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Abstract

The transition to net-zero housing is crucial for achieving UK decarbonisation targets, requiring
significant advancements in both new and existing residential developments. ClwydAlyn, a North
Wales-based housing association, aimed to construct a net-zero energy housing estate in Acrefair,
integrating renewable technologies to balance energy consumption and generation. In collaboration
with Wrexham University, a mini-Knowledge Transfer Partnership (mini-KTP) was established to
model electricity demand and assess the feasibility of renewable energy integration. The study
developed a predictive energy model for 159 housing units, evaluated solar PV and battery storage
solutions, and provided recommendations for future sustainability enhancements. Key findings
highlighted the viability of large-scale solar PV and communal battery storage, and background
research for smart grid integration and advanced energy systems. If implemented, the initiative
could support economic growth, job creation, and policy development in sustainable living, aligning
with Wales' commitment to environmental responsibility.
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Problem Statement

The transition towards net-zero housing is
essential in meeting UK decarbonisation and
climate change targets. Significant changes
are required in both existing and future
housing developments to align with
sustainability goals (Shirani et al., 2022).
Recognising the urgency of carbon reduction,
the UK government introduced updated
regulations requiring CO, emissions from
new-build homes to be approximately 30%
lower than current standards (Department for
Levelling Up, Housing and Communities,
2021). This policy shift, coupled with rising
energy costs and the cost-of-living crisis, has
increased demand for energy efficiency
homes. Leading the way to develop EPC A-
rated homes are ClwydAlyn, a North Wales
based housing association. Their
development site in Acrefair, North Wales,
aimed to build a net-zero energy housing
estate comprising 159 units. The development
wished to balance annual energy
consumption with on-site renewable energy
generation by incorporating technologies such
as solar panels and wind turbines.

To support the success of this initiative,
Wrexham University partnered with ClwydAlyn
through a mini-Knowledge Transfer
Partnership (mini-KTP), which was signed in
early February 2024. This collaboration
provided an initial framework addressing two
key areas: modelling future electricity
consumption and conducting a pre-feasibility
study on renewable energy integration. The
project’s objectives align with the research
aims of Wrexham University’s Enterprise
Engineering and Optics Centre (EEOC)
Project, particularly in the fields of energy
modelling and renewable energy
implementation. By leveraging academic
expertise, the project not only advances
energy efficiency and sustainability within the
Acrefair development site, but also provided a
replicable model for future housing projects

Company Background

Established in 1978, ClwydAlyn is a
Registered Social Landlord spread across
seven counties, i.e. Denbighshire, Flintshire,
Conwy, Wrexham, Powys, Gwynedd, and the
Isle of Anglesey. Their mission is to work
together to beat poverty and they represent
this by offering a diverse range of housing
solutions, such as affordable family homes,
supported living, shared ownership, and
leasehold management. Beyond housing,
they also deliver essential services to
vulnerable populations, including homeless
shelters, domestic violence refuges, mental
health support, and care homes. With a
workforce of approximately 800 staff,
ClwydAlyn is committed to energy-efficient
housing, community engagement, and
collaborative efforts to address the underlying
causes and effects of poverty in the region.

Methodology

The mini-KTP aimed to explore sustainable
energy solutions for new residential
developments in Wales, by providing
ClwydAlyn with academic support from
Wrexham University Senior Lecturer in
Mechanical Engineering Dr. David Sprake,
Graduate Associate Nathan Tatard, and the
Wrexham University Enterprise team. A key
focus of the project was assessing the viability
of renewable energy installations for the
Acrefair site selected by ClwydAlyn.

The study outlined three main objectives: (1)
developing an energy model to predict
electricity demand for 159 housing units,
taking into account household size, usage
patterns, and energy efficiency measures; (2)
conducting a pre-feasibility study to evaluate
the technical and regulatory aspects of
installing renewable energy systems such as
solar panels and wind turbines; and (3)
providing recommendations to enhance
sustainability, including the integration of
energy storage systems, ground source heat
pumps, and cogeneration units to improve
energy efficiency and site resilience.




To achieve this, data was collected from the
architectural and construction plans which
identified specific electrical systems and
appliances, such as light fittings, switches,
and main appliances like showers and heating
systems. For other appliances, assumptions
were made to estimate their annual electricity
consumption. The Heating Degree Days
(HDD) method was employed to estimate
heating demand, using weather data from the
closest station. The model also factored in
electric vehicle charging demand, space
heating, and domestic hot water needs.
Furthermore, the data was used to model
consumption on an hourly basis, with specific
patterns developed for winter and summer
weekdays and weekends. Monthly
consumption averages were adjusted into
percentages to apply the correct daily
patterns, and an average of winter and
summer patterns was used for spring and
autumn.

Results

The completion of this mini-KTP report
provides a framework for the future
development of the net-zero energy housing
site. Through the modelling of future electricity
consumption and the pre-feasibility study for
renewable energy implementation,
foundational insights have been established,
guiding key areas for further refinement and
optimisation.

Figure 1: First temporary layout of the
Acrefair site (March 2022)

The comprehensive energy model developed
serves as a baseline for sizing renewable
energy systems. This model predicts the
energy needs of the 159 housing units,
ensuring an informed approach to energy
infrastructure planning. While the initial
methodology employs an averaging
technique, it will evolve with the integration of
detailed architectural and construction data.
As more specifications become available,
each housing unit type can be individually
modelled, enhancing the precision of energy
demand projections and ensuring that
renewable energy systems are optimally sized
and configured. By analysing consumption
patterns across different seasons and times of
day, the model provided a comprehensive
overview of energy demands. The study also
assessed the feasibility of integrating
renewable energy solutions, including solar
photovoltaics (solar PV) and wind turbines.
The study identified renewable options, with
large-scale solar PV and communal battery
storage showing to be the most viable option.

The third objective, renewable energy
expansion recommendation, outlined several
advanced technologies and strategies for
additional research. One key recommendation
was that further collaboration with Wattstor
will provide insights into the feasibility of
implementing a mega-battery solution. In turn,
this could mitigate fire hazards associated
with smaller distributed batteries while offering
economic advantages through smart grid
interactions and reduced energy losses.
Another recommendation was the integration
of electric vehicle (EV) charging infrastructure
and smart grid technology that will enhance
energy efficiency and grid stability, supporting
a more resilient energy ecosystem. Lastly,
additional technologies, such as hydroelectric
and piezoelectric systems, can be
investigated further as potential supplemental
energy generation methods. The real success
of the study came from the confirmation of
implementation possibility. Currently, the
results can be used to guide future
sustainable housing projects and inform
energy system improvements.



Economic, societal and cultural
impact

The mini-KTP provided ClwydAlyn with the
academic perspective needed to envision
widespread benefits, establishing a model for
cost-effective and energy efficient housing,
while providing affordable housing for
residents through lower energy bills. By
providing renewable energy solutions, the
project can enhance energy security by
mitigating fluctuating energy prices.
Additionally, the implementation of this project
can create job opportunities in the green
energy sector, and can support local
businesses involved in construction,
installation, and maintenance of renewable
systems. The insights gained from the mini-
KTP can also inform future policies and attract
investment in sustainable housing
developments across Wales.

The project aligns with the Welsh
Government’s commitment to sustainability
and the Well-being of Future Generations
(Wales) Act 2015, reinforcing a national
identity centred around environmental
responsibility (Welsh Government, 2015). It
may also help raise awareness of the
importance of sustainable living, encouraging
behavioural changes that support energy
conservation and renewable energy adoption.
The initiative strengthens Wrexham’s
reputation as a leader in innovative housing
solutions, setting a precedent for other
regions to follow.

Throughout this project, ClwydAlyn have been
able to gain hands-on experience on how
academic research can drive innovation
through the EEOC project’s sustainability
objective, providing energy saving solutions
for housing estates. Through this initiative, the
project sets a precedent for sustainable
housing developments in Wales and beyond.
By
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demonstrating how energy consumption can
be balanced with on-site renewable
generation, it contributes to the broader vision
of reducing carbon emissions in residential
communities while ensuring long-term energy
resilience.

Testimonial

“The partnership had a positive impact on our
organisation, not only from the outcome of the
work, but also developing working
relationships with partners for the future.

It has been beneficial for us to see something
which we are familiar with, electrical demand
in homes, from the different perspective of
academia. This has improved the way that we
approach the developments we build and how
the residents will live in them.

As a result of the partnership, we are looking
into more research projects that will help us
shape our future work programs to give us
that alternative perspective, both in new build
developments and retrofit of existing homes.

We have gained a greater understanding and
appreciation for use of academic research
and modelling in construction projects.”

Tom Boome, Head of Technical, Innovation
and Climate at ClwydAlyn.

Interested In a mini-KTP?

For more information about Knowledge
Transfer Partnership initiatives with Wrexham
University, contact the Enterprise team by
email, or visit our website:

E-mail: enterprise@wrexham.ac.uk

Website: wrexham.ac.uk/business
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