transformation. Todays’ construction of buildings and roads will change to service business
like living as a service, energy as a service, X- as a service.

Future smart cities are sustainable and resilient and they are constructed from self-healing

materials and systems. Zero carbon resource efficient solutions are created without compromising
peoples’ well-being.
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Abstract

This paper is intended to highlight some of the challenges of regulating integrated energy
solutions in buildings, and so provide a better basis for both regulation and initiating innovation
processes related to energy efficiency. The paper is based on a mapping of regulatory and
incentive schemes and two extended case studies consisting of in depth interviews, a survey,
document studies and field visits.

The paper discusses political frame conditions that are intended to promote energy efficient
solutions in Norway’s building stock. The starting point is that although such solutions are both
feasible and financially rewarding, the practical outcomes seem to be limited. In order to
understand why, we analyse the nature of current regulative instruments and two different cases
of energy efficiency innovation processes by the dimensions of scale and context sensitivity. The
main finding is that the very nature of projects successful in integrating heterogeneous actors, are
context sensitive and small-scale. Efforts in constructing regulation schemes in order to scaling
up such successful solutions are problematic due to the nature of those regulatory schemes —
relying on standardisation and the measurement of distinct legal entities. If we want to move real-
world energy optimization from small to large scale, one should formulate regulatory measures
in such a way that they combine standardized with the development of individualized and tailored
solutions.

Keywords: Energy efficiency, regulation, standardization and context
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1. Introduction

Buildings account for more than 40% of global energy use in both developed and developing
countries (UNEP 2009), and calculations from e.g. The Norwegian Agency for Energy Savings
(ENOVA), show that there is a significant energy efficiency potential by integrating buildings'
energy systems (ENOVA 2012). Although the explicit political goal is to optimize buildings’
energy efficiency, the current political instruments in Norway are such that this goal is not always
supported— and sometimes the policy instruments even function as an obstruction.

Many propose increased interconnection of buildings energy systems as a key response to stricter
requirements for the buildings' energy and environmental performance. New technological
solutions and pilot projects for low-energy and energy positive buildings have shown the
feasibility of such a response. Such solutions, however, require flexibility in providing the energy
needed for the operation of buildings — from grid systems (electricity and thermal) as well as from
the building itself (e.g. building-based PV, wind turbines, geo-thermal, heat pump systems, bio-
based CHP etc.).

Summarized, given the importance the energy demand represents, and the unexploited potential,
ENOVA argues that many energy efficiency projects should have been implemented, and still,
they are not. There is thus a perceived paradox in the fact that there are available solutions that
are both technically feasible and financially rewarding, but are not actually realized in the market.
In this paper, we argue that many preconditions, other than pure techno-economic, are important
when seeking to realize energy flexible solutions for buildings.

Energy flexibility may be defined as facilitating for changing sources of energy, e.g. not locking
buildings to one source only. Such flexibility is crucial in order to facilitate more renewable
energy to be incorporated into energy consumption, and furthermore to match calculated potential
for energy consumption with the actual energy consumption (EBC, 2014). Hence, energy
flexibility in its broader sense also includes more interaction and flexibility both internally within
a building, using e.g. short-term and long-term thermal storage, and interaction between buildings
and/or buildings and external energy systems.

In this paper we highlight how the nature of policy instruments makes certain types of systems
and systemic changes such as energy flexibility problematic. We combine an assessment of the
societal and political driving forces with empirical studies of one small-scale and one large-scale
case of energy efficiency innovation. By this we aim at contributing to the identification of more
robust policy measures for increased energy flexibility and interaction between buildings and the
energy system at multiple levels. We thereby also aim at highlighting the importance of
addressing the political feasibility of the proposed measures, which may also include more shared
visions and understandings across traditionally separated policy sectors.

The first case is a small-scale energy entrepreneurial project that integrates and utilizes both heat

flows and CO2 outlets between companies in a food industry cluster. This case shows a very
successful project in terms of energy optimizing, it takes in to account and exploit the specific
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contextual conditions. At the same time — as this is a context specific solution — it may not be
optimal as a large scale solution for all other such clusters.

The second case is a large scale state initiated program which has lead to a significant change in
the building market. This is the so called passive house program. The standards and means of
both regulating and registering this initiative are of such a nature that it is easy for large scale
adoption. But these are not context sensitive standards, and as such the solutions are not optimal
for the specific sociotechnical situations.

One important observation is that the specific small scale initiatives, such as in case 1, are
demonstrably successful in saving energy, while the specific houses in large scale initiatives
varies a lot in such performance. At the same time — the large scale initiative has a lot more impact
in the over all energy savings. We would therefore argue that if we want to move energy
optimization from small to large-scale, regulatory measures should function in such a way that
they combine standardized solutions with development of individualized and tailored solutions
where appropriate.

2. Background — Policy framework for more energy flexible
buildings

Policy instruments may be divided into three categories; regulatory, economic and informative.
Regulatory instruments are ““undertaken by governmental units to influence people by means of
formulated rules and directives which mandate receivers to act in accordance with what is
ordered in these rules and directives” (Bemelmans-Videc, Rist & Vedung, 1998, p. 31).
Economic policy instruments involve either *“... the handing out or the taking away of material
resources, be they in cash or in kind. Economic instruments make it cheaper or more expensive
in terms of money, time, effort, and other valuables to pursue certain actions.” (Bemelmans-
Videc et al., 1998, p. 32). Economic instruments may comprise discount campaigns, tax credits,
funding, loans and grants in various forms that can be targeted at different areas, different
populations, etc. Informative instruments, or “moral persuasion”, cover “attempts to influence
people through the transfer of knowledge, the communication of reasoned argument, and
persuasion” ((Bemelmans-Videc et al., 1998), p. 33).

There are currently a number of regulative, economic and informative policy instruments relevant
for energy-building interactions in Norway (summarized in the table below). This policy
framework does not explicitly support solutions for increased interaction, even if there have been
recent amendments in the regulation of third-party access and deliveries to district heating.
Overall, energy efficiency is not a specifically well-established policy field in Norway (Knudsen
and Dalen 2014, Ryghaug and Sgrensen 2008). It adds complexity to an "energy efficient
transition" that buildings has traditionally not constituted a uniform industrial sector and — within
a Norwegian context, at least — has been anchored within and regulated from different policy
fields (Rasmussen et al. 2006; Boasson 2009).
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At the same time, certainly regulatory changes have been decided during recent years in Norway,
pointing towards a clearer political priority of energy efficiency. An important driver behind these
changes has been the stricter requirements stemming from EU-based legislation, particularly the
Directive on Energy Performance of Buildings (EPBD) which (in particular) implies the
compulsory phase-in of 'near-zero energy buildings' by 2020. The EU EPBD requirements are in
Norway codified into the Building Code. A number of building companies have started to
experiment with the new building energy standards, and several innovative projects — including
energy-positive buildings — are now realized in Norway. A number of energy companies, in
addition to the ICT sector, are also increasingly interested in this regard.
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Table 1 Overview policy instruments for increased energy efficiency and interaction in Norway (Knudsen and Dalen 2014)

Instrument What Governance level in Norway (national/regional/local) Promotes energy efficiency
and/or increased interaction
Regulatory Building regulation National yes!(thermal insulation
TEK 10 requirements)
Regulatory Planning and National/local (municipalities set the concrete requirements) No
Building Act
Regulatory Plus customer New regulation under development: Owners of residential and non-residential buildings are supposed to achieve the right to exchange Yes
arrangement up to 100 kW surplus electricity, free of charge (e.g.bulding- integrated PV to the electricity grid)
Regulatory Third-party access/ National, amendment of the Energy Act (2013): Allowing third parties to access and deliver heat to existing district heating yes
deliveries to DH infrastructure, depending on the negotiation with the owner of the infrastructure. (The DH infrastructure owner is not obliged to provide
infrastructure access, if agreement is not reached).
Regulatory EU Energy labelling Norwegian Water Resources and Energy Directorate prioritize product groups for closer follow up. National regulations established on | yes (market pull)
Directive a product group base as the EU regulation progress develops into mandatory regulations. Market pull — informing buyers.
Regulatory EU Ecodesign Same process as for EU Energy labelling Directive. Market push- removing prouducts from market. yes (market push)
Directive
Regulatory The Energy Act National. Regulation of income frame for grid operators, tariff regimes for grid operators, producers and end-users of energy, including | Yes (energy performance
a regulation of district heating market (mandatory connecting and regulation of pricing). certificates for buildings)
Economic Enova incentives National. Supports investments in more energy efficient heating solutions (i.e. hydronic heating, solar water heating, heat demand Yes
steering systems, geo-thermal heating), and new technological solutions.
Economic Innovation Norway National. Financial support to energy and environment R&D Yes
Economic The Research Several economic instruments, such as financial support to R&D projects, and tax incentive schemes for companies conducting R&D Yes
Council of Norway projects.
Informative Energi21 National strategy on energy technology R&D with energy efficiency as one of the prioritized areas. Priorities of the strategy to be taken | Yes
into account by the RCN in the funding of R&D projects.
Informative Bygg21 National strategy on buildings with sustainable, adaptable, functional buildings for the future residential and urban areas. Yes

! http://www.paroc.no/Knowhow/Building-regulations/Norwegian-Building-regulations?sc_lang=en
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When discussing possible solutions within a Norwegian context, it is also important to understand
the societal and political factors underpinning the current situation — and consider what can be
considered as politically feasible. There is a remaining barrier in the way Norwegians consider
supply of energy — in the form of electricity, as cheap and abundant. Hence, the overall drivers
which are substantially present in other European countries, related to higher energy prices, less
security of supply and the need for phasing out fossil fuel-based production of electricity, are not
present in Norway. In addition, Norwegian building prices for both residential and non-residential
buildings are relatively high. Given the current prospects of increased challenges for the
Norwegian economy, such concerns will grow in importance. Hence, additional costs related to
energy provision for buildings may not be a very feasible path, and new projects for energy
storage and interaction should also focus on and clearly communicate how they can contribute to
reduced costs, in order to become more politically robust in a long-term perspective.

With the development of more interactive energy networks which are being introduced with smart
grids, we can expect to see more cross-sectoral innovations, combining multiple technologies.
Still, with this development comes the growing need for improved energy management systems
of e.g. smart thermal grids, and new concepts for energy storage (e.g. geothermal solutions for
heat/cool storage). There are challenges emerging related to the management of more integrated
systems, and the coordination across traditionally separated technical systems. As mentioned in
the previous chapter, these different technical systems (energy/buildings) do also represent
different policy sectors with different and fragmented public authorities and different regulatory
logics. A major question is how small scale and context sensitive solutions, stemming from a
singular or multiple actors within e.g. the building and industrial sectors can represent alternative
solutions, and to what extent these approaches can supplement and eventually influence upon the
further development of the policy framework.

The following section will explore these questions further by discussing concrete cases from the
Norwegian industrial sector.

3. Case studies: Implementation of policy instruments and
actor induced measures

The empirical basis of the paper is two cases of building/energy innovation processes; one
initiated by private actors and one as a response to governmental incentive schemes. By this the
paper raises the questions as to what extent energy-flexible solutions for buildings are promoted
by the current policy framework in Norway, and how pilot project actors experience this policy
framework.

The case-studies are based on 30 in-depth interviews and a questionnaire. The interviewees
represent industry partners, grid owners, municipalities, governmental instruments, building
owners, consultants, R&D, and building contractors. We also conducted a document study of all
official documents related to the establishment of the specific industry-cluster and regional
energy-plans from the municipality and energy-supplier. Finally, a field-visit was done to get an
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impression of the cluster and energy-system of case 1. The material was transcribed and analyzed
triangulating the different sources of data (Yin 2009). Drawing on the work of Burawoy (1998)
and his concept of extended case-study, the empirical findings from the case-study is analyzed
against a backdrop of Enova and Energy21 quantitative studies of barriers hindering the utilizing
of surplus-heat in Norway. By doing so the case-study illuminates the perceived paradox
articulated by using a barrier-model to explain the lack of innovation, and a challenging disparity
between contextual optimization and regulatory standards and standardization.

3.1 Case 1: small-scale energy entrepreneurship

Our case of actor-induced initiatives constitutes heterogeneous solutions for energy efficient
systems. Such projects might hold great potential for saving energy, but also for never being
realized due to challenges in coordinating these innovative ideas (Johansen & Rgyrvik 2014).
Multiple buildings, and different kinds of production and consumption making up one system
optimized by the differences of energy needs and usage characterize the case we focus on. Given
that the object is the optimization of energy consumption and minimalizing impact on the
environment, such projects must handle socio-technical heterogeneity — reaching beyond energy-
political instruments (ibid).

The notion collective energy-system is used because it highlights what we consider to be the
greatest innovation in this case; a shared private initiated energy-system with internal rules
regarding infrastructure and trading of energy. This can be seen as opposed to a traditional energy
system with a grid-owner, producer, distributor and customers. In the collective energy-system at
Kviamarka the businesses have multiple roles as they are maintaining their own infrastructure,
contribute with energy to the system as well as receiving from the system. The optimalization of
the system is defined as a collective responsibility, even though the roles are clearly stated. The
collective energy-system at Kviamarka involves surplus heat, cooling water and CO2.

Kviamarka is an alimentary cluster in a small region in Norway where five different companies
have integrated their energy flows into a local sustainable energy-system in order to reduce
energy-cost and make the whole region more energy-efficient. The cluster is the only industry-
cluster in Norway that utilizes low-temperature heat (35 C°) in a collective energy-system.

The construction of the collective energy system was initiated by the simultaneous establishment
and bridging of two companies: Tine were building Norway’s largest dairy in Kviamarka which
produces a large amount of surplus heat and CO,. To utilize this waste-energy Miljogartneriet
were building their greenhouse next to Tine to utilize both the surplus heat and the CO; (in the
photosynthesis), becoming the first greenhouse in Norway without their own energy-central.
Integrating the companies’ energy flows was necessary to get political approval for the
development plans. When completed, this also led to a more cost-effective production.

At the time Tine and Miljogartneriet joined, the cluster already consisted of the three companies

Jaerkylling, Nortura and Prima Jeeren (all chicken producers), which at the time had to use
cooling fans to get rid of their low-temperature surplus heat. By connecting to Tine’s energy
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central they could save energy-costs by delivering their surplus-heat, and receive cooling water
for a cheap price. By utilizing the low-temperature surplus heat from the cluster in a shared
system, Tine can also sell this heat to the local energy-supplier which then distributes it to
buildings in the nearby town, reducing the need for heating by electricity. Bridging the businesses
in the cluster thus made their production more cost-effective along with reducing the whole
region’s eco-footprint.

In Kviamarka this material bridging of companies led to a huge inter-dependence amongst them;
Miljogartneriet for example cannot maintain its daily production without the energy-input from
nearby companies. Another interesting character of the collective energy-system in Kviamarka is
how some of the agreements are informal and constituted by personal relationships between
individuals in the respective companies. Ownership is distributed among the companies, they all
own a part of the system and that part is necessary for the whole system to function.

The innovation in Kviamarka is not merely the material bridges and energy flows; it is the creation
and negotiation of a collective energy-system that binds the companies together and makes them
inter-dependent. In the discussion, this will help illuminating some challenges with utilizing cost-
effective surplus heat that again explains the limited extent of such solutions today.

3.2 Case2: large-scale program

In the period 2010-2013, a state funding agency aiming at reducing energy consumption in the
building sector on a national basis operated a programme to increase the number (proportion) of
buildings houses with a passive house quality. The program was arranged to provide financial
support to consultancy and implementation of solutions that met the criteria of the Norwegian
Standard for passive houses (NS 3700 and NS 3701).

During the program period, 751 applications were granted. 182 of these were directed towards
consultation within the concept development phase, while 569 were directed towards direct
financial support for the implementation of solutions. During the program period several problems
occurred. Some of these which may be traced back to the operationalization of the main goal of
the agency into a program.

First, the translating of sufficiently low energy consumption into a standard of passive houses,
seriously narrowed the scope, from a holistic measure of societal energy consumption into a
number of standardized components in individual buildings. The breaking down of a holistic
measure into fulfillment at a component/building level excluded solutions where for example
clusters of houses in sum fulfilled the goal. As a result, the incentive promoted suboptimal energy
solutions where the sum of the individual buildings — in terms of energy saving — actually
underperformed clusters of buildings. A case that may serve as an example of this was a project
where a series of buildings were originally planned as energy saving townhouses. Paradoxically,
when it was decided that they should go for a passive house solution, the townhouse model was
rejected in favor of less energy saving detached houses. The reason for this was that the conditions
for financial support varied between buildings below and above 200m?. To be able to meet the

85



passive house criteria, and thereby trigger the funding, the developer chose to separate each house
by 40m, thus actually receiving support for less energy efficiency than originally planned.

Second, there were serious difficulties related to the measuring of saved kWh of the individual
components and buildings. Thus, support was not based on real savings, but on loose estimates
of saving. Third, these estimates were made in the planning phase of the projects. The applications
were granted in this planning phase, and the only condition to trigger the funding was that the
building was reported as completed. There were no standardized processes of control of neither
the components nor building energy consumption after completion of the projects. Fourth, the
funding agency records of their activities, grants and resulting energy savings were neither well
maintained nor easily accessible — neither to themselves or to researchers.

Thus, the operationalization of the main goal raised concerns both regarding goal displacement
and measurements. This is a case of a general paradox related to incentives and regulation: Due
to decontextualisation of standards, they sometimes produce suboptimal solutions; and due to
accountability regimes that permeate the public sector, one tends to produce only that which is
measurable. Paradoxically, regulators do not always pay enough attention to the fact that what is
measurable is not necessarily aligned with the primary goal, nor are the measurements
trustworthy. We find this to be a potential problematic aspect of incentive regulated initiatives.

4. Discussion

One of the main findings of case 1 is how the integration of different businesses’ energy flows
implicates a number of challenges. One is that material ‘bridges’, that is the physical connection
provided by the new infrastructure, between companies implies a need for structural bridge as
well. This can be illustrated by comparing a collective energy-system with a traditional energy-
system. A traditional energy-chain can be illustrated as a number of roles, manifested in
companies responsible for performing these roles. Energy-producers produce energy for an
energy system. Grid owners are responsible for investing in required infrastructure and
maintenance. Distributors buy energy from the producers on the open market and sell it to
receivers. The system is institutionalized by laws of the country and energy prices on the open
marked. The expectations to the system can be characterized as a form of institutional trust
(Zucker 1986) and are largely taken for granted.
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When establishing a collective energy-system these roles must be negotiated. This way of
organizing a company’s energy-flows is radically different from being connected to a ‘traditional’
energy-system. In addition to their normal production the businesses must take on new roles as
producers, distributors and receivers in the collective energy-system. This involves an inter-
dependence where the different actors are dependent on the other businesses’ energy-flows for
their daily production. The material bridging of the energy flows implies a need for structural
bridging by replacing and establish the roles; producer, distributor and receiver. The
responsibilities, energy-prices and ownership must be negotiated between the companies instead
of being given by institutional structures. Bridging businesses’ energy-flows therefore implies
several challenges that must be met in order to create a collective energy-system:

1) Discover opportunities for bridging and knowledge sharing
2) Need for negotiating roles and responsibilities constituting the system
3) Emergence of inter-dependence

These challenges are all systemic and thus transcend what can be controlled, affected and
regulated by instruments that focus on separate and homogenous legal entities. The very way that
the industries are organized and how context specific aspects are utilized and made part of the
energy system is the innovation that makes the industry cluster energy efficient. Many industry
clusters could benefit from such collective energy systems, but this one exact concept would not
be optimal for other clusters in different contexts — they would need to adapt to the socio-technical
context that constitute their specific situation.

4.1 Scale and standardization

The political objective of energy optimization can be pursued through different regimes, with
which different strengths and weaknesses are associated. Small-scale solutions can benefit from
context-sensitivity and tailor-made solutions to fit local conditions of political, commercial,
technological and geographical natures, through the initiatives of what we call energy
entrepreneurs. The weakness of such solutions is that they are not scalable, since political,
commercial, technological and geographical conditions vary from place to place, and the solutions
that work well may therefore vary.
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Large-scale solutions benefit from the strength that lies in decontextualized standards, and
application of standard based regulatory regimes. By freeing itself from dependence on local
conditions, standards work on large scales. The weakness of standardized solutions is that they
are often suboptimal. In the passive house program example, the standard that applies is for single
buildings (whose reference building does not exist in practice). One weakness of the standard is
that it does not allow application on the system level (eg several houses combined) by upscaling.
Another weakness is that the parameters used to comply with the passive house program both are
difficult to measure and, moreover, not always adequate measures for the overall objective of
energy optimization at society level.

Problem:
-Not systemic
-Measuring
-Suboptimal

Regime:
standards and
regulations

Case 2

Standardisation

U/,::(>

Casel :ﬁ

Aall scale Large scale

Problem:

-Not scalable
-Small overall
impact

Tailoring

Regime: energy
entrepreneurship

Fig 3: Scale, context and standardisation

The arrows in figure 3 indicates two possible ways of scaling up the integrated concept presented
as case 1. The first solution is to standardize case 1 in terms of components and ways of measuring
as it is done in case 2. We would argue that this would involve the same kinds of issues as
described in case 2 as the specific solution optimal in the specific case is not similar elsewhere.
The second solution is to facilitate arrangements that are both context sensitive and scalable. This
is difficult in practice, and one of the central challenges energy efficiency policy is facing.

4.2 Organizational framework for smarter and increased interaction
between the energy system and buildings

It is important to assess how changing trends concerning energy consumption in buildings are
affected by the existing and upcoming policy framework. It is important to map and assess how
certain policy instruments function and how this will impact both the level of energy efficiency
in the building stock, as well as future energy consumption. This issue is also closely connected
to developing smart grid solutions. Consequently, it is important to pinpoint political and
regulatory factors which impact upon the very interface between energy consumption and
production related to buildings, and the external energy provision towards the buildings. There
are few policy analyses assessing this overall problem within a Norwegian context, implying a
need for research on how policies can facilitate for transition towards increased exchange of
energy surpluses and energy storage in and between buildings and building complexes.
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In the the second case, the program was initiated by the regulators, the target group was
conceived/operationalised as a market, and the program was shaped to influence the market —
raise the demand — through incentives (subsidies). The belief was that having reached a critical
mass of houses categorized as passive, the market would see the profitability of “passivehouses"
and the incentive would no longer be needed for the market to go for such solutions. At this point,
the market would thus be ready for adopting the requirements of "passivehouses " as a building
standard, which could be seen as a final motif.

In the first case, on the other hand, the project was initiated by a group of actors who independent
from regulators and regulations agreed to create their own market based on mutual goals and
agreements. The regulators involvement in this project was merely as facilitators, without any
ambition of creating new standards or of scaling up the project. This project was more actor-
oriented, and relating to "market" as a composite, situated entity.

The two projects differ in many respects, not the least in scale; while the second sought to
influence the market on a national scale while the second was one single project (but involving
several actors). Despite this asymmetry, comparing the cases gives rise to some interesting
observations:

1. The weakness of the "market-regulator" approach is that already existing inequalities in
the market may be strengthened, and that the movement of the market will not be reversed
when incentives are withdrawn rest on assumptions that are yet to be proved. The strength
is that one make use of heterogeneous methods for stabilizing the market demand by
developing new standards (Tek15) that the market has to follow.

2. The weakness of the actor-oriented approach is that it works on a small scale, and that
the projects are highly dependent on mutual trust and stability of the good relations within
the projects. The strength is that when the initiative comes from within the projects, the
actors are willing to strive hard to realise it. Another strength is that the projects are
adapted to the local context, and may thus be more efficient than more standardized
projects that are initiated from regulators. In sum, many such actor-initiated projects may
add up to a national portfolio that is highly adapted to local conditions, and such
approaches may thus be more resilient to changing conditions over time.

5. Conclusion

One important finding from our study is that some private initiatives act as driving forces for the
emergence of new solutions despite difficult circumstances substantiating regulation; while the
majority of building market participants is conservative (Ragyrvik et al. 2015) in the way that
profitability and predictability are considered the most important thing as long as it is within the
rules and regulations. This actualizes a duality, as rules and regulations both need to allow and
promote private heterogeneous initiatives while also providing a clear direction for the
development of the building and energy market as a whole.
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Although there is an increased focus on energy efficiency in buildings, there are no explicit policy
measures in place in today which directly aim at stimulating more energy storage (i.e. thermal
storage in this report) and exchange between buildings. Still we have to be aware of what is
politically feasible. Given the Norwegian situation with little focus on security of supply, low
electricity prices — but high costs related to the building sector; there are few political incentives
for ‘extra-charging’ Norwegian energy consumers for building owners' innovative energy
measures.

We find that the policy instruments are faced with an inherent dilemma in the regulation of higher
energy-efficiency: On one hand, context-sensitive regulation is necessary for energy
entrepreneurs to realise creative solutions under local political, commercial, technological and
geographical conditions. At the same time, context-sensitivity and energy flexibility may often
be at odds with regulation based on standards, which we see as the prevailing measure for large-
scale impact. We advise more research on how regulation may enable large-scale strategies to
incorporate small-scale initiatives that take stock of the local context. This is challenging, since
context-sensitivity and standardization tend not to not always go well together. However, we
believe this is not a question of standardization or not. Rather, we believe that research aimed at
addressing potential better objects of standardization than those dominating today — components,
systems and buildings — may be fruitful.
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Abstract

Water services are an essential part of urban planning and strongly connected to the field of natural
resources management (NRM). During the last few decades, Finnish community water supply has
increasingly relied on groundwater as raw water source. However, inter-municipal groundwater projects
have become contentious issues in Finland and several examples of prolonged projects with years of
litigation can be found. A contentious groundwater project can be classified as wicked problem
employing features of complexity: it is unpredictable, uncontrollable, and has several, often
contradictory interpretations. In addition, several domains are intertwined in the natural, built, and
socio-economic environments of the water sector. The complex nature of groundwater management
was examined in two cases of prolonged managed aquifer recharge (MAR) conflicts in Finland by
applying discourse analysis and negotiation theory. The main objective was to find new perspectives
for groundwater governance by analysing the major constraints of those projects by drawing from
collaborative approaches, which are widely acknowledged in the fields of urban planning and NRM.
Results indicate that instrumental rationality with rationalistic planning approaches still prevails in
Finnish groundwater management sector. Interaction and knowledge production based on those
approaches are insufficient in responding to complex management problems, especially those with
contentious features. Thus, this study suggests that the core of groundwater governance should be in
collaborative rationality, while the tools can be obtained from rationalistic expert-based planning. The
legitimacy for a complex groundwater project should be gained through joint knowledge production as
well as mutual interaction, acknowledging stakeholders as partners who are an invaluable asset for
dealing with current groundwater management problem.

Keywords: discourse analysis, groundwater governance, natural resources management, negotiation
theory, urban planning
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1. Introduction

Groundwater is an invaluable part of our natural, built, and socio-economic environments. However,
since it is out of sight, we often forget its value and its quantity: approximately 95% of available
freshwater sources, excluding those locked in polar ice caps, are underground (UNEP, 2003). During
the last few decades, Finnish community water supply has increasingly relied on natural and artificially
recharged groundwater as raw water source. In 2011, their combined share of the water supplied reached
66%, out of which 16% is artificially recharged® (Katko, 2013). However, due to geological reasons,
potential groundwater areas and places for groundwater recharge are sparse. Thus, large city centers,
with their increasing need for fresh water supply, are obliged to withdraw groundwater from afar, often
crossing municipal borders. This may cause tensions between different jurisdictional units, generally
between rural and urban areas. Indeed, there are several examples of local conflicts around the inter-
municipal groundwater projects in Finland (Junes, 2013; Lyytiméki and Assmuth, 2015; Myyrd, 2007;
Rossi, 2014). Projects which are justified on both technical and economic grounds have problems in
gaining legitimacy among local inhabitants. Oppositions emerge and projects may go through long
litigation processes.

Large-scale groundwater projects can be classified as wicked problems employing features of
complexity: they are unpredictable, uncontrollable, and have several, often contradictory interpretations
(Rittel and Webber, 1973; Islam and Susskind, 2013). Therefore, they pose several challenges to water
managers and planners in the context of conventional groundwater management approaches.
Conventional rationalistic planning cannot respond to a situation where contradictions among
stakeholders and political debates may overshadow rational analysis (Sotarauta, 1996; Nolon et al.,
2013). Indeed, the emerging paradigm emphasizes collaborative approaches to complex management
problems in the fields of urban planning (e.g., Healey 1998, Fainstein 2000, Edelman 2007, Martinez
and Olander 2015) as well as natural resources management (e.g., Singleton 2002, Conley and Moote
2003, Margerum 2011, Ostrom 1990).

This paper is based on a doctoral thesis, expected to be published in June 2016. The study aims at
finding new perspectives for groundwater governance by analysing contentious cases that operate in
the context of water services, thus connecting the fields of urban planning and natural resources
management (NRM). Water services, which include water supply, wastewater treatment, and storm
water management, are inherently bound to these fields through the multiple connections with aquatic
environment, required technical infrastructures, and influence on socio-economic development.
Accordingly, this research analyses the major constraints in two large scale managed aquifer recharge
(MAR) projects from the perspective of collaborative governance and outlines lessons for future
collaboration.

First case is situated in southwestern coastal area of Turku Region, and it started already in the 1970s
as a long-distance water transfer project and was finalized in 2010. The other MAR project, situated in
Tampere Region, started in 1993; the result is still open (Figure 1). More particularly, in the analysis of

! Later in this paper the term managed aquifer recharge (MAR) will be used in order to refer artificial
groundwater recharge.
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the two case studies, this study applies discourse analysis (Hajer, 1995) and negotiation theory (Walton
and McKersie, 1965; Fisher et al. 1991; Bartos, 1995), which is the base for several consensus-oriented
practices, including alternative dispute resolution (ADR) (McDonnel 1988, O'Leary and Raines 2001),
consensus building (Susskind et al. 1999) and mutual gains approach (MGA) (Susskind and Field 1996,
Nolon et al. 2013).

- v
NORWAY

RUSSIA

ARCTIC CIRCLE

SWEDEN

Figure 1: Geographical locations of the two case studies

In both case studies multiple materials were available. However, the primary material for the first case
study was newspaper articles (approx. 400 pcs, 1999-2010), from which a discourse analysis was
conducted. A discourse analysis explores the ways reality is constructed through discursive practices in
texts and talk (Nikander, 2008). In this case, the study analyses the argumentation used in newspaper
articles and recognizes the ways these texts constructed and maintained discourses around the MAR
project. Second case included 28 semi-structured interviews and a conflict assessment process with a
workshop which convened representatives of almost every stakeholder group. The results of conflict
assessment were viewed through negotiation theory (see Kurki and others, 2015 as well as Kurki and
Katko, 2015 for more details about the case studies and the analysing processes). Overall, the analyses
of these two case studies clarified the visible tip of the iceberg of conflicts as well as the large invisible
entity, which is often forgotten beneath the surface.
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2. Results

In Finland, municipalities have a responsibility to organize water services. Increasing challenges of
water quality requirements, aging infrastructure, and decreasing fiscal resources have furthered
collaboration between municipalities. In both case studies, municipalities joined forces in order to
produce enough good quality fresh water for domestic and industrial use in an efficient, economic, and
ecologically sustainable manner. Accordingly, in both regions, a municipally owned water company
was established with its main task to plan and implement an MAR project in order to achieve this goal.

Managed aquifer recharge (MAR), also known as artificial groundwater recharge, is a technological
innovation where natural system of water purification is exploited as part of water supply system. It has
been used for decades, mainly as a water treatment method in boreal areas (Kolehmainen, 2008),
whereas in arid and semi-arid regions for freshwater storage (National Research Council, 2008; Shahbaz
etal., 2008) and in reuse of storm- or wastewater (Barnett et al., 2000). This method is widely used and
gains continuously increasing attention inside groundwater management discussions and practices,
especially in terms of technical, economic and legislative considerations (Bloetscher, 2014; Dillon et
al., 2010). However, a comprehensive framework for MAR is lacking. This study presents such a
framework, which acknowledges the complexity of water systems as well as perspectives of
collaborative governance.

2.1 A comprehensive framework for MAR

Water is inherently bound to our natural, built, and socio-economic environments. Conventional water
management approaches often underestimate the first or third domain, or address all three of them but
as separate entities. However, for example, Swyngedouw (2004) describes their interconnected
relationship where social practices are predicated upon and conditioned by the circulation of water into,
through, and out of the city. According to Linton and Budds (2014), the hybrid nature of water means
that it is simultaneously both a natural and a physical element, as well as a social one.

Accordingly, Figure 2 presents a comprehensive framework for MAR where all three environments are
acknowledged. From a technological point of view, the framework of an MAR project consists of three
main components. First, the base of an MAR project is in its local conditions, which are characterized
by the natural as well as physical environments. Second, the needs of the community arise from the
local conditions and together they define the purpose of MAR, which in Finland is generally water
treatment. The communal needs are clearly part of socio-economic environment, and interconnected
with economics and legislation, which all affect the implementation of an MAR system. Third, the local
conditions and purpose of MAR together influence the selection of infiltration options which consist of
technical design parameters needed for an MAR system, thus being strongly connected to the built
environment.

Finally, the outcome of an MAR project is the chain from water intake to infiltration and end use. In
this chain, all three environments are present. Raw water is taken from its natural environment;
infiltration options represent the physical, built environment with water transfer pipes, excavated basins,
and constructed recharge wells; and finally, the processed water is delivered to the community, to the
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socio-economic environment. Through this process, the material form of water is modified, but also
local conditions and social structures change along the way. Thus, once an MAR system is established,
it does not remain stable. Instead, the system is dynamic in its spatial and temporal dimensions, and
new socio-natural configurations emerge (Linton and Budds 2014). Consequently, the system involves
several characteristics of complexity: nonlinearity, unpredictability, and uncontrollability.
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Figure 2: A comprehensive framework for MAR and interrelations between natural environment
(NE), built environment (BE), and socio-economic environment (SE) (modified from Kurki et al.
2013)

In groundwater governance and especially in MAR cases, a strong connection to land use and spatial
planning should be acknowledged (see Hartman and Spit, 2014). An MAR project has indirect impacts
on land use through it potentially causing restrictions for other land use activities as well as direct
impacts through constructed pipeline network and infiltration areas. However, groundwater issues also
involve a mental feature in connection to land use: an underground resource is often regarded as a
property of the landowner, even though according to Finnish legislation groundwater cannot be owned
by anyone. Accordingly, MAR conflicts can be also regarded as land use conflicts, thus intertwining
the features of common-pool and non-common-pool resources. This may cause mental confusion,
which forwards the contradictions related to groundwater projects.

2.2 Major constraints in groundwater governance
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The complex nature of an MAR system was not recognized in the two cases. Instead, they were managed
as merely technical problems, to be solved by using a sufficient amount of expert knowledge. The
definition of a problem derived from a mechanistic worldview where a system can be taken apart, the
details of those parts analysed, and feasible partial solutions being thereby found (see Islam and
Susskind, 2013). Especially the social dimension of the system was not adequately acknowledged.
Therefore, interaction between various parties failed and a conflict emerged. Drawing from negotiation
theory and discursive framework, the paper presents the discursive order and the major constraints
observed within the two contentious MAR projects.

In both cases, strong positioning of various parties was formed during the decades of dispute, leading
finally into a deadlock where the only aim of the opponents (composed mainly of local residents) was
to turn down the project, and the only aim of the proponents (the water company owned by the
municipalities) was to implement it. Discourse analysis, clarified how a strong environmental discourse
was formed around the MAR projects. It was constructed and maintained by several parties: while the
opponents addressed the possible environmental threat that an MAR plant would bring to the area, the
proponents claimed that MAR technology is an environmentally friendly way to produce drinking
water. In fact, environmental discourse dominated the visible structures of social orders and
overshadowed a latent but important regional policy discourse.

The regional policy discourse was formed around a concern for local economy, that it would be
threatened by the MAR projects since they would cause tightening land-use requirements and
environmental restrictions for local economic activities. This does not mean that the environmental
arguments of local inhabitants were false, but it does indicate that the real interests and values are hidden
under strong positions that actors take (Susskind, 1999). Accordingly, one major constraint of the two
projects was that the actors concentrated on their predefined goals through their fixed positions and did
not acknowledge the underlying interests of the other side. This kind of competitive mindset was
accompanied by interaction based on zero-sum game and hard bargaining where the main purpose is to
defend one’s own goals with as minor concessions as possible and to maximize the share of the fixed
amount of benefit (Bartos, 1995; Fisher et al., 1991).

Another constraint is related to the knowledge production process. Knowledge is one of the fundamental
elements for building legitimacy in complex processes. It is, however, also a medium for clashing
claims. Expert knowledge was acknowledged as a sole legitimate source of information, but expert-
based arguments from the water managers and planners did not calm down the opposition; instead, they
worked as a fuel for even stronger counter-argumentation. This indicates the presence of instrumental
rationality, which is in line with the idea that contradictions can be solved by increasing the amount of
expert knowledge. Yet, this assumption is questioned by several scholars (Nelkin, 1979; Pellizzoni,
2003; van Buuren, 2009) and also by this research.

Finally, the results indicate that conventional groundwater management approaches, which derive from
instrumental rationality, could not respond to the problems that operate in a complex environment.
Although collaborative efforts were implemented, they were used only as casual tools without really
relying on collaborative rationality.
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2.3 Collaborative groundwater governance

The analysis of two MAR projects brought up several challenges in planning and implementing
complex groundwater projects. In order to answer those challenges, this section presents some
comparisons between conventional groundwater management and collaborative groundwater
governance. These frameworks are drawn from two sources: on one hand, from literature on
collaborative governance, including multiple case studies, theoretical considerations, and pragmatic
guidebooks; and on the other hand, from those lessons that we can draw from the pitfalls of the two
case studies. However, complex problems do not fit into any single governance model, which often
offer too simplified a picture of the world (Ostrom 1990). Every situation is different; thus, practitioners
need to translate solutions derived from scientific findings into the confused context of the policy world,
where natural, built, and socio-economic environments need to be considered. While no universally
correct answers are available, this study indicates some directions towards collaborative groundwater
governance.

Whereas the goal of conventional groundwater management is to achieve outcomes that fulfill technical,
legislative, and environmental requirements, in collaborative groundwater governance the whole
process is defined by legitimation. Legitimacy here is understood as tacit approval (Haikio 2007) where
actors recognize, approve, and support the process, practices, and outcomes. It needs to be gained from
the perspective of all three domains that are ultimately present in groundwater processes: natural, built,
and socio-economic environments.

While analysing the major constraints faced by the MAR projects, two significant aspects arose above
others in the process of legitimation: interaction and knowledge production. Failed interaction can form
an insurmountable barrier between parties, whereas successful interaction can construct a bridge even
between contentious interests of various parties. Accordingly, interaction based on zero-sum game
involves an idea of fixed amount of benefit that needs to be allocated among the stakeholders (Islam
and Susskind, 2013). Parties negotiate from the perspective of their positions rather than of their
interests; thus, this creates only winners and losers, and fosters mistrust and hostility. However, in
collaborative groundwater governance, interests of every party should be acknowledged and brought to
the negotiation table. That way, parties can come out from behind their positions and are able to search
for creative solutions and new potential options for reaching mutual gains.

Knowledge production, which is inherently bound to the interaction between parties, is in conventional
groundwater management driven by an assumption of perfect and objective information that can be
obtained by expert analysis. However, in complex cases this assumption leads to a deadlock.
Disagreement about the facts also prevails among the experts themselves (Jarvis, 2014). Indeed, MAR
projects form fruitful ground for a kind of duelling expert syndrome. Therefore, it is vital to find
legitimate ways to gather the knowledge base, which then forms a cornerstone for the collectively
produced truth about the problem. A legitimate knowledge base is created together with experts and
stakeholders in a joint knowledge production process, where expertise is exploited as a fundamental
source of knowledge but it is complemented with local, experiential, and other forms of non-scientific
knowledge (see Ehrmann and Stinson, 1999; Jasanoff and Martello, 2004; van Buuren, 2009).
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In these settings, the role of water manager changes from the holder of the only legitimate source of
knowledge to a facilitator or even a mediator who has the key to expert-based knowledge as well as to
the sources of collective knowledge production. Water manager could also be a conveyor whose main
task is to construct and maintain collaborative process and to ensure that every relevant stakeholder is
gathered around the negotiation table.

3. Conclusions

Water services are strongly bound to the fields of urban planning as well as natural resources
management (NRM). They are often considered as separate fields of inquiry, but they both are an
intrinsic part of societal development and thus inherently bound to each other. In addition, urban
planning and NRM both involve planning with complexity as well as interactions inside natural, built,
and socio-economic environments. From the perspective of governance, both fields widely
acknowledge the contribution of collaborative approaches in planning practices.

The objective of this study was to find new perspectives for groundwater governance by analysing two
contentious MAR projects and the major constraints from the perspective of collaborative governance.
Groundwater conflicts are less frequently analysed than those around surface water projects (Jarvis,
2014). Furthermore, the rather abundant water resources of Finland constitute a very interesting context
for studying water conflicts. Although the southwestern coastal area lack adequate water resources in
terms of water quality and quantity, from global perspective the rhetoric of water scarcity loses its
argumentative power. Indeed, the two case studies support the argument presented in a report published
by OECD (2011): water issues are not primarily a result of water scarcity, but rather they indicate
significant challenges in the field of water governance.

The two case studies showed how conflicts were formed around two elements: interaction and
knowledge production. Having competitive mindsets, the parties’ interaction was based on zero-sum
game and the discussion was dominated by arguing about facts instead of acknowledging various
interests and the complexity of the problem. In addition, the knowledge production process relied on
instrumental rationality where the only legitimate source of knowledge is expert knowledge and the
causal effects form the basis of the analysis. Complex problems do not, however, follow the logic of a
machine: a machine can be classified as a complicated problem with its multiple interactions, but it does
not involve unpredictable and uncontrollable elements as societal issues do in their complex appearance.

A complex system should be considered as a whole rather than as a sum of its parts. To complexity we
need to answer with complexity: instead of trying to resist and control the system, we can adopt to
complexity through collaborative approaches, which can be seen as complex adaptive systems
themselves (Innes and Booher, 2010). Collaborative governance framework acknowledges the
uncontrollable and unpredictable nature of groundwater management problems and tries to find mutual
gains and win-win options for cooperation by stepping away from strong positions and addressing
stakeholders’ interests instead of predefined goals. Here, the complex nature of the system is seen as
source of adaptation rather than control.
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Yet, if we use new tools in an old manner, the result will probably remain the same. Thus, the core of
groundwater governance should be in collaborative rationality, while the tools can be obtained from
rationalistic expert-based planning; not vice versa, as the examples derived from the two case studies
show. The legitimacy for the project should be gained through joint knowledge production as well as
interaction, where stakeholders are viewed as partners who are an invaluable asset for dealing with
current groundwater management problems.
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Abstract

As buildings throughout their lifecycle account for circa 40% of total energy use in Europe,
reducing energy use of the building stock is a key task. This task is, however, complicated by a
range of factors, including slow renewal and renovation rates of buildings, multiple non-
coordinated actors, conservative building practices, and limited competence to innovate. Drawing
from academic literature published during 2005-2015, this paper carries out a case study review
of low energy innovations in the European residential building sector, analysing their focus and
drivers. Specific attention is paid to the roles that intermediary actors have in facilitating
innovation processes and in creating new opportunities. The article addresses the following
research questions: What is the current status and range of innovation and diffusion in the field
described in zero carbon and/or low energy innovation scholarly case studies in Europe? What
have been identified as the key factors influencing the development and diffusion of innovations
in these case studies? And, what are the nature, type and influence of intermediaries contributing
to the low energy building transition? The analysis of the case studies is informed by innovation
studies, and specifically by the concepts of the multi-level perspective on socio-technical change
and strategic niche management. We find that the qualitative case study literature on low energy
building innovation is limited, particularly in the context of existing building stock.
Environmental concerns, eco-social values, EU and national policies, and increasing energy
prices have been the key drivers, while local authority agents as intermediaries have been
important in several innovation processes. On the other hand, market, health and design related
drivers were surprisingly rare.

Keywords: low energy building, building energy efficiency, built environment, innovation
intermediary, innovation
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1. Introduction

System level innovation has been called for to achieve reduction in the energy use of buildings
(e.g. Mlecnik, 2013) that at present amounts to circa 40% of the total energy use and over 30% of
greenhouse gas emissions in Europe (Meeus et al., 2012). In the context of achieving significant
low energy transition in the building and housing sector, both diffusion of existing technologies
as well as the emergence and diffusion of novel system and architectural innovations for
residential buildings (e.g. Mlecnik, 2013) are needed. System innovation refers to the integration
of several independent innovations (e.g. technical products, applications, services) to work
together to perform new functions or to improve performance as a whole (Cainarca et al., 1989),
while architectural innovation is defined as novel combinations of existing technologies and
components in a novel way (Henderson and Clark, 2004). These differ from modular innovation
that is typically one specific technology (Henderson and Clark, 2004), such as better windows or
building-integrated solar panels.

The renewal rate of buildings is extremely slow (e.g. Meeus et al., 2012). Changes to the building
stock are relatively rare, and thus at those times when buildings are addressed via renovation or
new build, system innovation is important to generate maximum improvement. Innovation and
diffusion in the sector are, however, difficult due to a variety of factors making the current regime
very stable. Despite country specific variation in the nature of the building stock, building related
practices, cultural preferences, regulatory context, building industries and climatic conditions,
many commonalities have also been found. The building sector often consists of a multitude of
actors who have not structurally coordinated their activities (e.g. Tambach et al., 2010; Killip,
2013) and who do not have competence or resources to innovate independently (Mlecnik, 2013).
The building sector is often conservative, especially regarding renovation processes, building
materials and work habits (e.g. Davies and Osmani, 2011; Killip, 2013). Also, devising solutions
to the high energy problem is difficult due to heterogeneous building ownership and housing
arrangements (e.g. Meeus et al., 2012). Additionally, some countries, such as the UK, face
tendencies towards mere incremental innovation (Lees and Sexton, 2014) with a building industry
that is unwilling to deviate from traditional masonry methods and work habits (Tambach et al.,
2010; Davies and Osmani, 2011; Killip, 2013) and often lacks specialist skills (Killip, 2013).
“Contrary to this situation, sustainable buildings require (to a varying extent) high-tech
components, which are supplied by specialized companies (building control technologies,
windows, heating systems, use of solar energy, transparent insulation materials, heat recovery
systems, etc.)” (Rohracher, 2001, p. 138).

Drawing from the above it is clear that achieving systemic — or even architectural — innovation in
the building sector is challenging both in terms of (1) creating networks and gaining support for
the emergence of niche innovations as well as (2) disrupting the high energy institutions and
practices of the existing socio-technical regime. Many scholars have explored the topic in
different local and national contexts in Denmark (Holm et al., 2011), Belgium (Mlecnik, 2010,
2013), Finland (Heiskanen and Lovio, 2010; Pé&ssil4 et al., 2015), Slovenia (Broto, 2012) and the
UK (Lovell, 2007; Fawcett, 2014), while overarching analyses are rare (with the exception of
Meeus et al., 2012). Therefore, we undertake a systematic review of the literature, focusing on
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case studies, to explore the status, drivers and barriers for low energy building innovation in
Europe.

Taking a long-term transitions perspective, we connect to two core theories in the field of
sustainability transitions (cf. Markard et al., 2012): the multilevel perspective (e.g. Geels, 2002)
and strategic niche management (e.g. Smith and Raven, 2012). These theories are used for
building an analytical framework for the systematic review (cf. Petticrew and Roberts, 2006) of
case studies to draw broader lessons on the role of niche, regime and landscape factors in these
processes. In addition, we pay particular attention to whether specific intermediary actors (cf.
Hargreaves et al., 2013; Kivimaa, 2014) have been present in facilitating the innovation processes
and in what ways. Innovation intermediaries, i.e. "actors who create spaces and opportunities for
appropriation and generation of emerging technical or cultural products by others who might be
described as developers and users” (Stewart and Hyysalo, 2008: 296), have been envisaged as
keystone players in the ecosystems where innovations develop (Clarysse et al., 2014), and they
could be crucial also in building sector innovation.

The article addresses the following research questions:

1. What is the current status and range of innovation and diffusion in the field
described in zero carbon and/or low energy innovation scholarly case studies
in Europe?

2. What have been identified as the key factors influencing the development and
diffusion of innovations in these case studies?

3. And, what are the nature, type and influence of intermediaries contributing to

the low energy building transition?

Section 2 presents the theory informing our analyses, followed by a description of the research
approach and method in Section 3. Section 4 presents the findings of the case study review.
Section 5 discusses and concludes the paper.

2. Sustainability transitions and intermediaries

2.1 Multilevel perspective and strategic niche management

The literature on sustainability transitions addresses the problem and dynamics of how to
transform existing socio-technical systems to more sustainable configurations. The socio-
technical approach implies radical changes not only in technology but also in the surrounding
actor-networks, policies and institutions, and people’s habits, practices and culture (e.g. Markard
et al., 2012). While the sustainability transitions approach entails a range of theories, the
multilevel perspective (MLP) and strategic niche management (SNM) have been some of the most
frequently applied. In the MLP, transition is depicted through interaction between changes in
three levels: the landscape, socio-technical regime, and niche (e.g. Geels, 2002, 2011; Smith et
al., 2010). The socio-technical regime refers to the fairly persistent deep structure formed of
dominant technologies, infrastructures, formal and cognitive rules including public institutions
and policies, and the prevailing networks of actors with their practices, beliefs and habits. As
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opposed to, for example, car-based mobility regimes, Rohracher (2001, p.143) has described
building regimes as “rather loosely coupled systems depending on the interaction of various
professions (architects, planners, building services, etc.)”, building codes, that regulate the
technical standards of buildings, providing “a rather wide framework defining minimum
standards—especially with respect to criteria of sustainability (energy use, waste, durability,
materials used, etc.).”. The building regime is composed of the dominant construction industry as
well as maintenance and repair practices, markets and business models in both new build and
renovation, regulation and policies influencing the building infrastructure, planning and building
control practices, as well as how people perceive buildings and live in them (Figure 1).
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Figure 1: Niches, regimes and landscape in building low energy transition (CIED, 2015))

While incremental innovation is regarded to occur within the context of the existing socio-
technical regime, radical innovation activities occur in niches that are associated with initially
unstable socio-technical configurations (Kemp et al., 2001; Hoogma et al., 2002). According to
SNM, niches provide spaces of protection for radical innovations (Smith and Raven, 2012). In
the building sector, concepts such as passive houses and smart homes (Figure 1) can be regarded
as radical innovations that develop in niches and have not diffused yet to mainstream building
regimes. Processes of articulating expectations, creation of new networks and sharing learning
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have been identified as key for successful niche development (Hoogma et al., 2002; Schot and
Geels, 2008). These processes facilitate the emergence and diffusion of innovations, making them
more likely to embed into and gradually change the dominating regime (Smith and Raven, 2012).

The landscape level is the hardest to influence, existing largely beyond regime and niche influence
(e.g. Geels and Schot, 2007) and includes the broader context in which a socio-technical system,
such as the building sector, is situated in. It is formed of macro-economic, macro-political and
cultural forces, patterns and development trends, such as climate change and the financial crisis
(Figure 1) creating pressure for changing socio-technical regimes and opening for new innovation
niches. The concepts in Figure 1 were used to guide the systematic case review.

2.2 Innovation intermediaries in transitions

In innovation studies, intermediaries are perceived as crucial actors facilitating innovation
processes (Howells, 2006; Boon et al., 2011). An innovation intermediary has been defined as
“[a]n organization or body that acts as an agent or broker in any aspect of the innovation process
between two or more parties” (Howells, 2006). The transitions literature recognises that actors
and agency are important (e.g. Meadowcroft, 2011). Yet intermediary actors have received little
attention, although van Lente et al. (2003) argued over a decade ago that ‘systemic intermediaries’
are important for long-term and complex changes, including transitions to sustainability. A few
previous studies have shown that intermediary actors can facilitate the SNM processes in a variety
of ways (Hargreaves et al., 2013; Kivimaa, 2014).

Much of the previous literature on innovation intermediaries focuses on arbitration between the
developers of innovations and their users (e.g. Howells, 2006; Stewart and Hyysalo, 2008).
Individual studies of a range of actors that could be considered as intermediaries have been
published, including consultants (Bessant and Rush, 1995) and university technology transfer
agencies (Macho-Stadler et al., 2007). In addition, innovation centres, science parks and
innovation financing agencies have been listed as potential intermediaries in innovation processes
(e.g. Howells, 2006; Polzin et al., 2015). The previous literature on innovation intermediaries
focuses also on intermediation in the emergence and first adoption — rather than diffusion — of
innovations. Often the range or intermediaries addressed have narrowly focused on direct
innovation oriented actors and not all actors with potential effects on innovation. Alternative types
of innovation intermediaries, such as internet market places or energy service companies have
been less explored.

A variety of actors operate in the building sector that could act as potential “low energy”
innovation intermediaries. In previous literature, for example, architects (Fischer and Guy, 2009;
Davies and Osmani, 2011), building managers (Grandclement et al., 2015) and regulators (Holm
etal., 2011) have been identified to play potential intermediary roles, while their influence in low
energy transition is by no means certain. For example, Davies and Osmani (2011, p. 1692) have
found that there are no legislative drivers to motivate architects to “positively engage in low
carbon housing refurbishment design” and at present architecture companies do not generally
take this on as a dominant activity. In other countries, organisations such as foundations (Kivimaa,
2014) and innovation platforms (Mlecnik, 2013) have been identified to intermediate successfully
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in advancing low energy housing innovation. In addition, Parag and Janda (2014) have examined
religious congregations, building professionals, and commercial building communities from the
perspective of intermediation in low energy innovation.

3. Research approach and method

The research approach taken in the paper was a systematic review (Petticrew and Roberts, 2006)
of case studies using Scopus, in a qualitative manner. Following Gerring (2004), we understood
a case to mean an empirical study describing a process of low energy building innovation,
involving measures such as residential housing refurbishments and zero carbon new build homes.

We first limited the year of publication search to 2007-2015, a year after the introduction of
Directive 2006/32/EC on energy end-use efficiency and energy services (later repealed by the
Directive 2012/27/EU on energy efficiency). The search was limited to peer-reviewed journal
articles for ease of access and replicability. The contents of the abstracts of 93 hits were analysed
using the following inclusion and exclusion criteria: (1) articles outside the discipline of social
sciences and humanities were excluded; (2) to have a connection to innovation studies, the article
had to contain the word ‘innovation’ somewhere in the article title, abstract or keywords; (3) to
have a common geographical (and political) frame of reference articles outside the EU were
excluded from the analysis; (4) to be included in the review, the article had to contain an empirical
case study describing a process of low energy building innovation. The case study review, thus,
only included so-called ‘uncontrolled’ real life case studies. A caveat of such case study review
is that “[u]ncontrolled studies are more susceptible to bias than studies with control groups, so
their results should be treated with caution” (Petticrew and Roberts, 2006: 65-66).

“Innovation” was used as a search word in all the 40 search term combinations due to our explicit
focus on innovation case studies, and innovation being a very widely diffused word. Each abstract
appearing in the Scopus searches was read through to see whether the content really related to
what we were searching for. As the initial review only resulted in 18 peer-reviewed journal
articles, we extended the review to hand searching the bibliographies of the initially identified 18
sources (cf. Petticrew and Roberts, 2006). In addition, we extended the review of journal articles
to a ten year range from 2005 — 2015. Due to our focus on ‘current status’, we viewed a review
of the past 10 years more than sufficient. The purpose of the systematic case study review was to
examine events anticipating and subsequent to the EU policy on energy end-use efficiency and
energy services. Hand searching the bibliographies of the 18 articles and analysing the contents
of those articles that had the theme “buildings’ or ‘homes’ in the title and matching the above
inclusion/exclusion criteria resulted in 2 further relevant articles and 2 cases for the review.
Despite extending our search, we, thus, ended up only with 20 peer reviewed journal articles that
we subjected to systematic content analysis. Seven articles were subsequently excluded as the
more detailed analysis revealed the non-existence of case studies. The 13 articles included in the
review contained a total of 25 case studies; five cases described in more than one source article.

Two researchers coded each article first separately following a joint excel categorisation building
generic innovation study categorisations of innovation, literature on intermediation and the MLP.
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4. Findings
4.1 Overview of the innovation cases

Although in practice multiple demonstration projects and pilots around low energy new builds
and retrofits have been carried out all over Europe, our review finds that very few have been
subjected to academic scrutiny and in-depth qualitative analysis from an innovation studies angle.
This is besides the wealth of research on the technical qualities, economics, architectural design,
domestication, and the policy and politics of low energy buildings. What is also surprising is that
what can be classified as qualitative case studies of low energy building innovations or projects
promoting them, were found to concentrate only in five EU member states (Belgium, Denmark,
Finland, Slovenia, UK). Our attempts to identify scholarly papers addressing these innovations in
what can be regarded as front runner countries, such as Austria or Sweden, were unsuccessful.

The cases were predominantly focused on new build, as only three of the 25 cases related to the
existing building stock. The nature of innovation in the cases was varied, including piloting sites
for ecological living (n=4), architectural innovation resulting in new buildings combining a range
of energy efficiency and renewable energy measures (n=7), large scale energy efficient housing
development or refurbishment involving systemic and architectural innovation (n=4), innovative
processes showcasing and promoting the commercial application of new low energy housing
concepts (n=6), creating a new low energy house business model (n=2), adopting modular
innovation by mainstream building companies (n=1), and conducting a renovation project towards
a passive house standard (n=1).

In all but one case, a variety of different motivations and drivers were evident, and several cases
had more than one key driver. The key drivers can be broadly divided to the following eight
categories (in the order of importance):

Environmental drivers (e.g. green values, environmental concerns, climate change)
Eco-social drivers (e.g. eco-social movements, communal living, alternative lifestyles)
Policy drivers (e.g. local, government and EU policy, Local Agenda 21 movement)
Financial drivers (e.g. 1970s oil crisis, high energy bills and desire to reduce them)
Knowledge drivers (e.g. a lack of know-how, influence of previous research
programmes)

Market drivers (e.g. existing or expected market demand)

Health & comfort drivers (e.g. living in healthy homes)

Design drivers (e.g. aesthetics, desired space)

Environmental drivers were evident in the majority of the cases (n=21), including cases initiated
by individuals who had strong green values and were motivated by environmental concerns and
climate change or aiming to pioneer in low carbon buildings. Interestingly, quite a few cases
originated back to eco-oriented societal movements and sustainable housing activists in the 1970s,
and a total of 20 cases had what we classified as eco-social drivers. These also included drivers
such as the desire to enable alternative lifestyles, create communal living, follow the principles
of sustainable development and provide fair housing.
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In 13 out of 25 cases, policy was one of the drivers in the form of influence from international,
national and local policy measures. The articles mentioned the Kyoto Protocol, EU level
decisions, national policy agendas and Local Agenda 21 as policies driving innovation. Moreover,
Quitzau et al. (2012) mentioned a gap between policy intention and policy implementation as a
key driver for one project. If policy actors are included in the analysis, eighty percent of the cases
had some favourable support from public authorities or policy. In 13 out of 25 cases, local
authorities had a significant influence either through supportive individuals within the local
authority (n=5); municipal housing fund acting as the key actor (n=6), municipal eco- and energy
requirements for new buildings within district area planning (n=1) and land sold to a non-highest
but energy efficiency oriented bidder by the local council (n=1) — in only one of these cases a
specific policy instrument acted as a driver. Equally in 13 out of 25 cases, national policy was
influential, only six cases (all based in Ljubljana, Slovenia) combining local and national
influence. In majority of cases a mix of policies played a role ranging from RD&D and
deployment subsidies through innovative competitions to building codes and planning
regulations. Building regulations have clearly been important (n=11), while equally over a half of
the cases have been initiated without the guiding influence of building regulations. Policy changes
during the innovation processes have also influenced, for example, energy efficiency subsidies
running out during a budget year delaying one project with a year, or a project initially beginning
without policy influence having to alter its optimal design type due to the introduction of new
building requirements (Pdssild et al., 2015)

In 12 out of 25 cases one of the initiating factors was financial, largely driven by high energy bills
and the desire to reduce energy costs. For example, in six cases, there was a clear motive to
provide lower energy bills for social housing tenants to ensure that they were able to pay their
rents and hence secure income for the social housing landlord (Broto, 2012). In four cases,
knowledge drivers were identified, including cases where existing knowledge played a key role
(e.g. a planning team with high capacity and previous research programmes’ findings on energy
efficient buildings) and cases that were driven by lack of knowledge (e.g. lack of know-how of
energy efficient building and lack of innovativeness in the housing industry). Health & comfort
drivers were evident in two cases: one architect-owner aspired to create a healthy home as his
child had asthma (Mlecnik, 2010), while in another case one of the key motives was to create not
only energy efficient houses but also healthy living environments (Jensen and Gram-Hanssen,
2008). Similarly market drivers were identified in two cases, one experiencing (niche) market
demand for passive houses and in another the company aimed to be a frontrunner expecting future
market demand (Mlecnik, 2010; P&ssil4 et al., 2015). Finally, design features were evident as a
driver in two cases, including the desire to have not only sustainable but also aesthetically pleasing
housing in one case, and the desire to create a better space for living in another (Mlecnik, 2010;
Passild et al., 2015). The analysis shows that while there was a range of drivers identified for the
cases, environmental, eco-social, policy and financial drivers featured most often, while
knowledge, market, health & comfort and design were less evident.

4.2 Roles, functions & activities of intermediaries

Intermediary actors were explicitly mentioned in relation to four case studies, while our analysis
identified that intermediary actors were in effect involved in 14 out of 25 cases. This does not
necessarily mean that there were no such actors involved in the other cases, as findings only reflect
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the style in which the cases were written. Particularly the eco-village developments appear rather
independent with little influence from intermediary actors (Smith, 2007; Lovell, 2008; Holm et
al., 2011). Intermediary actors represent 10 different organisations, five operating locally and five
nationally. Five types are represented: local authority agents, business network organisations
(trade bodies), independent groups/foundations, a public housing fund, and a government energy
efficiency agency.

In nearly half of the cases local authorities seem to be key players in the low energy housing
innovation processes, including local authority’s energy manager (Lovell, 2008), municipal
planners (Quitzau et al., 2012) and a public housing fund (Broto, 2012). When local authority
agents have acted as intermediaries, they have (1) facilitated concrete building projects by
connecting actors (networking), speeding up planning and permitting processes (learning) while
also aiming to influence local politicians (articulating expectations) (e.g. Lovell, 2007); (2) aimed
to create niche markets for new low energy housing innovations through developing planning
policies and building requirements in exemplary districts (articulating expectations), searching
for new technological and policy designs suited to these districts (learning) and bringing together
entrepreneurs and constructing companies (networking) to showcase these innovations
(articulating expectations) (e.g. Holm et al., 2011; Quitzau, 2012); and (3) implemented new
practices in publically owned building stock by showcasing developments based on a vision of a
pioneer low carbon city (articulating expectations), bringing together land, knowledge and
financial resources and creating new partnerships to realise these developments (networking), and
learning from the practices and adoption of new technologies by tenants (learning) (Broto, 2012).

Interestingly in other contexts, other (intermediary) actors have taken similar roles to those
described above. For example, an independent Local Agenda 21 group facilitated a similar market
creation process in Herfglge, Denmark, as the local authority had taken in Stenlose Syd, Denmark
(Holm et al., 2011). Other actors, such as a government-owned energy-efficiency company or a
foundation, have supported processes to create new business models for low energy housing by
organising competitions for new housing designs (articulating visions), connecting actors such as
architects, house buildings and buyers (networking), and managing these processes including
information dissemination, knowledge building and adjusting goals (learning) (Heiskanen and
Lovio, 2010; Péssila et al., 2015). These kinds of actors are important in as that they can reach a
geographically wider scope and are less dependent on (local) values, politics and interests. In only
two cases business network organisations were described to take intermediary roles (Pan and
Cooper, 2011; Mlecnik, 2013). In Belgium, a passive house platform performed a range of
activities, including articulating opportunities for companies and demonstrating passive house
designs (articulating expectations), providing opportunities for partnering, aiding in finding and
applying for resources, brokering negotiations with project partners (networking) and organising
visits and workshops (learning) (Mlecnik, 2013).

5. Conclusions

Our systemic review of case studies on low energy housing innovations demonstrates that
scholarly research on this topic is limited. Particularly innovation studies on low energy in the
context of existing building stock barely exist with the exception of two articles. This, thus,
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demonstrates a need to qualitatively explore the processes, drivers and barriers to innovations,
and intermediary actors, in whole house retrofits. The review shows that a local authority or
national policy were supportive elements in over a half of the cases. National policy particularly
influences through building regulations but also RD&D subsidies. Building regulations have been
important, especially as they have usually been repeatedly tightened, sometimes altering project
goals, if changing during the innovation process. This indicates that not only the existence of
supportive policies but their dynamics with innovation is crucial, calling for further research.
Besides policy, generically environmental concerns and eco-social values have been key drivers
for these developments. In addition, financial drivers, including increasing energy prices and the
opportunity to cut bills, have played a major role. Knowledge, market, health and comfort, and
design drivers were surprisingly rare as drivers in the studied innovation processes. This may
indicate that a lack of a more holistic picture, i.e. system or architectural innovation, can be the
outcome when drivers are such that limit focus to a particular aspect of the environment — such
as energy — or immediate financial savings. Improved focus on the synergies between energy
efficiency, health, comfort and design could lead to more systemic innovation in the sector.

Equally to public policy influence, intermediary actors were present in over half of the cases. In
most cases a local authority agent (1) facilitated a construction process, (2) aimed to create a
market for new technological solutions, or (3) implemented new technological designs through
social housing stock. Only in a few cases other types of intermediaries, such as independent
organisations, independent foundations or network platforms of businesses were shown to play a
role. This calls for more specific studies focusing on the range of intermediary actors that take
part in different phases of the innovation process. This includes also the identification of crucial
intermediary functions in both supporting the emergence of innovation niches and the expansion
or empowering of those niches within/to the socio-technical building regime.
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Abstract

Egypt’s population has recently reached 90 Million inhabitants. A figure that is expected to
double in the coming 20-30 years. With around 60% of the population less than 30 years old and
the anticipation of demographic change; Egypt should be prepared to accommodate the various
needs. Nevertheless, the current built environment in Egypt does not seem to accommodate
people’s current socio-economic needs; and no plans are evident that the anticipated demographic
change is taken into consideration.

This paper is part of an ongoing research project® to investigate current built environment
challenges and opportunities in Egypt, with particular emphasis on housing. Literature review,
supported by an exploratory case study, was adopted to define current challenges and potentials,
in an attempt to define ingredients needed for a smart future housing for all. An informal area
was selected for the case study to demonstrate the functional interventions by individuals to fulfil
their day-to-day needs.

For 60 years now, public housing in Egypt has always adopted a top-down approach. However,
housing supply by the Government and private sector combined, to date, is failing to meet market
housing demand. The consequences of which are illegal informal developments and/or illegal
transformation of the original ‘formal’ developments. This would not only burden the infra-
structure and consequently affect people’s physical health, but may also elevate psychological
distress and aggression. Nevertheless, despite the negative impacts, informal developments’
interventions seem to, unintentionally, bear basic principles of universal design such as multi-use
of residential spaces and mixed-use buildings. Hence, could be considered ‘smart’. A building
does not necessarily require sophisticated technologies to be ‘smart’ as long as it adapts to
people’s current and future needs. Therefore, there is an opportunity to achieve smart housing for
all, if current informal interventions could be capitalised on and deployed properly and
legitimately in housing projects.

Keywords: Adaptability, demographic change, Egypt, smart housing, universal design,

1 A two year research project funded by STDF: Science and technology Development Fund in Egypt, part
of the GERF (German-Egyptian Research Fund)
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1. Background

In light of the rapid change and transformation of social, political, economic aspects, in addition
to the technological advancement; urban planning approaches and techniques should cope with
and govern the unprecedented pace of change in the Egyptian society. Hence, the call for smart
urban planning (reinventing planning, 2006) to prevent chaotic developments to take over formal
planning.

Egypt population density is reported to be 1,066 per km?; whereas in Cairo, the capital, the density
exceeds 46,000 per km?. With the increased number of population in Egypt, currently more than
90 Million, the Government is being challenged to alleviate a complex problem that has never
been resolved since the 1950s; namely the provision of housing that is affordable, and yet adapts
to people’s various needs.

While there is no official figure confirming the number of housing units needed annually, it is
argued that at least 300,000 units are needed (Real Estate, 2012). In comparison to the UK,
housing market demand is estimated around 232,000 — 300,000 units/year (Gorgolewski, 2003;
Barlow et al., 2002; Parliament, 2015). However, considering cultural, social, and demographic
variations among Egypt and the UK; the estimated annual need of 300,000 units in Egypt do not
seem to be a relevant figure. Even if this anticipated figure was true, Egypt is far from being able
to meet this market demand. According to CAPMAS (2015) housing units achieved in the year
2013/14, by both public and private sectors, account for around 146,000 units in comparison to
136,000 units back in 2012/13 which is less than half of the estimated need. The distribution of
the supplied units includes 55% economic housing; whereas low cost housing was only 3.2%.
Nevertheless, the definition of low cost and economic housing is not clear in the CAPMAS report.

In Greater Cairo, according to Colliers (2015), an average of 90,000 — 100,000 units are required
annually to meet the demand generated by new households. Though, it was recorded that only
45,000 units enter the market every year, i.e. only half of what is required could barely be met.
Thus, suggesting the already existing gap to amount to 6 Million households and the annual
demand to rise to 500,000 units by 2020 (Figure 1).

DEMAND FOR ACCOMMODATION

BY HOUSING LEVEL IN GREATER CAIRO MARKET GAP - 2020

(@)

0.5
Million Million

Units Housing Units Additional

Demand Supply Required

Figure 1: Demand for accommodation by housing level in greater Cairo (Colliers, 2015)

The persistent inability of successive Governments to meet housing demand may have arguably
resulted in the unprecedented pace of informal developments continuously taking place.
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2. Housing challenges in Egypt

The main focus of extant literature over the past decades was, to a large extent, mainly concerned
with the affordability of units and financial capabilities of households (which undoubtedly is very
important). There is, however, no clear evidence on investigating the reciprocal effect of the built
environment, in general and informal developments in particular, with regards to not only the
physical but also the psychological health of Egyptians, the anticipated demographic change, and
impaired mobility.

2.1 Chaotic development and impact on health

Due to the inability of successive Governments to meet housing demand and further provide
affordable and adaptable housing; individual chaotic interventions has taken over planned
development throughout the past 60 years to date. Chaos is manifested in residential buildings
being built illegally and informally in any space available with no attention to regulation, to
building codes, nor to health and safety measures. The illegal construction is arguably spreading
at a pace unprecedented in the past five years (Nadim et al., 2014). The ramification of this blatant
infringement of public spaces, the crowdness, and poor environmental conditions in housing
projects are serious implications not only on the physical but also on the mental health of
individuals. No empirical studies could be identified within the Egyptian context; however,
several international literatures investigated the association of built environments with mental
health (Evans, 2003; Guite et al., 2006). According to Evans (2003) for example, the number of
people per room, and noise may elevate psychological distress, hypertension, high blood pressure,
heart disease, hearing impairment, stress levels, reduced ability on concentration, and disturbed
sleep (Stansfeld and Matheson, 2003). Furthermore, malodorous air pollutants intensify negative
impact; and some toxins (e.g. lead and solvents) may cause behavioural disorders such as self-
regulatory ability and aggression (Stansfeld and Matheson, 2003; Evans, 2003). Notwithstanding
these issues, Evans (2003) argues that insufficient daylight is strongly associated with increased
depressive symptoms. This is further supported by Guite et al. (2006) who confirmed the
association between the physical environment and mental well-being attributing the important
negative impacts to noise, sense of over-crowding at home and in open spaces, in addition to fear
of crime.

2.2 Demographic change and impaired mobility

The population growth rate in Egypt has been decreasing since the period 1980-1985, where it
stood at 2.28 per cent. Then it reached 1.56 per cent in the period 1995-2000 and slightly increased
afterwards to 1.68 per cent in the period 2005-2010. Currently, the growth rate is being reported
at around 2%. However, this is expected to decline to reach 1.4% in the period 2020-2025 and
reaches 1.1% in 2045-2050 (UN, 2015). Furthermore, the proportion of the elderly population
(65+) has been increasing and was estimated to be 5.9% in 2015 and anticipated to double to reach
12.3% by 2050 suggesting a demographic change (Figure 2). However, according to CPAMAS
(2015), the percentage in 2015 has already reached 6.9% (6 Million people equally distributed
among both genders), i.e. is 1% more than estimated. In the same context, UNFPA (2015)
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demographic report concluded that Egypt should get prepared to deal with an aging population
and the consequent increase in the dependency ratio.
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Figure 2: Trend of Egypt's Elderly Population, 1950-2050 (UN, 2015)

In addition to the increased number of elderly (CAPMAS,2015), another 7% of the population -
amounting to around 6 million - have some sort of impairment CAPMAS (2006). Thus, there is
a considerable percentage of Egyptians who are not taken into consideration when planning and
designing the built environment. These, currently, underprivileged segments of the society, are
not the only ones suffering, but their families and friends as well; a figure that could easily impact
20 Million people who may have relatives or friends not being able to move around freely, neither
indoors or outdoors.

The Egyptian built environment in general arguably needs houses, neighbourhoods, and whole
communities to accommodate all abilities across the lifespan. This requires better planning and
arrangement of uses, streets, paths, public spaces, and transportation systems (Nasar and Evans-
Cowley, 2007). The impairment law in Egypt (chapter five, clause 27 and 28) requires that all
new builds and open spaces, in addition to the existing environment, to be adjusted to be friendly
to people with all different impairments. Furthermore, 5% of the subsidised housing is set to be
made available for those with different abilities. Nevertheless, no real evidence on ground could
be recorded with regards to adjusting current and/or new build.

While in Egypt there is no evidence of any proactive measures to deal with the aging population,
the developed world is being very active in this respect. In the UK, for example, and as a response
to the demographic change, a policy goal has been put to meet the housing needs of an ageing
society. In this context, the UK regards population aging as an opportunity rather than a threat as
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it is anticipated to boost the social, civic, and economic capital of the community (ILC, 2008).
Furthermore, the US consider the future design, structure, and function of their housing,
neighbourhoods, and communities as a central issue to an aging population. The strategy is
therefore to develop healthy communities that would engage everyone and foster
intergenerational experiences (Cisneros et al., 2012). One of the innovations suggested for older
people who wish to continue working in a small, self-employed setting is the live-work concept
(Kallash and Kruse, 2012); where the dwelling would include a workspace. Suggesting that mixed
uses create settings were older people can comfortably pursue careers (Cisneros et al., 2012).

According to the World Health Organisation (WHO) an age friendly city is “friendly for all ages’
and not just 'elderly-friendly'. It should be clean, have well-maintained (green) spaces with
adequate toilet facilities, pedestrian-friendly walkways, outdoor seating, smooth well-maintained
pavements, sufficient pedestrian crossings and street lighting, etc. (Smedley, 2015). It is argued
that making homes and the environment safe for the elderly would arguable make them safer for
the younger people as well (Cisneros et al., 2012).

3. Universal design and smart buildings

Universal design is a concept aimed to make daily functioning easy for the general population.
The key principles to universal design can be categorised under equitable use, flexibility in use,
simple and intuitive products, tolerance of error, low physical effort, and size and space (Cisneros,
2012). These may be further interpreted to address accessibility, visibility, functionality, and
movement in a space (Figure 3). Another important term associated with ‘universal design’ is
‘visitability’; a movement, that investigates components and minimum features and standards to
make buildings accessible to people with mobility impairment (Cisneros, 2012) such as:

open floor plans, i.e. minimising subdivisions,

reducing number of hallways,

making rooms more open to accommodate a variety of abilities.
a front door to accommodate a wheelchair

a sink with a knee space for independent use of the kitchen
plenty of under cabinet and task lighting,

accessible lighting outlets, and electrical switches

front-loading washing machines

bathroom accessible shower design
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Universal design
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Figure 3: Universal Design principles (adapted from Cisneros, 2012)
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4. Informal housing in Egypt — The exploratory case study

This exploratory study investigates an informal area in Greater Cairo in order to define major dwelling
and the immediate surroundings concerns, and the respective interventions to accommodate basic needs.
The reason for selecting an informal area, is that informal areas represent two thirds of Greater Cairo’s
built environment; hence, may be considered a representative exemplar for pure functional solutions to
people’s everyday needs. The investigation took a form of semi-structured meetings, to define, in depth,
people’s perceptions with regards to the area they live in, in general, with particular emphasis on their
dwellings and the immediate surroundings. The aim was to have various age groups and different
physical abilities. An announcement of the meetings was made through an active NGO in the area, and
the participants are those who voluntarily joined the meetings. In total, four groups were represented,
the elderly (6, three with severe joint problems), youth (4), university students (4), and contractors (2).
The meetings aimed to conclude dwelling spatial organisation (plan) and the various associated
functions, the vertical circulation (entrances, stairs, and roofs), and any informal transformation that
took place on ground floors.

The informal area, under investigation, encompasses both residential blocks built by the Government
back in the 1970’s and informal buildings that are being built to date. It is an old area and was originally
an agricultural land with a few houses; which along the years, gradually became an informal urban
settlement with multi-storey buildings, and the agricultural area eventually disappeared (G1Z, 2013).
The Family average size is six including both parents; where women largely work in various jobs to
contribute to family income (GIZ, 2013). A study published by an NGO in the area, while not
confirming the number of people with impaired mobility in the area, concluded that 72% of people with
some kind of impairment are illiterate, and only 6% managed to get higher education. Unemployment
rate, furthermore, reached 87% arguing that current local work market is ‘repelling’ 1/3 of the people
with some kind of impairment (Abdelbaki, 2015).

The Government built blocks’ areas range between 60-70m? including two to three rooms, constituting
of a ground floor and four typical floors. Informal buildings, however, provide a bigger range of areas
in order to accommodate the different financial abilities. There are those that may exceed 100 m? and
those even smaller than 40m?. Some of these informal buildings may have 12 typical floors. As a result
of the relatively small unit areas and the large number of family members; spaces are used for multi-
functions particularly the reception/entrance, children bedrooms, and even the corridors/halls (Figure
4).

4.1 The residential unit

Egyptian families are generally conservative, therefore a complete separation between family private
spaces and spaces to receive guests has to be achieved in the unit. In some cases, areas to receive guests
are never used by family members to keep them in good condition. There is no clear pattern between
the different participants with regards to the multi-use of spaces. In some cases, the entrance may be
used for eating, receiving guests, watching TV, and even studying. The hall/corridor may house the
washing machine, storage spaces, and the fridge. Furthermore, the children bedroom may be used as a
family living space and a reception for close relatives. The kitchen and toilets are relatively small to
accommodate any other activities. There was a case where cooking could take place in the main
bedroom; however, in most cases main bedrooms are not used for any other functions. In general, the

121



type of functions used depends on the size of the individual rooms as well as the overall dwelling area,
i.e. depends on the financial capabilities of households.
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Figure 4: Dwelling spaces various multi-uses to accommodate every day needs in small areas
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4.2 Mixed-use transformation/ developments

Another prominent feature in informal developments, is the transformation of primarily ground floors
in Government built buildings into other non-residential activities, whether these are commercial,
industrial, or even raising livestock. The informal buildings on the other hand, include a four-meter-
high ground floor reserved for non-residential activities from the outset. This, while is intended for
generating income and employment, is perhaps more importantly intended for raising the first
residential unit at least four meters above the street level for not to be accessible from the street level
for security reasons. In addition, the building entrance is raised one meter above street level, to ensure
that when Government pave streets, the entrance would not ‘sink’ below street level. This is intended
to protect the building entrance from sewage overflow that is common in the area. Nevertheless, the
increasing number of steps at the entrance, puts further burden on the elderly, and those with impaired
mobility; especially that the riser could be as high as 50cm. The roofs in general, are used for ditching
scraps, and in very limited cases are used for raising chicken or sheep, or planting vegetables.

These non-residential activities (largely on ground floors), while generating income to owners and
create jobs; they nevertheless, burden the infra-structure such as water, sewer, and congest streets etc.
In addition, the different activities may result in bad odour due to the different industrial and/or organic
waste. Nevertheless, the majority of participants did not mind non-residential activities on the ground
floor, as long as it did not harm the residents wellbeing and comfort, and did not cause higher rental
fees for residents.
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5. Discussion

Egypt has always been challenged by the provision of affordable housing; while seeming to overlook,
or neglect the provision of adaptable housing that would respond to various socio-economic needs for
the past 60 years. In addition, it is not evident that plans are set to accommodate anticipated
demographic change and the increased dependency ratio.

While housing provided by the Government promote complete functional separation of uses; informal
interventions are largely based on mixing residential and non-residential functions. Despite the negative
impact on infra-structure and people’s physical and mental wellbeing (section 2.1), benefits could also
be recorded. Mixed-uses may have the benefits of enabling people with a range of incomes and
backgrounds to reside side by side; and thus, help foster greater social equity and integration (Friedman,
2012). Inaddition, building homes for seniors along with dwellings for young households may further
attract extended families and create a mutual support system. Notwithstanding this, design approaches
adapting to changing demographics and lifestyles arguably include live-work dwellings, support aging
in place, and multigenerational, small size, and adaptable housing (Friedman, 2012).

In light of the above, an important question should be raised, namely: are smart buildings exclusive to
developed countries; or could buildings still be ‘smart’ with less or no sophisticated technology? Before
attempting to answer this question two terms are investigated, namely ‘smart building’ and
‘technology’.

Smart building, is usually referring to a building being intelligent i.e. it encompasses various
technologies, such as data network, voice network, power management, video surveillance, fire alarm,
HVAC control, lighting control, access control etc. with the different systems having the capability to
communicate for a much efficient use of the building (Sinopoli, 2006). Other interpretation of smart
building may encompass (although still associated with the integrated systems) responsive and adaptive
envelopes and material that respond to the internal and external environment, green roofs, inclusion of
Photo Voltaic, etc. It is, however, important to investigate the extent to which homes could be smart,
without the inclusion of sophisticated technologies (Friedman, 2012). This is of particular importance
to developing countries.

‘Smart’, as an adjective, is usually associated with either intelligent people or a technology that is
intelligent i.e. responds to the end users’ needs and make their experience as efficient as possible. The
term “technology’ may refer to a new product and/or a process (Laborde and Sanvido, 1994). In this
context, it can be argued that a ‘design’ may refer to a product (if it is noun) or to a process (if it is a
verb); and in both cases a ‘design’ is associated with a new ‘creation’. Therefore, a design may be
considered a ‘technology’ that could be *smart’, as long as it is able to respond and adapt to current as
well as to future dwellers’ needs. Since, universal design principles aim at a design that could be easily
adapted to current as well as to future needs, accommodating all ages and mobility; it could result in
‘smart’ buildings. Thus, it could be concluded that ‘smart’ buildings could be achieved by simply
achieving a universal design; and not necessarily to encompass sophisticated technologies.

123



6. Conclusion

Egypt is currently facing huge housing challenges to solve a problem that successive Government failed
to solve for the past 60 years. Currently, with more than 90 Million inhabitants, and around 300,000
housing units needed annually, the anticipated 6 Million gap in housing provision by 2020, and the
expected demographic change; the housing problem seem to exacerbate due to the multi-variate
complexity. The inability to provide affordable and adaptable housing, has led to individual chaotic
developments that do not pay attention to or abide by building codes and regulations. This may lead to
physical as well as mental/psychological implications.

This paper investigated the housing challenge in Egypt, and the implication of informal developments
on people’s health and well-being. The paper acknowledges the importance of informal developments
to satisfy socio-economic needs; but also highlighted the negative impacts of such informal chaotic
development. However, it was concluded, that despite the negative implications of informal
developments, they imply some sort of ‘smartness’, particularly that these depend on the provision of
mixed-uses, include extended families, are small in size, and allow adaptability of spaces.

In conclusion, there is an opportunity to provide a smart future housing in Egypt by mitigating negative
challenges of informal developments and capitalise on the positive. The result of this paper will feed

into the second phase of the research to provide scenarios for future housing that takes into account the
socio-economic, demographic change, as well as technological advancements.
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Abstract

The importance of reduction of energy use in tackling climate change is widely recognized. The
greenhouse gas (GHG) emissions of energy production are high, while the biggest share of energy
consumption belongs to the built environment and industry. Various regulations and treaties
create pressure for reducing GHG emissions on both regional and national level.

The energy sector provides significant potential for tackling climate change. However, achieving
the goals will require changing the traditional energy systems of the society. Here, introduction
of renewable energy sources, as well as increasing the efficiency of energy production,
transmission and consumption, are needed. Major changes in regional energy systems are most
likely to occur in the near future, an important one being the increasing of self-production of
energy, where actors traditionally considered as consumers of energy will become also producers.
The upcoming changes will create challenges for decision-making related to the development of
energy systems, as traditional approaches will become insufficient to operate under the new
conditions. The changed patterns of regional energy systems also create new business
opportunities, and the recognition of them is important to integrate into the decision-making
processes in order to support sustainable development of the energy system in the region.

This study proposes a regional energy model -based approach to identify new business
opportunities in changing conditions and to support sustainable development of the energy
system. The framework of the approach requires modelling the current state of the energy system
of particular region. This includes identification of the different actors within the energy system
and the energy flows between them. Such an approach makes it possible to compare different
future development scenarios and evaluate them in terms of environmental, economic and other
targets. The approach can help the different actors within the energy system (energy production,
industry, buildings, services, etc.) to develop their operations by providing them with holistic
information on the current state of the energy system, possible development paths, future energy
demands, realization of sustainability targets, as well as emerging new business opportunities.

Keywords: Energy efficiency, Regional model, Business opportunities, Decision-making
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1. Introduction

The role of energy use in tackling climate change is widely recognized as extremely important
due to the high greenhouse gas (GHG) emissions of energy production. The energy consumption
of the built environment and industry is high. These sectors are responsible for 96% of energy
end-use and 86% of GHG emissions in Finland (Sitra 2010). Emerging regulations and treaties
create pressures for reducing GHG emissions on both regional and national level by posing
emission reduction, energy efficiency and other targets. Economic issues are often the major
challenge in achieving the required GHG reductions.

The energy sector provides great potential for tackling climate change. However, achieving the
targets requires changing the traditional energy systems of the society. During the urbanization
and industrialization period, energy production solutions concentrated on large centralized fossil
fuel based production units. The increased pressure to achieve a low-carbon society and energy
self-sufficiency requires transition from fossil fuels towards local renewable energy sources
(Motiva, 2010). Also increase of energy efficiency in the processes of energy production,
transition and consumption, is required (Saidur, 2010; Abdelaziz et al., 2011; IEA, 2012). One
important change will come due to increase of the decentralized self-production of energy. This
change is in Finland driven by such factors as fast technological development and new building
codes, which support the utilization of locally produced renewables (Ministry of Justice, Finland,
2011). This means that traditional energy consumers such as households or private companies,
can become producers (Nielsen & Moller, 2012; Li, et al., 2013). Such a change can result in a
decrease of the demand for centrally produced energy (Persson & Werner 2011). The changing
energy system will create challenges for future energy planning, as traditional approaches will
become insufficient. However new business opportunities would also emerge, and it is important
to integrate the recognition of these into the decision-making in order to support sustainable
development of the energy system of the region (Viholainen, et al., 2016). Therefore, the creation
of simple methodologies to provide information on sustainability of the current state and optional
development scenarios of the regional energy system is required.

This paper presents an approach for including sustainability aspects systematically in the
decision-making process related to the development of a regional energy system while paying
attention to the local conditions of the region in question. The approach is based on the recognition
of individual functional characteristics of the energy system of the region and identification of the
mechanisms affecting the realization of regional sustainability targets. This includes charting the
regional energy system by identification of the actors (centralized producers, transition network
operators, consumers and prosumers), as well as the roles and interests of the actors, the pattern
of energy flows within the system, and the mechanisms affecting the energy-related decision-
making of the actors. Finnish conditions are used as an example.

2. Methodology

The municipality is the only permanent operator within the regional energy system, and it plays
the role of the upholder in the region. The primary responsibility of the development of the
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regional energy system, as well as the realization of international and national sustainability
targets lies on the municipal administration. International and national sustainability targets create
pressure for the municipal administration in the form of legislative norms and binding targets. In
order to achieve the sustainability targets in the most efficient way, municipal decision-making
should incorporate a comprehensive analysis of local region-specific conditions, including
economic, environmental and social aspects. Knowing the potential and challenges of
sustainability within the region helps the municipality to establish a local sustainability policy and
targets that would drive the development of the energy system while supporting the realization of
international and national targets. Establishing an adequate local sustainability policy and targets
forms a solid base for sustainable development of the regional energy system.

The municipal administration controls the development of the energy system towards the chosen
sustainability targets by applying various policy instruments, which can be regulatory, economic
or some other instruments. To understand which policy instrument would be the most efficient
one to achieve the sustainability targets, the impact of various regulatory actions on the energy
system and the targets should be evaluated thoroughly and transparently (see Figure 1). Here we
can consider the municipal administration as a supervisor of the process (development of the
regional energy system) sending control inputs (regulatory and economic policy instruments) into
the system while receiving surveillance feedback (indicator data) from the system and comparing
the indicator data with the parameters required by the local sustainability policy. The appropriate
indicators should be selected carefully to provide the required specific information on the
performance of the energy system. The sustainability indicators should be chosen according to
region-specific conditions, but should cover economic, environmental and social aspects as well.
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Figure 1: Steering of the development of the regional energy system
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The evaluation process described above requires good understanding of the energy system in
question. In order to understand the current situation of the energy system and to be able to predict
the further development of the system, it is essential to recognize issues like the mechanisms that
affect the formation of heat energy demand, how energy demand affects energy production, what
influence different scenarios have on the sustainability indicators, and with what kind of
mechanisms the municipality can steer the development. It is necessary to map the different actors



operating within the energy system, as well as the energy flows between the actors. The roles and
interests of the different actors and the issues affecting the energy related decision-making of the
actors should be recognized. This will help to incorporate the interests of the different actors in
the decision-making process, creating better operating conditions and helping with the realization
of new business opportunities under the changing circumstances. The information required for
mapping the local energy system can be gathered by various means, such as collecting data from
the actors, energy modelling of different processes within the energy system, etc.

3. Regional sustainability approach

In this study, a common approach for systematical steering of the development of the energy
system towards international, national and local sustainability targets is developed. The common
framework for the incorporation of sustainability issues into the development process of a regional
energy system is presented in Figure 2. The approach starts with the identification of the regional
sustainability policy established by the municipality based on national and international treaties,
the legislative framework and local conditions within the region. The regional sustainability
policy incorporates environmental, social and economic targets for the future development of the
region in question. These targets should be identified clearly from the very beginning of the
decision-making process.

The second step in the approach is charting the functioning of the regional energy system. This
starts with identification of the actors (centralized producers, distribution network operators,
consumers and prosumers) operating within the chosen region, as well as the pattern of energy
flows between the identified actors. Also issues affecting the energy-related decision-making of
these actors, such as economic interests, preferences etc., need to be identified. The municipality
can be considered as one of the actors, as it regulates the development of the energy system. The
common pattern of the regional energy system, including the roles of different actors is presented
in Figure 2 below.

The next important step is the recognition of indicators (key measures) that would help to estimate
the actual development of the energy system towards the regional sustainability policy and targets.
Each actor within the energy system is important for contributing on their own behalf to regional
sustainability, so appropriate indicators should be identified for each class of actors. The
indicators should incorporate at least environmental, economic and social issues. Also other local
policy-specific indicators can be included in the approach. All indicators should be selected on a
case-specific basis in order to illustrate the particular local sustainability targets in the best
possible manner. Studying the functioning of the local energy system will help the decision-
makers to understand how energy demand is formed, what mechanisms affect the formation of
energy demand, how energy production and transition is affected by changes in the energy
demand, and how these issues affect the sustainability indicators.

The presented approach makes it possible to evaluate different possible energy system

development scenarios in terms of sustainability targets. Based on regulatory input and
sustainability indicator output analysis, optimal steering instruments can be chosen that will
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support the development of the regional energy system towards the realization of local
sustainability targets. Including the regional sustainability approach in the process of regional
development would help to incorporate the interests of the different actors in the energy system
into decision-making. Also challenges and new emerging business opportunities can be
recognized and taken into account while steering the local development towards sustainability.
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Figure 2: Regional sustainability approach
3.1 Charting of the regional energy system
3.1.1 Consumer or prosumer

The consumer is the operator of a building of a particular purpose. Buildings, in turn, are where
the energy demand for the region is formed. The operators and the purpose of the buildings vary,
as the buildings can be domestic, commercial, industrial, or municipal. Traditionally, building
operators have been considered as energy consumers, but due to technological development and
economic factors, self-production of energy is increasing. Self-produced energy is either used on
site to cover the energy demand of the operator, or it can be sold to the regional energy distribution
operator. Within the energy system, these actors can no more be considered traditional consumers
due to changed role and interests, but are rather a so called prosumers. The impact of increasing
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self-production and prosumers on future energy demand can be major. The main interest of the
energy consumer is to cover the required heat and power demand with the cheapest possible
energy, while prosumers are interested in getting a maximal price for the energy sold to the
distributors. Also both consumers and prosumers wish the energy services to be provided reliably
and with minimal effort.

Selecting the heating method is a big decision the operator of the building has to make. In addition,
the operator can decide whether to self-produce energy on site and to what extent, and whether to
sell the energy or not. For the operator these decisions have a long-lasting effect, since the chosen
technology will be in use for decades. The decision-making is driven by such factors as economic
issues, local conditions on site and the characteristics of the heating systems, while the decisions
made dictate how the actual heat demand of the region will look like (see Figure 2). Notice that
the demands presented in Figure 2 are symbolic and may not represent the actual future
development. The appropriate solution is chosen on the basis of optimization of the various
criteria, and some compromises have to be made.

Economy is one of the most important decision-making parameters when deciding on the heating
method and energy self-production. The economic viability of the heating method is determined
by heat energy tariffs, energy taxation, the price of technology, and possible incentives supporting
particular technologies. The tariffs concern energy sale, purchase and transition determined by
the local energy producers and distribution network operators. Taxation and incentive policies are
the core methods in the realization of the regional sustainability policy.

Another important factor is the heating system -related personal preferences of the building
operator. This encompasses personal requirements for comfort, namely ease of use, the quality of
services, operational reliability, safety, etc. Also priorities in terms of social and environmental
issues might play an important role. In this case, the realization of the regional sustainability
policy can be boosted by rising social and environmental awareness of local residents.

Every property and building has its individual conditions and characteristics that affect the
technical feasibility of each heating or energy production method. Some circumstances may limit
out or favor the utilization of particular technologies. For instance, the characteristics of energy
use vary significantly depending on the purpose of use of the building. One important energy use
parameter is energy demand and its daily and annual variation. Site-specific climatic and
geological conditions are detrimental for such systems as solar and geothermal heat production.
Another important site-specific condition is the vicinity of a district heating (DH) network. It is
rational to consider utilizing district heat whenever a DH network is available because of
uncomplicated use, low need for maintenance, and competitive energy tariffs. The connection fee
to DH is determined by the distance between the property and the DH network (Motiva, 2015).

Finally, the selection of the heating method is affected by the local regulatory framework that
incorporates international and national laws and policies, as well as municipality-specific policies.
In some cases the municipality can make the connection to the DH network obligatory by a local
land use plan if a DH network is available, and if this will serve the local sustainability policy. In
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Finland, the building operator can, however, derogate from this obligation if the building has low
energy demand or the owner proposes a more efficient renewable heat source -based heating
system (ljas, 2015). Some municipality-specific regulations related to geothermal heat extraction
in groundwater areas and in the vicinity of water intake stations may apply (Town of Lahti 2015).

3.1.2 Centralized energy producer

Centralized energy producers operate large-scale energy production plants producing heat and
power for the needs of multiple customers (consumers/prosumers). Centralized energy producers
are important contributors to the local sustainability targets of the municipality, as well as national
and international targets. The coverage of centralized heat production can be on the level of a
neighborhood, the whole municipality, or even neighboring municipalities. Centralized power
production is connected to the national grid. The core interest of centralized energy producers is
maintaining and increasing the profitability of their activities. Here, understanding the upcoming
changes in the energy system is important in order to be able to adapt to the changes and utilize
the emerging new business opportunities while managing the risks.

At the moment, centralized energy production is competitive. For example district heating (DH)
accounts for 46% of the total heating market in Finland (Finnish Energy, 2015). However,
competition is expected to grow. Self-production and ground thermal pump solutions are
becoming the main competitors. Also the national and international regulatory framework and
emission targets affect the competitiveness of centrally produced energy. Among these are
emission trading, the Industrial Emissions directive with new nitrogen sulfur and particle
emission limits, new national building codes promoting local renewable energy, and energy
taxation. The new energy taxation measures which took effect in 2011 reduced the
competitiveness of DH considerably, especially in the case of producers utilizing fossil fuels, like
oil, coal and natural gas (P6yry, 2011).

The future development of energy demand formation will affect the operation efficiency and
profitability of the existing centralized energy production capacity greatly. Investments into
energy producing technology are typically long. Investment decisions are made based on the
market situation and the best available future market development prognosis at the moment of
decision-making, see Figure 2. Technology sizing and fuel selections are optimized on the basis
of the best available market knowledge at the time. The long duration of investments create a
challenge for heat energy producers to adopt to new conditions in the case of unexpectedly high
market fluctuation. For example a considerable drop in DH heat energy demand can lead to a
decrease of production efficiency in some oversized production plants. This in turn can lead to
decreased economy of production and a need for premature replacement investments of energy
production technology. Decreased production efficiency also increases nominal GHG emissions
of production, which is a drawback for the national and regional sustainability targets.

The main challenge for the centralized energy producer is identifying the optimal development

scenario for the activities from the point of view of profitability of operations. The core scenarios
to compare are whether the energy production capacity should be kept the same, increased or
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reduced, which fuels should be used for production, what should be the price for energy, and how
energy services should be tailored to suit the customers' needs best. Here understanding the
mechanisms affecting the development of energy demand, as well as the influence of the
regulatory framework, is required. Production capacity sizing decisions depend strongly on the
energy demand. The main factor affecting the formation of energy demand is the consumer.

3.1.3 Energy distribution network operator

Energy distribution network operators connect energy production with consumption. Basically,
they operate two types of distribution networks, the district heating network and the electric power
grid. The interests of the distribution network operator can vary, depending on the ownership of
the network and other issues. The common interest of privately owned energy distribution
network operators is profitability. However, if the operator is owned by the local municipality,
the strategy is selected based on the municipality’s sustainability targets. Here, in addition to
maximization of municipal incomes, also a non-profit strategy can be applied with accent on the
provision of necessary energy distribution services to local consumers. The profitability of energy
distribution networks depends on the formation of energy demand and other preferences of energy
consumers and prosumers in terms of the quality of the energy services. The transition efficiency
of distribution networks depends on various transition losses and sub-system efficiencies. The
introduction of energy storages can increase the overall transition efficiency. The efficiency of
energy distribution can have a significant impact on primary energy consumption, and has thus
major importance in terms of regional sustainability targets. The higher the heat losses during
energy transition are, the more primary energy is required to cover the heat demand of the
consumer (Vinokurov & Luoranen 2015). Traditionally, distribution networks have been
designed to connect large centralized energy producers with residential, municipal or industrial
consumers. However, the continuous increase in self-production requires some changes in the
traditional design, because the energy produced by distributed solutions needs to be fed into
network. Also the measuring of energy consumption and production should be improved, and
appropriate tariffs for both the purchase and selling of energy should be introduced.

3.1.4 Municipality

The municipality monitors and steers the development of the region in accordance with
sustainability targets. The common interests of the municipality are ensuring the welfare of its
residents, developing the economic attractiveness of the region, and providing the residents with
services in an economically and environmentally sustainable way. On the regional level, decision-
making related with the development of energy systems is highly affected by the national energy
legislation and local energy policy. National-level regulation is for example carried out by target-
oriented energy taxation. In Finland this means that for example the tax for fuel used in heat
energy production is based on the energy content and GHG emissions of the fuel (Finnish Energy,
2011). The local energy policy is regulated by the municipality, and its framework is based on
international and national energy-related targets, while paying attention to local municipality -
specific sustainability targets related to the local climate, and social and economic, etc. conditions.
There are different mechanisms the municipality can use to support the realization of the regional
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energy plan. These are economic incentives that boost the introduction of a technology, such as
renewable energy solutions, promoted by the energy plan. Another instrument is a land use
planning system carried out by the municipality. The land use plan determines the future of the
region by defining issues like what must be preserved, what can be built and where, and how the
construction can take place. In some cases, the heating method to be used can be defined by the
plan among other features, thus affecting the development of the local energy system (Ministry
of the Environment of Finland, 2013). Here, a settled strategy of the regional energy plan plays
an important role. For instance, if the municipality targets to decrease GHG emissions by
investing in a costly centralized heating plant using biofuel, it might be rational to support DH
system connections. Again, if because of different local conditions, biofuel is not easily available,
it might be beneficiary to invest on different heating methods, for example on distributed
production utilizing ground thermal heat pump technology. The revision of the local energy policy
in the light of the changing conditions, and in some cases the change of policy might be
beneficiary. Here comprehensive understanding of the current situation of the energy system and
the effects brought by optional development scenarios is crucial.

3.1.5 New business opportunities

Identifying the local actors, the relationships between them, and their interests, as well as the
energy flows within the region will help to understand the current situation of the regional energy
system in the light of the local sustainability policy, and thus the current development trend can
be estimated. In addition, different optional development scenarios can be compared and it
becomes possible to identify the optimal scenario that will support the realization of the local
sustainability targets best. The approach presented here will also reveal the issues that are required
to achieve the chosen targets, among these the challenges and new business possibilities for the
different actors in the energy system.

One of the major future challenges for energy planning is the growing competition between DH
and renewables-based self-production and geothermal heat pump technology. This situation will
also create new business opportunities, however. For example, the continuously developing self-
production systems and incentives promoting renewable local energy sources will increase the
viability of energy self-production. Here the traditional consumer has the opportunity to become
a producer of energy, selling energy to the distributor and receiving economic benefit.

The centralized energy producer can find an opportunity by providing a new energy service that
includes the realization of centralized solar or geothermal heat production in the scale of a
neighborhood, and providing energy to local consumers at an appropriate tariff. This can bring
competitiveness for the centralized producer, as the consumer will receive locally produced
renewable energy while being spared from laborious planning, construction and service, these
being the responsibility of the centralized producer. This can be an actual development, especially
when the competition with self-production is increasing.

For the energy distribution network operator, the main future challenge is to recognize upcoming
changes in customers' demands and to adapt to them. In terms of increasing self-production, the
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new business opportunity can be increasing the purchase of self-produced energy from prosumers
and selling it to consumers who require energy at that moment. This would require changes in the
network, but it could also create new incomes and ensure the demand for energy transition
activities even if the demand for centrally produced energy were decreased.

New business possibilities can be provided also to other actors than those operating within the
energy system. The analysis like one presented in this approach requires the collection and
procession of a large amount of data and interpretation of the results, which is a task requiring
certain professional expertise. This process should be controlled by the municipality, but
depending on the available resources, these task can be fully or partially outsourced to specialized
consulting agencies. This will create a demand for new consulting services. Also the business
opportunities of technology producers will expand. For example, a major increase in renewables-
based self-production will require new efficient heat storage technologies in the market.

4. Discussion

The required emission reductions can be achieved by introducing local renewable energy sources
and by increasing the efficiency of energy production, transition and utilization, and thus a
regional approach is needed. These measures would require changes in the traditional energy
system that has been designed to rely on large centralized energy production plants utilizing
mainly fossil fuels. Increasing the decentralized production of energy by utilizing renewable
energy sources provides a possibility to achieve local emission-free energy production. However,
this will create new challenges for energy planning, since traditional energy systems have not
been designed for decentralized energy production, and changes are required. Among the core
challenges are the decreasing demand for centrally produced energy and issues related to feeding
decentrally produced energy into the distribution network.

Achieving sustainability targets requires changes that will affect all the actors operating within
the local energy system, creating new challenges, but also new sustainable business opportunities.
Municipalities as overseeing authorities and responsible for steering the regional development
have to acknowledge the present and upcoming challenges and opportunities and incorporate
these into the decision-making process related to the development of the regional energy system.
The approach presented in this paper is based on understanding the functionality of the local
energy system by charting the different actors, energy flows and mechanisms in the system
affecting the energy-related operations of the actors. The approach will help to understand the
current state of the regional energy system in terms of sustainability, as well as to evaluate
possible development scenarios. Following the presented framework will help to identify existing
and upcoming challenges and new emerging business opportunities and incorporate the interests
of different actors operating within the energy system into the decision-making. This can support
local economic growth and increase the energy security of the region by increased local energy
resource utilization while creating more local jobs. By understanding the mechanisms affecting
the realization of sustainability targets, the decision-maker can choose the appropriate steering
mechanisms to develop the energy system in accordance with the local policy.
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The approach presented here is not intended to perform as a detailed energy analysis, but rather
to provide guidelines for gaining a comprehensive overall picture on the current state and possible
development scenarios of the energy system in terms of local sustainability targets. It is important
to acknowledge that the presented approach is a common framework for systematic realization of
regional energy analysis. Each region has specific conditions in terms of sustainability targets,
actors, energy resource availability, climatic conditions, etc. These conditions should be taken
into account when applying the framework. For example, the sustainability indicators should be
selected according to region-specific sustainability targets. The approach may be accompanied
with more advanced economic, environmental and social examinations, such as Life-Cycle
Analysis, energy modeling, etc.

5. Conclusions

Transition from traditional fossil fuel -based energy production towards the utilization of local
renewable energy sources as well as an increase in the efficiency of energy production,
distribution and utilization are important steps in achieving regional sustainability targets. These
measures require changes in the traditional regional energy system, creating challenges as well as
new opportunities for energy planning. If appropriately implemented, these changes can decrease
the overall emissions while increasing energy security and economic wellbeing in the region.

This paper has presented an approach to identify and incorporate the interests, challenges and
opportunities of different actors within the energy system systematically into the decision-making
process related to regional development and energy planning. The approach is based on the
identification of local conditions, such as actual actors with their interests, energy flows, local
sustainability targets and case-specific sustainability indicators. This can give the decision-
makers an overall view on the current state of the energy system, and help them to compare the
effect of optional future development scenarios on the overall sustainability of the region.
Therefore, the selection of the optimal development steering actions can be tailored to suit the
region-specific conditions and needs.
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Abstract

With the constant growth of the world population, and limited resources on the planet, as well as
the pursuit of better living conditions without consumption increase, it is necessary to create new
methods of utilization of the urban structure ever built. Infrastructure constraints currently include
ageing, underutilized and inadequate existing facilities, as well as a lack of integration in
planning, design and management strategies for future infrastructure development in long-term
scenarios. The urban retrofitting, one of the solutions to this problem, is usually defined as the
occupation of degraded areas in town — such as misused, abandoned and/or empty ones —, making
the transition from city actual situation to its future vision. This transition, or urban retrofit itself,
shows comprehensive nature and large scale, integrated nature and a clearly defined set of goals
and metrics for monitoring. Urban retrofitting presents great advantage over creating new urban
developments and infrastructures, in point of view of urban sustainability. Therefore, this paper
presents a comparative analysis of two case studies, urban retrofitting projects. The first one is
the urban operation Agua Branca, in the city of Sio Paulo, an area with substantial
transformations in the urban municipality, since 1995, in order to provide a more densely
populated neighbourhood, with mixed use, inclusion and social diversity. The second project is
the Opération Paris Nord-Est, northern suburbs of Paris, started in 2002 with the purpose of
transforming this outlying area in a new economic and urban centre, through retrofitting existing
infrastructure and promoting mixed-use, commercial and residential. The research method
included a literature and documents review, consultations, interviews and technical visits. The
result is a comparison of two retrofit projects, in Sdo Paulo and Paris urban contexts, in terms of
similarities and differences between priorities, perspectives, guidelines and urban policies, using
urban indicators to quantify comparisons, such as: area for construction, population density, floor
area ratio and green space areas, and listing respective advantages and disadvantages of urban
retrofitting implementation process.

Keywords: Urban Sustainability, Urban Retrofitting, Urban Renovation, Urban Redevelopment
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1 Introduction

The United Nations Human Settlements Programme (UN-Habitat, 2009) identified eight major
trends in the integration of the green agendas in cities, that focus on: “developing renewable
energy; striving for carbon-neutral cities; developing distributed power and water systems;
increasing photosynthetic spaces as part of green infrastructure; improving eco-efficiency;
increasing sense of place; developing sustainable transport; and developing cities without slums”.
More recently, Newton (2013) highlights a number of critical issues for cities, that are likely to
intensify by mid-century unless concerted interventions commence, which are: “climate change,
resource constraints, population change, urbanization and intensification of urban development,
ageing infrastructure, socio-demographic change, urban economic base and financial
uncertainty”.

In order to reach those objectives, many projects have been proposed, such as retrofitting ones,
that uses older buildings and develops a range of ecological and/or technical adaptations. The
concept of urban retrofitting or re-engineering has gained ground globally in recent years, with a
sustainable approach. Sustainable urban retrofitting regards the “directed alteration of the fabric,
forms or systems which comprise the built environment in order to improve energy, water and
waste efficiencies” (Dixon and Eames, 2013). However, for cities, larger-scale and more
integrated and sustainable systems or enterprises are needed. According to Living Cities (2010),
the defining characteristics of a larger-scale retrofit system are these: comprehensive scale,
integrated, sufficient and sustainable funding, deliberate and systematic strategy for engaging and
benefitting lower-income people, and robust performance management system with a set of
clearly defined goals and metrics for monitoring.

Newton (2013) says that “urban regeneration, renewal, redevelopment, rebuilding, renovation,
restoration and retrofit are all terms that have been used somewhat interchangeably in the
literature to describe the processes aimed at revitalizing the existing built environment, local
communities and local economies”. They encapsulate the multiple dimensions represented in
urban redevelopment, including scope, ownership and governance.

Therefore, the urban retrofitting is usually defined as the occupation of degraded areas in town —
such as misused, abandoned and/or empty ones —, making the transition from city actual situation
to its future vision, in long term scenarios. This transition, or urban retrofit itself, shows
comprehensive nature and large scale, integrated nature and a clearly defined set of goals and
metrics for monitoring. Urban retrofitting projects are a set of interventions in order to adapt the
urban area to improve its sustainability, not only at present time, facing current demands and
problems, but also for future population and needs. Usually these projects cover former urban
areas, around public transportation stations, or industrial areas, i.e. environmentally fragile lands,
empty or not. Retrofitting adaptations  involve a whole range of issues related to urban
sustainability, such as: housing, energy, water, waste, walkability, existing buildings.

Urban retrofitting presents great advantage over creating new urban developments and
infrastructures, in point of view of urban sustainability. Expanding cities towards occupying
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natural lands and greenfields, improving environmental and ecological impacts on building new
urban infrastructure, seems to be a less sustainable alternative facing developing urban areas with
wide configurations and uses, in order to occupy decayed areas and brownfields.

In fact, in a period of economic crisis, rather than thinking of large incremental development
plans, it is wiser to suggest urban retrofitting operations conceived as the punctual nodes of a
longer term re-planning, as they have the potential to generate new identity processes at the urban
scale (Ferrante and Semprini, 2011). Dismantling and re-building cities is not a realistic option
and abandoning urban areas is not a preferable alternative.

Furthermore, the retrofit of a neighbourhood must be coherent with the city as a whole. It needs
to tackle the local issues of the area as well as the more global challenges of the city, such as car
congestion, pollution or flooding risks. This is why urban retrofit operations are often
encapsulated in each other, creating a strategic director plan for the city future.

2 Methodology

The aim of this paper is to study urban retrofit processes, so this research presents a comparative
analysis of two case studies, urban retrofitting projects, a comparative case, here preferable to a
single in-depth case because the analysis also assess how these two retrofit projects address the
challenges of each respective background, the city where each one belongs to.

The first urban retrofitting project is the urban operation Agua Branca, in the city of S&o Paulo,
an area with substantial transformations in the urban municipality, since 1995, in order to provide
a more densely populated neighbourhood, with mixed use, inclusion and social diversity. The
analysis determined how the retrofitting project could improve the living conditions in the area,
by bringing balance and dynamism to this uneven and unequal yet pivotal neighbourhood, and
meet the challenges of Sdo Paulo, a giant and ever growing metropolis in a developing country,
Brazil.

The second project is the Opération Paris Nord-Est, northern suburbs of Paris, started in 2002
with the purpose of transforming this outlying area in a new economic and urban centre, through
retrofitting existing infrastructure and promoting mixed-use, commercial and residential. The
research determined how this project, located in Paris, a more ancient and more slowly growing
metropolis of a developed country, is different from the previous one, both in the urban issues at
stake and the proposed solutions.

Many urban projects are under development in Sdo Paulo municipality, but the urban operations
demonstrate affinity to urban retrofitting concept, since they present neighbourhood and district
scale, long term implementation and agreement to strategic plans and future city scenarios.
According to the Ministry of Cities (Ministério das Cidades, 2008), the urban operation concept
was influenced, to a certain extent, by international experiences, such Zones D’Aménagement
Concerte — ZAC, or joint development zones, that appeared in France in 1970s. French ZACs
assumed more state interference, by means of direct actions for urbanization, mobilization and
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recovering the value of local real estate for community, submitting private capital to public
interests and priorities. However, in Brazil, urban operations appeared in other line, more linked
to negotiation of urban laws exceptions by the State, in order to get resources to urban
development actions.

The research method included a literature and documents review, consultations, interviews and
technical visits. The current situation of both neighbourhoods was analyzed as a whole, by
highlighting their population, economic data and drainage issues. The both urban retrofitting plans
show present and future situations, under main guidelines and urban policies involved in the
process. Some urban indicators and parameters were selected to assess comparisons.

The objectives of urban retrofit can be quite different from a country to another. Western countries
must cope with ageing building stock and urban infrastructures and cities while developing
countries need to retrofit informal and unplanned urban developments to tackle the issues of
poverty, housing, economic growth, energy insecurities and climate change. We will compare
Agua Branca with a French retrofitting project to see if the objectives of urban retrofit are always
very different.

2.1 The urban operation Agua Branca

In 2010, the Prefeitura do Municipio de S&o Paulo, or Sdo Paulo Municipality, presented a report
entitled “SP 2040: the city we want” (PMSP, 2012), that diagnoses current situation and foresees
scenarios for 2040. S&o Paulo is the biggest city in South America, with over 11 million of
inhabitants and 20 million in the metropolitan area, and it is still growing at a rapid pace, with an
increase of 1,65 per cent per year