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Executive summary

The BRE Trust Future Cities research programme was carried out 
between 2012 and 2015 with over 70 public and private partners. 
The collective value of these projects is over £30m. The research was 
carried out with involvement from 16 universities and 14 cities in the 
UK, European Union and Brazil. The thematic areas included health and 
wellbeing, infrastructure and energy; with projects often touching on 
more than one theme.

The impact of this research has changed the way we operate in 
relation to cities. A new cross-business approach to exploitation and 
further research has been developed in recognition of the need for 
multidisciplinary input to the complex challenges facing urban areas in 
the 21st century. We have embedded several key outcomes from this 
research into the company’s strategy on cities:

 – Clients in the ‘cities market’ will go beyond city government. 
Our products and services are frequently used by local government. 
However, a significant portion of our work on city challenges 
benefits other private and public sector organisations that are 
supplying ‘solutions’ to cities. This is the model for products like 
BREEAM where accredited assessors operate in the supply chain to 
improve sustainability in buildings, communities and infrastructure.

 – Strategic partnerships are essential to meet clients’ needs 
in relation to emerging technologies and city decision-
making processes. We have a great deal of expertise in relation 
to the built environment and how people use buildings. Partnering 
with other companies, universities and potential clients can build 
on this knowledge to provide multidisciplinary approaches and 
holistic solutions. This model was used in the research programme 
to leverage Innovate UK and EU funding which has resulted in new 
jointly-owned patents and products for BRE.

 – New technologies and analytical tools using data are an 
essential aspect of research and product innovation for 
cities. The expectations from clients will be for products and 
services to be informed by data; increasingly gathered in real-time 
through sensors. The BRE digital products team manages a range of 
growing data sets generated through the current business. These 
can be augmented through partnerships and new methods of 
analysing the data, providing value for clients and future research.

The next steps for BRE following on from the Future Cities research 
programme will involve product development and continued research 
activities in a number of key areas, including:

 – healthy cities (including ageing population and air quality)

 – interactive and connected components in buildings and 
infrastructure

 – sustainable energy generation and demand optimisation.

We are interested in partnering with cities and companies that would 
like to pilot emerging solutions and collaborate on the development of 
new products and services. Please contact us for further information at 
futurecities@bre.co.uk.
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Introduction

Homes, schools, offices, shops, streets and parks – the built 
environment represents the core components of our cities.  As our 
cities grow our expectations and requirements of urban environments 
are changing. People are turning to urban centres in unprecedented 
numbers for the vibrancy and opportunity they provide.  Rapid 
urbanisation means city governments must expand and regenerate the 
built environment to compete on a global scale.

The BRE Trust Future Cities research programme applied BRE’s extensive 
knowledge of the built environment to better understand its role in 
meeting the challenges facing urban government, businesses and 
people now and in the future. The programme focused on the needs 
of people and the planet to understand how the built environment will 
support sustainable rapid urbanisation.

Shakespeare’s line:  
“What is the city but the 
people” is true, but people need 
buildings. Cities grow by building 
up, or out, and when a city doesn’t 
build, people are prevented from 
experiencing the magic of urban 
proximity.’8

The predicted growth of cities around the world provides opportunities 
to build places that will promote equality, reduce our impact on 
the environment and ensure economic success.  Preparing for the 
challenges of cites in the future and managing the risks of today’s 
cities goes beyond smart urban-scale infrastructure. Technologies 
and solutions range from the scale of sensors in homes to resilient 
transport infrastructure, all of which combine to ensure urban areas 
bring about the best outcomes for people and are built to withstand the 
uncertainties of the future.

The Future Cities research programme has produced a wealth of 
knowledge which at the very least underpins existing commercial 
activities, and in many cases completely changes the way we 
think about the role of the built environment in meeting future city 
challenges. We will build upon the success of this programme through 
continued collaborative research and new products and services based 
on the outputs of the programme.
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BRE’s role in Future Cities

The impact of BRE’s work on the built environment touches everything 
from testing individual building components to certifying regional-scale 
infrastructure projects. This work helps clients such as city governments, 
real estate portfolio holders, product manufacturers, contractors 
and developers to ensure the long-term resilience of physical assets, 
manage risks, create value and ultimately, to improve people’s lives.

The BRE Trust Future Cities research programme complements our 
existing commercial activities in relation to cities. In this document four 
categories are used to demonstrate the reach of our work on urban 
challenges that can be addressed through the built environment. These 
categories are: smart cities, liveable cities, resilient cities, and healthy 
cities.

The research projects in the Future Cities programme fit into each of 
these categories and are explained in more detail in this document. 
Likewise, our current products and services can be mapped across 
these four themes. The table on pages 14–15 demonstrates our 
contribution to the long-term success of urban environments.

A summary of the BRE Trust Future Cities research projects is shown in 
the following pages.
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Cities where integrated 
physical, digital and human 

systems deliver effective and 
efficient services

Smart cities

Liveable cities

Healthy cities

Resilient cities

Cities where a high 
quality of life is available to 
all through the provision of 

housing, transport, employment 
and other key services

Cities where health 
improvement and equity 

are prioritised and promoted in 
all aspects of public policy

Cities where 
management of services 

and growth ensures long-term 
sustainability alongside the ability 
to withstand and adapt to shocks



Smart Cities

Context

With the rise of connected and smart technology in homes, buildings 
and infrastructure comes the opportunity to improve quality; reduce 
costs and environmental impact; and manage resources. The use of 
Building Information Modelling (BIM) and sensors (deployed in the 
environment and in assets) will give people greater control over their 
environment and offer the potential to improve city services. This will 
have many benefits including improved health and wellbeing, greater 
citizen involvement and reduced service delivery costs for cities.

Smart systems allow for the management of city systems and physical 
assets in an environment where circumstances may change by 
the minute or over the lifetime of the asset. The data created from 
these systems can improve our understanding of how to build and 
operate the most efficient buildings and infrastructure in the future. To 
maximise the opportunities, a significant amount of work is required to 
ensure the interoperability of data. The work of organisations such as 
BuildingSMART, the Open Geospatial Consortium (OGC) and the World 
Wide Web Consortium (W3C) are assisting with this.

Where BRE is leading the way

BRE now operates BuildingSMART UK to improve the way BIM can be 
used to manage assets. Our research is allowing facilities managers 
to model and manage the energy consumption of buildings in real 
time. This work is being expanded to the city-scale in cooperation with 
other international organisations. Many of the projects in this section 
represent research into emerging technologies and have significantly 
moved our commercial offering in these areas.

Future city modelling

Using open standards such as those developed for BIM by 
BuildingSMART allows the management of data sets that 
can be used to make informed real-time decisions on the 
optimisation of city services. 

This research focused on developing a new approach for 
digitally modelling new and existing buildings at the city-scale. 
The research was filling several gaps in current knowledge. It 
developed a semi-automated approach to ‘semantic model 
creation’ based on individual data points. It also developed an 
approach to integrate multiple data sources into the model and 
created an integrated software platform. The project findings will 
be integrated into BRE’s work on BIM.

Research summary and outcomes

Structure life knowledge from interactive 
components

Facilities managers are becoming increasingly interested 
in the potential savings available through sensors in 
building materials and management systems. 

Sensors can be used to monitor a wide range of data that will 
enable condition-based maintenance of building management 
systems. This moves maintenance away from a dependence 
on the estimated durability of materials or components toward 
managing systems based on real performance data. The project 
identified opportunities and priorities for condition-based 
maintenance in the built environment. Alongside another 
research project, the team used the latest ICT data capture 
solutions to set out the possible method and route map to this 
smarter maintenance strategy. This project will continue into 
product development with strategic partners.
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Cyber security, digital systems and 
interoperability

‘Cyber security challenges are evolving quickly. Billions 
of additional connected devices in new locations and 
application will create new challenges. Examples 
of connected devices being hacked are increasingly 
commonplace.’9 

The cyber security and digital systems project researched the 
security of connected devices in homes and the potential for 
standards to overcome these risks. Ongoing research is being 
carried out to determine BRE’s role in this growing challenge.

‘There are not yet any clear ‘winners’ [standards] for 
interpreting the data from devices or for connecting them 
to one another.’10 

The digital interoperability project was part of wider Innovate 
UK-funded work exploring the issue of interoperability standards 
and accreditation of specific technologies. The research defined 
a methodology for testing for interoperability and completed test 
evaluations.  

Two events were run with Innovate UK, including a public 
workshop and a hackathon. BRE will continue to be involved in 
standard development relevant to future city challenges with 
other UK and international organisations.

Clouds4Coordination

Building Information Modelling (BIM) presents the 
possibility of shared information throughout the 
construction and property management sectors enabling 
efficiencies and benefits for future cities. It has also 
emphasised the challenges of data ownership and trust. 

The Clouds4Coordination (C4C) project aims to address some 
of the core challenges arising for the construction industry from 
the increasingly widespread adoption of computerised BIM. 
C4C adopts the approach that each party involved in using BIM 
creates and stores their own information. 

The project outcome will allow a complete BIM dataset to be 
visualised without changing how or where the original source 
material is kept, or who is responsible for that data. This research 
will be completed in 2016. 

Smart cities are ‘places where information technology 
is combined with infrastructure, architecture, everyday 
objects and even our bodies to address social 
economic and environmental problems.’[11]
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Research summary and outcomes

Liveable Cities

Context

The rate of growth of urban areas is estimated at 1.3 million people 
every week12. With growth comes the opportunity to ensure that 
new communities are housed in high quality homes with access to 
schools, jobs and leisure activities. Sustainable urban growth takes 
careful planning and early community engagement to ensure long-
term benefits will be achieved for new and existing residents. This 
requires the coordination of multiple stakeholders and there are usually 
competing demands and cost constraints that must be balanced by city 
leaders.

Where BRE is leading the way

Cities have started using standards to ensure community-scale 
developments are sustainable from social, economic and environmental 
outcomes. BREEAM Communities is a sustainability assessment method 
for new masterplanned neighbourhoods and is being used in the UK, 
Europe and the Middle East. Initiated at the earliest stages of planning, it 
involves the community and other stakeholders in setting the vision and 
ambition for a new community. This leads on to BREEAM standards for 
homes and other buildings ensuring the vision becomes reality through 
detailed design, procurement and construction.

BRE provides consultancy services to cities seeking to incorporate 
sustainability in planning policy and procurement. Where the market 
may not be ready for BREEAM standards, bespoke benchmarking tools 
can be created for use by public and private developers. The BRE Trust 
Future Cities research programme began to take BRE’s community-scale 
work up to the level of cities. The focus was on understanding how to 
expand current tools and standards to have a city-wide impact.

City-Scale Resource Productivity

Currently, around 1.3 billion tonnes of waste are 
produced globally, with an estimated impact of 1.4 
billion tonnes CO2 (eq.) and solid waste management 
costs of $205 billion. This volume is expected to increase 
to 2.2 billion tonnes by 2025, especially in lower income 
countries, with global costs set to rise to about $375 
billion13.

Running counter to rising levels of waste production is 
increased resource consumption, with the amount of materials 
extracted worldwide doubling since 198014. This project 
involved comparing data from a city in two different countries 
(Watford, UK and Brasilia, Brazil) to map out waste resources, 
current resource management practices and the potential gains 
through reuse, recycling and recovery. The main output was 
a methodology and tool that provides high level modelling 
of economic, environmental and social benefits that could be 
achieved through improvements in resource efficiency and 
productivity in urban areas. This research underpins a number of 
BRE’s research and development activities particularly in relation 
to the circular economy.
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Enabling sustainable urban development  
in Brazil

Brazil has a housing shortfall of 6.7 million homes, 
requiring 4,932 homes to be built every day until 202215. 

Ensuring that this level of growth will meet the needs of Brazil’s 
population is a significant challenge and one that requires a 
holistic approach to sustainability encompassing economic, 
environmental and social issues. BRE’s researchers held meetings 
with key stakeholders in the social housing sector including: local 
and central government, academics, developers and financial 
institutions to scope out the key challenges and requirements for 
new housing and communities. These informed the development 
of a balanced scorecard for evaluating proposed social housing 
projects. The scorecard was presented at a two day stakeholder 
workshop hosted by MCidades (Brazil’s Ministry for Cities) 
and plans are in place to develop and pilot key sustainability 
performance indicators for the procurement of new housing 
developments in Brazil.
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Approaches to refurbishing existing housing 
stock

In England, of the total 22.2million existing homes, 39% 
were built before 1944 and 42% were built between 1945 
and 198018. The need to refurbish existing properties 
is clear; 80% of the homes in use in 2050 are already 
inhabited today19.

This research includes two projects both examining different 
methods of housing stock refurbishment. The projects helped 
to identify the key enablers of success for refurbishment of 
high rise properties and the Green Deal programme. The team 
did extensive community engagement to provide strategic 
recommendations to registered social landlords and project 
planning and delivery teams. Their work on the Birmingham 
Energy Savers programme resulted in over 300 social housing 
tenants requesting a Green Deal assessment.  

The team is now working with Letchworth Heritage Foundation 
on refurbishing hard to treat properties in heritage locations.

Imaging tool for future heat networks

Heating the UK costs £32 billion pounds a year and accounts 
for a third of the country’s greenhouse gas emissions17. 

There are strong drivers to find more sustainable and cost-
effective heating solutions in the UK. In Europe, district heating 
networks are more widespread and produce many benefits for 
those connected. The Department of Energy and Climate Change 
has a strategy to dramatically increase the supply of district 
heating in the UK but there are barriers in terms of financial 
models and technical skills at the feasibility and planning stage. 
BRE collaborated with University College London’s Centre for 
Virtual Environments, Interaction and Visualisation (VEIV) to 
create an imaging tool that supports local authority planners to 
visualise and assess options for district heating networks. 

The tool provides evidence and information for local authorities 
to increase confidence and the deployment of district heating 
networks. The research has led to multiple consultancy 
engagements with UK cities and the team are now looking for 
cities interested in applying the tool.

Context

Resilience has become a buzz word akin to sustainability, taking 
on multiple meanings to a range of stakeholders. The Rockefeller 
Foundation’s 100 Resilient Cities programme refers to resilience as 
being about ‘making cities better, for both the short and long-term, for 
everyone.’16 They emphasise the importance of resilience to chronic 
stresses and acute shocks. This means planning for and seeking to 
prevent long-term challenges like climate change and short-term 
unexpected risks like disease outbreaks. This requires city leaders to 
prepare for both known and unknown risks, using systems approaches 
to complex problems across local, national and international levels of 
government, business and society.

Where BRE is leading the way

A significant portion of BRE’s current work is about creating resilience 
in the built environment to risks as diverse as climate change, flooding, 
security and fire. In 2014, BRE launched its Centre for Resilience as a 
global resource being developed through partnership with the public 
and private sector to improve the resilience of the built environment. 
The Centre will be a knowledge hub with information and tools to build 
resilience capability and capacity in the UK and internationally.

The next BRE Trust Thematic Programme will be on resilience. Starting 
in April 2015, the research programme will focus on resilience to the 
effects of climate change. This specific aspect of resilience was chosen 
following market research and stakeholder engagement workshops 
about the market needs and research gaps. There are three priority 
climate driven impacts or needs that the programme will address: 
flooding, overheating and wind.

The Future Cities research programme had a number of projects 
related to the theme of resilience in relation to energy supply. These 
projects link to economic resilience through reduced vulnerability to 
shocks in global energy markets. They also promote environmental and 
social resilience through reduced use of fossil fuels and decreased fuel 
poverty.

Research summary and outcomes

Resilient Cities
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Energy optimisation demonstrator

Cities account for 70% of global energy consumption and 
energy-related carbon emissions21. 

BRE and partners are working with support from the European FP7 
fund to develop solutions to control the generation, storage and 
use of renewable energy at the city scale. The research allows for 
the optimisation of renewable energy generation so that its output 
can be put into the grid, stored or used in buildings based on set 
parameters such as reducing CO2 emissions or minimising energy 
costs. 

This technology is also being applied to the building scale in the 
energy optimisation demonstrator project. The team have built an 
electricity monitoring and control device that minimises energy costs 
associated with background electrical loads through a combination 
of maximising renewable generation benefits and accounting for 
potential variable electricity tariffs. The prototype control device is 
being trialled in an occupied property to gather performance data 
and occupant feedback. The research will be complete in late 2015. 

‘If there is a single lesson to be drawn from the first 
decade of the 21st century, it is that surprise, instability 
and extraordinary change will continue to be regular 
features of our lives.’20
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Healthy Cities

Context

The importance of the built environment in determining our health and 
wellbeing has been highlighted through the work of the World Health 
Organisation Healthy Cities Network and the Marmot Review in the 
UK. The epidemic of non-communicable diseases such as cancer and 
heart disease are linked to the built environment through the shape 
of our urban fabric and the quality of buildings and public spaces. 
The urban environment can impact mental health, road accidents, 
respiratory illness, diet, community participation, and much more. This 
does not mean that cities are bad for health. On the contrary, research 
has suggested that people living in cities benefit from an ‘urban health 
advantage’, although health inequalities within cities are a significant 
challenge22. The complexity of the impact of urban life on health 
requires cross-government approaches which involve non-health 
professionals as well as the community in finding and implementing 
solutions.

Where BRE is leading the way

BRE’s work on housing and health has shown that there is a real cost 
to the National Health Service from health conditions created or 
exacerbated by poor housing, such as respiratory illness and heart 
disease. The most recent estimate is that leaving vulnerable people 
living in the poorest 15% of England’s housing has an approximate cost 
to the NHS of £1.4 billion per annum23. Through data modelling, BRE 
is able to provide information to local authorities about the condition 
of local housing, highlighting risks and opportunities to be managed 
through local improvement programmes.

The impact of the indoor environment on occupant health and 
wellbeing is an area of growing interest as links have been made with 
outcomes such as office productivity and recovery times in hospitals. 
The output from these research programmes will be fed into our 
existing products. We will be partnering with other organisations 
to continue research and development in the area of health and 
wellbeing.

Air quality, indoor environments and 
adaptability

Research suggests that productivity improvements in 
offices of 8-11% are not uncommon as a result of better 
air quality24. 

Building on BRE’s specialist knowledge of air quality, ventilation, 
noise, and lighting, the research team explored the complexity 
of the indoor environment to uncover key issues in hospitals, 
schools, care homes and individual dwellings. The researchers 
also analysed the impact of external pollutants on the 
indoor environment and occupants. The project integrated 
measurements of multiple factors in the indoor environment 
(each complex in its own right) and assessed the combined effect 
on occupants. Physical monitoring of the indoor spaces was 
complemented by information gathered from building occupants, 
via informal discussions, questionnaires and focus groups. 

The lead researcher provided technical input to the World Green 
Building Council report on Health, Wellbeing & Productivity 
in Offices. A series of eight articles was commissioned by the 
Royal Institute of Chartered Surveyors Property Journal. BRE will 
continue to do research in this theme which underpins BRE’s 
indoor environment monitoring business.

Research summary and outcomes
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Healthy Cities Index

Despite the epidemic of non-communicable diseases, 
‘the focus of the health sector remained on care and 
cure rather than on health promotion and disease 
prevention’26.

This project is about using data to better understand how a 
city’s physical assets and urban fabric are contributing to health 
and wellbeing. Cities will be able to use this tool to benchmark 
themselves with similar cities and to understand the impact of the 
built environment on health in different neighbourhoods across 
the city. This can help inform the prioritisation of scarce resources 
and regeneration efforts. The research involves working with 
partners across the health and built environment professions 
to explore the relevant indicators and data sources that can be 
used to inform local decision-making. BRE has applied its own 
expertise to focus on measures such as housing, crime, noise and 
air quality. This phase of the project will be complete in mid-2015 
with plans to join with strategic partners for further development.

Crime in urban areas

The condition of the built environment can have an effect 
on health: ‘a European cross sectional survey of 12 cities 
found that, compared to respondents from areas with 
low levels of litter and graffiti, those from areas with 
higher levels, were 50% less likely to be physically active 
and 50% more likely to be overweight’25. 

Dilapidated buildings and poorly maintained public spaces 
influence our perceptions of crime in an area. This can have 
significant impacts on the health and wellbeing of individuals 
as well as community cohesion. For example, fear of crime can 
deter people from using parks and green spaces which provide 
multiple health benefits. This project used four case study cities 
in England to explore the relationship between recorded crime 
and the characteristics of the built environment that may increase 
the fear of crime or decrease the perception of safety in particular 
neighbourhoods. The research findings inform BRE’s products 
and services linked to sustainable communities as well as the 
Healthy Cities Index project. 
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BRE commercial and research activities mapped 
against four key Future City themes

Research activities are highlighted in gray in the table below.

Application Commercial and research activities Smart 
Cities

Liveable 
Cities

Healthy 
Cities

Resilient 
Cities

Knowledge and 
skills

BREEAM professionals

BIM professionals

Sustainability professionals

Passivhaus professionals

Fire Safety professionals

Training on Health and Safety

Materials/
systems

Testing building systems & materials

Future City Modelling

Structure life knowledge of interactive components

CE marking and CPR

Product listings (Red/Green book)

Physical security

Cyber security, digital systems and interoperability

Microgeneration Certification Scheme

Passive Fire

Sustainable products

Clouds4Coordination
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Application Commercial and research activities Smart 
Cities

Liveable 
Cities

Healthy 
Cities

Resilient 
Cities

Buildings

Cities

BREEAM New Construction

BREEAM In-Use

BREEAM Refurbishment

Technical Advisory Services

Thermal Modelling

Building performance evaluation

Fire detection

Fire safety

Fire investigation

SMARTWaste

SMARTSite

Sustainable energy modelling

Air quality monitoring

Air quality, indoor environments and adaptability

Sustainability consultancy

Approaches to refurbishing existing housing stock

BREEAM Communities

BREEAM Infrastructure

Strategic Energy

Energy optimisation demonstrator

Imaging tool for future heat networks

Housing stock modelling

Housing Health impact assessment

Healthy Cities Index

City scale resource productivity

Crime in urban areas

Enabling sustainable urban development in Brazil
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Conclusion

The BRE Trust Future Cities research programme was the first time 
the Trust invested in thematic research over a three-year period. The 
outcome has demonstrated that the combined programme has had 
more impact and value than the sum of its parts. BRE will continue 
research and development activities related to cities and would like 
to collaborate with cities and other organisations to pilot emerging 
solutions and develop new products and services. 

Please contact us for further information at futurecities@bre.co.uk.
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