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Abstract

The social housing sector is lacking in both quantity and quality of new build
and existing homes. The existing design and development of social housing
are also in urgent need of review in terms of energy efficiency as the cost of
living crisis deepens. The Passivhaus standard provides a potential solution for
both new build and existing homes, offering a design strategy that benefits the
health and well-being of end-users, reduces fuel poverty, and minimises GHG
emissions. However, the challenges and possibilities regarding
the Passivhaus standard and social housing are not well understood. This
paper reviews previous research and practice of Passivhaus projects in the UK
and explores Passivhaus methodology from the perspectives of social housing
providers, the design and construction team, and the end-users behaviour and
experience. By doing so, it identifies the barriers and opportunities when
implementing the Passivhaus methodology in the UK social housing sector.

1. Introduction

The Passivhaus standard is a green building methodology established in
Germany in the 1990s. It distinguishes itself from other green building
standards for its sole focus on energy efficiency. Studies have suggested that
the Passivhaus standard is a credible way to achieve considerable energy
reduction (50%-83%) in both new build and retrofitted buildings [1,2,3], whilst
providing a healthy and comfortable indoor environment [4].

The rigorous energy efficiency criteria the Passivhaus standard provides are
especially beneficial when applied in the social housing sector where a larger
proportion of households living in fuel poverty than the UK average. The first
social housing Passivhaus in the UK was completed in 2010 in Scotland. Since
then, over 50 city and district councils and housing associations nationwide
have delivered social housing Passivhaus projects. A total of 73 social housing
Passivhaus projects are recorded online in the Passivhaus Trust database [5].
The trend will continue with a growing number of councils and local
authorities requiring new homes to be built to the Passivhaus standard.
Recently Renfrewshire Council has committed to upgrading 3500 social
housing units to EnerPHit standard. Dublin City Council has voted to make
Passivhaus standards mandatory for all new buildings. In 2019 the Goldsmith
street Passivhaus social housing project, developed by Norwich City Council,
has become the first social housing project, and the first Passivhaus project to
win the RIBA Stirling Prize. However, amongst 1,600 social housing providers
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in the UK, only 3% have delivered Passivhaus projects. The development is
hindered by difficulties such as initial capital investment [6], unfamiliarity and
risks involved in procurement [7] and insufficient training for supply chain [8],
as well as user experience of overheating [9], the use of control systems [10]
and restricted user behaviour [11].

2. Challenges and barriers from the delivery team

Passivhaus is a relatively new building approach in the UK and the main
challenges for the delivery team are the additional cost associated with
Passivhaus construction; the different technical approach needed for design
and construction; and the lack of skills and expertise held by architects and
contractors.

From the perspective of the delivery team, the uplifted cost is the first and
foremost barrier to carrying out a Passivhaus project. The additional cost on
average was regarded by Barnes [8] to be 15-25% of the project cost. The main
reason for the uplifted cost is in securing the external envelope, increased
insulation and airtightness requirements. Glazing area, especially, has been
considered a key driver of construction cost [7]. It represents the highest cost
per meter square of all variable components. Minimising the glazing area
whilst ensuring sufficient solar gain and natural light is crucial in decreasing
the cost. Similarly, other design factors such as dwelling type and orientation
are also closely related to how energy balance is calculated and if the extra cost
is incurred. It has also been concluded that projects with available gas supply
onsite cost less on average for M&E installation than those without, due to a
less complex M&E installation. Furthermore, research suggested that the level
of design at the time of pricing was also linked [8]. Tendering using planning
stage design details returned a 5% higher cost on average than those that used
a further developed design detail.

The additional costs of building to this standard have been reducing.
Passivhaus Trust has recently published a cost analysis of Passivhaus projects,
claiming a reduction in construction cost as the methodology has matured [12].
The report has shown an 8% extra cost, with a further 4% reduction when
adopted at scale. Studies have also advised on strategies in which a higher cost-
efficiency can be achieved, such as simplifying the building layout and
implementing a hybrid ventilation system [13], or using the alternative heating
load criteria instead of the heating demand criteria when calculating energy
use [7]. Such strategies are key considerations when scaling up social housing
Passivhaus projects.

Any additional costs to deliver projects needs to be balanced with the
substantial benefit of reduced operating costs. This is particularly relevant to
the social housing sector where rent arrears are often associated with high
energy costs for tenants [19]. In addition, the overall increase in quality of
construction associated with Passivhaus is associated with lower maintenance
costs for the housing association [20].
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Other areas of challenge include the procurement process and supply chain.
This is due to the relative innovation of technology associated with a
Passivhaus project. Specifically, the contractor and consultant's unfamiliarity
with the design and construction of Passivhaus creates an uncertain risk
premium and uncertain tender market. This also applies to quantity surveyors,
where such unfamiliarity could lead to inaccuracy in making the cost plan and
project management. There is a lack of design guidelines to ensure the
achievement of the Passivhaus certificate. Designing a Passivhaus often
requires certified Passivhaus designers and experienced contractors.
Unfamiliar with the construction of Passivhaus projects could have time and
cost implications. The existing Passivhaus expertise is also unevenly spread
across the country, making skills-building, and experience sharing amongst the
supply chain difficult.

3. End-users perception of Passivhaus

Passivhaus as a form of ultra-low energy home introduces a paradigm shift for
domestic control of heat (and cooling) in our homes. Control of the energy
balance is integral to achieving good energy performance. This is achieved
through a carefully balanced flow of heat and fresh air through the Mechanical
Ventilation and Heat Recovery system (MVHR), coupled with some form of
heating, and increasingly cooling to maintain a good level of comfort in the
building. The MVHR system, integral to Passivhaus, replaces wet central
heating systems, often heated by gas boilers. The controls common in this
system include an MVHR control panel, timers and programmable controls.
Passivhaus control systems are fundamentally different and can incorporate a
range of devices such as an additional Domestic Hot Water system (DHW), a
backup heating system, and a renewables generation system, with their own
individual set of controls. In the last few years, these ‘traditional’ controls have
been replaced or supplemented with smart thermostats that learn the housing
occupants’ behaviours and adjust heating systems to the most efficient delivery
of heat.

In addition to the control systems, a Passivhaus requires an understanding of
the close relationship the building has with external conditions. The reliance
on solar gain in the Passivhaus energy balance means that occupants need to
adapt when there is less or more solar radiation than predicted. For instance,
research has found that some issues reported in Post Occupancy Evaluation
studies, such as overheating [14] and Indoor Air Quality (IAQ) [15] are linked
with the users’ control behaviour.

Lack of familiarity and awareness of systems to heat, cool and control the
spaces may contribute to a performance gap in Passivhaus [16]. The array of
solutions in new build homes, and retrofit of existing buildings create a largely
uncharted socio-technical landscape for occupants to navigate comfort [17].
Moreover, depending on the user’s age, gender, cultural background, physical
and mental abilities, as well as their opinions, attitudes and beliefs, the idea of
a ‘controlled environment’ or ‘smart homes’ represent very different practices
in their day-to-day energy management.
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Research [11] into the lived experience of PH demonstrates that adaptation is
needed to achieve comfort. This takes place over an extended period, where
both ‘comfort-driven’ and ‘energy efficiency-driven’ behavioural adaptations
are recorded in Passivhaus occupants. Their research comparing two
affordable and social housing Passivhaus projects [18] stressed the importance
of support and energy monitoring in the post-occupancy stage for social
tenants, suggesting that the end-users are an integral part of the Passivhaus
system that need to be guided and supported to fully benefit from from the
Passivhaus model. It also showed potential for the scaling up of the Passivhaus
project to benefit from community-oriented energy auditing and training to
support sustainable behaviour change.

Fuel poverty is substantially higher in social housing than the average across
UK households. Tenants of Passivhaus homes experience significantly lower
fuel bills and improved comfort. There is also evidence that health conditions
are improved as a result of the increased air quality and thermal consistency
experienced. If these benefits to occupants are to be realised, further research
and evaluation of the lived experience are required to measure the societal
impact of moving a broad implementation of this approach to housing.

4. Conclusion

Key issues emerging from this review are well established in the literature.
Delivery mechanisms and the cultural and practice norms have the potential to
ease the barriers to creating more homes to the improved energy performance
needed to reach a zero-carbon society. The social housing sector has a tradition
of innovation and often delivers pilot projects to improve sustainability and
quality. Interest in the Passivhaus model is evident with social housing
providers, local councils and cities, recognising the approach leads to
predictable performance and large reductions in energy costs. The challenge
seems to exist for the scale of the task at hand. Investment linked to actual
performance of housing needs to be adopted to shift the approach from
building to standard to creation of homes that offer affordable comfort.

The design and construction professionals continue to be challenged by cost,
procurement and supply chain issues that need a systematic approach to carry
out this low-energy housing solution effectively in social sectors. Shifting
positions from professional bodies in response to the climate emergency is
driving interest in Passivhaus due to its ability to deliver high-quality low
energy homes. Skills and expertise need to develop throughout the supply
chain to ensure that knowledge and experience are shared for the benefit of
future projects. In addition, not enough evidence exists on the lived experience
of Passivhaus. Successful projects are celebrated and serve to encourage
further uptake of the approach. However, there is a need to research the
realities of living in these homes. Research is needed to address the paradigm
shift in the home, the inevitable digitalisation and automation of the built
environment and its effect on user interaction, satisfaction and sustainable
behaviour in passively designed buildings. Furthermore, research is urgently
needed to address overheating issues both from a design/delivery perspective
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and from a user behaviour perspective, where overheating is a more frequent
problem with increasing extremes of summer temperature.
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