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Introduction
I am delighted to provide an introduction to the Arup Research 
Roadmap 2013, our bi-annual contribution to the global engineering 
research agenda.

In this, the third publication of its kind, we have continued to develop 
the processes by which ideas are captured and presented. My team has 
consulted extensively with Arup’s global research and business leaders, 
our Skills Networks and indeed with the whole firm through an internet 
‘jam’. As a result we have a picture which provides a time-ordered, 
prioritised list of key research themes under an ‘umbrella’ with six 
spokes and 18 headings. Each of these contains our ‘hot topics’.

The trends emerging in the new roadmap are interesting. Increasingly, 
knowledge gaps involve cross-disciplinary topics, often socio-technical 
and systems-level in context. Examples include the design of systems 
to satisfy behavioural objectives or provide-whole life services. Basic 
themes of sustainability and energy technologies remain, however.

The Research Roadmap is intended to provide a guide for our internal 
and external research investments and to stimulate discussion with our 
university, public and private sector research partners. 

We hope it will interest you and that you will talk with us if you would 
like to explore collaborative research or want us to assist with your 
organisation’s research agenda.

Professor Jeremy Watson FREng
Director, Global Research
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Professor Jeremy Watson
Director, Global Research

Jeremy is responsible for Arup’s research strategy and 
the associated research business. He has a background 
in research and technical management roles in industry 
and academe, including service with the previous UK 
Department for Trade and Industry and the Engineering 
and Physical Sciences Research Council (EPSRC). 

A Fellow of the Royal Academy of Engineering and the 
IET and ICE, Jeremy is a visiting professor at University 
College London and the University of Southampton and 
Sussex. Jeremy is a Council member of EPSRC, past 
board member of the Technology Strategy Board and 
has recently completed a tour of duty as Chief Scientific 
Advisor to the Department of Communities and Local 
Government.
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Meet the team

Dr Jennifer Schooling
UKMEA Research 
Champion

Jennifer is an 
experienced research 
manager and has 
delivered multi-
disciplinary projects 
across a range of 
sectors. She works 
with clients to develop 
and deliver business-
focussed research 
strategies.  
As Research 
Champion, Jennifer 
is responsible 
for developing 
relationships with 
universities in  
the region.

Dr Marta Fernandez,
Associate Director, 
Global Research

Marta focuses on 
relationships between 
Arup’s internal network 
and industrial and 
academic research 
partners. She represents 
the UK on the Energy 
Efficient Buildings 
European Initiative. 
She is a chartered 
chemical engineer and 
an honorary lecturer 
at University College 
London.

Nausicaa Voukalis
Global Research 
Manager

Nausicaa is an 
Intellectual Property 
specialist and is 
responsible for 
paralegal issues 
required for 
commercial licensing 
and collaboration 
agreements with 
universities. She is a 
chartered architect and 
has an MBA.
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Felicity Davies
Research Associate

Felicity is an EngD 
candidate based at 
University College 
London and Arup. As 
part of her research 
topic, she is looking 
into how to make 
Domestic Retrofit 
scalable. She has 
a background in 
architecture.

Pam Turpin
Senior Research 
Analyst

Pam is a senior 
research analyst 
with a background 
in health and social 
care development. 
Currently undertaking 
a PhD study with 
University College 
London, exploring the 
relationship between 
the environment and 
people with advanced 
dementia and sensory 
losses.

Claire Hughes
Assistant 
Communications 
Officer 

Claire is a new 
member to the team, 
looking after research 
communications 
including events 
and publications. 
She has an MEng 
degree in Mechanical 
Engineering which 
will help in her role as 
technical author and 
desk researcher.

Jackie Young
Personal Assistant to 
Jeremy Watson

Jackie provides 
secretarial support to 
Jeremy Watson and 
the Research team.
With over 25 years 
experience at Arup, 
she has worked within 
many areas, including 
Finance, Buildings and 
the Group Board.
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What is roadmapping?
Roadmapping is a management forecasting tool used to capture a 
prioritised time sequence of trends, targets and research responses. 
It can provide a living agenda covering tactical and strategic level 
objectives as well as a company-wide strategic plan. Roadmaps are 
useful as enablers for sharing market goals in supply chains and for 
promoting team buy-in to corporate strategy and planning.

What is Arup’s Research Roadmap?

Arup’s Research Roadmap is the basis of our strategic research plan, 
used to provide a common reference framework for research priorities 
at Arup that can be used for shaping calls for top-down research 
funding and for selecting bottom-up proposals.

The Research Roadmap provides a guide for the allocation of the 
internal and external collaborative research funding. It gives time 
ordered, prioritised and auditable agendas for actions, presenting key 
drivers and research elements in the context of the firm’s business 
interests, and yielding a set of research priorities which support the 
businesses by highlighting opportunities and keeping Arup at the 
forefront of our market sector. 

Internal businesses and external clients also find roadmapping a 
valuable method to help them identify knowledge gaps and actions 
needed to maximise business potential. Arup Research has used 
roadmapping successfully with many clients and offers it as a  
business service.
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About the Research  
Roadmap
What type of research are we referring to?

There are three types of research that have been included in the 
Research Roadmap:

Scoping research: scans for existing knowledge in a field, assisting in 
the knowledge gap analysis

Applied research: focuses on developing and demonstrating a 
technology solution

Fundamental or ‘Basic’ research: is more generic, longer term 
research to move the boundary of a technology area 

Additionally, Knowledge Transfer is important in passing the 
learnings from research, through interpretation, to practice. 

The roadmap has been summarised through a time scale graph for each 
main topic driver and its subheadings. These have been selected by  
Arup’s practices.

What are the benefits for Arup?

• Increase the focus of Arup research investments

• Provide a strategic framework, which links to regional priorities

• Have a balanced portfolio of top-down and bottom-up research

• Publish an agenda that can be shared with universities, funding 
agencies, clients and collaborators providing a framework for 
collaboration
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What was the method?

Step 1 Desk research on clients, competitors, 
collaborators, universities, governments’ priorities
Review relevance of trends and drivers on current 
roadmap version
Analyse external input and identify groups  
of trends 

Step 2 Meet with leaders from Arup’s businesses, 
practices and regions and gather existing current 
strategic plans
Identify with practice leaders research challenges 
which arise and may not be addressed in  
client work

Step 3 Companywide online consultation with Skills 
Network leaders as key participants to gather 
detailed input into key research topics in response 
to business, region and practice priorities
Consolidate input

Step 4 Validate, publish and promote
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Business and Finance
Research should focus on two issues which are of increasing importance given 
the economic, climatic and social challenges we now face. 

First, how to ensure that the wider social impacts of investments are properly 
taken into account by investors when evaluating opportunities - standards are 
evolving and there are a growing number of investors to whom the social impact 
of investment is an important criterion in ranking competing opportunities. 

Second, how can the effectiveness of contracting for projects between the 
public and private sectors be improved (whether for large public-private 
partnership projects or more traditional procurement projects). Most large 
infrastructure projects (whether economic or social) involve a mixture 
of public and private sector investment, but the effectiveness of  these 
relationships needs to be improved - particularly in the economic conditions 
brought about by the world financial crisis.
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A Socially Responsible Investment (SRI), also known as a sustainable, socially conscious, ‘green’ or ethical investment, is any 
investment strategy which seeks to consider both financial return and social good. In general, socially responsible investing 
encourages corporate practices that promote environmental stewardship, consumer protection, human rights and diversity. 
Focusing on the work that we are involved in, Arup’s research priorities need to concentrate on identifying, communicating 
and measuring the societal value of infrastructure, areas that are likely to impact on future projects globally. 

Public Private Partnerships (PPP) involve a contract between the public sector and a private party, generally to procure public 
services or infrastructure. The private party assumes substantial financial, technical and operational risk in the project and is 
normally a consortium made up of a contractor, a maintenance company and a bank lender. Although there are clear advantages 
in the use of PPPs, there are also major managerial, technical and fiscal challenges in their practical implementation. Arup’s 
research priorities include understanding the limitations of such business approaches and mapping out what good workable 
business models would look like. Desirable models allow incremental revenue improvements on both sides whilst ensuring 
more timely and cost effective projects.

Evaluating and Structuring Socially Responsible Investments

Improving Approaches to Public Private Partnerships in the Built Environment 

What is the societal value of infrastructure?

How can PPP projects be improved?

Short term (t < 3 years)

Short term (t < 3 years)

Mid-term (3 years < t < 5 years)

Mid-term (3 years < t < 5 years)

Long term (t > 5years)

Long term (t > 5years)

Recognise

Recognise the limitations of PPP

Communicate

Formulate good working business models

Quantify

Recent government initiatives in the UK have focused on improving the cost effectiveness of large capital projects. Value for 
money, risk-sharing, inspection of interdependencies and ‘smart procurer’ behaviours have formed the underlying criteria for 
HM Treasury’s Infrastructure UK programme. Suggestions have been made for ‘Project Banks’ to overcome the poor payment 
position of SMEs as lower-tier subcontractors in typical construction projects. Research is needed to look at the relative 
effectiveness and merits of these and other criteria and interventions. 

Improving Approaches to Procurement and Contracting

How to improve cost effectiveness of large capital projects? 
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Consideration of criteria for HM Treasury’s Infrastructure programme

Assessment of the effectiveness of the agreed principles
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Efficient Estate Management
Research needs to focus on how the vast stock of buildings that exists can 
rapidly be improved to make them more efficient, productive and valuable.  

This can be achieved by concentrating not just on reducing carbon 
emissions but also on improving the quality of the working and living 
environment and the financial performance of these assets.  

This will lead to new services for Arup and it is important to understand 
how best we can add value to our clients who own and manage these assets.
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The majority of western building stock will still be operational in 2050, when greenhouse gas reductions of 80% are targeted. 
This points to a need to understand both technical and financial retrofit interventions, including materials, products, sub-
systems and engineering services on the one hand, and Pay As You Save and Green Deal mechanisms on the other. The 
ability to warrant energy performance as an investment measure is likely to become important to de-risk and hence mobilise 
investment. Research is also needed to determine the degree of sampling needed across building types and occupancies to gain 
confidence at a statistical level.

Improving Carbon and Financial Performance of Existing Buildings

How to improve performance of retrofit interventions? 
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Understand materials, systems and services used for retrofits

Recording of building types and occupancies

Calculation of energy performance

Demonstration of of energy performance

Retrofitting implies change – change for better performance through improvements, upgrades and modifications and through the better 
management of buildings. It is important to focus our research priorities on the efforts, aspirations and opportunities that will enable us 
to generate attractive, risk adjusted returns by retrofitting buildings with the potential to reposition the assets, improve and modernise the 
aesthetics and functionality of buildings, while at the same time achieve energy and CO2 efficiency gains.

Managing Assets and Retrofit of Buildings for Market Repositioning

How to best manage assets for market repositioning? 
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Modernisation of aesthetics

Improvement of functionality

Assurance of energy and CO2 efficiency gains
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Emerging Technologies
Research should focus on emerging technologies to maintain a position at the 
forefront  of the industry. These technologies include new ways of delivering 
projects, development of better feedback mechanisms and the approach to new 
materials and systems.  

Identifying opportunities and barriers will create long term benefits including 
the ability to offer new services.

As technologies continue to be developed, an understanding of the 
opportunities and the impact this will create is essential in ensuring maximum 
benefits to Arup.

In a competitive industry combining emerging technologies with innovative 
thinking will ensure Arup’s reputation as an industry leader is maintained.
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In a world of rapidly evolving technology, it is imperative to understand how newly developed tools and techniques can be 
combined to provide powerful platforms for building design and construction. These tools are changing what we do, how we 
do it and the services we offer. They change the way we work, enhancing collaboration between the designers, consultants, 
contractors and clients. Our research priorities need to focus on the understanding of current technologies, on the strengthening 
of stakeholder engagement and on the development of new tools to enable better design opportunities.

Digital Environments

What is the profile of future digital environments? 
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Assessment of current technologies

Development of new tools to enable improvement of design opportunities and enhancement of collaboration

As highly sustainable new build takes place and a significant proportion of the existing building stock sees renovation, it will 
be vital to build data resources through which performance can be benchmarked. Research is needed to identify barriers to 
open access to this, much of which already exists in utility meter reading data sets. Research questions include: how can the 
utility meter reading data be anonymised sufficiently to protect privacy, yet retain geo-context? What types and structures of 
data are useful in establishing compact estimations of building performance and behaviour types?

Development of Performance Related Databases for Infrastructure

What should performance related databases assist with? 
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Establishment of data sets required in estimation of building performance

Anonymity of previously benchmarked data

Preservation of geo contexts

New materials and components are emerging that have the potential to greatly improve construction processes and building 
performance. Smart materials and components/assemblies, reconfigurable materials, nanomaterials, biomimetic components, 
graphene, standardised construction components, biotechnical materials, new connection technologies and methodologies, 
improved joining methods and robotic simulation are some of the examples of emerging materials, components and related 
processes that Arup is interested in. Arup’s focus is on exploring their potential for enhancing the long term performance of 
buildings and infrastructure whilst minimising cost.

New Materials and Components for Construction

What can be achieved through the use of new materials?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Investigation into the properties and capabilities of new materials

Assessment of the impact of new materials on buildings’ performance

Calculations to optimise cost venues performance

Asset management is a systematic process of operating, maintaining and upgrading assets to provide the best service 
(availability and operating cost) to users. Intelligent asset management involves solutions which use new business processes, 
sensing and algorithms to reduce the need for scheduled maintenance, moving to predictive and ‘just in time’ maintenance.

Intelligent Asset Management

How can the best service be provided?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

What needs to be measured? 

What is the influence of user behaviour?

What combination of management, financial, economic, engineering  and other practices must be 
applied to physical assets with the objective of providing the required level of service?
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Energy
The challenge of managing and storing energy has become a key item in 
national research agendas, particularly with increased reliance on intermittent 
energy sources. Demand for energy is increasing and natural resources are 
declining. This is driving policy as well as the improvement of existing and 
the development of new processes and systems to yield cost-effective methods 
of storing energy and managing renewable energy.

Governments are leading the way through policy and industry and are 
succeeding in reducing energy consumption, while developing new energy 
generation technologies. It remains imperative that we meet increasing 
demands for energy while overcoming supply problems. 

As accelerated urbanisation looks set to increase energy demand in the future, 
research will need to focus on managing both the demand and supply of 
energy, and storage has a key part to play in this.
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Energy storage allows balancing supply and demand. Storage systems in commercial use today can be broadly categorised 
as mechanical, electrical, chemical and thermal. Energy storage is important across the spectrum from electric vehicles to 
buildings to grid-scale. It is complex and often expensive and must be considered from a systems point of view. However, there 
are strong economic and operational arguments to build more capacity, driven by the increase in use of (intermittent) renewable 
energy and the emergence of new materials and techniques. New storage solutions are emerging and we believe that energy 
storage at all scales will play a fundamental role in the future. Arup research interests focus on the efforts and opportunities 
that will enable the development of solutions to meet the increasing demand in energy resources globally, while addressing 
environmental and socioeconomic challenges.

Energy Storage

How to best store energy?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Investigation into ways of supporting the increase in energy 
demand while generation becomes less predictable

Exploration of storage solutions that address 
environmental / ecological challenges

Thermal as well as electrical energy storage at district and building levels

Energy management embraces both supply- and demand-side processes and technologies. On the supply-side, the ‘Smart Grid’ 
and other means to regulate and stabilise electrical supply networks in the presence of a significant proportion of intermittent 
(e.g. renewable) imports, is a key challenge. For the demand-side, the consumption of energy in buildings is being addressed 
through ‘Smart Meters’ which influence user behaviour and automatic control of deferrable loads (air conditioning, freezers, 
washing machines, etc.)

Energy Management

How to best manage energy?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Role of smart grid technologies in stabilising and increasing the robustness of an electricity network including a significant proportion of renewable generation

Behavioural influences of Smart Meters in reducing electricity demand

Acceptability of automatic control of deferrable loads



20

Infrastructure
Infrastructure – the interrelated systems providing power, water, transport and 
communications – is what makes societies and economies function.

To eliminate failures in the long term, assessing critical infrastructure to identify 
and evaluate vulnerabilities is essential. In parallel with accelerated urbanisation, 
climate change, disaster resilience and increased security risks, this will create 
immediate opportunities for Arup. 

These opportunities include refurbishments and refits as well as managing and 
integrating systems. They also include providing transport systems and new 
business models to meet increasing demand and to reduce greenhouse gas 
emissions and mitigate rising energy costs. 

In a competitive industry, innovative thinking and new service offerings will 
ensure that Arup will continue to be an industry leader.  
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As urbanisation accelerates in Asia, new cities are being built at an unprecedented rate.  In first-world economies, established 
cities are being renovated and refitted. Both activities benefit in terms of whole-life cost and performance from a holistic 
systems approach to the specification of new or improved infrastructure. Key factors in thinking about future needs include 
changing energy costs and greenhouse gas goals, ageing demography and work-living styles.

Understanding Future Infrastructure Requirements for Cities

What is the future for infrastructure for cities?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Reducing energy costs and CO2 emissions for established cities

Understanding the requirements of ageing populations

Exploration of various work – living styles

Public transport infrastructure plays a pivotal role in the growth and improvement of cities, especially in developing nations 
where the need for expansion and modernisation is a priority. The provision, creation and management of such a new 
framework of integrated and sustainable transport systems requires careful planning and monitoring. Modelling and assessing 
interactions between transport modes and looking into the predicted performance outcomes such as shared space areas and 
transport hub operations is a developing field. This is a topic directly related to the internationally emerging agendas around 
Future and Smart Cities.

Integration of Transport Management

How to achieve integration of transport within expanding cities?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Provision of public transport system framework

Personal planning of intermodal journeys

Assessment of interactions between transport modes

Exploring predicted performance

Future-proofing infrastructure design for modal change

The term critical infrastructure has been widely adopted to describe infrastructure systems with sub-elements which, if 
significantly damaged or destroyed, would cause serious disruption of the dependent system or organisation. Assessment 
of critical infrastructure relates to establishing the sensitivity, preparedness and response of critical infrastructure to serious 
incidents. Depending on the type of infrastructure and its geographical location, the criteria for assessing infrastructure 
elements vary, as do the methods required for evaluation. Research priorities are centred on characterising the vulnerabilities 
and cascade failure modes of elements that could impact on reliability of complete systems. At the same time, there is a need 
to look into the development of methods to evaluate risk and potential damage, as well as the minimisation of consequential 
disruption in the event of failure. 

Assessment of Critical Infrastructure

How to best to assess the criticality of infrastructure systems?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Understanding the weaknesses and failure points 
impacting reliability

Methods for evaluation of risk and damage

Predictive maintenance

Engineering interdependencies of co-located infrastructure

Resilience - development of methods minimising 
disruption in the event of failure



Society and Behaviour
Research should focus on improving the understanding of the two way relation-
ship between design of the built environment and those who inhabit and use it. 

Creating buildings and infrastructure that are capable of producing sustainable 
behaviour (e.g. low energy use by inhabitants) does not guarantee success. 
Therefore it is essential to understand better how we can promote behaviours 
that will achieve the desired results. 

The quality of design of buildings and infrastructure also has an important 
impact on those who inhabit and use it - in particular on their physical and 
mental wellbeing and on their performance (commercial and otherwise). 

Both of these relationships need to be considered in the context of two 
important trends - ageing populations and changes in the way we work (e.g. 
where we work, when we work and how we communicate). 
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The design of engineered systems has a large impact on behavioural outcomes. This is well understood at the consumer 
product level, but much less so for buildings and infrastructure. There is a need to create predictable ranges of behavioural 
outcomes (for example in terms of energy consumption) through methodologies which provide a ‘reverse transform’ between 
the desired behavioural outputs and design and engineering inputs. Research in this area also needs to examine how design and 
engineering influence the sensitivity of buildings and infrastructure to a range of behaviours.

Impacts of Buildings, Infrastructure and Technology on Wellbeing and Performance

How do buildings and technology impact on wellbeing and performance?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Investigation into the impact and influence of design and engineering on occupant 
wellbeing

Establishment of possible behavioural outcomes following the balancing of human needs 
and engineering design 

The world has never seen as aged a population as currently exists globally and it has been predicted that the rate of population 
ageing in the 21st century will exceed that in the 20th. Research indicates that elderly people, including those with age-related 
disabilities, report frequent barriers to community participation, including unsuitable building design, lack of required places 
(e.g. residential and nursing homes), transportation and sidewalks/curbs, and many seniors report an inability to cross roads 
safely near their homes. The cost of social care for the elderly is beginning to reach critical levels and it is now vital to look 
at “Assisted Living” approaches, which keep people in their own home longer. As the retired population grows, it is essential 
to focus Arup’s research priorities on the efforts and opportunities that will enable us to generate solutions that will improve 
quality of life and encourage an inclusive society.

Impacts of Ageing Populations

How to deal with the impact of ageing populations?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Development of solutions to improve quality of life

Realisation of ways to encourage inclusive societal environments

Systems and service models to deliver Assisted Living

Assisted Living as part of a whole-life wellbeing management package

Arup’s research priorities need to focus both on understanding the influences that architecture and engineering have 
on behaviour and on the behavioural changes that are required to deliver the best performance (economic, social and 
environmental) from operating or inhabiting the buildings and infrastructure that Arup creates. This should be extended to 
identifying the ways in which these behavioural changes can be achieved. In this way, Arup can ‘complete’ the circle of inter-
relationships between the built environment and behaviour. 

Sustainable Behaviours in the Adoption of New Technologies and Building Systems

What is the impact of architecture on human behaviour?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

Understanding the influences of architecture on human behaviour

Identifying ways to change behaviour through operation of buildings

In a fast developing world, new ways of collaborating and co-creating across supply chains, and enabling new and innovative 
working practices to advance building and infrastructure design and construction methods, are key success factors for Arup’s 
business. Research priorities need to be focused on leading the way and concentrating on business opportunities arising as a result 
of the emergence of enabling technologies such as augmented reality, visualisation, 3D printing and additive manufacturing.

Future Ways of Working

How should we work in the future?
Short term (t < 3 years) Mid-term (3 years < t < 5 years) Long term (t > 5years)

How to best identify emerging/enabling technologies

Establishment of business opportunities and new business models arising from enabling 
technologies

Development of systems to ensure appropriate exploitation of 
knowledge - being at the forefront

Creating ‘knowledge supply chains’ to mirror physical 
supply chains

Concurrent R, D&D rather than sequential knowledge 
deployment
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