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Foreword
As the demand for energy rapidly grows in cities, resilient
systems that can deliver energy efficiently from point of
generation to the point and time of demand, with minimal
environmental impact, will be increasingly important. The
emerging issues in the energy market require whole-systems
thinking towards energy generation and delivery, with the
need to embrace a number of potential game-changers in the
global energy market:
•
•
•
•

Electric vehicles — an essential energy strategy to
underpin future transport strategies
Energy storage — intermittent renewables of low
margin cost and demand mitigation
Optimising usage of the existing energy network
infrastructure
Integrated data platforms to assist value-based
system operation

There are many complex challenges to be addressed in
the energy market. From the physical means to recharge
vehicles in the urban environment, where owners may not be
able to park near their place of residence, to improving how
we select and apply storage — technically, commercially
and through regulation. Work is needed on the ability of
local distribution networks to cater for the transfer of energy
demand, from the current vector of petroleum fuels at filling
stations to a new load on the electricity network. The rising
energy demand in cities, regardless of when the sun is
shining or the wind blowing, means that energy storage will
be critical to achieving increased utilisation of renewable
energy sources. Further, we will move from the traditional
‘molecules to electrons’ paradigm to the shift of also

‘electrons to molecules’. In this, instead of burning fossil
fuels to create power, we will take renewable electrical
energy and convert it into carbon-free substances, such
as hydrogen, which are more flexible than instantaneous
electrical energy.
It is the close collaboration between our Energy research
work and the Energy business that enables us to explore
these emerging themes.
Search ‘Energy’ on arup.com to find out more about energy
at Arup.

Ian Gardner

Director, Global Energy Leader
UKIMEA Board
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Research at Arup

c Dennis Egan

Arup has been at the forefront of built environment planning
and design for more than 70 years. Research has always
been fundamental to how we think and how we do business,
driving innovation and helping us to respond to the changing
needs of our clients and the communities we serve.
From ideas to application
Whether it’s finding new ways to store energy or to
decomission power plants in a sustainable way, high
quality research keeps driving us forward. Through applied
research, we are able to explore and experiment at an early
stage in order to minimise long-term risk.
Working together for a better future
Research runs through our entire organisation, stimulating
new thinking, encouraging collaboration and creating value
through innovation. Our researchers work in partnerships
with academia and other businesses to bring together
valuable combinations of disciplines in the pursuit of
technical excellence. Every year we invite external parties to
contribute to the Global Research Challenge, through which
Arup funds the most promising and inspiring new ideas. We
believe that open-minded collaboration builds legitimacy,
ownership and accountability as we turn problems into
potential solutions.
Find out more about our research at research.arup.com

Tidal energy feasibility tool
Tidal energy presents an opportunity for large scale
harvesting of one of the UK’s largest sources of
renewable energy and is likely to be seen as one of the
cheapest forms of energy in the future. This research has
demonstrated that considerable cost savings can be made
in building a lagoon bund that is designed to overtop at
higher tides. Further savings can be made by optimising
the number of turbines for the lagoon size.
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c y Jakob Madsen

With significant changes in the global energy sector, our
investment in research is key to helping us support global
commitments to renewable energy and smart
energy solutions.
This review provides an overview of our investment during
2016–2018 in research projects across the energy sector. It
highlights the breadth of energy research initiatives across
many related disciplines, our external partnerships and
collaborations, as well as outlining our approach to both
present and future challenges.
The 2016–2018 research and development programme
supported activities in all seven sectors of the
energy spectrum:
• Oil and gas
• Nuclear
• Thermal
• Renewable
• Energy networks and smart grids
• Distributed energy and storage
• Energy demand and efficiency
Applied research at Arup is facilitated through our internal
investment system, Invest in Arup (IiA). This platform is
instrumental in supporting research applications, seeking
critical commentary from employees, and tracking progress
and achievements.
We know that addressing the most complex energy
challenges cannot be done in isolation and we look to
co-develop applied research with our clients
and collaborators.

Circular strategies for power
plants from decommissioning to
regeneration
Decommissioning of power plants represents a major
financial and environmental issue for energy companies, it
is also a socio-economic problem for the local communities.
This research explored new paradigm by assessing how
the re-use and re-purpose of materials and systems from
the existing buildings would trigger a potential economic
return for the asset owner. Criteria for the re-planning of the
site were evaluated to facilitate the generation of tangible
benefits for the local communities.
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Investment: funding trends and sources
The energy sector faces many challenges, often contained
within a specific geographical region yet spanning multiple
disciplines. Therefore, at Arup, we ensure our research is
multidisciplinary and engages local teams.
In the last three years, Arup has invested almost £1.9 million
in 125 applied research projects. A majority of these projects
were managed in the UKIMEA region, with the other
regions not far behind. These research projects addressed
a number of issues and involved working alongside many
experts, including aviation, advisory services, sustainability,
amongst many others. We have also invested in the
development of new products, based on the research
we performed.
Our research topics closely related to buildings and their
performance, collaborating with experts, both external and
internal to Arup, in building performance and systems,
environmental and building physics and building retrofit.

Figure 1: Distribution of Energy research projects across regions (2016-2018)
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Figure 2: Relative contribution of other disciplines to Energy research at Arup (2016–2018)
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We believe that to generate high quality research, the
projects must be delivered in collaboration with the best in
class, including academia, industry, public sector or NGOs.
We continuously look for opportunities to engage in joint
research initiatives and we challenge ourselves to deliver at
least 60% of research as a collaborative project.
In the period 2016–2018, we exceeded this goal
significantly, with 75% of our investment in energy research
allocated to externally collaborative projects. The highest
number of projects were delivered in collaboration with
industry partners, followed closely by academia and the
public sector; creating a perfect balance between different
forms of research collaborations.
We engaged with academic partners from different regions,
including City University of Hong Kong, Milan Polytechnic,
University of Cambridge, University of Manchester,
Imperial College London, and Ryerson University.
Arup partnered on research projects with a number of
industry organisations, including National Grid, Exxon
Mobil, Total, SNC Lavalin, as well as partners with a greater
digital focus, such as IBM. We also delivered four projects
with the World Energy Council.

Figure 3: Energy research projects: internal versus external collaboration (2016-2018)
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Figure 4: Energy research main types of external collaborators (2016-2018)
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Now, New, Next
The portfolio of research at Arup must be well balanced to
address the challenges presented by business as usual, whilst
also exploring opportunities to push boundaries and develop
new capabilities. To capture the scope, remit and potential
impact of our applied energy research, the classification
of Now, New and Next themes has been applied to our
portfolio of projects:

Figure 5: Short- and long-term investment: total for 2016–2018
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Now, £860,652 ,
48%
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56 projects
(45%)

• Now — addresses business as usual to confirm often
predictable outcomes and generate outputs that can be
utilised immediately
• New — pushes disciplinary boundaries and explores
transferable methodologies, often with predictable
outcomes and outputs that can be applied in the near
future
• Next — supports the development of new capabilities,
often with unknown outcomes but generating outputs
for medium to long-term application and benefit to the
business.
In the last three years, Arup invested more than 50%
of research funds into outward looking projects. Our
investment in projects with a medium to long-term
application has been steadily increasing to ensure our
research projects explore emerging technologies and their
long-term application, as well as supporting our
future ambitions.
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Figure 6: Short- and long-term investment: historical trends for 2016–2018
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Applied research investments support our business strategy
to further our commercial offering across energy demand
and efficiency, renewable energy technologies, and
distributed energy and storage. This reflects the growing
global attention and commitments to reduce carbon
emissions and invest in clean energy growth, as established
by COP21 and the Paris Agreement.

Figure 7: Allocation of research funding towards Energy business sub-sectors (2016-2018)
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as carbon capture and storage.
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Arup’s applied research in the energy sector will continue
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world. Research collaborations across our programme
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our future.
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District scale mapping of potential
energy retrofits

Smart data acquisition systems to improve
occupant comfort

National residential energy efficiency
retrofit programme

A district scale upgrading intervention can increase the
quality of the built environment and provide a quick and
precise assessment of the energy performance of an
area. We defined a set of renewal solutions that have the
potential to make a district more attractive to its inhabitants.
This research was supported by the Seventh Framework
Programme (FP7) and ECODISTR-ICT methodology
initiated by the European Union.

Access to a secure database and data analytic dashboards —
for heating, ventilation, air conditioning (HVAC) and
building energy use — enables live systems monitoring and
optimises the operational performance of buildings. In
collaboration with Demand Logic, our team developed a
data acquisition system that hosts building performance
related data for building environment systems that do not
normally have historical data archiving and trend capability.

c Tom Chance

Demand and efficiency

© Arup

Demand and efficiency

© Arup

Demand and efficiency

To meet the UK’s 2050 greenhouse gas emissions target,
total energy consumption must be reduced significantly
and the energy supply decarbonised. Through this research,
we identified the conditions in which homeowners and
landlords would improve their properties to reduce energy
consumption, and recommended support mechanisms to
help stakeholders to carry out improvements to residences.
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Energy masterplan: emerging economies
roadmap and toolkit

Building portfolio resilience: a strategic data
driven approach

Transition of the airport terminals from AC to
DC power

We developed a project assessment tool to
provide guidance at various stages of energy projects and
illustrate project performance against widely recognised
sustainability, resilience and development standards. The
framework provides a measure for direct and indirect
benefits and targets, offering a broader view of potential
opportunities and project outcomes.

Statistical analysis can facilitate cost effective and efficient
identification of the buildings suitable for energy efficiency
investment and properties that weaken the resiliency of the
portfolio. Two statistical approaches to assess the energy
vulnerability component of portfolio-wide resilience were
compared. Data was obtained from two organisations, a
global leader in retail and an international hospitality firm,
to identify building energy vulnerabilities, with implications
for other aspects of portfolio-wide resilience.

© Susan Stava

Demand and efficiency

c Blake Wheeler on Unsplash

Demand and efficiency

c Wang Tom

Demand and efficiency

Airports are looking to make their assets more sustainable,
flexible and resilient. Transition from AC to DC power can
help meet these criteria. We explored the potential of using
DC power within airports and how it could be integrated
with the use of renewable energy and systems such as
Internet of Things.
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Battery storage solutions in South Africa

Community waste energy: addressing
utilisation barriers

Low carbon and energy storage deployment model

Energy storage will help renewable energy solutions to
meet the load requirement by providing a constant supply
of power during peak demand periods when energy from
the grid is expensive. We performed a comparative analysis
between grid connected and hybrid electrical systems in
Johannesburg. Based on a market analysis of the latest
battery technologies currently available, lead-acid and
lithium-ion batteries were further investigated.

Understanding the barriers and solutions to using waste
heat energy enables clients to achieve economic savings
and implement sustainable business measures. A
methodology was developed to inform and guide significant
heat ‘wasters’, such as data centres, on the benefits and risks
of enabling use of their waste heat by third parties, and
unlocking the resource-saving potential of integrated energy
use in a community.

© Andrew Hazard Photography & Design

Distributed energy and storage

c Sandro Katalina on Unsplash

Distributed energy and storage

c Warren Rohner

Distributed energy and storage

A high-level business case analysis of new commercial
models for low carbon energy and storage deployment
was prepared, using the Welsh Government’s targets for
decarbonisation and reductions in greenhouse gas emissions
as a test-bed for analysis. By avoiding curtailments on
the generation of renewable energy, energy outputs are
maximised while contributing to further reducing
carbon emissions.
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Energy storage for grid support

District energy feasibility tool (DEF)

Energy considerations for take up of electric vehicles

As the penetration of renewable energy continues to increase
globally, the non-dispatchable and intermittent nature of
renewable sources like wind and solar PV is becoming more
problematic for maintaining grid stability and matching
generation to demand. This study reviews grid support
applications of energy storage (ES) systems and identifies
the most relevant opportunities for combined PV and ES
projects. In addition, the project identified the most suitable
ES technologies for grid support and integration with PV
power plants.

A nuanced energy planning tool enables early quantitative
district level planning and comparative conceptual analysis,
and has the ability to progress cities towards energy efficient
and sustainable solutions. The DEF tool has been used on
a variety of project types and scales, and provided project
teams with early planning insights into peak load diversities,
heat recovery potential, and demand charge avoidance.
Version 3.0 of this tool provides improved granularity to
model district energy schemes in greater detail.

© Andrew Hazard Photography
& Design
c Ludovic Hirlimann

Networks and smart grids

© Chair of Architecture and Building Systems —ETH Zurich

Distributed energy and storage

c mrganso on Pixabay

Distributed energy and storage

Many cities are looking to introduce clean transport
strategies. The transition to electric vehicles is one of the
most frequently discussed, wide scale solutions. However,
the move towards electric vehicles is likely to result in a
significant increase in energy demand and extend significant
pressure on the electricity network. We investigated the
feasibility of such a transition and explored the necessary
changes to existing energy infrastructure required for
its success.
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Smart power networks: strategic positioning

Direct Current power applications and opportunities

Combined heat and photovoltaic power (CHPV) tool

Building partnerships with key companies in the smart
power network sector is crucial to Arup being a leading
consultant in the smart network industry. We have
successfully engaged with academic research institutes and
energy utility clients, including Institute of Electrical and
Electronics Engineers (IEEE) and the Council on Large
Electric Systems (CIGRE).

This research provides an overview of DC power key
benefits, challenges, and its current and future applications
in industry. Applications and opportunities of DC power
were investigated to enhance micro-grid system integration,
operation, and performance. Savings estimates from direct
DC vary in the range of 2 to 14% depending on application
context and baseline assumptions.

© GE Jenbacher

Networks and smart grids

c Caique Silva on Unsplash

Networks and smart grids

c Dmitry Sytnik on Unsplash

Networks and smart grids

Arup is leading the market research, technical advisory
and commercialisation work streams of CHPV LES to
promote and drive the implementation of this innovative
technology. The tool will be used to develop controls that
optimise asset resource use and add value to integrated
systems. It will be tested on three case study sites, including
MediaCityUK in Salford.
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Demand response: integration of aggregator’s
business models into energy master planning

Cultana Pumped Hydro Energy Storage

City resilience: rising groundwater levels
in urban areas

Demand response (DR) provides an opportunity for power
consumers to improve the operation of the electric grid.
Financial incentives are used to reduce or shift electricity
usage during peak periods and thereby balance supply and
demand. To understand the applicability of DR to power
markets, the project analysed the business model of DR, the
major trends of power markets with a high DR penetration,
as well as the most efficient paths and regulatory structure
for new entrance countries introducing DR.

As part of a consortium, including Energy Australia and the
Melbourne Energy Institute, Arup conducted a feasibility
study for a Seawater Pumped Hydro Energy Storage
(SPHES) project at the Cultana Training Area, Australia.
SPHES aims to provide a viable solution for the
intermittency of renewables during peak demand hours. The
feasibility study sought to determine the optimum scale of
the project, associated capital and operational costs, as well
as the overall technical viability of the project.

c Hans M on Unsplash

Renewable energy

oc Anthony L’Huillier on Flickr

Renewable energy

c rgaudet on Pixabay

Networks and smart grids

Within the last few decades, rising groundwater levels have
been observed in urban aquifers around the world. In this
project, we assessed the impact of rising water tables in
cities, and ways of dealing with potential issues, such as
water damage to building foundations. The impact of water
table rise was studied from different aspects to explore
the possibility of using it as a resource for thermal energy
generation and urban development, especially in relation to
the feasibility of reopening city canals.
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Shaping cities for renewable energy:
Energy demand tool

Offshore wind foundation selection tool

Wind turbines in deep water

Future city design can enable new urban developments to
be powered using local sources of renewable energy,
increasing reliability and enabling economic growth, whilst
reducing reliance on centralised fossil fuel power. The
research considered both the physical attributes of cities,
such as building designs, spatial layouts and possible
technical solutions as well as the legislative frameworks
necessary to enable these design changes.

The European offshore wind market has become saturated.
Cost effective solutions for larger turbines and deeper
waters are needed as monopile foundations are not always
adequate. We created a tool that automates the selection
process for offshore wind turbine foundations. The tool
enables quick evaluation of multiple foundation options to
understand what could work most efficiently for a particular
site location and development conditions.

© Arup

Renewable energy

© www.lm.dk

Renewable energy

c Julian Wildner on Unsplash

Renewable energy

Existing European offshore wind turbines are traditionally
mounted on monopole foundations, with a feasibility limited
to depths of ~30m. Our experts assessed the viability of
‘jacket’ foundations for wind turbines, which are designed
with three or four separate legs, enabling the turbines to be
placed in deeper waters, of between 30 and 50 metres. This
aligns with the aspiration for the expansion of offshore wind
power, facilitating the siting of wind turbines in
deeper waters.

Foreword

Research at Arup

Introduction

Investment

Collaborations

Now, New, Next

Themes

Research projects

Contact

Research projects

Energy reform strategy: urban renewable
energy potential

Spectral fatigue analysis of offshore substructures
using GSA

Emerging hydrogen economy

In support of green revolution in Asia, we prepared a
strategy to increase the use of renewable energy and to
support formulating opinions on the influence of renewables
on future energy markets in Hong Kong. A tool was created
to evaluate feasible options for implementing renewable
energy in urban environments, establish scenarios to
model effects of renewable energy deployment, and identify
quantifiable opportunities for the deployment of
renewable energy.

The fatigue performance of steel offshore structures is
determined using spectral analysis to prevent fatigue
damage on high voltage, direct current platforms,
including North Sea offshore wind farms. A combination
of fatigue calculations and Oasys GSA structural analysis
output was used. The acquisition of short term stress
response statistics can be used to define cumulative damage
at joints and, ultimately, expected fatigue life of the
offshore structure.

c NASA

Renewable energy

c Martin Pettitt

Renewable energy

© FWTM/Cluster Green City

Renewable energy

With hydrogen becoming a viable energy source, there is
increased scope for further research and consultancy work.
We carried out business to business (B2B) engagement with
key industry activists with a view to future collaboration
on research, hydrogen networks, and fuelling stations. A
five-minute guide on hydrogen was developed to provide
an understanding of hydrogen on a technical level, and raise
awareness.
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Parametric solar photovoltaic (PV)
design tool

PV module degradation

Geon Energy: low-carbon geothermal
wells joint venture

The ability to quickly and accurately model a rooftop PV
array in 3D improves collaboration and coordination among
architects, designers and engineers, as well as ensure that
the PV system design is optimised for the project. The tool
enables engineers and architects to vary design parameters
efficiently and reduces the time needed to agree on a
solution, from several weeks to a matter of days.

It is critical for PV degradation assumptions to be as
accurate as possible to ensure the values applied in yield
forecasting meet current industry standards and give clients
confidence in the yield figures forecasted. This research has
provided an insight into module degradation assumptions
used for assessing the yield.

c Ghost presenter on Unsplash

Thermal energy

© PVTech

Renewable energy

c Chuttersnap on Unsplash

Renewable energy

Arup has established Geon Energy, a joint venture with the
specialist geothermal energy firm, Geothermal Engineering
Ltd. to produce and deliver deep geothermal single-well
systems (DGSW) in the UK. A full-scale DGSW trial
was undertaken in Cornwall, UK, which presented an
opportunity for a detailed assessment of the challenges of
implementing the technology efficiently and safely. Data
measured in the trial allowed the prediction of the long-term
economic viability of the system.

Foreword

Research at Arup

Introduction

Investment

Collaborations

Now, New, Next

Themes

Research projects

Contact

Research projects

DfMA concrete structures for use
in the nuclear industry

Panoramic visualisation of marine and
offshore assets

Modular mid-scale liquified natural gas (LNG)
storage tanks

We examined optimisation of the design for manufacture
and assembly (DfMA) of large pre-assembled reinforced
concrete components for construction in nuclear new build
projects and other large civil engineering schemes. With our
partners, the project investigated the design, manufacture,
logistics and structural performance of a novel structural
system that can reduce the construction time of major
elements by 80% and reduce the risk of incurring project
overrun costs.

Owners, operators and regulators all have an interest in
managing offshore and marine structures used in oil and gas
production. Arup has developed a digital panoramic
visualisation tool that can be easily deployed to any remote
location. The resulting panoramic images provide
a record of the asset that is accessible, rigorous and
readily understandable.

c Jan Arrhenborg

Oil and gas

© Arup

Oil and gas

© Laing O’Rourke

Nuclear

Global natural gas and liquefied natural gas (LNG)
production is predicted to exceed demand for the next
ten years at least. The cost of LNG receiving facilities,
particularly the marine and storage infrastructure, remains
challenging at mid to small scale. We explored a quicker and
more cost-effective design to build small-to-medium size
LNG tanks.
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John Burgess
Energy Global Skill Leader
john.burgess@arup.com
David Gerber
Global Research Manager
david.gerber@arup.com
Agnieszka Krzyzaniak
Senior Research Coordinator
agnieszka.krzyzaniak@arup.com
Bella Nguyen
Senior Research Consultant
bella.nguyen@arup.com
Caroline Karmann
Senior Research Scientist
caroline.karmann@arup.com

Contributors
Annabel Rabbets
Global Marketing Manager
Mark Pearsall
Senior Designer
Thalis Laspias
Designer
Claire Lambe
Design Engineer
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Energy Global Business Leader
ian.gardner@arup.com
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