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ABSTRACT

Information and Communication Technologies (ICTs) are today pervasive to all industrial sectors
which are faced with a sustainability paradox in maintaining economic growth while consuming fewer
resources. ICTs have proven central to the performance driven development of modern industry in
supporting production systems at all levels. Given this pervasiveness ICTs have a unique opportunity
to address the sustainability paradox by enabling energy efficient viable operations. However, often
the issue is not a lack of technological options, but rather a problem in understanding what choices
will have the greatest impact. This paper introduces a multi-disciplinary strategic research agenda
(SRA) for ICT-enabled energy efficiency developed by the REVISITE (Roadmap Enabling Vision
and Strategy for ICT-enabled Energy Efficiency) EU funded project covering migration pathways
from the state of the art to a common vision of ICT for energy efficiency (ICT4EE). These pathways
are based on research and technology development (RTD) topics for short, medium and long term
delivery in terms of industrial take-up. The developed SRA suggests ICT4EE research priorities for
four targeted sectors: building, grids, manufacturing and lighting, since these four sectors often come
together in delivering infrastructures and environments for production, service, business and living. It
is anticipated that the identified RTD topics will be relevant to many other sectors in which ICTs can
contribute to improving energy efficiency.

Keywords: Strategic research agenda, ICTs, Energy efficiency, ICT-enabled energy efficiency

1. INTRODUCTION

The European Union (EU) has set its energy target for 2020 already: 20% energy saving in EU energy
consumption, 20% share of renewable energies in overall EU energy consumption and 20% reduction
in emissions (EU Council 2007). In order to achieve this goal by 2020, innovative breakthroughs in
research and technology developments (RTDs) are required. The European Commission (EC) has
recognised that information and communication technologies (ICTs) as an enabler will play a vital
role in reducing energy consumption and increasing energy efficiency across the whole economy
(Barroso 2008). It has also identified a clear need for common ways of measuring energy performance
and a common understanding of commitments, targets and methodology (EU Commission 2009).



A widespread data gathering and analysis exercise has revealed that, while the ICT industry
accounts for about 2% of global CO, emissions, ICTs can have a significant enabling capacity of
reducing the remaining 98% of carbon emissions which come from the other sectors of the economy
and of society (Gartner 2007). The focus of this research is on the development of a multi-disciplinary
strategic research agenda (SRA) for ICT-enabled energy efficiency in four target sectors, namely
buildings, manufacturing, grids and lighting, since these four sectors often come together in delivering
infrastructures and environments for production, service, business and living, and together they
produce and consume a significant proportion of Europe’s energy (Ye et al 2010, 2011). Although
versatile statistical information is available on energy saving in different sectors, there is still limited
knowledge/understanding of the potential of ICTs to improve energy efficiency in the identified four
sectors. Furthermore, while the enabling role of ICTs is inherently apparent, understanding which
ICTs are best positioned to deliver meaningful impact and where future research should focus on is
still less evident. Within this context, the need for a multi-disciplinary SRA for ICT-enabled energy
efficiency is apparent. Such an SRA will provide a holistic cross-sectorial view on synergised
research topics and their priorities in the domain of ICTs for energy efficiency (ICT4EE).

This paper begins with an introduction to the REVISITE (Roadmap Enabling Vision and Strategy
for ICT-enabled Energy Efficiency) project, followed by a brief description of the REVISITE
approach which employs the common assessment model — the developed REVISITE framework
based on ‘life cycle thinking’ and an adapted ‘capability maturity framework’, and the SMARTT
(Specification and design, Materialisation, Automation and operational support, Resource and process
management, Technical and semantic interoperability and Trading management) taxonomy. Using
the developed REVISITE methodology, a multi-disciplinary SRA for ICT-enabled energy efficiency
which includes six ‘roadmap’ tables based on the six main categories and 21 sub-categories of the
REVISITE SMARTT taxonomy has been shaped with a holistic cross-sectorial view. Finally,
conclusions are summarised and follow-up research recommendations are provided.

2. THE REVISITE PROJECT

REVISITE is a coordinated action project co-funded by the EC under the 7" Framework Programme
to promote cross-sectoral synergies in understanding which ICTs are best positioned to positively
impact on sustainability goals and to identify cross-sectoral research priorities, covering the domains
of grids, manufacturing, buildings and lighting (REVISITE 2011). The aims/objectives of REVIiSITE
are listed below in order to capitalise on its potential benefits in the domain of ICT4EE:

e A multidisciplinary community to promote cross-sectorial ICT4EE i.e. the project looked to
leverage the heuristic and domain expertise of different stakeholders.

e A common means of assessing the impact of ICTs on energy efficiency i.e. a generic means
of identifying and assessing across the four target sectors.

e A cross-sectorial ICT4EE Roadmap including - the Vision, the Strategic Research Agenda
(SRA) and its associated Implementation Action Plan (IAP) i.e. where should ICT4EE
research focus and who should do what in supporting that research effort.

e A set of recommendations for standards to address interoperability barriers to ICTAEE.

The collective heuristics of the ‘multidisciplinary community’ coupled with a ‘common means of
assessment’ are horizontals to all other project objectives and outputs.  The envisaged ‘real-world’
value of the project is essentially based on the premise that many ICTs and ICT4EE tools and systems
are generic and can serve different industry sectors with no or reasonable adaptation. This offers
opportunities for larger markets to the ICT providers and better services to ICT users. Additionally,
synchronised development of energy management systems for different sectors offers opportunities
for energy trading via energy information exchange.

3. THE REVISITE APPROACH
3.1 The REVISITE Framework

Previous work on assessment of best practice suggested that the capacity to quantitatively assess ICT
impact, while desirable, was in practice an arduous task (Kuhn et al 2011). Situations where an



existing system and a replacement ICT-enabled system can be directly measured are not overly
common. Where feasible, the task is often complex by the fact that the replacement system rarely
differs from the old with respect to just the ICT element. As such it can be difficult to apportion
energy savings as being ICT enabled or otherwise, while abstraction to the sector level becomes an
even more onerous process. In other words, determining whether an energy impact [effect] is solely
attributable to an ICT [cause] can be difficult.

Typically, in scenarios where opportunity for direct quantitative comparison is limited, one must
make some form of estimate based on heuristics whereby part-measurement, secondary data,
specialist knowledge etcetera all play a part. In that vein, REVISITE developed a qualitative based
framework for identifying those RTDs/ICTs most likely to positively impact on energy efficiency.
The framework (as shown in Figure 1) was based on ‘life cycle thinking’ and an adapted ‘capability
maturity framework’, and utilised a triangulation of approach in leveraging the heuristics of domain
experts, together with available quantitative and qualitative sources.

3.2 SMARTT taxonomy

Before the identified four target sectors could begin to compare across their respective domains it was
essential to first speak a common technical language and therefore the first stage of framework
development focused on developing a common taxonomy. The output was the SMARTT taxonomy
comprising of six high level categories with 21 sub-categories nested within them. The high level
categories were aligned to a generic bounded life cycle as identified in Figure 2. The REVISITE
taxonomy utilises six high level categories and is a variation on the SMARTT acronym.

The categories ‘Specification & design’, ‘Materialisation’ and ‘Automation & operation support’
all vertically align to the bounded life cycle phases. ‘Resource & process management’ together with
‘Technical & semantic interoperability’ are themes that align horizontally. ‘Trading management’
aligns primarily to the ‘usage’ life cycle phase, as shown in Figure 2.

4. MULTI-DISCIPLINARY STRATEGIC RESEARCH AGENDA

The SMARTT taxonomy discussed in Section 3.2 above provided an integrative classification system
and a means of structuring content to REVISITE deliverables. The multi-disciplinary SRA was
generally built on the outputs from the REVISITE work package 2 deliverables D2.1 ‘ICT4EE - Data
Taxonomy” (Ellis and Hannus 2011), D2.2 *ICT4EE - Knowledge and Current Practices’ (Kuhn et al
2011), D2.3 ‘ICT4EE - Impact Assessment Model’ (Ellis and Sheridan 2011) and the work package 3
deliverable D3.1 “Vision for Multi-disciplinary ICT-enabled Energy Efficiency’ (Fouchal et al 2011),
as illustrated in Figure 3. The proposed SRA suggests RTD topics in short, medium and long term,
bridging the gap between the state of the art and envisioned future.

SMARTT Taxonomy based on a bounded life cycle
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Figure 3: Combining deliverables in informing SRA development

The SRA essentially consisted of six ‘roadmap’ tables aligned to the SMARTT categories and
sub-categories. Each table briefly described:
Current state of the art for ICTs relating to each sub-category
Short-term research priorities (~3 years to industrial usage; adaptation, testing & take up of new
technologies, etc.)
Medium-term research priorities (~6 years to industrial usage; development of new applications and
incremental technologies, etc.)
Long-term research priorities (~9 years to industrial usage; radical technical developments, etc.)
Vision (~desirable future situation based on currently foreseen developments)

4.1 SRA for specification and design ICTs

Design is central given estimation that a major share (indicatively ~80%) of a product life time
environmental impact is determined in the design phase. This is especially the case when new
products/systems are designed. However, design for retrofitting of existing systems is also crucial as
many products/systems are renewed several times throughout their life time. The degree to which the
designed energy efficiency potential will be actually materialised, depends on the downstream life
cycle stages (materialisation, operation). Therefore, integration between different stakeholders and
stages is of fundamental importance for design.

The main trend in this area is ‘integrated design’ implying interoperability of various ICT
applications and sharing of information at high semantic level between stakeholders over all life cycle
stages. Impact beyond current state of the art will stem mainly from the integration of standalone ICTs
in terms of holistic energy efficiency design, see Tab
le 1 for more details.
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Table 6 above shows potential trajectories towards achieving the REVISITE vision and also includes a
short description of the current state-of-the-art for the four energy management levels. The references to
energy management in the listed levels refer mainly to two specific areas: 1) Facilitation of distributed
energy resources, interruptible loads and local storages while maintaining a secure and reliable network
operation, warranting network stability and power quality (the responsibility for transport/distribution
network operators) and, 2) facilitation of a level playing field for a competitive energy market for energy
and flexibility products (suppliers, aggregators, etc.).

5. CONCLUSIONS

In this paper, a multi-disciplinary SRA for ICT-enabled energy efficiency has been introduced. The SRA
consists of six ‘roadmap’ tables based on the six main categories and 21 sub-categories of the REVIiSITE
SMARTT taxonomy and provides a holistic cross-sectorial view of where ICT4EE research should focus
on from short term, medium term and long term respectively. The SRA concludes that the target research
domain consists of complementary areas that need to proceed in a balanced way in order to achieve
sustainable long term impacts. The overall expectation is that ICTs will contribute to applications with
higher level of semantics, knowledge sharing, system integration and interoperability. The impacts of ICT
on energy efficiency are subject to complex causal interdependencies of many different systems over
several life cycle stages. This fact in itself calls for research to model and quantify ICT impacts for
decision making about investments in ICT research and use.
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