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Executive summary

In 2008, Commission President Jos¢ Manuel Barroso stated “...the real gains will come from
ICT as an enabler to improve energy efficiency across the economy. ICT matters for energy
reduction, especially in transport and the energy intensive sectors. ICT’s ability to organise
and innovate is a key factor”."

The EU Commission has identified a “...clear need to create a level playing field based on
common ways of measuring energy performance ... and on a common understanding of

commitments, targets and methodology”.”

The main objective of the REVISITE Coordination Action is to produce a common cross-
sectoral ICT4EE roadmap to address this call. As allude to above there is no agreed ‘level
playing field’ when it comes to measuring energy performance or indeed the impact of ICT
on energy performance.

The document that follows firstly profiles the current state of play within the EU27 with
regard sector specific energy consumption across the four identified sectors, namely Smart
Grids, Buildings, Manufacturing and Lighting. The approach of other organisations focused
on developing methods to assess ICT impact on energy efficiency is then reviewed.
Subsequently, the main aim of the deliverable is addressed as the REVIiSITE common
methodology and taxonomy is presented.

Given the scope, resources and challenges posed in accurately measuring the impact of ICT
on energy efficiency a qualitative approach which leverages the heuristics of domain experts
was deemed appropriate and the methodology developed is based on ‘life cycle thinking’
coupled with elements of the Capability Maturity Model.

The SMARTT taxonomy is posited as a useful means for common categorisation across
sectors. SMARTT stands for Specification and design, Materialisation, Automation and
operations decision support', Resource and process management, Technical integration and
Trading/transactional management.

The methodology and SMARTT taxonomy were utilised throughout the project research to
guide the common assessment of ICTs in highlighting that which was homogenous,
heterogeneous and synergetic.

In short the REViSITE consortium deemed the approach to be a feasible and useful common
methodology and taxonomy for guiding research and roadmap development in the area of ICT
for Energy efficiency and is one that is open to use and adaptation by the wider community.
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Acronyms and terms

BAU........cooooeal. Business as Usual

BIM.........cooenen. Building Information Modelling
BMS....o Building Management Systems

CAD. Computer Aided Design

CEP.......coein. Complex Event Processing

CFD.....cociiii Computational Fluid Dynamics

CMM......cccoueenee. Capability Maturity Model

DEFRA.......... Department of Environment, Food and Rural Affairs (UK)
DMS ... Distribution Management Systems

EC ..o European Commission

ECTP...........oo.o.. European Construction Technology Platform

ECTP FAPICT ECTP Focus Area Processes and ICTs
EE......c.c. Energy Efficiency

EEA................... European Environmental Agency

EEB....cccovinn. Energy Efficiency in Buildings

EMS.........ool Energy Management Systems

ERP ..., Enterprise Resource Planning

ETP..ooviieen. European Technology Platform

EuP..........oooonls Energy using Products

GeSI ...l Global e-sustainability Initiative
GHG...............ee greenhouse gas

HVAC................. heating, ventilation, air conditioning

ICT ..o, Information and Communication technologies
ICT4EEB.............. Information and Communications Technologies for Energy Efficient Buildings
ICT4EE................ ICT for energy efficiency

IEA............. International Energy Agency

LCA....cccvrin Life cycle analysis

LEDs.....coovviinnnns Light emitting diodes

MFG..........ooool. Manufacturing

MMS ... Market Management Systems

PLC ...l programmable logic controllers

REG................0. REVISITE Expert Group

RES.........ooil. Renewable energy sources

RFID Radio Frequency Identification

ROIL.......coi return on investment

RID........ccovniin Research and Technology Development

SETAC Society of Environmental Toxicology and Chemistry
SME.....ccoovevenen. Small and medium enterprises

SOA....cciiee. Service-oriented architecture

SOTA State of the Art

Taxonomy........... Division into ordered groups or categories
WAM................. With additional measures

WEM.................. With existing measures

ZigBee Communication protocols designed to use small, low power wireless networks
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1 REVISITE project introduction

It is envisaged that REVIiSITE will contribute to the formation of a European
multidisciplinary 'ICT for energy-efficiency' research community by bringing together the
ICT community and four important and complementary application sectors: Smart Grids,
Smart Buildings, Smart Manufacturing and Smart Lighting. The REVISITE work package
structure is outlined in figure 1 below:

WpP4
Communication, dissemination and awareness raising

| A A A

WP3 Develop R&D Roadmap
for multi-disciplinary

ICT-enabled energy efficiency

T T Tl

Impact assessment of ICT
for energy efficiency

Communities consolidation

.

Project management

wpP2

wpP1

Figure 1. REViSITE Work Package structure.

The REVISITE project will co-ordinate co-operation and communication within the ICTAEE
research community in Europe. The core of this community will be formed from the
European Technologies Platforms (ETPs) that represent RTD in these sectors: ARTEMIS,
ECTP, MANUFUTURE, PHOTONICS21, SMARTGRIDS.

WP1 - REVISITE will identify complementarities between the four target sectors: grids,
buildings, lighting and manufacturing in the area of ICT for energy efficiency (ICT4EE),
harmonising common RTD priorities for ICT4EE in the four sectors, and establishing a cross-
sectoral "community" with links to different industry sectors and related ETPs.

WP2 - REVISITE will compile a state-of-current-practice review and develop a causal model
of how ICT can impact on energy consumption in 4 key sectors. Based on available statistical
data and, where such data is not available, estimations by experts, the project aims to identify
RTD priorities for ICT4EE.

WP3 - The project will engage key stakeholders from the 4 sectors via a 'focus group' and a
dedicated concise 'expert group' to compare and analyse sector specific RTD agendas such as
Strategic Research Agendas (SRAs) of the relevant European Technology Platforms (ETPs),
European and national RTD initiatives etc. A consolidated roadmap will be derived as a
synthesis. This will catalyse synergetic RTD and innovation in multiple sectors by pointing to
cross-sectoral RTD opportunities in common areas of interest that have the highest potential
1mmpact.
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1.1 Deliverable - Purpose and target audience

While the methodology was developed for internal use the report is a public document and it
is envisaged the generic taxonomy and methodology posited may offer value to those seeking
to categorise and assess the impact of ICT adoption in their chosen sector.

The ultimate goal of WP2 is to identify key ICT RTD topics for roadmap development. In
reaching this goal the consortium must identify that which is homogenous, heterogeneous and
synergetic amongst the sectors highlighting interdependencies and gaps while identifying best
practices. Any proposed methodology therefore needed to support the following activities:

* C(Classification of issues in the four sectors in a unified way so that findings can be
compared and common ICT-related RTD priorities can be identified.

 Identification of causal relationships between ICT and other factors that together influence
the overall energy efficiency.

* Assessing potential impacts.

Developing such a methodology is the purpose of this deliverable, which is essentially the
output of Task 2.1 - a common methodology to assess the impact of ICT developments on
energy efficiency. However, it was deemed necessary to incorporate elements of Task 2.6
‘Impact assessment model of ICT on energy efficiency’ given the obvious connection
between model development and the methodology adopted within the research.

Although the deliverable is a public document, the primary audience was that of the
REVISITE consortium. The aim to provide a common approach in preparation of
deliverables:

+ D2.2 ICT4EE — Knowledge and Current Practices review, (T2.2-2.5), and
* D2.3 ICT4EE — Impact Assessment Model (T2.6)

The approach in developing the T2.1 (D2.1) was to:

+ Identify existing methods that could potentially be applicable for REViSITE.

* Give preference to methods which were familiar to the involved participants.

+ Select a promising combination of methods.

* Prepare instructions to the rest of the consortium how to apply the methodology.

* Present the methodology to the consortium and to external experts and use their feedback
and suggestions to consolidate the methodology (workshop report D4.3-1a, held in June
2010, project month 6).

* Maintain consistency of the methodology as part of the WP2 management.

1.1 Project scope

The ICT energy paradox suggests that, while the ICT industry accounts for approx 2% of
global CO, emissions, it can have a significant enabling effect on reducing the emissions of
the remaining 98%. The focus of REVISITE is on the enabling impact of ICTs in four target
sectors - namely smart buildings, grids, manufacturing and lighting.

It should be flagged that this focus in itself is a limitation in that the important sector of
‘transport’ is outside the direct scope of REVISITE and, while there are other initiatives
focused on the transport sector, it is important to note that it would be impossible to

December 2010 Page 7 of 52



D2.1 - ICT4EE Data Taxonomy REVISITE: contract no.: 248705

holistically consider the enabling impact of ICT without considering effects across the full
sectorial spectrum.

That said, REVIiSITE will centre on examining the enabling impact of ICTs on energy
efficiency, in and across the above identified sectors, resulting from augmentation or
replacement of existing business-as-usual (BAU) products, services or systems. In trying to
understand the net impact, REViISITE must also consider the direct consumption impact on
energy by such ICTs.

Estimating the impact of such ICTs is a challenge, not least because assessing and
proportioning the impact of ICT’s must be done amidst sector specific non-ICT technology
advancement. For example, what level of improvement is attributable to solid state lighting
technology versus intelligent ICT control of that lighting? One needs to be careful about how
any potential abatement is communicated and whether it is estimated from an original or an
adjusted baseline.

One potentially fruitful means of examining the net impact of ICT4EE is to assess the
respective life cycles of the systems (sectors) in which they are deployed. The intent within
REVISITE is to utilise such an approach. However, the REViISITE methodology also seeks to
bound any ‘system of interest’ by excluding certain life cycle phases or rather by excluding
the assessment of ICT4EE in those phases as part of the current system assessment (see
Figure 2).

The reason for doing so, within REVIiSITE, is context dependant and is somewhat conceptual
in that these peripheral phases often represent a different system to the system of interest. For
example the ‘design’, ‘construction’ and ‘usage’ phases of the building life cycle sit within
the remit of ‘buildings’ while the preceding ‘products (materials) manufacture’ phase of the
building life cycle sits within the ‘manufacturing’ life cycle. Ones perspective needs to be
understood - is it a multi-sectorial or mono-sectorial view?

To explain further, and staying with the building example, energy abatements achieved in the
production of building materials positively impact on the building life cycle in terms of the
embodied energy of those products. However, if considering multiple sectors, the direct
energy abatement will have been accounted for in the operational phase of the manufacturing
process life cycle. When taking a multi-sectorial view one must ensure not to double count
improvements.

The REVISITE approach is designed to be multi-sectorial, but, is however, flexible. Again, in
the case of buildings, if one takes a mono-sectorial view, the REViSITE approach will allow
for upstream embedded or downstream energy to be considered as part of material
specification and dispose/recycle type decisions, without having to assess energy impact on
‘manufacturing’ or ‘waste/recycle’ industries processes as part of the building life cycle
assessment.

In summary, REViSITE will focus on ‘design’ ‘materialisation’ and ‘usage’ phases of the
typical life cycle of a grid, a building, a production system or lighting infrastructure in order
to understand and estimate the impact of ICT on energy efficiency across the four sectors.
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Basic product life cycle

Raw material

Design Production End of life
extraction

Typicallife cycle of a building

Product manufacture & Specification & Material selection & Operational &

: _ _ : Demolition & disposal
Transport design Construction Maintenance

Typicallife cycle of an ICT

Specification & Development, Testing Operational & o
Concept, want or need . Decommission
design & Deployment Support

REVISITE {bounded] life cycle

Design 3 Materialisation

Figure2. Bounding of Life cycle

*Note* ‘Materialisation’ is a neutral term used within REVISITE to delineate the ‘Production’
‘Construction’ and ‘Development’ terminology of the specific sectors.

1.2 Scenarios, Assumptions & Definitions

The need for a systems approach is well understood and the REVIiSITE consortium is
cognisant of the part ‘interconnectedness’, ‘emergence’ and ‘unintended consequence’ play in
accurately understanding and predicting change within any system. It is worth noting again
therefore those variables and sectors outside the scope of this project that hold immense
implications for energy consumption and efficiency within the EU27.

Transport, both of people and cargo, is extremely pertinent to the discussion on energy
consumption and efficiency. In fact, the energy impact of many of the ICTs utilised in the
REVISITE target sectors are realised within the transport sector. So, while not directly the
focus here, transport needs to be inherently considered.

The REVISITE research is about identifying those ICTs best positioned to deliver EE gains in
the identified sectors. But it is recognised that ICT4EE is but one pillar in achieving energy
and emission targets. Solid state lighting, engine and aerodynamic improvements in transport,
energy efficient manufacturing techniques and building material advancements are all

examples of technological enablers that are in the main outside the scope of a review on
ICT4EE.

Renewable energy and dematerialisation are others, while the role of social, economic and
behavioural elements cannot be over emphasised. In fact it could be argued that economics,
and, by association ‘markets’, has been and will continue to be the primary driver of energy
consumption and efficiency decisions.

The path to success will encompass thousands, perhaps millions, of trade-off decisions and
those decisions will often come down to economics. Decision makers must be influenced.
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Making the case for ICT and renewable energy investment, as well as offering incentives and
informing consumption behaviour, will all play a part in the holistic effort required to
influence citizens and commerce in achieving target reductions. The role of policy is obvious
and paramount. That said, the reality for REVIiSITE is that the consortium must focus on
estimating the impact of ICT4EE in the identified sectors but will do so inherently mindful of
the above considerations.

Within many disciplines it is appropriate to model future systems in order to gain some
understanding and inform choice. When dealing with future events one must make decisions
about how to model that future. In terms of scenario setting REViSITE will reference three
reports, namely the ‘Greenhouse gas emission trends and projections in Europe 2009’ report’,
the ‘]?uropean Energy and Transport Trends to 2030°* 2007 report and the 2009 update of the
same’.

The ‘Greenhouse gas emission trends and projections in Europe 2009’ report identifies two
scenarios ‘with existing measures’ (WEM) and ‘with additional measures’ (WAM). These
scenarios are, in the main, consistent with the ‘Baseline’ and ‘Reference’ scenarios of the
2007/2009 DG ‘European Energy and Transport Trends to 2030’ reports. Essentially both
documents estimate the effects implementation of current and additional identified policies
might have on energy within the EU.

Apart from some additional policy inclusions in the 2009 documents, the assumptions that
underpin the reports are consistent. However, the recent economic downturn has necessitated
the updating of projected consumption and CO,e values. The 2009 baseline scenario, which
assumes existing measures, is now anticipated to account for a 14% reduction in CO,e levels
within the EU27 by 2020, as opposed to 6.4% identified in the 2007 report. While the
‘Reference’ scenario, which assumes the implementation of identified additional measures, is
now forecast to account for a 20% reduction on 1990 levels. The Eurostat monthly gross
consumption figures would suggest the 2009 reductions will be in the order of 5-6%, a fact
supported by the EU report ‘Europe’s Energy Position — markets and supply’ report’. This
means that, as a result of the economic downturn, and assuming implementation of
‘Reference’ scenario conditions, the EU 2020 targets would be exceeded.

The REVISITE research is set in the context of this shifting landscape. However, the
REVISITE objective is normative in the sense that specific targets, embodied in the
Commission *20 20 by 2020 -Europe’s climate change opportunity’’ and the GeSI Smart
2020 report®, are set and the objective is in assessing the impact ICT can have on such targets.
To a degree the REVISITE research need not dwell on the overall predicted consumption
figures because the objective is more about identifying the impact of ICT in terms of an order
of magnitude and identifying those ICTs with the highest potential for impact. Nevertheless,
REVISITE aims to be both systemic and rigorous in its approach and it is paramount therefore
that REVISITE be explicit regarding the assumptions, terminology, data and resources used.
What follows outlines the main assumptions that underpin the REViSITE approach.

* The geographical frame of reference for the studies is the EU-27.

* The time frame in terms of impact assessment is 1990 to 2020.

* The overarching target is a 20% cut in emissions with respect to 1990 CO,e levels by
2020. Note - EU27 does not have a commitment under the Kyoto protocol.

* The prime units of reference will be ‘watt hours’ or ‘toe’ (tonnes oil equivalent) and
‘carbon dioxide equivalent’

* The EuP EcoReport used emission factor of 0.4582 kg CO,e / kWh for electricity
consumption will be assumed where direct data is unavailable and calculation/estimation
is required. 1toe = 11.63 MWh
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* REVISITE is focused on ICT4EE. Energy efficiency within REViSITE is defined as ‘a
process that uses less energy per unit of service’.

» It must be stressed that energy efficiency and energy conservation are not the same.
Conservation is about refraining from use in maintaining or reducing current levels.
Efficiency is about maintaining the same level or increased levels of commerce while
using less and this may result in a net reduction in COxe.

» ICTs have the capacity to reduce the energy and carbon intensity in predominately three
ways:
= Reduced direct energy consumption. Less oil, gas, electricity etc
= Indirect energy savings due to reduced or eliminated travel (people/goods).
= Indirect energy savings due to reduced or eliminated materials and space

* REVISITE research will focus on the impact ICT can make with respect to direct prime
energy and electrical consumption within grids, buildings, manufacturing facilities and
lighting infrastructure. That is lighting both internal and external to buildings.

» Lighting — is treated as a separate sector to buildings as it includes external street lights
and on-street signage. The separation is also testament to importance and potential
existing lighting technology has in meeting medium term EU emission targets.

* Indirect energy consumption savings in the external transport network due to reduced or
eliminated travel of people/goods will be referenced as long as the ICT is directly
employed within one of the target sectors.

* Reductions in prime energy or electrical power due to reduced movement of people/goods
within manufacturing facilities or buildings should be the focus for REViSITE i.e. intra-
logistics, however, improvements realised above in the transport sector, as a result of ICT
deployment in the target sectors, can be included. A manufacturing intra-logistics example
might be - where Enterprise Resource Planning leads to improvements in the energy
efficiency of manufacturing equipment and internal transfer processes through better
shop-floor scheduling.

* Dematerialization in terms of products is out of scope. The reason for this exclusion is that
this project focuses on manufacturing processes as opposed to products. However, it is
recognized that dematerialization of product offerings is a burgeoning and important
element in addressing energy consumption / efficiency. An example for inclusion within
REVISITE might be - ‘digital mock-ups’ reducing energy intensity in terms of physical
prototyping in the manufacturing design phase.

* The limitations in bounding or taking a partial/simplified life cycle view (Fig 2) are
understood but deemed appropriate, a position validated by the REViSITE Expert group
(REG) as being ‘sound’.

* The production of building materials, as per Eurostat, will be addressed within ‘industry’
figures. As discussed in section 1.1 the approach still allows for embodied energy
considerations that feed into the bounded life cycle if taking a mono-sectorial view.

* REVISITE will only address the consumption behaviour of users within the target sectors
in line with the bounded system.

* The assumption throughout REVIiSITE is that, once given the information, users will
make choices that reduce their energy intensity. This is of course a leap assumption and
the economic factors touched upon will, for one, play a paramount role in this regard.

» First order, primary or direct effects refer to the immediate impact of ICTs on energy
intensity and carbon emissions i.e. its own footprint or consumption.

* Second order, secondary or indirect effects refer to the impact on other sectors or
sometimes other systems within the same sector due to the deployment/usage of ICTs.

* Third order or tertiary effects refer to impacts that manifest in terms of new usage
patterns/behaviours due to ‘longer-term’ ICTs usage and may emerge in social, economic
or environmental impacts.
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* The ‘Shifting of burdens’, i.e. savings in one phase at the expense of another will be
considered throughout.

* ‘Rebound effects’ are akin to the system concept of ‘unintended consequence’. ‘Rebound
effects’ in an energy context describe the situation whereby users negate savings made by
energy efficient investment through increased consumption. As an example °...the
introduction of telecommuting in a facility delivers a net decrease in emissions but the
savings from reduced travel and building emissions are somewhat negated by changes in
home consumption’. A possible indirect third order effect in this case might be an increase
in urban sprawl. The extent to which ‘rebound effects’ negate emission reductions is the
subject of much debate and is beyond the scope of REViISITE. However all effects will be
included where there is justification to do so and where the effect is in terms of energy
consumption. That said, any policy maker would need to consider such effects.

A note on two themes central to REViSITE research:

Causality is a key topic, with the model of T2.6 (deliverable D2.3) being a causal model.
Understanding the emission footprint i.e. the direct effect of ICTs on their environment is part
of the process but understanding the indirect enabling effects of those ICTs is where the
research is essentially targeted. Understanding the ‘knock-on’ direct and indirect causal
effects a particular ICT has is an arduous process but needs to be considered and captured
throughout. REVISITE will rely on partner research and expertise to identify relationships to
inform the T2.6 model

Interoperability will be paramount to the REVISITE research. The identification of
‘integration technologies’ within the taxonomy is part of the equation. However, knowledge
about the information itself is crucial to achieving interoperability among processes, people,
and organizations that goes beyond ICT system and application integration. Context and
semantic interoperability is as important and, where specific to the sectors, will be considered
by REVISITE as they investigate integration technologies

In summary, REViSITE will, in line with the EU ‘Impact of information and communication
technologies on Energy Efficiency —final report” and the GeSI Smart 2020 report, focus on
the extent to which energy efficiency and hence CO,e abatements/reductions can be
achieved/enabled through ICT investment/adoption. The research will focus on the four target
sectors and on identifying the types of ICT technologies that will have the greatest impact on
energy efficiency. The ultimate aim is to develop a roadmap that informs strategy, investment
and policy in this space.

1.3 Reading the rest of this document

Section 2 that follows is essentially background information that influenced the REViSITE
approach. A high level (EU27) assessment of the energy profile of the sectors together with
an estimate as to the energy abatement potential of ICTs at a macro level are given in Section
2.1 & 2.2 . Existing methods and best practice covering what other organisations are doing in
this space of ICT impact assessment is covered in sections 2.3 2.4. A description for the
consortia on how one might represent ‘causality’ internally is also introduced.

If the general reader wishes to understand the REVISITE approach specifically without
reading through section 2 background information then they can move to section 3 which
gives an overview of the REVISITE approach together with section 4 which furthers
discusses the approach with the aid of an example. Any general reader should understand the
approach was essentially developed with the internal Partners of the REVISITE consortium
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in-mind however it does represent an approach the consortium deem useful in the context of
the wider community.

2 Assessing Impact - Background & existing practice

2.1 Energy Profile of EU-27

The GeSI Smart 2020 report projects global emissions will be 51.9 GtCO,e in 2020 under a
business as usual scenario. The ICT sector footprint for 2020 is estimated to be 1.43 GtCO,e
or 2.7% of total emissions. This is taken to be the assumed World baseline scenario for the
ICT industry by REVISITE and is consistent with cross-referenced values calculated under
the WEM (baseline) and WAM (Reference) scenarios see Annex 1.

Total ICT enabled reductions within the GeSI report is estimated to be 7.8 GtCO,e. This
figure is equivalent to the entire potential saving identified for Europe in the 2006
Commission report ‘Action Plan for Energy Efficiency: Realising the Potential’'’ and
highlights the potential pervasive impact ICT can have. However both reports include
logistic/transport abatements and within the Smart 2020 report dematerialisation abatements
are also included. Logistics, transport and dematerialisation are not the focus of the
REVISITE study.

2007
EU2T as
Indicator World EU27 % of
world
Mtoe Yo
Gross inland prime energy production 11,939 849 7.11%
Gross inland prime energy consumption 12,029 1,808 15.03%
Final energy consumption 8,286 1,165 14.06%
MtCO2e %
Total emissions 41,413 5,039 12.17%
TWh %
Gross Electrical generation 19,771 3,368 17.04%
Final Electrical consumption [1414Mtoe) 16,445 2,844 17.29%
Source: IEA 2009 key indicators + Eurostat
{based on IEA 2009 CO2 value represeniing 77% of GhG + 20% for deforestation, decay & biomass)

Figure 3. Comparing World & EU27

Use of ICT products and services represents about 7.8% of electricity consumption in the EU
and may grow to 10.5% by 2020''. From Figure 2, in 2007 the EU-27 accounted for 7% of
world prime energy generation and 17% of world electrical generation. Prime energy
consumption was 15% of world values with final energy consumption at 14%.

Total 2007 (GhG) emissions stood at 5.039 GtCOse, approximately 12% of world COze
values. However this excludes net CO, removals from land use, land use change and forestry
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(LULUCEF). If including global emissions from deforestation the share would be 11%. Figure
4 shows the breakdown of CO,e within the EU27 by sector and by gas for 2007. Figure 5
shows the % consumption of prime energy by sector within the EU27 for 2007.

EU27 - 5,039 MtCO2e 2007 EU27 - 5,039 MtCO2e 2007

M Energy (include 7%
transformation)

9% o Industry . 7%
|
15% b Transport

Other

' ' Agriculture
Waste

Figure 4. COe breakdown EU27 (2007) (source Eurostat)

3%

H Carbon Dioxide

B Methane

Nitrous Oixide

F-Gases

0gB% _0.1% 2007 M Transformation power & heat

B Transport
0.3%

W Manufacturing

15%

6.6% —\

6.4%

M Households

B Services
B non-energy uses
Energy branch consumption + losses
Agriculture
Other services
Exchange & transfer returns

statistical differences

Figure 5. EU27 energy consumption (source Eurostat)

According to IEA and EEA sources energy intensity was originally assumed to increase by
0.8% per year in EU27 and 1.9% globally from 2010 to 2020. However the recent economic
downturn has had significant impact on energy consumption trends.

Figure 6a presents projected trends from 2007-2020. The 1990 base levels on which 20%
targets are calculated are referenced. The graph is consistent with the ‘EU Trends to 2030’
2007 report and also illustrates its 2009 update.

In the original 2007 report the ‘baseline scenario’ consistent with the “‘WEM scenario’ of the
EEA 2009 GhG report projected COse savings of 6.4% on 1990 levels. However, as per the
2009 update to the EU Energy trends report, the changing landscape means the baseline
scenario 1s more likely to see savings in the order of 14.3% and with additional measures
(WEM) the ‘reference’ scenario should achieve ~ 20.9% savings on 1990 levels.
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Figure 6a. EU27 COse emission projections EU27 (2007 & 2009 reports)

However consumption figures for 2009 were not fully complete when these projections were
made and the Eurostat monthly consumption figures for 2009 would suggest that there has
been a more significant downturn in energy consumption for 09 than previously thought.
Figure 6b outlines the effect this may have for CO,e percentage savings.

3800

1980
5600 |y
5400 +——
5200
5000 ] == Baseline scenario (2009 report)
Ly

D | — - - =
4800 : — s 143 Baseline scenario (adjusted as per '09

L Monthly values)
4600 & -16.6%

~5% downturn '09 Reference scenario (adjusted as per
4400 '09 Monthly values)
2200 W -236%
4000
1950 ‘200? ‘ ZDDB‘ 2009 ‘ 2010 ‘2011 ‘ 2012‘ 2013 ‘2014 ‘2015 ‘ 2016‘ 2017 ‘2018 ‘ 2019 ‘ 2020
EU27 CO2e trends Baseline scenario + Reference scenario (MtCO2e) 2009 adjustment

Figure 6b. EU27 COse emission projections EU27 (2009 downturn adjusted)

The link and effect economic activity has for energy consumption and associated CO»e is
apparent. However there seems to be an increased decoupling of energy consumption and
economic output. It is somewhat arduous to predict exact abatements however it now seems
likely that baseline scenario will result in ~ 7-10% lower CO,e values by 2020 than originally
envisaged in 2007.

Trend’s apart the question here is ‘to what degree does ICT impact on consumption
abatements?’ REVISITE will endeavour to estimate that impact of ICT and more importantly
highlight favourable actions to enable such abatements.
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From Figure 5a, total EU27 CO,e would under the 2009 Reference scenario equate to ~ 4,451
MtCOze, a 1,113 MtCOse (20.9%) saving/abatement on 1990 levels. The following section
therefore estimates to what degree the four identified sectors might contribute to those
abatements via ICT enabled initiatives. In doing so it references estimated 2020 values based
on the original 2007 baseline trends. The reason for this is in part because sector specific
references have not typically been updated to reflect reduced economic activity.

2.2 Energy Profile of Target Sectors

Global figures for the four sectors reference the 2008 GeSI Smart2020 and the IEA 2009
reports. All EU27 figures reference Eurostat and other commission sources. Figure 7 below
identifies the projected prime energy of each of the sectors in 2020 and is taken from Annex 2
which is a REVISITE synthesis of sources including Eurostat tables and the 2007 ‘European
Energy and transport trends to 2030’ report.

Total prime energy consumption in each sector is identified in million tonnes equivalent. The
total potential saving based on the literature is presented and the total CO,e saving attributable
to ICTs is calculated from total savings based on world % as per GeSI smart 2020 report.

Note that lighting is included within Buildings in the GeSI report and an adjustment to
building sector total was made in separating this out.

Source: own analysis based on
2007 EU trends to 2030

Source: GeSl Smart 2020 Source: various ETP sources

. Projected ICT Enabled Sector Total Projected ICT enabled as
2020 Baseline
Abatements Abatements a % of Total
Mtoe MtCO2e % MtCO2e % MtCO2e
Total 1,961 5,207 493 880 56.0%
Energy transformation 457 1,213 14.26% 219 20.0%
Energy branch consumption 95 252 less user -30 5.0% 257 73.5%
Energy branch Losses A7) 72 abatements = 189 3.0%
non 5e5 125 32
exchange, returns & sia fces -40 -107
Total Final energy consumption 1,208 3,447
Buildings 437 1,160 13.30% 154 27.0% 313 49.3%
Manufacturing 346 915 14.90% 137 25.0% 230 59.6%
Ligh‘tina 60 159 7.60% 12 50.0% 80 15.2%
Tro t 433 1,150
A 58

Figure 7. Potential 2020 sectorial breakdown- (REVISITE summarised synthesis from Annex 2)

If assumptions made in the GeSI report hold ICT enabled changes could account for ~ 56% of
the four identified sector specific abatements. If ICT enabled abatements alone were
implemented the projected 2020 CO,e values would be ~ 15% below 1990 levels as opposed
to 6.4%.

Estimated abatements identified in the 2006 ‘Action Plan for Energy Efficiency’ for buildings
and manufacturing are indicative of much of the literature relating to these sectors (27% &
25%) and were used here to calculate sector specific abatements. Smart grid projections are
taken from various ETP sources and Eurostat data regarding transformation efficiencies,
integration of renewable, energy branch consumption and losses projections. Lighting here
represents ~13% of the building figure and is stripped out and presented separately. It is
estimated that changes to lighting technologies like LED could save as much as 50%.
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However the emphasises here is ICT enabled change. Abatements due to lighting automation
referenced in the GeSI report are taken to be indicative of what can be achieved.

2.21 Grids

e Total power sector (global baseline) emissions in 2020 are estimated to be 14.26
GtCOze of 51.9 GtCOze (27.48% of total). Figure 3 shows this is in the order of 32%
within the EU27 for 2007

e Total predicted ICT enabled abatements in the sector is estimated to be 2.03 GtCOxse,
14.24% of 2020 total Global power sector emissions.

e 280 MtCOe (13.8%) of that 2.03 GtCO,e figure is attributable to ‘reduced
consumption through user information’.

e From figure 7 projections 2020 prime energy consumption would equate to ~576
Mtoe. With emissions equating to approx. 1,537 MtCO»e.

e Assuming the 14.26% savings in above Figure 7 scenario holds true for EU27 total
projected ICT EU27 smart grid abatements (WEM) would equate to 1,537*14.3% =
220 MtCOze however 13.8% of this is demand side reductions and is accounted for in
other sector calculations. Therefore projected ICT enabled Smart Grid saving
within the EU27 = 189 MtCOQO»e.

SMART grids: The global impact in 2020

GtCO,e

Total emissions BAU
in 2020=51.9 GtCO,e

@ Total emissions from the power sector
Total ICT smart grids abatement potential

Reduce T&D losses
Integration of renewables
@ Reduce consumption through
user information ——
® DSM T

Source - The GeSI SMART 2020 report

Figure 8. Smart Grids: The Global Impact in 2020

2.2.2 Buildings

e From Figure 9 Total world building emissions (BAU) in 2020 is 11.70 GtCOxze.

e From Figure 9 Total globally predicted ICT enabled abatements in sector equals 1.68
GtCO,e however this includes 0.12 GtCO,e for lighting automation which falls within
the SMART Lighting remit. Therefore world total is 1.56 GtCOze or 13.33%.

e From Figure 7 - buildings having adjusted for the removal of lighting equates to a
projected 437 Mtoe prime energy consumption or 1,160 MtCO,e

December 2010 Page 17 of 52



D2.1 - ICT4EE Data Taxonomy REVISITE: contract no.: 248705

e Potential total savings equate to 27% of this ~313 MtCO,e with ICT enabled
savings being 13.3% or 154 MtCO,e

SMART buildings: The global impact 2020

GtCO,e

Total emissions
BAU in 2020=
51.9 GtCO,e

® Total emissions from buildings (including Intelligent commissioning ® Heating, ventilation and air conditioning
]:-my'er) tot_.li emissions from power used Improved building design for (HVAC)
by industrial systems IS energy efficiency ® Lighting automation
Total ICT-enabled smart buildings BMS Ventilation on demand
abatement ® voltage optimisation Reduced building space through design

® Benchmarking and building
recommissioning

Source: GeSI SMART 2020 report

Figure 9. Smart Buildings: The Global Impact in 2020

2.2.3 Manufacturing

‘Manufacturing includes all industrial activities from customer to the factory and back to the

customer, the term production may be used for the process of making the goods.

Manufacturing processes also involve supply chains that span the globe as well as lifecycle of
512

a product.

However within REVIiSITE the focus will be on the production-system as per section 1.3 and
the focus is bounded within the physical production plant the machinery and processes
required to produce product and the energy intensity of such facilities. ‘Industry’ as defined
within Eurostat is consistent with this definition. Figures reported here as ‘industry’ equate to
‘manufacturing’.

‘Industry’ is defined by Eurostat as all industrial sectors, e.g. iron and steel industry, chemical
industry, food, drink and tobacco industry, textile, leather and clothing industry, paper and
printing industry, etc., with the exception of transformation (energy sector) and/or own use of
the energy producing industries. Small-scale craft industry is reported by Eurostat under
household and services, with external logistics reported under transport.

In addressing potential abatements in manufacturing the GeSI Smart 2020 report refers to
‘smart motor systems’ however the abatements outlined actually cover ‘smart motors’ and
‘industrial process automation’ this aligns with the REVISITE ICT production-system focus.
In total 1.1 GtCO,e are listed as being the potential global abatements for industry but this

December 2010 Page 18 of 52



D2.1 - ICT4EE Data Taxonomy REVISITE: contract no.: 248705

includes 0.1 GtCO,e due to dematerialisation. In short 0.97 GtCO,e can be taken to be
reflective of possible world abatements.

The 297 Mtoe value in Figure 10 is approx 16-17% of the 2005 EU-25 primary energy
consumption. From Figure 7 this is projected to be ~ 346 Mtoe or 919 MtCO,e by 2020.

From EU27 Eurostat figures, industry consumption as a percentage of gross energy
consumption averaged 18.62% for the period 1997-2008 (See Annex 2). This percentage is
consistent with Figure 10 sources, ‘ICT and Energy Efficiency - The case for manufacturing’
and ‘action plan for Energy efficiency: Realising the potential’, with respect to total prime
energy consumption of industry. Average electrical consumption equated to 39% for the same
period.

oS
e oces™e Industry
o ® Smart motors
'\06 ¥ Industrial process automation
&
= s Dematerialisation™ (reduce production
@O'&" of DV Ds, paper)
=
=y
=N
o
=
i
= 5
=
Z
¥ Total emissions from power used by
industrial systems
Total ICT smart motor system
abatements
Source: GeSI SMART 2020 report (adapted) ICT-driven automation in key
industrial processes
Optimisation of variable speed motor
systems
Energy Energy Consumption Energy Saving Full Energy Saving
Sector consumpftion (Mitoe) 2020 (Business Potential 2020 Potential 2020 (%2)
(Mioe) 2005 as usual) (Mioe)
Manufacturing
Industry 297 382 95 25%
Source: EUU Commission "Action plan for Energy efficiency: Realising the Potential’ (adapted)

Figure 10. Smart MFG: The Global Impact in 2020

From Figure 7 total projected savings are estimated at 230 MtCOe or ~ 87 Mtoe which is
comparable with the 95 Mtoe of Figure 10 when adjusted to remove logistical savings. ICT
enabled abatements are therefore projected to account for ~ 137 MtCOQO,e. This saving
aligns to the GeSI estimates of 14.61% abatements. EU27 2007 industry consumption
represents 14.55% of world industry consumption see IEA + Eurostat compare (Figure 11)
and 14.61% of 970 MtCOse (i.e. the estimate global impact of ICT on industry) is 141
MtCO,e.

2007
world | eu-27 |EU-27as
Mtoe % of
Total Final Energy consumption (industry) 2,2?5' 331] 14.55%

Source IEA 2009 report + Eurostat 2007

Figure 11. EU27 MFG as a % of World MFG
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2.24 Lighting

Lighting is a large and rapidly growing source of energy demand and greenhouse gas
emissions. In 2005 grid-based electric lighting consumed was 2 650 TWh worldwide, about
19 % of the total global electricity consumption. *> Global lighting electricity use is distributed
as approximately 28 % to the residential sector, 48 % to the service sector, 16 % to the
industrial sector, and 8 % to street and other lighting. For the industrialized countries national
lighting electricity use ranges from 5 % to 15 %, while in developing countries the value can
be more than 86 % of the total electricity use.'* The percentage of the electricity used for
lighting in European buildings is 50 % in offices, 20-30 % in hospitals, 15 % in factories, 10-
15 % in schools and 10 % in residential buildings."’

Directive 2005/32/EC of the European Parliament and of the Council of July 6th 2005
establishes a framework for the setting of ecodesign requirements for energy-using products
(EC 2005). A recast of the directive was adopted on 21 October 2009 (Ecodesign Directive
2009/125/EC). The implementing measures have been published in form of Commission
Regulations (Commission Regulation (EC) No 244/2009 and 245/2009). Regulations will
gradually phase out incandescent bulbs starting in 2009 and finishing at the end of 2012, give
limits for the efficiency of ballasts and stand-by losses and set limits for the efficacy of
discharge lamps.

In different studies lighting has been found to be a cost-effective way to reduce CO,
emissions. The Intergovernmental Panel on Climate Change for non-residential buildings
concluded that energy efficient lighting is one of the measures with the largest potential and
also providing the cheapest mitigation options. Among all the measures that have potential for
CO; reduction in buildings, energy efficient lighting comes first largest in developing
countries, second largest in countries with their economies in transition, and third largest in
the industrialized countries. '

The 2006 ‘Action Plan for Energy Efficiency: Realising the Potential’ suggests “20% of
global electrical energy production today is used for lighting. According to studies, the
adoption of high efficiency Light Emitting Diode (LED) technology, already available on the
market, could by 2015 save 30% of today's consumption for general lighting and 50% by
2025”.

Table 97: Saving potential for lighting according to ELC 2008
Savings potential (per year) *
Savings potential in Euro Euro/kWh
Domestic Lighting 23 632 £ 9.3 hillion £€0.15
office Lighting 8 21.6 € 2.3 billion € 0,10
Industrial Lighting a8 21.6 € 2.2 billvon €010
Streat Lighting 3.5 9.5 € 0.9 hillion € 0.10
Total 42 5 114.9 € 14.6 billion N/ A
* This figure is based on the latest (conservabive) industry estimates for the a total swikch to energy efficient stieet, office,
imdustry and domestic lighting in the EU [27]. Detziled savings potential figures fream each EJ member statec are in the process
of being caloulated by the ROMS programme.
** Figure courtesy of the Intemabonal Energy Agency - 0.37ka COZ/kWh - CO2 EMISSIONS FROM FUEL COMBUSTION (2006
Edition} - IL. 51
#=* Figure courtesy of Philips Lighting B.W

Fig 12 - Saving Potential of Lighting

The GeSI Smart 2020 report suggests lighting automation within buildings equates to 0.12
GtCOge.
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The ELC federation suggests the saving potential of lighting to be 42.5 MtCO, a year (see
figure 12 above). However again the changing of lamp type is not the focus of REVIiSITE but
rather ICT enabled savings. The GeSI figure of 0.12 GtCO,e is taken to be realistic for
lighting automation.

From Figure 7 the total lighting consumption in buildings equates to ~60 Mtoe. Therefore the
ICT smart lighting potential abatements for the EU27 equate to 12 MtCO:e.

2.3 Existing Sector specific taxonomies and points of reference
2.3.1 The need for a common approach and taxonomy

It is apparent that the task of assessing the energy profile of the various sectors at the Eu27
level is a considerable task. Even more arduous is the task of estimating the impact of ICTs on
the energy efficiency and consumption of those sectors. When dealing with four different
sectors with their own units of measurement, language, practices and terminology it is
important to offer a means of common assessment. A common methodology and taxonomy
for categorising technologies is required. As such REVIiSITE set about researching existing
methodologies and taxonomies that needed to be considered, utilised or adapted in offering a
common means of assessment to all four sectors.

2.3.2 Existing taxonomies

Our research suggests that there exists no commonly known taxonomy for the categorisation
of ICTs relevant to a specific sector or sector specific life cycle nor is there a general
taxonomy that could be applied. The most relevant taxonomy in this regard was that
developed by the REEB consortium'’. What follows is a description of that taxonomy which
related to the smart building sector only.

REEB:

A common taxonomy in the REEB project has been defined in order to ensure broad coverage
of the scope of the ICT4EEB domain, to harmonise work between different WPs within the
project and to present the project results in a consistent way. All reports of REEB apply a
similar structure with some variations depending on the specific contents.

The taxonomy has 3 levels: categories (underlined), sub-categories (italic) and RTD topics
(normal). The categories and sub-categories have proven to cover the scope well and are quite
stable, while an almost endless number of RTD topics can be identified. The below RTD
topics are common examples.

1. Tools for EE design and production management

* Design: CAD, configuration management, visualisation of design solutions

* Production management: contract & supply network management, procurement, logistics,
on-site and off-site production management.

* Modelling: building & district modelling, ontology’s, semantic mapping.
* Performance estimation: simulation, whole-life costing, life cycle assessment.

2. Intelligent control

* Automation & control: system concepts, intelligent HVAC, smart lighting, ICT for micro
generation & storage systems, predictive control.

* Monitoring: instrumentation: smart metering.
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* Quality of service: improved diagnostics, secure communications.
» Wireless sensor networks: hardware, operating systems, network design.

3. User awareness and decision support

* Performance management: Understanding ICT impacts, performance specification,
performance metrics, performance analysis and evaluation, conformance validation,
commissioning, audits, labelling.

* Visualisation of energy use.
* Behavioural change by real-time pricing.

4. Energy management and trading

* Building energy management: building management systems, metering infrastructure, on-
demand energy management and optimisation, load and distributed energy resources
forecast algorithms, smart appliances.

* District energy management: demand response capabilities, real-time self-assessment, load
balancing techniques, energy network design and integration, secure, ubiquitous and low-
latency communications, interfaces with smart grids.

5. Integration technologies

» Process integration: collaboration support, groupware tools, electronic conferencing,
distributed systems, business work flows.

» System integration: plug & play, connections, service oriented architectures, integration
and service platforms, cabling, gateways, middleware, development methods and tools.

s Interoperability & standards: BIM standardisation, simulation and interoperability,
protocols for real time operation, energy trading protocols.

* Knowledge sharing: access to knowledge, knowledge management, knowledge
repositories, knowledge mining and semantic search, long-term data archival and recovery.

* Virtualisation of the built environment: Replacing physical assets with services and ICT,
teleconferencing, remote learning.

ECTP SRA+IAP

The ECTP SRA + IAP are currently under revision. The draft version v.1.02 (3 Nov 2009)
includes 59 “items” organised into 9 “priorities”:

A Technologies for healthy, safe, accessible and stimulating urban and indoor environments
for all.

B Innovative use of underground space.

C Energy efficient buildings — This priority is being implemented by E2B PPP.
D Reduce environmental and man-made impacts of built environment and cities.
E Sustainable management of transports and utilities networks.

F A living cultural heritage for an attractive Europe.

G Improve safety and security within the construction sector.

H New integrated processes for the construction sector — This priority is being addressed by
FP7 Coordination and Support Actions REEB, REViSITE and ICT4E2B Forum, and a
number of projects in FP7 and CIP ICTPSP.

I High added value construction materials.
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Due to application-orientation, many of these categories address similar or same technologies
(e.g. ICT). In order identify potentially common RTD topics, the ECTP FA Processes and
ICTs has regrouped the “items” e.g. as shown in Figure 13. This exercise is quite similar to
REVISITE: construction sector consists of several segments, in this case shown as four. The
challenge is to identify common RTD topics between them.

toplcs

research

Common

Application contexts: Construction artefacts

Buildings Underground Cultural Infra-

& cities constructions heritage structures
'Bnlg:;s; Business models - Continuous commissioning — Contracts — Customer orientation -
s ESCO - Incentives - Partnering - Requirements — Services - System integration
Products Enengy efficient constructions - Multifunctionality
:(:mlg Actuators - Control - Monitor - Sensors - Testing
Life cycle Assessment - Management systems - Decision support — Diagnostic — Indicators -
management Performance metrics - Prediction - Risk - Simulation - System identification

riies: Acoustic - Adaptable - Aesthetic - Biocides - Clean - Durability - Electro-

3 maqnetic - Embedded en - Feel - Fire resistance - Heat storage - ienic -
Materials Instal%lllity - Light - Moisture control - Permeability - Prefabricated B ecsule resstance
- Rdiability - Smart - Surface - Themmal - Usabiity - Waterproof

Production Conservation - Construction - Demadlition - Equipment - Intervention - Logistics -

methods Machinery - Maintenance - Manufacturing - Production - Protection - Recycling -
Remediation - Repair - Retrofitting - Reuse - Risks - Safety - Secunty - Waste treatment

ICTinfra- Databases - Citizen interaction - Collaboration support —

structures Information management systems - Interoperability

Knowledge Demonstration - Design rules - Dissemination —

sharing Knowledge transfer - Standards - Understanding

Figure 13. Tentative consolidation of the topics of the ECTP SRA+IAP.

2.4 “Quantifying” potential impact

241 Existing assessment methods

Existing Standards / Guidelines

The ISO 14040 series, PAS 2050 (proposed Publically Available Specification) and GHG
Product Protocol are widely referenced. Commission, DEFRA, EEA and IEA resources are
extensively referenced within the literature.
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LCA

The only internationally recognised standard for LCA is the ISO 14040 series see illustration
below. ISO define LCA as “the compilation and evaluation of the inputs, outputs and the
potential environmental impacts of a product system throughout its life cycle.”'®

SETAC definition - “Life Cycle Assessment is an objective process to evaluate the
environmental burdens associated with a product, process, or activity by identifying energy
and materials used and wastes released to the environment, and to evaluate and implement
opportunities to affect environmental improvements.”

The commissions LCA Info Hub website states “LCA, is a methodological tool that applies
life cycle thinking in a quantitative way on environmental analysis of activities related to
processes or products (goods and services). A central characteristic of life cycle assessment is
the holistic focus on products or processes and their functions, considering upstream and
downstream activities”

The word ‘objective’ in the SETAC and ‘potential’ in the ISO definitions should be noted, as
LCA is not a measurement system but rather a type of ‘quantitative’ modelling approach and
any assumptions therein need to be understood.

Life cycle assessment framework

Goaland

scope
definition

¢¢ Directapplications:

* Productdevelopment
5 and improvement
Life cycle + Strategic planning
inventory ; Interpretation ; + Public policy making
. E E + Marketing

analysis v

Life cycle >

impact -

analysis

Phases of a LCA study (15014040)

Figure 14. ISO LCA Structure

The EU-Commission LCA hub website is an excellent resource with a LCA introduction
section, a resource/services directory as well as guidelines and the ELCD database
http://Ica.jrc.ec.europa.eu/lcainfohub/index.vim

EIO
Economic Input-Output (EIO) LCA is based on the input-output analysis technique,
developed by the Noble winning Wassily Leontief for capturing economic interdependencies.
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EIO LCA involves the use of economic sector-level data to determine the level of impact that
can be attributed to each sector. This approach alleviates to some degree the scoping issue of
process-sum LCAs, however using information at the macro level has its disadvantages as
translating the economic to environmental an arduous and assumption dependant task.

TCO & account based methods

Full (true) Cost accounting, Environmental accounting and total cost of ownership are
economic based techniques that are evolving to incorporate the sustainable and energy
efficient aspects of capital purchases and operations and can be useful with regard to trade-off
decisions and EE awareness.

Modelling

There are many different types of model, causal, mathematical, conceptual, diagrams, maps
etc many types of computer based modelling techniques are used in many different fields of
study including energy efficiency. But all depend on the ability to accurately make
assumptions, to set affective boundary conditions and to describe the system rules that govern
that which one is attempting to simulate. An example would be Agent-based modelling
(ABM), within ABM a system is modelled as a collection of autonomous decision-making
entities called agents. Each agent individually assesses its environment and makes decisions
on the basis of a set of defined rules. Agents may execute various behaviours appropriate for
the system they represent, for example, purchasing, consuming or conserving. Computational
techniques such as ‘Monte Carlo’ analysis are run to determine likely scenarios.

2.4.2 Other Bodies examining ICT impact

Below (figure 15) are some of the main bodies developing ICT impact assessment
frameworks. All suggest some form of ‘life cycle thinking’.

. . Enabling
Body Method Footprint effects
ITU (International Telecoms Union) Hybrid LCA Yes Yes
ETSI (European Telecoms Standard institute) Hvt_)rid LA Yes Yes

(national level)

iNEMI (International Electronics Manufacturing Institute) Process-LCA Yes No
IEC (International Electrotechnical Commission) Process-LCA Yes No
GeSl (Global e-Sustainability Initiative) Hybrid LCA Yes Yes
ATIS (Alliance for Telecom Industry Solutions) Process-LCA Yes Yes
ISO LCA standards 14040 /44 & British standards Institute PAS-2050

Figure 15. What others are doing in terms of impact assessment

2.4.3 An introduction to Causality

Causality & causal relationships (Definition)

Causality is - A relationship between one phenomenon or event (A) and another (B) in which
A precedes and causes B. The direction of influence and the nature of the effect are
predictable and reproducible and may be empirically observed.
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A causal relationship - is an information connection between events or happenings whereby
one state of affairs (the effect) is brought about by another (the cause). Sometimes this causal
relationship is also referred as the cause-effect relationship.

Causal relationship modelling (definition & techniques)

Causal relationship modelling is - an approach or methodology that clearly indicates the
information understanding of related entities involved in the causal relationship (e.g.
interdependency matrix, sign graphs, cause & effective diagrams, etc,.) The investigation and
the understanding of the direction of the causality between enabling ICT and energy
efficiency are of great value due to their policy implications. The existence of any causal
relationships running from enabling ICT to energy efficiency would indicate the dependence
of the economy on energy efficiency with the latter being a stimulus to combat the climate
change challenge. In the presence of such causal relationships any structural policies aiming
at the reduction of energy use like the policies following the Kyoto protocol or the recent
surge in the fuel prices might possibly inspire the development of a large leading-edge market
for ICT enabled energy-efficiency technologies and solutions that will foster the
competitiveness of energy service industry and create new business opportunities without
slowing economic growth. What follow are a number of means to express causal
relationships.

Interdependency matrix

ICT categories

Impact

Impact

Cross-sectonal
application categories

Impact

Figure 16. Principle of linking ICTs with EE impacts.
A given ICT may have been used in different applications with different impacts.

Sign graphs & Causal loops

A sign graph, an annotated number line, is a powerful easy-to-use mathematical tool. A sign
graph contains the following information for an expression or function:

e The real zeros (the real values that make the expression or function equal to zero)

e The intervals over which the expression or function is of constant sign

e The constant sign for each of these intervals (“+” or “-*)

In causal relationship modelling, using sign graph tool to determine behaviour and intervals of
constant sign for products and quotients of functions.
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Fear of Not
Being Able to
Withdraw
Money
Bank o
Failures (+) Withdrawals

K\ Bank Health ;/

Figure 17. Example of a Reinforcing causal loop

Cause & effect diagrams

This method"’ is useful for identifying the likely causes of problems or any particular effect.
The related variants are Fish or Fishbone Diagrams, and Ishikawa Diagrams. Cause and
Effect Diagrams help you to think through causes of a problem or any effect thoroughly.
Their major benefit is that they push you to consider all possible causes, rather than just the
ones that are most obvious. The approach combines brainstorming with use of a type of
concept map. Cause and Effect Diagrams are also known as Fishbone Diagrams because a
completed diagram can look like the skeleton of a fish.

As an example quality problems are typically not simple. They often involve the complex
interaction of several causes. A cause-and-effect diagram will help to: (1) define and display
the major causes, sub-causes and root causes that influence a process or a characteristic. (2)
Provide a focus for discussion and consensus. (3) Visualise the possible relationships between
causes which may be creating problems or defects.

Cause-and-effect diagrams are also particularly useful in the measure and improve phases of
Lean Six Sigma methodology.

How to do it?
1. Decide which quality characteristic, outcome or effect you want to examine. You
might consider Pareto analysis to help you focus on the most important issue.
2. Write your chosen effect on the right side of a paper, board or flipchart and draw a box
around it. If you think of this as a fishbone diagram, this is the fish head.

Draw a straight line to the left, the fish backbone.

4. For each primary cause or category of causes, draw a diagonal line slanting from left
to the centreline. Alternate these ribs on the top and bottom of the backbone. Label the
end of each rib and draw a box around the label.

5. Draw a horizontal line intersecting the appropriate diagonal line and label it to
describe each secondary cause that influences a primary cause. Alternate these
medium sized bones to the left and right of each rib.

6. In a similar way, draw and label diagonal lines for third level or root causes, small
bones, intersecting the secondary cause lines, medium sized bones.

7. Examine the diagram. If certain causes seem to have a significant effect on the
characteristic you are examining, mark them in a special way.

(98]
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Variation 1: Cause Enumeration

Sometime it may be very difficult to determine the primary causes to be included in the
diagram. If that is the case, after determining the characteristic or effect being examined,
follow these steps:

1. Use brainstorming to create a list of all the possible causes. The list will contain a
mixture of primary, secondary and tertiary (or big bone, middle sized bone and small
bone) causes.

2. Sort the list by grouping causes that are related.

3. Identify or name each major grouping and make your cause-and-effect diagram.

Machine, Manpower, Material, Measurement, Method and Mother-earth (Environment) are
frequently used major causes that can apply to many processes.

The advantage of the cause enumeration technique is that you stand a much better chance that
all causes will be listed, especially hidden ones, and the diagram will be a complete and useful
picture. The disadvantage is that it may be difficult to relate all the causes clearly to the result,
making the diagram hard to draw.

Variation 2: Process Classification

Sometimes it is more helpful to look at causes in the sequence in which they occur instead of
considering overreaching logical categories. With this approach, the centre line or backbone
follows the sequence of the process.

Instead of primary causes as the ribs, show the major process steps from left to right.
Construct your cause-and-effect diagram as before.

The advantage of this technique is that, since it follows the sequence of the process, it will be
easy for everyone to understand. The disadvantages are that similar causes will appear again
and again, and causes due to a combination of factors will be difficult to show.

Daylight use

Lighting
system

Building layout=s
Windows=»
Shutters =

Surface colours=s*

Luminaires =\ 4| ighting design
Lighting zones-»*

Heat recovery=»

Outdoor daylight=s Cooling need=» Energy
> efficient
Occupant activities = Personalised lighting=s lighting

Usage hours=s; Occupant profiling=s
Occupant identification=s;

Presence detection=ss;
User interfaces=m#<Control algorithms

Lighting
control

Lighting needs

Figure 18. Example of Cause & Effect diagram
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Sankey diagrams

Sankey diagrams are commonly used for visualisation of energy conversions and flows in a
system.

“% IDEA - Ener

Figure 19. Example of a Sankey diagram

9 Windows
9 Windows of Opportunity
Super-System
System
System asitis
Today
Sub-System
Past Present Future

Past Present Future

Figure 20. Nine windows technique.
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3 The REVISITE approach
3.1 REVISITE Methodology overview / introduction

Considering the existing information, methodologies and taxonomies (of which REEB was
the only relevant taxonomy), we concluded that no one existing methodology was appropriate
for REVISITE in assessing the impact of ICT on energy efficiency in the target sectors. As
such we prepared the criteria, listed below, in order to guide methodology and taxonomy
development.

Any common methodology should:

e Be generically applicable to any identified sector but specific enough to be of value in
analysing the impact of ICTs on EE and by association COe in specific sectors.
Particularly the four identified:

o Smart Grids

o Smart Buildings

o Smart Manufacturing
o Smart Lighting

e Be applicable to identified stakeholders.

e Consider current ‘Best Practice’ in capturing both the consumption and enabling
impact of ICT.

e Assess impact of ICT where it makes sense to do so in ‘life cycle’.

e Assist in understanding causal relationships.

e If possible utilise a single taxonomy for categorising RTD / technologies in order to
make cross-sector comparison more feasible.

What follows is an overview of the approach developed internally for REVISITE partners to
utilise as part of their research within the project. The general reader should note it was
written with the REVISITE consortium partner’s in-mind. As stated previously it is envisaged
that the methodology may prove useful to a wider community.

It is apparent that emerging ‘best practice’ in assessing the impact of ICT4EE utilises some
form of ‘life cycle assessment” (LCA) or ‘life cycle thinking’ approach. It is also clear that
LCA’s, in the main, focus at the ‘offering level” where one has an existing
product/service/process that is to be augmented or replaced by a new ICT i.e. a direct
comparison can be made, product —v- product. This is fine from a product/service or
company perspective; however, gaining a regional or system (sector) perspective is a different
matter. Economic input output assessment somewhat aims to address this — however, data is
often patchy. Some works, such as ‘ICT Impact assessment by linking data across sources and
countries’, offer a useful lens. What is required is a means of evaluating the ICT types best
positioned to drive energy and COse reductions while also highlighting gaps that require
future ICT investment.

The REVISITE methodology is a hybrid that seeks to combine simplified ‘Life cycle
assessment’ or rather ‘life cycle thinking” and an adapted ‘Capability Maturity Model’
(CMM). By combining existing LCA data, secondary sources, sector specific standards and
heuristics, it is believed REVISITE can build an ‘informed view’ (see Figure 21) regarding
those ICTs best positioned to impact on energy efficiency.

Full LCA’s are heavily data dependant and specific in nature. However, REViSITE partners
may deem it appropriate in using LCA methods in completing ‘simplified” LCA’s for
inclusion in their research. Partners should note that the posited approach is more in keeping
with the ‘holistic spirit’ or ‘Life cycle thinking” of LCA, as opposed to detailed assessment.
The approach cannot, and is not, intended to replace a more detailed, expansive LCA. Such
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LCA’s are typically product specific and consider all life cycle phases, the toxicity of the
offering and its wider effect on acidification, eutrophication, or land use. The approach here is
focus on the systems life cycle processes and the energy intensity of those processes in order
to build an informed view that can assist roadmap development.

An informed View

‘Selective’ life cycle approach

Raw Material ’;’

or End of Life
component Materialisation Disposal
J

Input

el
-~ -
-""'-.__ -
i —

==

‘Adapted’ Capability Maturity Model

Capability Building blocks

Net
Intensity impacton
EE

v

Interpret | Interpret
Criterion | Criterion

T Maturity +

Figure 21. The REViISITE approach, an informed view

In short, where there are gaps in available primary data and analysis, individual partners will
make an assessment of the impact of ICTs based on heuristics and expertise within their
defined sectors. This is where the simplified CMM maturity analysis comes into play. By
understanding the respective ‘maturity level” of specific ICTs, one can begin to identify those
ICTs best placed to deliver meaningful impact. Section 3.2 that follows will give some insight
into the choice of CMM as a framework. This is followed by Section 3.3 which details the
REVISITE developed SMARTT taxonomy which is posited as a useful means of ICT/RTD
categorisation.

3.2 Why CMM - some background

The capability maturity model or framework (CMM or CMF) was originally developed by
researchers at the Software Engineering Institute (SEI) at Carnegie Mellon University. The
framework was developed as part of their overall thinking and approach to improving the
software development process.

The Software CMM has had an enormous impact within the ICT industry, spurring significant
investment and restructuring. It was, for example, one of the drivers in the development of the
ISO/IEC 15504 — ‘Process Assessment’ standard, also known as SPICE (Software Process
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Improvement and Capability Determination), and while the first versions of the standard
focused exclusively on software development processes it has since expanded to cover all
related processes in a software business, for example, project management, configuration
management, quality assurance etc.

In fact, stripped of its software content, the CMM provides a framework for understanding the
maturity of almost any process. It is also worth noting that CMM actual harks back to
Quality/TQM principles and is influenced by the concepts of luminaries such as Crosby
(1979), Deming (1986) and Juran (1988). Specifically, Crosby describes five evolutionary
stages in adopting quality practices. The five stages are:

e Uncertainty: Management is confused and uncommitted regarding quality as a
management tool.

e Awakening: Management is beginning to recognize that quality management can help.

e Enlightenment: The decision is made to really conduct a formal quality improvement
program.

e Wisdom: The company has the chance to make changes permanent (things are
basically quiet and people wonder why they used to have problems).

e Certainty: Quality management is considered an absolutely vital part of company
management.

Quality based methodologies and sustainability have a highly complementary intolerance of
waste, and methodologies such as TQM, Lean and Lean six sigma are increasingly used in an
environmental improvement capacity.

The application of CMM in a sustainable context is not entirely unique either. The UNEP
(United Nations Environmental Programme) and SETAC (The Society of Environmental
Toxicology and Chemistry) produced publication on Life Cycle Management also references
CMM as being a “fool that can support companies in moving towards a next level of
evolution in business management. Acting as a framework, this tool provides five levels of
maturity. As the organization moves from a compliant strategy toward sustainability, higher
levels of maturity or capability are required for successful execution”

. Span of

1 Chaotic, success depends on heroic effort of Individual
Ad hoc individual.
2 Requirements managed, measured and repeatable e
Managed results on a project basis. )
3 Standard processes, consistent across organization, Oraankaticn
Defined measures of process and work products. 9
4

Quantified process control,
quantified objectives, special
causes of variation corrected.

Value chain Value chain

Process improvement objectives continually revised
to reflect changing business objectives: agile and Society
innovative workforce.

5
Optimizing
Figure 22. CMM maturity levels (source UNEP & SETAC)

Within REVISITE, CMM, together with ‘Life Cycle Thinking’, is employed to frame the
thinking, heuristics and estimates of partners with regard to the ICT types with the greatest
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impact potential. Within REVISITE, the five level framework above is replaced with that of
Figure 23 below.

* Low consumption per unit of service.
* High operational effectiveness. @
* Between 3-4X in terms of enabling effects.

* Medium to High adoption potential.

* Average relevant consumption per unit of service. *Netimpact on EE
* Average relevant operational effectiveness. 3 *Intensity
* Between 2-3X in terms of enabling effects. -_:_-_-Effectiven ess
» Average adoption potential *Cost
*N....

* High relevant consumption per unit of service.

* Low /medium relevant operational effectiveness. 2
* Between 1.5-2X in terms of enabling effects.

* Lowest adoption potential

Figure 23. REVIiSITE Maturity scale for assessing ICT4EE maturity

REVISITE Partner Intel through its co-founding involvement in the Innovation Value
Institute®® has built considerable competence in applying CMM (called CMF capability
Maturity Framework within IVI) to varied contexts including sustainability. The use of CMM
in REVISITE is simplified to the extent that it involves a template with a uncomplicated cause
and effect type matrix. REVISITE focus is on two identified ‘critical building blocks’ or
‘fixed criterion’. ICT/RTDs are scored on these criterion - namely ‘intensity’ (potential versus
actual) and ‘net impact on EE’. Additional ‘interpretive criterion’ can be also assessed in
conjunction with the two fixed elements in helping to build a holistic and realistic picture as
to differences between potential and current/actual ICT impact. In the examples that follow in
section 4 two additional criterion are assessed ‘effectiveness’ (how well does the ICT measure
up to current state of the art) and ‘cost’ (are there economic considerations impacting on
adoption), interpretative criterion are individually scored but not used for overall scores.

Utilising elements of the CMM, together with a common taxonomy, will allow for effective
harmonisation of sector research. While the template is simplistic the effort in assessing is
totally reliant on the users expertise. Nevertheless the contextual richness of the qualitative
research, augmented by a quantitative estimate of the ‘potential intensity’ and ‘potential net
EE impact’ of ICTs, should reliably inform the causal model and roadmap development. That,
in essence, is the power of a CMM, in that it allows partners to quantitatively illustrate and
analyse what is essentially inductive qualitative research based on heuristics.
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As partners document that research throughout D2.2 ‘Knowledge and current practice report’,
they should utilise methods and tools such as Sankey diagrams, Cause and Effect diagrams,
sign-graphs and matrices as outlined in section 2 to effectively illustrate and explain causal
relationships and non-interdependencies. The level of capability maturity will undoubtedly
vary between sectors and ICTs. It is envisaged that sectors with high levels of capability in
individual elements will offer potential progression paths for other sectors.

It is worth noting that model development as part of D2.3 is high level and causal in nature. In
fact, it is more closely aligned to a framework development than a model in any quantitative
sense. Nevertheless, low level data will be included where available and appropriate. The aim
is to build on the qualitative assessment of partners in each sector as outlined in T2.2-2.5
(D2.2) and, as part of that process, partners should utilise the taxonomy of section 3.3 to
categorising their research in a consistent fashion, allowing for effective cross sectorial
comparison.

3.3 REVISITE SMARTT Taxonomy

The REVISITE taxonomy utilises six high level categories and is a variation on the SMARTT
acronym. There are 20 less abstract sub-categories nested within the main categories. Both
categories and sub-categories are fixed for partners. ICT/RTD topics are defined by partners
and are nested within, and aligned to, the sub-categories.

The categories ‘Specification & design ICTs’, ‘Materialisation ICTs’ and ‘Automation &
operation support ICTs’ all vertically align to the bounded life cycle phases. ‘Resource &
process management’ together with ‘Technical integration’ are themes that align horizontally.
‘Trading / transactional management ICTs’ aligns primarily to the ‘usage’ life cycle phase.
(see figure 24 below)

The Taxonomy has three levels —
1. Main category aligned to the Life cycle phases and following the SMARTT
acroynom.
a. Sub-category allowing for more granular categorisation
1. RTDs & ICTs detailing the specfic areas of research and possible
devleopment giving existing or envisaged ICT exemplars

-------------------

REVISITE life cvcle S

Design Materialisation

----------------------------------

___________________________________________________

¢ s r Y ’ kS
L 1 [} 1 i 1
i Spedificati on ! 1 ! | Automation & operation |
E Specification & design 1 E Materialisation [CT's 1 E e i
. ICTs N i Suppoit ICTs i
\ sk LN J
=' a
i Resourca & process managemant ICT's !
. i
=’ e
i Technical Integration ICT's !
! ;
“

Figure 24. The SMARTT Taxonomy mapped to Life Cycle phases
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As above, partners identified ICT/RTDs that represent the lowest level of granularity. By
fixing higher levels of the taxonomy we allow for cross-sectorial comparison and discussion.
REVISITE developed the taxonomy for use within the four target sectors. However, it is
posited as a generic and useful taxonomy for any sector, including transport. In the example
of transport it may well be the case that those categories and sub-categories which align to the
materialisation life cycle phase would not be particularly applicable. Nevertheless, those that
apply to the design and usage phases would be pertinent. What follows details the taxonomy,
main categories and sub-categories:

1. Specification & design ICTs

a.

Design conceptualisation: requirement engineering/mgmt tools such as
Quality Function Deployment tools, concept modelling for design ideation.
Building and urban planning applications.

Detailed design: Software design tools, CAD (e.g. Autodesk, 3D studio max),
Multimedia (e.g. Flash, Silverlight), Graphics (e.g. Photoshop, Illustrator).

Modelling: all types of technologies that are utilised to systematically describe
the physical reality, Life cycle modelling, computer-aided diagramming (e.g.
Sankey, Response flow, Cause and effect, influence diagrams etc) some Excel
and some CAD applications. Also include are models for the rationalisation of
decisions for example computer-interpretable representation and exchange of
product/material manufacturing information for materials to be used in
construction.

Performance estimation: classical financial based IT applications, ROI, NPV,
TCO. Various technologies used to analyse the performance of the target
system e.g. Life Cycle Analysis, Finite Element Mode analysis and a wide
variety of engineering analysis tools that could also be applied in both the
design and materialisation phases.

Simulation: Analysis of the dynamic behaviour of a system as part of the
design function. All simulation requires modelling but not all modelling leads
to simulation. Example technologies include - CFD, power system simulation,
thermal simulation, Wide Area Network simulators etc

Specification & Product / component selection: technologies for design &
specification realisation, component selection e.g. material characteristic
database & retrieval. (bridge note)

2. Materialisation ICTs

a.

b.

Decision support & visualisation: technologies for visual representation of
work flows focused on energy efficient task completion. What if - scenario
simulation, & modelling to support real-time decisions in the field. May
incorporate automated processing coupled with visual aids or alert
mechanisms. Basically, any dynamic technologies that assist with the
materialisation of the physical, whether that be a smart grid, building, factory
or lighting infrastructure.

Management & control: adherence to performance requirements,
conformance validation, commissioning and phase specific task management
in terms of efficient materialisation of the physical building, grid, factory
process or lighting infrastructure.
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C.

Real-time communication: Any real-time communications that facilitate
decision making. E.G. sensor information regarding integrity of building
materials during construction integrated into an alert mechanism such as a text
or on-screen display.

3. Automation & operational decision support ICTs

a.

Automated monitoring & control: intelligent HVAC, smart lighting,
automated backend control with little or no human decision interaction. Smart
monitoring (metering). Smart metering linked with machine self-actuation
adjustment. E.G. energy consumption managed via intelligent control which
responds automatically to say gradual electrical load consumption shifting,
wastage of energy due to simultaneous heating and cooling, drifting or
malfunctioning equipment operation.

Operational decision support & visualisation: Performance management in
the usage phase as in the occupancy of a building or in the manufacturing of
products or in dynamic load provisioning within the grid. Visualisation and
cognitive decision support in terms of energy dashboards and real-time
communications regarding usage. What if - simulations to support operational
changes for optimal running of manufacturing lines, heating systems or micro-
power generation.

Quality of service: backend service provisioning & rightsizing of
communication networks. Quality assurance of applications in the field and
self-healing of networks, SLA protocols.

Wired/Wireless  sensor networks: secure backend wired/wireless
communications, dedicated high speed wired/wireless networks, sensor
hardware/software so essential to sub-metering strategies, 6LoOWPAN, ZigBee
PLC etc

4. Resource & process management ICTs

a.

b.

C.

Inter-enterprise coordination: contract & supply network management,
process planning & scheduling, procurement, Intra-logistics, elements of
Enterprise Resource Planning systems etc

Process integration: collaboration support, groupware tools, electronic
conferencing, distributed systems, social-media, business work flows, ERP
(front end) systems

Knowledge sharing: access to knowledge, knowledge management,
knowledge repositories, knowledge mining and semantic search, long-term
data archival and recovery. Technologies here are involved in moving data up
the up the DIKW (Data, Information, Knowledge, Wisdom) chain in order to
add value.

5. Technical Integration ICTs

a.

Technical integration & interoperability: Context and semantic
interoperability is as important as technical integration, for example agreement
on business processes is as important as data exchange protocols. But the main
focus here will be on technical integration. - Technical protocols, formats and
standards for say data exchange. Technologies such as middleware, gateways,
interfaces, complex-event processing (CEP) with automated response, service
orientated architectures and platforms, BMS/FMS backend infrastructure.
Backend infrastructure of BIM or ERP systems etc.
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6. Trading / transactional management ICTs

a) District energy management: Distributed ‘cloud’ based networks for the
holistic and sustainable management, trading and brokering of energy
resources beyond the limits of one enterprise. Demand response capabilities,
real-time self-assessment, load balancing technologies, energy network and
integration management, secure, smart interfaces with smart grids. Market
Management Systems (MMS), Distribution Management Systems (DMS),
transactional aspects of Energy Management Systems etc

b) Facility energy management: energy specific management systems, energy
specific integration platforms and middleware. Smart metering infrastructure
and protocols, Context Event Processing, on-demand energy management and
optimisation, load and distributed energy resources forecast algorithms, smart
appliances.

¢) Citizen (personnel) energy management: Personal CO, quota system with
interpersonal trade of pollution rights (scope is beyond the buildings category
and includes activities like car refueling). However we may want to include
interaction of various agents within a district, those agents could be Buildings,
Citizens, vehicles etc.

A note on GPT’s ‘General Purpose Technologies’ — GPT’s are radical new ideas or
techniques that have the potential to have an important impact on many industries in an
economy. Their key characteristics are: pervasiveness (used as inputs by many downstream
industries); technological dynamism (inherent potential for technical improvements) and
innovation complementarities with other forms of advancement (meaning that the

productivity of R&D in downstream industries increases as a consequence of innovation in
the GPT).!

Some ICTs e.g. broadband internet can easily be described as GPTs and, as such, would
considerable exceed a 5X enabling impact. It could be argued that a 5 point scale does not
effectively differentiate the enormous potential of such technologies and it would
undoubtedly be an arduous task to neatly categorise (bucket) such ICTs. Nevertheless, while
simplistic the 5 point scale has been successfully applied in other domains and is deemed by
REVISITE to be appropriate and workable. In terms of categorisation a judgement call will be
required by partners with respect to context of application.

4 Instructions for use
4.1 Approach Introduction

At a high level partners approach their research in a systemic fashion consistent with the
REVISITE ethos and life cycle thinking. Partners adhere to REViSITE assumptions as set out
in sections 1.2. At a more granular level, partners use the REVIiSITE SMARTT taxonomy of
section 3.3 to guide and categorise their research. As outlined SMARTT categories and sub-
categories are ‘set’ in order to provide for common cross sectoral analysis. As partners
identify key RTD topics they include specific ICTs that are exemplars of that RTD theme and
use the below template to illustrate their thinking and assessment. The various scored ICT’s
will be updated into a unified matrix for comparison.

By estimating current versus potential ‘intensity’ of an ICT, in combination with interpretive
criterion such as ‘effectiveness’ and ‘cost’, one begins to understand adoption decisions set
against the context of potential impact. For example, one may well uncover barriers to
choosing energy efficient offerings because of cost barriers. Another benefit is that, by
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looking across industries, one might identify an EE killer application that can be used in
another.

Specification &
design

Trading /
Transactional
MgMt

Life cycle thinking
+

Adapted Capability
Maturity Model

| Automation &
operation
support

Technical
integration

Resource &
process MgMt

Figure 25. The REVISITE — Methodology & SMARTT Taxonomy

To understand the ‘net impact on EE’ one must make an informed decision as to direct
effects, i.e. the energy increase in utilising the offering, and the indirect enabling effects that
result in energy consumption improvements in the wider system. Having a better
understanding of the actual energy intensity of an offering that considers its life cycle phases
1s necessary if one is to make claims regarding enabling effect. Quantitatively assessing where
one can directly measure is a relatively easy task, however one inevitably crosses into the
realm of the qualitative when making a retrospective assessment or when making an
assessment at a more macro level.

Assessing ICT functional effectiveness helps to answer the question ‘how well does the ICT
perform its design purpose?’ The thought of assessing this is less to do with energy efficiency
and more to do with interpreting the factors that come to bear on trade-off decisions that may
affect energy efficiency. One might have a highly energy efficient technology but with
average functional performance and this may or may not have a relationship with
intensity/adoption of that ICT. The premise in assessing the two fixed criterion together with
the user-defined interpretive criterion is that it provides for an ‘energy efficiency’ focus while
also providing for tailored adaptation.

In terms of an output the idea is to develop a type of energy efficiency matrix (a coefficient of
performance type indication) for ICTs that is based on data and domain expertise. This will
help build an inventory of possible synergistic ICTs. These ICTs will be differentiated on a
‘less energy per unit of service’ basis but where there is an expansion of what constitutes
‘service’ because of a recognition of the indirect enabling effects of such technologies. The
suggestion here is that this approach will be useful in accurately understanding and
interpreting a given context and in informing roadmap development.
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4.2 Using the methodology —examples

The following examples are designed to illustrate how the REViSITE methodology can be
used to estimate the impact of an ICT on energy usage and efficiency in a particular sector.
The scenarios, assumptions and definitions as per section 1.2 are assumed to be understood.
The examples are detailed for illustration purposes. However it captures a decision that might
be made quite rapidly using tacit domain knowledge, it is assumed those utilising the
approach are domain experts.

The process has three steps:

1. Define & categorise
2. Refine
3. Assess & Estimate

One begins by defining the ICT/RTD to be assessed, the relevant life cycle phase(s) of the
relevant system life cycle and the relevant phase(s) of the product life cycle of the ‘to be’ ICT
offering.

One utilises the SMARTT taxonomy to categorise the ICT/RTD in order to aid the task of
cross-sectorial comparison. One then refines ones focus regarding relevant life cycle phases
both within the offering being introduced and within the relevant system life cycle whether
that be Grid, Build etc

One then utilises heuristics, qualitative and quantitative data to assess and estimate the impact
of the ICT/RTD based on Fig 23 scale. The benefit of this is that one can build an informed
view as to the ICTs / RTDs that have the best potential in positively impacting on energy
consumption and efficiency. As stated there are two fixed criterion scored together with a user
defined number of interpretive criterion.

Fig 23 Repeated

)

* Medium to High adoption potential.

* Low consumption per unit of service.
* High operational effectiveness. @}
* Between 3-4X in terms of enabling effects.

* Average relevant consumption per unit of service. *Netimpact on EE
* Average relevant operational effectiveness. 33 *Intensity
* Between 2-3X in terms of enabling effects. -'_:_k-Effectiveness
* Average adoption potential *Cost
*N....

* High relevant consumption per unit of service.
* Low /medium relevant operational effectiveness. 2
* Between 1.5-2X in terms of enabling effects.

* Lowest adoption potential
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Example 1 — Home Energy Management system (HEMs)

Intended audience

Home owners, utility providers, policy makers

ICT f RTD to be assessed

Home Energy Management System (HEMS) or rather the augmented system required to implement the
offering. Including wireless hub, meter clamp, sensors and plugs etc From here in HEMS will signify the
augmented system

Relevant SMARTT sub-category

Operational decision support & visualisation

Relevant SMARTT main-category

[A] Automation & operational decision support ICTs

*Smart’ sector / system impacted Buildings
Most relevant "sector life cycle’ phase - ‘Function” |Usage
Most relevant "sector life cycle’ phase - ‘Impact’ Usage

First order effects (direct impact)

Additional energy consumption required to implement the HEMS offering.

Second order effects (indirect)

The enabling impact of the ICT on the energy consumption / efficiency of the building. Electrical/Gas / oil
metering not linked back to HEMS in the case study.

third order effects

Shifting of peak demand or load balancing effects etc within the grid. Increased awareness and
dissemination of sustainable thinking and behaviour.

Possible rebound effects

Increased consumption due to additional devices or through increased use match existing cost point

This stage is essentially about defining and framing the ICT/RTD to be considered in a consistent way that allows for cross-sectorial comparison.

It prompts the assessors to begin the process of thinking about the life cycle of the offering and the system in which it will be deployed.
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From an energy perspective the HEMS focuses on the ‘usage’ phase of the building Life Cycle. The Design’ & Materialisation/construction’ phases can be considered
insignificant & therefore excluded.

Assumption was the HEMS product life cycle was insignificant in comparison to its enabling effects. Secondary sources were obtained from LCA databases &
manufactures on specific or similar devices. Phases of product life cycle to consider - ‘Usage’ followed by ‘Materialisation/production”.

In essence the net impact will equal the delta between the energy saving in the ‘usage’ phase of the building life cycle & the energy consumption of the HEMS
product life cycle.

This stage is all about focusing on what really matters from an energy perspective.

It helps to identify the phases of the product offering that need to be assessed & the phase of the host system which need to be assessed from an enabling
impact perspective.
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First order effects (Own consumption)

The augmented HEMS is projected to utilise 107 kWwh per annum in an always on scenario. The manufacture of the augmented system was estimated at 40 klwh. This
info was gauge from manufacturing data and LCA databases for specific or similar products. Combined ‘usage’ + ‘manufacture’ phase of Product system = 141 kWwh

Second order (Enabling effects )

Average measured electrical power saving in case study was 426 klwh per household

At the EUZ7 level an avg saving of ~6071 kWwh per household per year is feasible given a 15% saving due to behavioural change. Literature in this space suggest 19% +
5%. Atthe macro EUZ7 level that equates to ~ 120 Twh saving in electrical consumption.

B601/141= 4X enabling effect However the case study did not include Gas/0il usage which accounts for ~ 70% of household energy within the EUZY. Average
consumption of all energy sources calculated from Eurostat data is ~16,630 kWwh per household (based on 285 Mtoe final energy consumption of households with a
housing stock of ~ 200 Million) even a conservative 10%: saving per household equates to 1663 which equates to a enable impact of >11X

Third order effects

Shifting of peak demand or load balancing effects etc within the grid.

Increased awareness and dissemination of sustainable thinking and behaviour.

Perhaps increased consumption in some cases as consumers negate savings as they increase usage to meet previous cost point for example or where they introduce
new devices.

Scoring the matrix

The ICT is scored as per fig 22 scale this is of course open to interpretation but the assumption is that industry practitioners are scoring the ICT & are in a position to
make estimates based on available data & heuristics. Net impact is estimated from above 1st & 2nd order effects
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Assess & estimate is about leveraging heuristics and secondary data to understand & estimate the most likely impact of the technology in question.

It is about comparing the gap between the direct and indirect (enabling) effects to understand if a detailed assessment of the embodied energy of the offering
would be required to make an adoption decision, or is it a case that the enabling impact is multiple that would suggest a qualitative estimate will suffice. It is
important to work through the template before trying to score any RTD/ICT because any assessment is not easily quantified. For example an ICT with a 20X
enabling impact will score the same as a 5X enabling impact, looking solely at the scoring would not identify this but this would be identified within the text
of the template.

Sys LC phase Usage’ / "Operational’ Phase [Buildings]

Main Cat. 0 =Low 0 = Not scalable

1 =Highly scalable

1 = low cost
5 = highest cost
HEMS 3 3 1 5 5 25 0.80
ICT 2 3 2 3 4 5 20 0.25
ICT/RTD's ICT 3 4 5 P 5 5 25 0.60
ICT 4 L 5 L 4 4 16 0.75
ICT5 2 4 5 5 5 25 0.00
Used to interpret Used to score

The value in scoring the technologies means partners can understand/assess quickly those ICTs that offer the best potential for improvement. They can also
use the interpret factors to assess why they think there is a current gap between potential versus actual adoption. The real value however comes from the
common language and approach the methodology & taxonomy offers because partners can then look and share across sectors and quickly identify
technologies they can possible leverage within their own context.
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Example 2

Intended audience

IT data center & facilities managers

ICT / RTD to be assessed

Virtualisation” specific ICT is hypervisor X to be run on a Dell PowerEdge R710 with an Intel Xeon x5670 2.9
GHz processor

Relevant SMARTT sub-category

Automated monitoring & control

Relevant SMARTT main-category

[A] Automation & operational support ICTs

‘Smart’ sector / system impacted

Building [here Data centers are thought of as ICT factories housed within buildings]

Most relevant 'sector life cycle' phase - 'Function'

Usage

Most relevant 'sector life cycle' phase - 'Impact’

Usage

First order effects

kWh of the server with hypervisor in the usage phase, manufacturing phase of new & existing cancel out.

Second order effects

The enabling impact offered in terms of the consolidation ration of existing servers.

Third order effects & Possible rebound effects

The knock on decrease in the cooling and power infrastructure required to support the reduced server footprint.

Reduction in the # of licences & service contracts, increase in power density of the building which could cause
issues with cooling. Possible increase in demand & hence consumption due to green credentials of the offering
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The comparison of the usage phase of the new product offering and the existing system is justified in this case as the energy intensity of the
manufacturing phase of the new server versus one of the existing servers would be comparable perhaps even lower. Design, shipping and recycling
of the two would also be comparable I terms of energy impact

First order effects (Own consumption)

The power consumed by the server in delivering the defined service utilising the hypervisor consumes 194W at 80% utilisation. This can be
calculated from online application provided by manufacture or from independent sources such as SPECpower - SPECpower_ssj2008* The direct
annual energy impact of the deployment of option 2 the single server with the hypervisor is ~194W*24*365 / 1000 = 1,699 kWh per year. The
energy intensity of manufacture the newly deployed server with hypervisor ~ 1,400 kWh however this would be comparable to one of the existing
servers in the existing scenario & therefore can be cancelled out. Allowing us to compare usage phases & effects on building infrastructure

Second order (Enabling effects )

From Figure 1 we see that 1 server without the addition of a hypervisor will run at 10% utilisation at an average power consumption of 106 W. This
utilisation represents the average utilisation of the individual dedicated server in providing the required service. The seven dedicated servers

required to meet service demand under option 1 would consume 742W. The power consumed in delivering that same level of service utilising the
hypervisor is 194W. This equates to a ~ 4X saving.
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7 X PowerEdge R710 (Intel Xeon X5670, 2.93 GHz) 1 PowerEdge R710 (Intel Xeon X5670, 2.93 GHz) - Hypervisor

90% Idle Idie Idle Idle Idle Ide idle Ide

Lo Moo Mos Mo llo llo M os

Third order effects

We see that a 4X saving is delivered through use of the hypervisor however the added value is the reduction in terms of building cooling
infrastructure required to support the servers see Figure above. In the case below which is typical of the industry for every 1 watt delivered to the IT
load another 1 watt is required to support it which equates to a PUE of 2. The order of impact remains at 4 however the actual kWh saving is double

Total IT Total power
Server no.| Actual load| total ssj-ops power in Watts @
Watts PUE=2
10% 641.207 742 1484
80% 730,542 194 388
548 1096

One should note that in a more likely scenario the physical servers to be consolidated would be an older model/rev of server with higher
consumption rates up through the utilisation range. In such cases the order of savings would exceed above and for 4/5 year old model could be in
the region of 15-20X. Also for certain application type’s virtualisation ratios of ~ 100:1 are possible.
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The reduced server footprint 7 versus 1 (some cases have much higher ratios), the reduced demand in power and cooling (a factor of 4 here)
together with reduced maintenance and licensing mean the deployment of such Hypervisor technologies coupled with the latest processor/server
capabilities could feasibly offset the need for future data centre construction.

One possible rebound effect is an increase in ICT based services as the ‘green’ credentials of hypervisor technologies take hold. However the
general trend is for an increase in ICT based service offerings and it is very hard to say if any increase could be attributed to the deployment of the
technology. However a more likely effect is a required change in support infrastructure due to high increasing rack densities as a result of
hypervisor deployment.

‘Usage’ / "Operational’ Phase [Buildings]

Sys LC phase

] 0 = Low 0 = Mot scalable
Main Cat. 25 =High 1 = Highly scalable
1 = low cost
Sub cat. 5 = highest cost Impact Score -
Hypervisor 3 4 P 5 5 25 0.60
ICT 2 3 2 3 4 5 20 0.25
ICT/RTD's ICT 3 5 4 2 5 5 25 0.60
ICT4 1 3 2 3 4 12 033
ICTS 2 4 5 5 5 25 0.00
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5 Conclusions

Given our research it is safe to say that attempting to assess the impact of ICTs on Energy
Efficiency is an onerous task made more complex when bridging varied domains. The process
is not helped by a lack of agreed metrics or approach. The following are some general
conclusions:

 There is no one agreed methodology for assessing the impact of ICT on another variable in
our case energy efficiency.

* Organisations that are assessing this topic in the main advocate some form of Life Cycle
Thinking or Assessment.

* Easily re-applicable quantitative methods are effectively non-existent.
* Qualitative methods that utilise domain heuristics are considered useful.

» There was no readily available taxonomy available that could be commonly applied and
utilised across all sectors.

* REVISITE produced the SMARTT taxonomy which proved a useful means of common
categorisation across sectors within the project

The REVISITE project also developed a qualitative approach to ICT impact assessment based
on ‘life cycle thinking’ and the ‘Capability Maturity Model’. That methodology and
SMARTT taxonomy guided partners in researching D2.2 ‘knowledge and current practise’
report and will be the guiding approach for D2.3 in developing the impact causal
model/framework. In conclusion the REVISITE consortium deem the taxonomy and
methodology outlined to be a useful and feasible means of qualitative common assessment
which provides for an informed view on the impact of ICTs on energy efficiency and is a
framework in which more detailed quantitative measures can be positioned.
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Annex 2 (note energy sector includes transformation of energy)

9E8'007'C |LGL'GLT'S |GGB'ZST'S |THT'9ZT'S |TZG'6ROS |0BO'EL0'S |960'01D'C |68H'0Z0'C (STH'PRE'Y |28F'296'% |ZBO'TRE'T [STOLTEY %S00T  |%G66 37021000
698'3T 75581 A BE6'LT BE9'LT el ve0'LT £97'91 6391 ETZ'0T (479! 9/9'sT BLTOT  |%LTOT 530IMBs 13410
It GEP'TE 9Lzt 060'ET cTr'ee goL'ee (i]4 74 09v'%T 1187 AR 1] 0T6'SE %986 5%9°86 ainynalidy
TOE'YOT  |ZGGTOT  (099'RST  |B9E'LST  |WOT'SST  |2/8'ZST  |2£0°0ST  |WOS'8PT  |£9E'OFT  |09T'%FT  [SBT'ZHT  [GET'OHT BOTOT  |%GTOT 530185
GTOPIE  |/SP'ZIE  |Z0R'0TE  |SSE'GOE  |OTB'ZOE  |SBT'9DE  |T9/'WOE  |SWT'EOE  |952'TOE  |SEC'DOE  [TRL'SRT  |SST'{6T %S°00T  |%C°00T 5Ploy=snoH
veO'SvE  |TTE'CHE  |GBT'OVE  |GSY'LEE  |TTB'WEE  |PST'ZEE  |LTS'6TE  |206'97€  |BOE'¥T€  |PEL'TZE  |0BT'6TE  |Li9'9TE %3°00T  |%9'66 Bunnpejnuey
[I6'TEY  |Th8'LTv  |69L'ZZb  |9SL°LT¢  |Z0B'TTy  |BOG'LOv  |TZO'E0F  |T6T'86E  |BOS'ERE  |706'98E  |0GT'¥BE  [EELBLE BITOT  |%GTOT Uodsuel]
YER'LGT'T |SRT'98Z'T |0ES'R/T'T |BAATOTT |LGSTST'T |(TEOVT'T |SBT'ATET |OLT'RIZT (78TO |BTS'9RT'T |B/B'SRIT |09E'SLTT %L°00T  |%G'00T uondwnsuo ABiaua [euly
vOT'0v- | OET'9E- | 0O0T'Ze- | TLT'SE- | evEwT- | $T9'0T- | 286'9T- | Swb'el- | £00°0T- 669'0- L6E"E- Tet- s2URJaID [EINSHELS

suIN)al Ja)suely | adueydx3
VBR'YTI-  |ERG'ECT-  [BO0'EZT- |ZE0TZT-  |WOOTET-  [EOT'0ZT- |OST'RTT- |WOZ'STT- |99Z/TT- |SEE'OTT- |ZIF'STI-  |96H'¥IT- %8007 |%G°00T sasn Aflaua-uou
(BS'TTT-  |vPE'TZT- |ZOT'TZT- |098'0CT- |6T9'0ZT- [BLE'0ZT- (BET'0ZT- |B68'GTI- |6SO'6TI- |0TY'6TT- |CBT'6TT-  |be'STI- %C00T  |%E700T 59550] + Uondwinsuoa Youeig Adiau3
779'05h-  |FTT'TSP-  [T89'Ctb-  |OTE'Ovp-  |Z00'SEy-  |6SL'6Tv-  |08S'WTP-  |ZOF'GTH- |00V'PTv- |ZTP'60P-  |LLP'POP-  |Z00'G6E- BITOT  |%L700T 183y 3 1amod Joj uoneuLIojsuel] ul pasn AZ1au3
vT6'096'T |0ZS'9P6T |TZ2'286'T |8T0'BTA'T |EA'E0R'T |ESA'GB8'T |0/0'0/8T |AB7'Z98T |0T9'8YAT |0E0'SER'T |TSSTZ8T |1L1'808'T %L°00T %5001 uondwnsuod Adiaua sso19
0202 6102 8107 L102 9102 ST02 vioz €100 41174 1102 0102 6002 02-0T02  |600T

3duey) o,

8€L'6E6'Y |S£L8E0'S |vT8'660'S |SEL'OTT'S |0SK'SKT'S |OWL'SKT'S (OT8'TLO'S |0L6'9TT'S |E0EZ90°S |L9T°0905 |550%69T'S |6ET'ZTE'S w1660 370210007
ISt £95'PT wILT U1 geo'eT 86T QLTI BIYZT 066TT GLSTT ze'er EGY'ET 7071 %6L°0 5305 J3Y0
98792 GE6'0Z 756'82 TER'DE AN 8Er'0E 8E6'82 119'62 168'61 G08'6T 9rz'0g G608 ALY T4 %991 ainymudy
TCI'8ET  |VGE'TET  |9T8'GET  |EOZTET  |GLL0ET  |EOT'STT  |S99°0TT  |z/T'ReT |E0S'9TT  |BWOTZT |6BO'TET  |9LS'BTT 985671 |%bT'L 530IMB3
79’067 |9TS'YET  (BGU'E0E  |709°00f  |8TH'SOE  |PTL0E  |7TO'TEC  |8E0'GRT  (BTY'GST  |97L'[BT  |TWI'TET  |OLY'TRT 905'S67  |%£9°91 5P|0Y=5N0H
(88°(TE |9T9'02% |OVE'SZE  |Z9T'ZEE  |/89'9ge  |PET'Z€E  |3€C'SIE  |VEY'EEE  |0Z¥TEE  |0ST'ZZE  |(OP'eCE  [02S'7EE 00T'0EE  |%C9'81 Buunyeynuey
6OT'PLE  |0EB'0LE  |TET'TLE  |TIL'¥OE  |TET'ZOF  |LSY'ZGE  |9EQ'LPE  |96T'PWE  |E00'TYE  |TLG'SEE  |LET'0EE  |BGH'6IE L0025€  |%98°61 vodsuel|
SE0'80T'T |EE8°YOTT |SZT'OBT'T |€0P'ZRT'T |B6T'TST'T |ESE'SOT'T |S/8'STI'T |ZU6TYLT [ZETUTTT |LLE'ETT'T |vbS'STIT |£0S'90T'T uondwnsuod Aiaua [euly
89%'¢- T6'c- el 0291- 1097 T %510 S20UBJRHIP [EINSHELS
61T 6 4] g9z0¢ Tra'e 910 W10 SUIN§) J9SUEL} g BBUEYIXS
6Y6'ETT- [TGL'STT- |SBL'TTT- |86GGO0T-  |9EE'E0T- PR0TIT- | %79 sasn AgJaua-uou
885'9TT- [chT'6TT- |69t'61I- |0S0zZ1-  |0TT'0CI- 818'61T-  |%01'9 59550] + Uondwinsuod youeiq AZisu3
vIR'06E-  |GLV'E0b-  [2LL'L0b-  |SZeTO-  (990'L0%- TSy (%907 | [1e8y '3 4amod Joj uoneudojsuel] ul pasn Adiauz
v67'66L'T |v6L'L08'T |05'5Z8'T |L£2'5T8'T |68G'VEBT (T06'T08'T |[ET'6SLT |9ZLTOLT |TwE'TL'T |TZSOTLT |TELTRLT |68%'00L'T 819'zLLT uondwinsuod AJaua sso1n
800 1002 900¢ 5002 F00Z €002 002 1002 000 6661 8661 L1661 o S5010J0% | (301000
%UO- %60 %ECD W00 %OTT  %EYT  %0T0-  %ETT %00 KILO- %S0 %610

pajels ssajun 303y sa4n3l ||e (£00Z) oleusds auljaseg (1°za) 2 T XaNNY

Page 51 of 52

December 2010



D2.1 - ICT4EE Data Taxonomy REVISITE: contract no.: 248705

8 References

' Jos¢ Manuel Durdo Barroso 3™ March 2008, ICT Industry has a Major Role to Play in the European Economy of the 21st Century, CeBIT
Trade Fair
http://europa.eu/rapid/pressReleasesAction.do?reference=SPEECH/08/120&format=HTML&aged=0&language=EN&guiLanguage=en

2 EU commission 12/3/2009 http:/eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0111:FIN:EN:PDF

3 EEA “Greenhouse gas emission trends and projections in Europe 2009’ available [online] at
http://www.eea.europa.eu/publications/eea_report 2009 9

42007 EU ‘European Energy & transport trends to 2030°, available [online] at
http://ec.europa.cu/dgs/energy_transport/figures/trends_2030_update_2007/energy_transport_trends_2030_update_2007_en.pdf

%2009 EU ‘European Energy & transport trends to 2030, available [online] at
http://ec.europa.eu/clima/documentation/docs/trends_to_2030_update 2009_en.pdf

® Europe’s Energy Position-markets and supply, 2009, available [online] at http://www.energy.eu/publications/KOAE09001_002.pdf

7 Europe’s climate change opportunity (2008) Available [online] at http:/www.energy.eu/directives/com2008_0030en01.pdf

8 The GeSI Smart 2020 report, 2008, available [online] at http://www.smart2020.org/_assets/files/02_Smart2020Report.pdf

’EU commission ‘impacts of information and communication technologies on energy efficiency’, 2007,
[available online] at ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/sustainable-growth/ict4ee-final-report_en.pdf

' EU commission 2006 http://ec.europa.eu/energy/action_plan_energy_efficiency/doc/com_2006_0545_en.pdf

' Regulation (EC) N° 106/2008 of 15 January 2008

"21CT and EE ‘The case for Manufacturing’ ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/micro-nanosystems/smart-manufacturing_en.pdf

IEA, 2006 International Energy Agency. Light's Labour's Lost. IEA Publications, France. 360 p.
' Mills E., 2002. Why we're here: The $320-billion global lighting energy bill. Right Light 5,
!> http://www.europa.eu.int/comm/energy _ transport /atlas/html/lightdintro.html, accessed on 24.4.2004.

'® Urge-Vorsatz, Novikova & Levine, 2008. Non-residential buildings for mitigating climate change: Summary of the findings of the
Intergovernmental Panel on Climate Change. Improving Energy Efficiency in Commercial Buildings Conference. Frankfurt 2008.

' http://ict-reeb.eu/objects2/REEB%20D42_Roadmap 20100212v2.pdf
'8 SO 14044, Environmental management — Life cycle assessment — Requirements and guidelines
10 College of Europe - MODELLING ICT AS A GENERAL PURPOSE TECHNOLOGY Final Report PAPER (2006)

' Cause & Effect Analysis [Available online] at: http://www.mindtools.com/pages/article/new TMC_03.htm

*The innovation Value Institute http://ivi.nuim.ie/

December 2010 Page 52 of 52


http://europa.eu/rapid/pressReleasesAction.do?reference=SPEECH/08/120&format=HTML&aged=0&language=EN&guiLanguage=en
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0111:FIN:EN:PDF
http://www.eea.europa.eu/publications/eea_report_2009_9
http://ec.europa.eu/dgs/energy_transport/figures/trends_2030_update_2007/energy_transport_trends_2030_update_2007_en.pdf
http://ec.europa.eu/clima/documentation/docs/trends_to_2030_update_2009_en.pdf
http://www.energy.eu/publications/KOAE09001_002.pdf
http://www.energy.eu/directives/com2008_0030en01.pdf
http://www.smart2020.org/_assets/files/02_Smart2020Report.pdf
http://ec.europa.eu/energy/action_plan_energy_efficiency/doc/com_2006_0545_en.pdf
ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/micro-nanosystems/smart-manufacturing_en.pdf
http://www.mindtools.com/pages/article/newTMC_03.htm

