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Abstract

Increasing density of housing in postwar neighbourhoods can simultaneously help in reducing housing
shortages, address social-economic issues and enable a 2000-watt-society. Shifting household compositions
have seen household sizes reduced and floor space usage increase, which corresponds to higher energy and
material use. Reducing floor space usage per capita is a prerequisite for enabling sustainable housing.
Usage of efficient principles from cooperative housing, such as sharing functions and spaces can allow for
greatly reduced floor space usage per capita, without reducing quality of dwellings. To apply these principles
in the postwar neighbourhood, the gallery flat is a fitting subject for transformation. By using principles of
cooperative housing for top-ups on spatially inefficient gallery flats, floor space usage per capita can be
greatly reduced, allowing many more people to be housed on an equal footprint. However, attention must be
given to technical factors such as traffic routing, structural spans, stability and accessibility.
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1. Introduction

In the Netherlands, there is an acute shortage of housing (CBS, 2022c). Construction of new
housing is proceeding slowly, and the goal of building 1 million new homes by 2030 is currently
unlikely to be reached (Voermans, 2022). To reach the goal, it will not be possible to only focus on
new greenfield construction. Looking inward towards existing urban areas can reveal opportunities
for new housing through densification. Construction of new housing can be sped up by capitalising
on existing infrastructure, amenities and even existing buildings. Furthermore, a broader spatial
intervention could simultaneously address local urban issues (KAW, 2020). One such area is the
postwar neighbourhood. Typical Dutch postwar neighbourhoods, built between 1945 and 1960,
often suffer from problems relating to social-demographic factors (Noyon, 2008), mono-typical
housing (Blom, Jansen and van der Heide, 2004) and are often simply out-dated and improperly
maintained (Obbink, 2016). Despite their neglect, 68 postwar neighbourhoods in the largest 42
municipalities in the Netherlands accounted for 711.000 inhabitants in 2016 (CBS, 2017).

In light of the goal of creating a circular economy by 2050, of which the built environment is an
integral part, consideration should be given to how existing environments will also be made ready
for a circular economy (European Parliament, 2021). In working towards a circular economy, the
first consideration to make is how to at first simply refuse or reduce a material or energetic need



(Ellen MacArthur Foundation, 2023). A method to broadly apply this principal reduction is by
striving for a ‘2000-watt-society’ (Morosini, 2010). The 2000-watt-society is a model which shows
that a society, by reducing average daily primary energy usage to no more than 2000 Watt per day
or 17.500 kWh per year per person, can reach a level of energy consumption which is sustainable.
This goal can be attainable by 2050 without reducing the current standard of living (Jochem, 2004,
2016). Many factors influence energy consumption, of which the built environment through
behaviour and lifestyle are considerable parts (table 1). The 2000-watt-society is thus not a measure
of circularity, but an assessment principle which can be used to first reach a sustainable threshold of
reduced energetic and material usage on which a circular economy can then be built. In what way
should the built environment contribute to this goal?

Table 1. Daily energy requirements per capita in an average Swiss 4-person household in 2008
(Novatlantis, no date)

Activity Current daily energy | Envisioned daily Difference

requirement in watts | requirement in a

2000-watt society
Living and working 1500 450 -1050
environment
Consumer goods and | 1140 500 -640
foodstuffs
Infrastructure 900 340 -560
Electricity 570 210 -360
consumption
Mobility (automobile) | 480 140 -340
Mobility (aircraft) 230 180 -50
Mobility (public 140 100 -40
transport)
Total 4960 1920 -3040
2. Methodology

This paper seeks to answer the following main research question: ‘How can the densification of
postwar neighbourhoods using spatially efficient cooperative housing principles on gallery flats
contribute towards a 2000-watt-society and the transition to a circular economy?’.

To answer it, three sub-questions are addressed in three chapters:
e How does increased density of housing relate to energy usage in urban areas, and how does
it compare to housing trends in Dutch postwar neighbourhoods?
e In what way can a cooperative housing model reduce material and energetic requirements
for housing in comparison to typical housing models?
e To what extent can the principles of cooperative housing be applied to gallery flats as a
contribution to overall sustainable densification of postwar neighbourhoods?



This paper is structured in two halves. The first half, covered in chapter 3, uses a literature study
methodology to provide a scientific framework for the second half. It explains why reduction of
energy usage per capita is essential in reaching sustainable development goals by 2050, why cities
should be densified to do so, and how densification relates to Dutch cities and postwar
neighbourhoods. The second half, covered in chapters 4 and 5, applies a combined methodology
consisting of a literature study and case study analysis. Chapter 4 uses the notion of sufficiency in
housing as described by Cohen (2020) to outline sustainable targets for household sizes in square
metres per inhabitant. Those targets are contextualised by contemporary Dutch housing standards.

With this literature framework, a case study is done by functionally and spatially comparing those
to a number of similar cooperative housing projects, which is summarised in table 4. The most
significant results of this three-way comparison are discussed in the results section, and interpreted
into quantitative and qualitative design principles for further use. In chapter 5, those findings are
again first considered from a scientific standpoint through literature study, and then retroactively
applied to an existing gallery flat in the form of a case study.

3. Densification as an approach to sustainable postwar neighbourhoods

3.1. High density in urban areas as a prerequisite for low-energy use

In The Weight of Cities, it is stated that cities can be organised in such a way that they consume
only 10% of their current energy demand (IRP, 2018). Creating preconditions to enable this is key
in enabling this reduction. Mixing of functions can lower energy requirements by a factor of 2.
Combined with attention to energy-efficient buildings, economical and renewable energy systems,
behavioural/lifestyle and densification, change influenced through urban design a reduction of
resource and energy usage by a factor of 10 is possible (IRP, 2018). Thus, a great deal of potential
for reducing personal energy consumption towards 2000W per capita per day lies in the (design of)
the built environment, both on the urban and the household scale (Lienhard, 2014).
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Figure 1. Energy use for five urban designs by major energy level and type (GEA, 2012)



In creating conditions for liveable, adaptable and sustainable cities, high density, though not a goal
in itself, is a precondition for enabling those qualitative metrics (Sim, 2019). High density is more
sustainable because it lowers energy consumption by enabling more amenities, jobs, dwellings and
mobility hubs within a smaller reach (Angel, 2012). It can encourage walking, cycling and usage of
public transport instead of car usage. Denser housing also allows for less material usage in
construction and less energy usage for heating and utilities (IRP, 2018). Even lower consumption of
energy can be reached through articulated density: a varied pattern of low and high densities is
alternated with green uninhabited spaces and dense ‘nodes’ with very high density of residents,
jobs, services and amenities (figure 2) (Hajer et al., 2020). According to the IRP (2018), the target
density for sustainable cities lies roughly between 7.500 and 10.000 people living per km? on an
average metropolitan scale, and around 15.000 per km? in the densest central areas or ‘nodes’.
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Figure 2. Schematic representation of low- and high-density urban layouts (GEA, 2020)
3.2. Trends in urban density and households in the Netherlands

While the IRP emphasises greater density as key in enabling sustainable cities, and the trend of
more people living in urban areas in the Netherlands is expected to further increase towards 2050,
Dutch urban areas are becoming less dense, due to their increasing size and inhabitants spreading
out more (KAW, 2020; de Jong, 2022). This trend has continued since 1945, when a number of
subsequent postwar initiatives saw many new neighbourhoods and cities built to sustain a growing
population (Hereijgers and van Velzen, 2001, p. 29). A number of factors are responsible for this
reduction. Average household size in the Netherlands has decreased significantly (figure 3)
(Hereijgers and van Velzen, 2001, p.47; CBS, 2022b). This number is projected to remain around
2,1 until 2070 (Stoeldraijer et al., 2021).
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Figure 3. Average number of inhabitants per household in the Netherlands (CBS, 2022)



Simultaneously, the average number of square metres per household per person has increased
greatly (figure 4) due to increasing wealth and spatial-functional requirements (CBS, 2018b).
Further increase is caused by an eightfold increase since 1962 of single-person households (figure
5), today amounting to nearly 40% of all households and 18% of inhabitants (CBS, 2022b). This
has been largely caused by individualisation of society and partly by widowed seniors (CBS,
2022a). 3.800.000 single person households are projected to account for 41% of all households by
2050 compared to less than 20% in 1970 when they numbered 685.000 in total. Larger households
occupy more square metres on average, but per capita their requirements are lower (figure 4).

Figure 4. Average number of square metres per household and per household size (CBS, 2022)
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Figure 5. Relative growth of Dutch population and households (CBS, 2022)
3.3: Densifying the postwar neighbourhood for a circular economy

Postwar neighbourhoods, characterised as those built between 1945-1965, were built on a vision in
which overall density was relatively low to enable wide green space, good daylight and healthy air
in response to deplorable housing conditions in the old cities (de Hoop et al., 2009). Mirroring the
society at that time, most dwellings were intended for families, in apartments that are today often
still considered spacious. Functions and amenities for leisure, shopping and working were
separated from living areas, as automobile transport was assumed to be accessible for each
household, thereby greatly increasing personal mobility and mitigating downsides of greater travel
distances (Hereijgers and van Velzen, 2001).



Despite finally solving the postwar shortage with sufficient housing, many postwars
neighbourhoods have declined since the 1980’s and 1990°s. A shifting paradigm saw families that
could afford doing so leaving for newer neighbourhoods with terraced houses and private gardens
instead of stacked apartments. Their departure led to a drop in density and thus left less incentive
and viability for public transport, services and amenities. The resulting qualitative decrease caused
a negative feedback loop, leaving often only those with no alternative to remain in the postwar
neighbourhood: those with low incomes, the elderly and immigrants. Inhabitants became poorer,
unhealthier, lonelier and less diverse in terms of income level and education than any other Dutch
neighbourhood type, and it remains the same today (CBS, 2017). The postwar neighbourhood,
originally designed to house large families, now houses mostly single-person households (figure 6)
(CBS, 2017).
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Figure 6. Percentage of household types in Dutch neighbourhoods (CBS, 2022)

A changing society has seen the postwar neighbourhood become mis-matched with the people that
inhabit it. Smaller households are expected to stay the norm, while their spatial footprint is
growing. In light of the goal of creating a circular and sustainable economy, the Weight of Cities
shows that increasing density and reducing spatial requirements of cities and neighbourhoods is
essential in doing so. As up to 80% of the building stock in 2050 is already built (van den
Wijngaart, Folkert and van Middelkoop, 2014), today’s built environment should just as well be
part of a circular economy by 2050. Therefore, it is imperative to also consider in what way
density, which is a precondition for urban sustainability, can be best increased in existing
neighbourhoods. By doing so, an opportunity exists to also address both local and national existing
issues: reduce the housing shortage, increase diversity of people and housing and mitigate the lack
of mobility and amenities. Doing so can make it fit for a circular, 2000-watt-lifestyle by 2050 in
which both existing and new inhabitants are included.

4: Principles for efficient floor space usage in co-operative housing

4.1. Sufficiency in Housing

Housing is responsible for significant demand for natural resources and energy in high-income
countries (Cohen, 2020). High income per capita is related to greater floor space in residential
dwellings, which require more material in construction and energy for heating and cooling



(Schipper, 2004; Isaac & van Vuuren, 2009). Floor space usage per capita is increasing in all of
Europe in face of decreasing household size, ageing populations, and increasing complexity of
domestic relationships (Lorek and Spangenberg, 2019). In turn, (embodied) energy usage is also
increasing. Since housing and lifestyle is responsible for a large share of daily energy use (see table
1), reducing energy usage in housing can be a substantial step in working towards a sustainable
daily consumption of 2000W or less.

In recent years, a ‘sufficiency turn’ has started in the field of sustainable consumption, which has
shifted to encourage strategies in which absolute reductions of energy and materials are emphasised
over mitigation (Gorge et al., 2015; Spengler, 2016). While some argue in favour of improving
thermal efficiency and green-building techniques to reduce material and energy usage, increasing
home size has caused the efficacy of those methods in comparison to their own material and energy
cost to be of limited effectiveness (Huebner & Shipworth, 2017; Viggers et al. 2017). Embodied
energy represents up to 52% of the life cycle energy demand over 50 years, showing that house size
is a critical factor in assessing sustainable energy use (Stephan & Crawford, 2016). To meet climate
and circularity targets and achieve absolute reductions in energy demand, any effective response to
climate change will require new ways of living, working and relaxing (Shove, 2010). As such, it is
necessary to not only slow the trend of increasing domestic spatial requirements per capita but to
reverse its direction (Ellsworth-Krebs, 2019).

4.2: Minimum and maximum spatial norms for sustainable households

Determining parameters for sufficient home size is complex and nuanced. The amount of living
space that residents consider to be acceptable is also affected by antecedents, culture and locality.
Households can be socially complex and have specific needs. Thresholds for minimum size can
ignore issues such as a two person household consisting of a couple having different requirements
than two dissociated individuals. While aforementioned factors are not considered by it, the
International Code Council (ICC) prescribes a ‘minimum social floor’ requirement of 14m?
residential space for a single household occupant, and 9m? for each additional resident, based on
basic needs for functionality and privacy (Cohen, 2020).

Opposing this minimum is the ‘biophysical ceiling’, which defines a material and energy
consumption to build and sustain a certain amount of residential floor space (Tukker et al., 2016).
Though again subject to caveats and exceptions, this ceiling is defined as at 20m? of floor space per
capita (Cohen, 2020). A ‘sustainable consumption corridor’ between minimum home size and
maximum energy usage can thus be calculated at 14-20m? per capita. However, it must be kept in
mind that it is a general estimate, based on some subjective judgements, and can also vary
depending on factors such as material usage, meaning that a limit of 20m? should serve as an ideal
goal for sustainable housing while working towards a daily energy use of 2000 Watt or less.

In the Netherlands, a guideline for minimum spatial requirements for housing is the NCB. The
‘Netwerk Conceptueel Bouwen’ is a network between government, construction industry, educators
and institutions. Together with a number of housing corporations and Aedes, the umbrella
organisation of housing corporations in the Netherlands, they developed the ‘Woonstandaard’ in
2018 (NCB, 2018). This document prescribes minimum spatial and functional requirements based
on criteria prescribed by building code and a number of additional norms (sustainability, energy
usage, accessibility). Those are paired with requirements for specific households, thereby creating
Product-Market-Combinations (PMC’s) through which supply and demand in the construction
industry can be more clearly defined. By doing so, the goal is to build affordable, sustainable and
suitable housing more quickly (Oorschot & Asselbergs, 2021).



De Woonstandaard (figure 7) describes basic standards to which new housing should be built. Each
function is linked to minimum spatial requirements (figure 8). Together, these can be used for
qualitative and quantitative comparison to innovative housing concepts which aim to reduce floor
space requirements per capita.
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Figure 7. Functional and spatial requirements for PMC’s 6-10 (NCB, 2018)

ZITHOEK EEN- OF TWEE-
PERSOONSHUISHOUDEN

>1800

>1800

EETTAFEL EEN- OF
TWEEPERSOONS

HUISHOUDEN
agme

> 2500

>2000

Figure 8. Minimum dimensions for standard room types in accordance with the Woonstandaard
(NCB, 2018)



4.3: Quantitative assessment of cooperative housing floor space usage

A number of recent trends such as micro-apartments, tiny houses and co-operative housing have
explored the physical and social minimum of housing. Of these, co-operative housing is most
versatile and applicable because unlike micro-apartments or tiny houses it is not defined by spatial
and functional characteristics but by organisational form. Droste (2015) defines the cooperative
housing model as one in which ownership of a building is shared amongst a formalised collective
of people, of which every inhabitant is a member and shareholder. Additionally, residents plan and
manage their communities together and build social support networks (Droste, 2015; Nelson et al,
2016). Though not defined by it, cooperative housing often compensates for smaller private spaces
by incorporating larger common rooms and spaces that are collectively designed and managed
(Czischke, Carriou and Lang, 2020). By quantitatively and quantitatively comparing the norms
described in those PMC’s to those seen in similar cooperative housing projects (see table 2 in the
appendix section), the potential reduction of floor space at similar qualitative levels is shown. By
doing so, strategies for reducing floor space usage per capita can be made explicit to work towards
the target of 14-20m? of floor space per capita and a 2000-watt-society.

As described in chapter 2, single-person households are currently especially demanding in
per-capita floor space usage at 70m? per person on average in urban areas. In PMC6, their
minimum spatial requirement is at least 42m? An example cooperative housing project similar to
the prescribed norm in PMC6 is Quartiershaus in Vienna, which houses multiple dwelling types
and sizes in one building. Among those are 38 small apartments for 1-2 people, housed within 6
large clusters with a total of 1,730 m2 usable floor space (figure 9) (IBA Vienna, 2022). A total of
273m? of usable floor space in a cluster is divided amongst 7 dwellings, totalling 39m? per
household on average, of which ~14m? is shared amongst the cluster, or about 1/3 of all space per
household (WaS, 2023). Total floor space per capita is quantitatively similar to the prescribed 42m?
minimum from the Woonstandaard for a single-person household, and functionality of private
dwellings is similar at lower floor space usage per capita (figure 10). But by sharing functions, the
cluster dwelling qualitatively improves over the Woonstandaard with a second, larger kitchen, extra
living room and an outdoor space. Thus, when considering the entire cluster, quantitative
requirements for floor space are similar to the Woonstandaard, but with greater qualitative
performance.
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Figure 9. Quartiershaus cluster dwelling diagram (feld72 architekten, 2018)
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Figure 10. Spatial-functional comparison between PMC6 and Quartiershaus (own work)

While Dutch two-person households require less floor space usage per-capita than single-person
households, Quartiershaus again shows further potential decrease in floor space usage, since the
dwellings are suitable for 2-person households as well (WaS, 2023). Functionally, the dwellings
correspond to the requirements expressed in PMC7, yet they manage to meet the ideal target of 20
m? per capita when considering collective and private space and exceeds it at 12-14m? per capita
when considering only the private space.
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Figure 11. Spatial-functional comparison between PMC7 and Quartiershaus (own work)

Two similar examples are Haus A (figure 12) and Zwicky Siid (figure 13). Both apply the idea of
cluster dwellings composed of multiple small 1-2 person households with large living shared space
(Baugenossenschaft Mehr als Wohnen, 2012; Schneider Studer Primas 2016). Both provide
functional equivalence to PMC6 and PMC7 with private dwelling sizes ranging between 14 and
40m? usable floor space, yet those are supplemented with 190-250m? of usable floor space which is
shared amongst each cluster. In doing so, the amount of square metres per capita ranges between 30
to 40 m? per capita, yet functional and spatial quality offered is much greater than what the
minimum in PMC6 and PMC?7 can provide, with access to much larger kitchens, living rooms,
outdoor space and more.



Figure 12. Haus A cluster dwelling floor plan with PMC equivalent private spaces (own work)
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Figure 13. Zwicky Siid cluster dwelling floor plan (own work)



A Dutch family household of 3 or more inhabitants in an urban area occupies 37m? per capita on
average. PMC’s 8-10, apartments intended for families of 3 or more, each prescribe a minimum
usable floor space of 72m? Due to greater occupancy and thereby reduced redundancy, spatial
efficiency is greatly improved at 24m? per capita, already quite close to the 20m? ideal target.
Though it should be noted that each room in de Woonstandaard is considered at the lowest possible
size, such as two bedrooms being just 5,4m? in size and one bathroom at just 2,75m?.

A case that targets similar households is San Riemo, in Miinchen. It shows how high qualitative
standards, greater than PMC’s 8-10 can be made possible while still meeting all functional
requirements and still at low spatial requirement per capita. San Riemo makes use of a repeated
standardised room of 14m? (figure 14) to enable a wide variety of dwelling types with different
gradations of private versus collective space (Fischer, 2021). One such configuration is used to
create a family apartment. Two of three bays are used privately by each household. A third bay is
used in its entirety as one large multifunctional room, allowing for informal use by all households
on that floor. A household of >3 inhabitants here occupies a similar amount of space per capita
compared to PMCS8-10 (figure 15), yet some spaces like bedrooms can be more than twice as large.

Figure 14. San Riemo family dwelling configuration (Fischer, 2021)
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Figure 15. Spatial-functional comparison between PMC6 and Quartiershaus (own work)



Each apartment is connected to a shared ~168m? multifunctional living space, which adds 24m? of
collective space per household. This raises per capita living space by about 8m? when assuming
three people per household on average to ~31m? per capita. While a family dwelling in San Riemo
requires somewhat greater per capita floor space usage when compared to the minimum in
PMCS8-10, it also demonstrates that by sharing about a part of that space — 25% of the total —
much greater quality can be created in both private spaces and the resulting collective space.

4.4: Qualitative assessment of spatially efficient cooperative housing principles

The general spatial strategy in cooperative housing to reduce floor space usage per capita is through
sharing of spaces and functions amongst more people (Czischke, Carriou and Lang, 2020). This is
also evident by the fact that spatial requirements for smaller households are disproportionately
large per capita compared to larger households. The level of collective use can be very limited,
almost the same as normal housing, as seen in Briigglidcker, where as little as 5% of usable floor
space is shared (figure 16, see table 2). In such cases, improvements in floor space usage per capita
are relatively small. In contrast, very extreme examples such as the Hallenwohnen concept as seen
in Zollhaus allow for private floor space usage per capita as low as 9m? by sharing more than 60%
of all spaces (Khatibi, 2022). While spatially efficient, such an extreme level of sharing does not
meet standards imposed by the Woonstandaard, and is thus likely not feasible for large-scale
implementation for many target groups.

Figure 16. Relation between floor space usage per capita and percentage of shared space in
analysed cooperative housing projects (own work)

Projects such as Haus A, Zwicky Siid, Gleis 21, San Riemo and Quartiershaus each comply with
appropriate PMC’s as dictated by the Woonstandaard by collective use of 20-50% of all usable
floor space, yet do so at either higher levels of quality at the same spatial requirement or an equal
level of quality at lower requirements. Generally, spaces and functions used irregularly or for
utilities are first to be shared, such as storage, laundry and technical rooms. Then, private and
self-sufficient dwellings can be made whose size reduction is compensated with a similar but larger
alternative that is then shared amongst more dwellings, such as in Quartiershaus or Haus A. Finally,
entire functions such as kitchens can be removed from the private space to only be available in
collective spaces, as seen in San Riemo, Zwicky Siid or Zollhaus (figures 12-14). Doing so allows
both functional compliance to appropriate PMC'’s, but at greatly reduced spatial requirement per
capita.



Adaptability in housing, seen in concepts like ‘open building’ pioneered by John Habraken and
more recent ‘infill’ models give users/owners the possibility of making future changes in
accordance to developing needs (Habraken, 1972; Aureli, Giudici, & Issaias, 2012). Contemporary
minimum housing should be at least somewhat adaptable to avoid increasing floor space usage
(Montaner and Muxi, 2010). A number of cooperatives demonstrate this efficient adaptability. In
San Riemo, a flexible infill system allows for walls to be removed in the course of the buildings’
lifespan, different configurations can exist within the same structure (figure 17) and rooms can be
traded and switched to ensure that a household inhabits a space that is appropriate to their
composition (Fischer, 2021). San Riemo and Haus A both offer cluster dwellings with large spaces
which are functionally undefined, but thus allow short-term adaptability. The Hallenwohnen
concept in Zollhaus demonstrates a more extreme interpretation of this concept, by offering 12
inhabitants a large open room of 275m? in which moveable 9m? rooms serve as the only private
spaces, casily adaptable to the needs of inhabitants (figure 18). By considering the building not as a
finished product but as an adaptable and ongoing process, floor space usage can be reduced by
enabling efficient long term usage (Brysch, 2019).
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Figure 17: Floor plan configurations in San Riemo (Fischer, 2021)
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Figure 18: Hallenwohnen living concept as part of the Zollhaus in Ziirich (Khatibi, 2022)



Because cooperative housing is usually designed in collaboration with residents, they can define
their own minimum of housing, thereby increasing spatial efficiency by reducing floor space usage
per capita while retaining functional and spatial benefits of larger dwellings (Prytula et al., 2020).
Design of spaces and housing can be closely attuned to precise wishes, thereby avoiding a
mis-match between available housing and the eventual tenant, as might happen in traditional
market-driven housing (Lengkeek & Kuenzli, 2022). Appropriate levels of sharing can be
established in ‘layers’ with a fitting number of people to share that function or space amongst, such
as some functions being shared with an entire building, one floor, one cluster or private (Francart et
al., 2020). Matching requirements to levels of sharing ensures further optimisation of space.

Additionally, some cooperatives such as Coop Kalkbreite (Zollhaus & Kalkbreite) and
Baugenossenschaft Grossstadt (San Riemo) have mandatory requirements for tenants to inhabit
only units which fit their household composition (Fischer, 2021; Lengkeek & Kuenzli, 2022, p.
160). For example, if children move out of a family dwelling the remaining parents are required to
move to a smaller dwelling (once available), thereby ensuring optimal occupation and thus use of
space in the building. Because the buildings they inhabit often consist of multiple typologies
(figure 19) relocation of tenants is often easy and further incentivised by reduced rental costs.
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Figure 19. Floor plans of all available housing in Kalkbreite (Lengkeek & Kuenzli, 2021)

Another quality of cooperative housing is that they can reduce floor space usage per capita in ways
that would simply be inherently unlikely, if not impossible in typical market-focused construction.
For example, Gleis 21 in Vienna uses extra wide access galleries that can also be informally used as
a collective outdoor space (figure 20). However, those spaces would not be considered rentable
space for a commercial party and thus difficult to financially justify (Lengkeek & Kuenzli, 2022, p.
229). For the same reason, Gleis 21 can provide a large shared rooftop terrace as well to all
inhabitants. It demonstrates the manner in which cooperatives can optimise spaces like roofs and
access galleries for which there would otherwise exist little to no incentive to do so, despite the
potential that those spaces can have to supply inhabitants with more and better functional spaces.
By applying these measures, Gleis 21 manages to have a much higher percentage of usable floor

area to gross floor area at 86% (table 2). Compared to 60% in Briigglidcker, which is fairly similar
to typical rental housing, spatial efficiency is thus much higher.
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Figure 20. Access galleries and rooftop as usable outdoor space in Gleis 21 (Zilker et al., 2022)

5. Application of space-efficient cooperative housing principles on
existing gallery flats

5.1: Cooperative housing in the postwar neighbourhood

Relating back to the densification of postwar neighbourhoods in the Netherlands, the question
remains in what manner the principles described in chapter 3 can be beneficial for a postwar
neighbourhood, and how they could be best applied there. Single-person households contribute
most to high floor space usage per capita, which in typical Dutch postwar neighbourhoods consist
of almost 50% of all households (figure 6) (CBS, 2017). The trend of declining household size is
difficult to reverse, yet increasing spatial needs are a result of norms and policies which can be
changed (Ellsworth-Krebs, 2019). Application of spatially efficient principles seen in cooperative
housing to better match households to spatial needs, which can reduce floor space usage per capita,
can be an effective first step in the densification of postwar neighbourhoods as a precondition for
making it sustainable by 2050 (Balmer and Gerber, 2017).

Aside from densification, introduction of cooperative housing in postwar neighbourhoods can help
address other typical prevailing issues in postwar neighbourhoods, such as loneliness, and poor



health (Lubik and Kosatsky, 2019) and increase social cohesion and capital (Lang and Novy, 2013).
The establishment of a cooperative can be pivotal in the establishing of a community identity
(Nelson et al., 2016), and evidence suggests that cooperative housing can improve the relationship
between domestic architecture and surrounding urban context by encouraging residents to socialise,
care and interact with each other as well as caring, interacting, and fostering community with the
neighbourhood (Williams, 2005; Fromm, 2012).

Another advantage of introducing cooperative housing in the postwar neighbourhood is the
diversity of housing offered by it, the lack of which is a prevalent issue in postwar neighbourhoods
that made people leave in the first place (Blom, Jansen and van der Heide, 2004; Wassenberg and
Kastelijn, 2023). By appealing to a wide variety of people and households, equivalent to multiple
PMC’s as seen in chapter 3, cooperative housing can help in fostering a more inclusive and diverse
neighbourhood. An opportunity exists to attract underrepresented target groups such as
(high-income) families and highly educated people while creating a better match between housing
and household for those that already reside in it.

5.2: Gallery flats as a first step towards densification in the postwar neighbourhood

How can these principles be best applied to the postwar neighbourhood? For a number of reasons,
the gallery flat is a suitable subject. First, better optimising interior space and use of existing
buildings is preferable to building new ones, because it reduces energy and material usage and
avoids using existing land (Hojer and Mjornell, 2018). Second, simply by optimising and
expanding existing homes, restructuring and using leftover spaces, more than plenty of new
dwellings can be added. By doing so, root causes of low density in the postwar neighbourhood can
be addressed, as they stem from a mismatch between available housing and contemporary
household composition (KAW, 2020).

Many gallery flats are often still owned by housing corporations, which means ownership is
centralised and extensive projects more feasible (Brouwers, de Gunst and van Heeswijk, 2013).
While often structurally sufficient for many years, gallery flats tend to be technically, functionally
and aesthetically outdated (Harnack, Heger and Brunner, 2021). At least some renovation and
retrofitting is a requirement to ensure that gallery flats remain technically suitable for the
foreseeable future (Spoormans, 2021). Rent in cooperative housing is generally low, since it is
inherently operated on a non-profit basis. However, newly built cooperative housing as shown in
previous examples require members to ‘buy-in’ with an equity share and membership fees, which
can quickly exceed >€10.000. Newly built cooperative housing is, in absence of subsidies, initially
often only affordable for middle-incomes (Balmer and Gerber, 2017). However, Lengkeek &
Kuenzli (2022, p220) point out that sale of real estate from housing corporations to a housing
co-operation can be a feasible method to greatly reduce this cost, though the legislative systems to
do so are not yet mature enough in the Netherlands.

5.3: Quantitative assessment of potential for cooperative densification gallery flats

Gallery flats tend to house many dwellings on a small footprint, which means further densification
can have great impact towards creating articulated density. For example, a generic flat of 10 floors,
each housing 10 dwellings. Using the average household size in 1965 of 3,5, an average flat of
80m? would be quite efficient at 23m? per capita, and capable of housing ~350. However, when
considering today’s average household size of 2,1 floor space usage per capita would be 38m? per
capita at best, housing ~210 people.



Using principles from cooperative housing to once again achieve high densities in an existing
gallery flat is not straightforward, as it was never designed as such. Shared amenities were never
considered in their design, as living was considered strictly individual. An easier and more
affordable initial strategy is by vertical extension with new building layers, or ‘top-ups’ (KAW,
2020; Wassenberg and Kastelijn, 2023). By doing so, more flexibility in construction is allowed by
not being limited to existing walls, structures, etc. An example of a generic gallery flat is the
Ekamaflat in Haarlem (figure 21). Currently, one floor houses 10 dwellings in 5 types, similar to
PMCS8-10. In total, one such floor offers 1092m? of gross floor area for a vertical extension to build
upon. When using 2,1 as a guideline for average household size, the average (usable) floor space
usage per capita is quite high at 42,8m? per capita for 21 inhabitants per floor.

84 m? 90 m? 84 m? 90 m? 8k m? 90 m? 84 m? 80 m? 70 m?
3 bed 3 bed 3 bed 3 bed 3 bed 3 bed 3 bed 2 bed 2 bed

Household sizes of Ekamaflat

Figure 21. Ekamaflat floor plan and diagrammatic rendition (Noord-Hollands Archief, 2022)

Both the Ekamaflat and San Riemo can house 21 people on one floor in family-type dwellings.
However, in the latter the inhabitants occupy 664m? of usable floor area, of which about 25% is
shared (table 2). Considering that one floor in the Ekamaflat offers ~900m? of usable floor area,
and the ratio of gross to usable floor area is similar in both, application of a floor plan like San
Riemo could house up to 25% more inhabitants at ~26 on the same footprint, while also offering
access to a much larger kitchen and communal living room (figure 22).

Current configuration of Ekamaflat

Footprint of Ekamaflat combined with San Riemo floorplan. Up to 25% more
inhabitants possible per floor

Figure 22. Possible spatial configuration in Ekamaflat based on San Riemo (own work)



Since smaller households are especially prevalent in the postwar neighbourhood, the potential for
reduction of floor space per capita is greater when considering an efficient spatial configuration
from cooperative housing suited for such small households. The cluster dwelling in Quartiershaus
is one such example. In it, 7 private dwellings of 23-26 m? can house 14 occupants at most,
requiring as little as 11,5m? of private floor space usage per capita (figure 11). When considering
~900m? of available floor space available in the Ekamaflat, up to 46 inhabitants could be housed on
the same footprint which now houses 21 (figure 23). Though doing so would require smaller
private spaces, those are compensated by larger and qualitative shared spaces. By comparing
current and potential inhabitant density of gallery flats, it is clear that large gains could be made,
both quantitatively and qualitatively, by application of typologies and principles which are found in
cooperative housing.

Current configuration of Ekamaflat

Footprint of Ekamaflat combined with Quartiershaus floorplan. More than
twice as many inhabitants possible per floor

Figure 23. Possible spatial configuration in Ekamaflat based on Quartiershaus (own work)
5.4: Comparison between qualitative metrics of gallery flats and cooperative housing

Despite considering the application of cooperative housing principles only as a ‘top-up’ on a
gallery flat, a number of technical characteristics, both those inherent to the gallery flat and those
seen in cooperative housing, can either enable or inhibit the application thereof to the gallery flat.
Many specific structural systems exist, though postwar gallery flats were generally built using
similar concrete structures. As a general rule, existing high-rise structures can allow for 15 to 25%
extra load-bearing capacity by ensuring new loads are placed directly on existing structural
members, while even more is possible when using new reinforcements or secondary structures
(Maas and van Manen, 2021). In general, stability of vertical extensions through greater wind loads
is a limiting factor before load-bearing capacity becomes so (De Bouwcampus, 2022).

Furthermore, by definition the gallery flat makes use of some type of vertical connection to connect
multiple floors together and external galleries to connect those to housing on each floor. While the
horizontal connection is always the same, the vertical can be either internal or external. The
cooperative housing cases previously discussed are all multi-storey apartment type dwellings as
well, since that type is spatially most efficient (Viggers et al., 2017). Therefore both use similar
vertical connections. However, most do not use galleries and instead use internal corridors to access
each dwelling. One advantage of such a system is that space that would normally be used for traffic
only can also become a usable space. A notable exception is Gleis 21, which is also a gallery type,



but which uses widened galleries (figure 20) as informal outdoor space for all inhabitants, and
additionally allows extra vertical connections between galleries to allow easier access to other
levels and neighbours.

Despite the similarity, galleries on gallery flats are designed strictly as utilitarian space and as such
are generally too narrow to be used as anything other than access. As such, a cooperative housing
top-up will be limited to using existing vertical connections like stairways and elevators, though
depending on whether those are internal or external those could use the same, possibly widened
gallery system or a new, alternative internal traffic access. By reducing traffic space to a minimum
and/or making it more usable, spaces can be more efficiently utilised.

6. Conclusions

This paper sought to answer the main research question; ‘How can the densification of postwar
neighbourhoods using spatially efficient cooperative housing principles on gallery flats contribute
towards a 2000-watt-society and the transition to a circular economy?’ by answering three
sub-questions:
e How does increased density of housing relate to energy usage in urban areas, and how does
it compare to housing trends in Dutch postwar neighbourhoods?
e In what way can a cooperative housing model reduce material and energetic requirements
for housing in comparison to typical housing models?
e To what extent can the principles of cooperative housing be applied to gallery flats as a
contribution to overall sustainable densification of postwar neighbourhoods?
The principal requirement of a circular economy lies in refusing and reducing unnecessary material
and energetic needs in the first place (Ellen MacArthur Foundation, 2023). The 2000-watt-society
is a model which defines the boundaries of the circle that is the entire circular economy: it serves as
a threshold from which a circular economy should be established. Since current energetic usage in
the Netherlands is still above this threshold, energetic needs per capita must be reduced to establish
a circular economy. A major energetic reduction can come from the built environment. Increased
density of housing can reduce energy usage in urban areas because it is a precondition for other
factors which reduce energy usage (IRP, 2018).

High urban density decreases travel distances, material for infrastructure and enables sustainable
methods of travel amongst other things. Despite this, the trend in the Netherlands has been of
reducing density due to demographic changes and shifting household sizes and compositions.
Cooperative housing projects have demonstrated that it is possible to still meet functional
requirements for Dutch housing but with lower spatial needs. Reduction of floor space usage per
capita is not an end goal in itself, but a strategy which can enable the necessary energetic reduction
to enable a sustainable 2000-Watt-society (Francart et al., 2020). The main strategy in doing so is
the reduction of redundant space and optimization thereof, usually by sharing certain functions with
other households (Czischke, Carriou and Lang, 2020). Furthermore, the model demonstrates a
number of other optimisation methods such as adaptable structures and diverse typologies.

In general, the densification of postwar neighbourhoods can be a realistic strategy for lowering its
energetic needs per capita. Gallery flats can be a fitting subject for a transformation to a
cooperative, but the application of specific design principles seen in cooperatives can be limited by
the possibilities of existing flats. Top-ups can be a feasible first application of these principles, but
substantial internal change to existing housing to conform to these principles can be costly, both
financially and energetically, and thus less realistic. Thus, the densification of postwar



neighbourhoods with cooperative principles on gallery flat contributes towards a circular economy
because it can bring energetic needs down to a sustainable level by directly addressing a number of
fundamental issues which were responsible for its reduced density in the first place while
simultaneously beginning to increase density to a suitable level for sustainable living with new
housing.

The cases that have been analysed have demonstrated that the main approach to reducing floor
space usage per capita, the optimization of spatial usage through sharing, is effective. However, the
social and cultural acceptance of doing so is historically much greater. Despite Dutch housing
corporations originally fulfilling the same role as today’s housing cooperatives, cooperative
housing ownership is today a largely unknown concept. The Dutch housing market has developed
itself strongly towards market-based private ownership, with a smaller role for housing
corporations and even less so for the free-market rental sector. The introduction of the cooperative
model as a ‘third option’, as described by Lengkeek & Kuenzli (2022), is currently ongoing yet will
require the proper legislation before it will become truly feasible. Despite this, a number of
municipalities, including Amsterdam, have taken initiative to allow for the first new Dutch
cooperatives to establish themselves. For the foreseeable future, the cooperative model can be a
small-scale yet effective housing model for those to which it appeals. In general, the prospect of
sharing spaces is not something which can currently be expected to simply enter mainstream
housing. Indeed what little cooperative housing is currently being built is being done with new
construction, thereby consisting of those people that themselves took the initiative to form a
cooperative. It is unclear whether it is feasible to expect an existing group of people, in this case
living in a gallery flat, to agree to form a cooperative together.

To that extent, Cohen (2020) states that the success of efforts to achieve meaningful reductions in
home size hinges on two transitions: a shift in cultural values that reduces the primacy of houses as
consumer goods and a transformation in political and economic priorities that enables the pursuit of
less ownership-centric lifestyles. Thus, a question to ask in further research could be sow those
transitions could be realised in an ownership-centric housing market as is present in the
Netherlands. Similarly, since the necessity of decreasing home sizes has been underlined by
energetic and material requirements, the question could be asked to what extent new methods and
technologies to simply reduce those requirements could be equally if not more feasible than the
reduction of housing sizes. Therefore, the role of efficient (prefabricated) construction methods,
CO?-neutral construction, bio-based materials and circular re-use of material are just as worthy of
consideration individually and perhaps in combination with the efficient reduction of home size as
well.

The analysed case studies demonstrate the manner in which floor space usage per capita can be
reduced and show how cooperative models enable a 2000-watt-society: by maintaining
well-defined and collectively agreed upon sustainability goals in its policy, rules and social norms
(Francart et al., 2020; Agriantoni, 2022). The value of this approach thus lies not just in
quantitative comparisons but also in the explicit review of qualitative aspects of cooperative
housing which embody the cultural values which Cohen (2020) emphasises as being required for
meaningful energetic reductions. In that sense, the methods that have been examined in this paper
can be applicable to cooperative models and to some extent to traditional models as well. Similarly,
despite it being the focus of this paper, the gallery flat and the postwar neighbourhood consist of
only one example where the application of these principles can be greatly beneficial. In light of the
general need for densification for sustainability, a wider evaluation of densification potential in a//

of the Netherlands is worthy of further research.
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