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1. POLICIES AND PROGRAMMES TO DRIVE TRANSFORMATION • PEER-REVIEWED PAPER

History and prospect of voluntary agreements on 
industrial energy efficiency in Europe 1-001-18

Erwin Cornelis, Landry Grossin & Stéphane Palmaerts
TRACTEBEL ENGINEERING S.A., Belgium

Keywords
voluntary agreements, energy efficiency policy

Many European countries have implemented voluntary agreements or long-term agree-
ments to stimulate energy efficiency in the industry. This paper analyses the history of 
voluntary agreements on industrial energy efficiency in Europe and reflects on its fu-
ture. This history reveals some factors influencing the deployment of such agreements 
in Europe. A first factor is the demonstration of good practice examples of a successful 
implementation of voluntary agreements, which seems to be instrumental in building 
enough confidence in this novel policy instrument. Second, EU legislation both has had 
a stimulating and inhibiting effect. Third, national circumstances have triggered the im-
plementation of voluntary agreements in some cases. In contrast, the Global Financial 
Crisis did not substantially impact the deployment of voluntary agreements in Europe.

The analysis of the design of the different European voluntary agreements on indus-
trial energy efficiency revealed a huge variety. No tendency to harmonize the design 
can be observed, apart from a gradual introduction of the implementation of energy 
management schemes as an obligation in most voluntary agreements.

The comparison of policy instruments implemented by countries with or without 
voluntary agreements has not led to the identification of some policy instruments that 
compete with voluntary agreements.

This analysis concludes that voluntary agreements still can have a future in Europe 
on the condition that there is still room to stimulate an efficient energy consumption 
practice in industry compared to a continuously more stringent baseline in a way that 
is both cost-efficient for the government and attractive for the industry.
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PEER-REVIEWED PAPER  •  1. POLICIES AND PROGRAMMES TO DRIVE TRANSFORMATION

Principles of successful non-residential energy 
efficiency policy 1-003-18

Dr. Peter Mallaburn
UCL Energy Institute, University College London, Central House, United Kingdom

Keywords
energy efficiency policy, market implementation, investment decision-making, busi-
ness strategy

Most organisations do not invest in energy efficiency even when it makes sense to do 
so. This is the “energy efficiency gap” that policymakers have struggled with for over 
40 years. Current policy is based on overcoming the range of technical, economic 
and organisational barriers to energy efficiency that exist. However, governments are 
finding that energy efficiency policies are still not delivering their full potential.

Researchers now consider that policy should focus not simply on finding and over-
coming barriers, but on how energy efficiency fits with the organisation’s wider in-
vestment decision-making processes. The evidence is that energy efficiency happens 
when it is strategically important, or “salient”, and that salience is strongly influenced 
by external drivers such as reputation and risk and also by the way different part of the 
organisation are connected and resourced.

These salience drivers are complex, but vary in a predictable way between organisa-
tions and sectors. This patterning could be used to open up new intervention points 
and approaches for policy to influence investment behaviours in businesses and the 
public sector. The experience of successful energy efficiency policies overseas sup-
ports this conclusion with case studies presented from Australia and Germany. 

The overall message for policymakers is that effective policy depends not just on 
which policies are used, but how they are used together:

•	 Connecting policies together, for example by both exploiting reputational drivers 
and providing incentives to enable the organisation to respond.

•	 Deploying policies in the right order, for example by engaging with trade bodies to 
build confidence and capacity before regulating.

•	 Devolving policy towards regional and local agents and support networks that have 
better access to and understanding of the organisation’s needs. 
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There is a growing interest in so-called market-based instruments (MBIs) for ener-
gy efficiency, such as auctions, energy efficiency obligations on utilities and white 
certificate programmes. In this paper, we assess how important MBIs are globally as 
a driver of the energy efficiency industry and particularly the ESCo market. Our re-
search found that the number of MBIs has quadrupled over the last ten years, while 
investment stimulated by them has risen six-fold, to USD 26 billion in 2015. What 
distinguishes MBIs from other policy instruments is that, by giving market actors the 
freedom to choose the measures and delivery routes that work best for them, the 
market as a whole is able to discover the most cost-effective way to achieve the out-
comes set out by policy makers. That freedom puts a premium on good policy design 
and implementation, including strong monitoring, verification and evaluation. And as 
this paper shows, sharing knowledge across jurisdictions will be central to the suc-
cess of the next wave of policy making in this area.
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Energy intensive industries (EIIs), producing the basic materials and products needed 
in society, contribute significantly to global emissions of greenhouse gases (GHGs). 
Motivated by the fear of carbon leakage, climate policy has so far treated the EIIs leni-
ently with e.g. low carbon prices and/or free allocation of emission allowances. This 
has not resulted in more than marginal emission abatement. However, the emissions 
from EIIs have to approach zero by 2050 to 2070, following the overall target of the 
Paris Agreement. It is therefore urgent to develop policy strategies for a deep decar-
bonisation of EIIs.

In this study, we explore the role of various policy instruments in the transforma-
tion of EIIs to zero emissions and how they can be combined. In our analysis, we 
acknowledge the specificities of the various EII sectors with regard to mitigation op-
tions (e.g. available technologies and potential for recycling), market situation, and 
feedstock substitutability. The feasibility of specific policy instruments depends on 
these specificities and might therefore differ between subsectors of the EII. 

The analysis of instruments is structured through an extended typology that takes 
its starting point in the economic impact the instruments have on the actors. The types 
of instruments include the commonly used sticks, carrots and sermons, as well as 
an additional type that we call “cushions” (Sticks, carrots and sermons are often as-
sumed to be equal to regulation, economic instruments and information but we have 
slightly adapted the concepts to fit our “resource” perspective). These cushions can 
be flanking policies, that soften the negative effects on competitiveness that follow 
from implementing policy instruments, while climate policies between countries are 
not in pace. We also differentiate between instruments according to where along the 
value chain they are applied. How different instruments affect the competitiveness of 
industry is a key consideration. 

We conclude that both energy and material efficiency, emissions-free processes 
and clean energy are needed to transform the EIIs. For this purpose, a range of in-
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struments can be used in different parts of the value chain and the mix can change 
over time as technologies, markets and institutions change. New approaches to 
policy evaluation are needed to assess the combined and long term effects of such 
policy strategies.
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Energy efficiency obligation schemes (EEOs) are used in many EU countries as a 
policy measure to reach energy efficiency targets. Some of the first EEOs (UK, Ita-
ly, France, Denmark) have been capable to reach positive results over the years, as 
clearly demonstrated by the ENSPOL project. The Italian mechanism, in particular, is 
an interesting example of white certificate scheme (WhC), since it is one of the most 
long-lasting schemes (operatively started in 2005), has ambitious targets, covers all 
sectors and energy efficiency solutions, and has many flexibility options in place (e.g. 
non-obliged parties, tradable market, bankability, etc.).

Another point of interest is Italian WhC development over the years. In the first 
phase, most of the projects were related to buildings with deemed savings as energy 
savings assessment method. Then the industrial sector rose constantly, till covering 
80 % of the savings in 2014, mostly assessed through metered savings procedures. In 
the last three years, the buildings sector has started to recover, while metered savings 
have remained the most used energy savings evaluation procedure. This last develop-
ment is mainly due to some regulatory decision and to the modification of the assess-
ment of additionality for many industrial projects categories.

The paper will illustrate the reasons behind these developments, the issues that 
have arisen over the recent years, and the decisions taken to address them through 
a major redesign of the Italian scheme that has been introduced with new ministerial 
guidelines in 2017: many aspects – such as targets, baseline and additionality, saving 
assessment, and measurement, verification and control procedures – has been deep-
ly affected. The paper will cover such themes, focusing in particular on the industrial 
side and highlighting themes like cost effectiveness, energy savings assessment, and 
how baseline and additionality have been dealt with over the years.
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The French White Certificate (WC) program, whose goal is to increase energy efficiency 
in France, launched its fourth period of three years on January 1st, 2018 with a new tar-
get of energy efficiency savings of 1,600 TWhc (TWhc counts the final energy savings 
over the life span solution actualized at 4 %). During the first three periods, the majority 
of the WC energy efficiency operations in the French industrial sector focused mainly on 
energy utilities with the exception of one process, the all-electric injection moulding ma-
chine. Our paper aims to analyse the impact of the WC program action since its approval 
in 2013. This energy efficiency operation replaces a hydraulic injection moulding ma-
chine with a completely electrified machine that produces electric savings of up to 50 %.

This article will first describe the new and the existing technologies, then analyze 
the number of WC obtained from this action and the WC market impact. Finally, it will 
evaluate the size of the operations and the percentage of CAPEX, capital expendi-
ture), covered by the commercial incentives emanating from the WCs obtained via this 
action. The data used for this study comes from the national WC register, EDF (French 
Electricity Company), and from a survey conducted by EDF in concert with ADEME 
(French environmental agency) in 2017.

Between 2013 and 2017 the substitution of hydraulic machines for electric equiva-
lents saved more than 4.7 TWhc of electricity. During this same period sales of the 
injection moulding machines increased by 50 %, more than half of which were all elec-
tric or hybrid models. The newer models tend to run between €50 k and €400 k while 
on average the WC commercial incentive provides around 5 % of the machine total 
cost (the purchase of the machine itself). The survey results predict a slight growth in 
the market over the next WC period (2018 to 2020).
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Industrial operations such as the injection moulding machine represent more than 
20 % of WC savings accomplished to date. The wide range of innovations in the indus-
trial sector are an essential and rich field for new WC process operations which must 
be exploited in order for France to achieve the ambitious energy efficiency targets set 
for the WC’s fourth period.
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Energy efficiency is a key building block in the transformation process to a decarbon-
ised and sustainable way of doing business. While the main EU instrument for energy 
and climate policy in the industry sector is the EU Emission Trading Scheme, it only 
has secondary effects on energy efficiency. Additionally, the Energy Efficiency Direc-
tive (2012/27/EU) only regulates partial aspects, such as energy audits, yet a com-
prehensive EU strategy enhancing energy efficiency policies in the industry sector is 
absent. Nevertheless, energy efficiency potentials of up to 192 Mtoe final energy until 
2050 remain untapped in the EU (Fraunhofer ISI, 2012). Due to the heterogeneous 
nature of the industry sector, policies cannot follow a generalist approach. Therefore, 
certain aspects of industry policy will need to be regulated by member states. This 
paper discusses incentives for the energy efficiency market and the design of policy 
instruments to enhance energy efficiency in the industry sector. It thereby differenti-
ates which policies will be developed at EU level, and which aspects have to be ad-
dressed by member states. The paper builds on a report for the German government, 
which analysed the effectiveness and consistency of existing policies in the industry 
sector and made recommendations for the further development until 2050 in the EU. 
Furthermore, insights from the Energy Efficiency Watch 3 project are being used. Key 
aspects include defining a strategy for the industry sector towards a climate-neutral 
economic system, including the promotion of key technologies with transformation 
pathways for 2030 and 2050 as well as policy instruments such as further developing 
the requirement and implementation of energy audits and developing benchmarks. 
Furthermore, strengthening a harmonised energy efficiency market and providing 
new business models will support this development.
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The German industry sector amounts to almost one third of final energy consumption 
and shows large potentials for energy efficiency. Research has shown that waste heat 
reduction and utilisation bears great savings potential. Hence, one of the more large-
scale programmes is the waste heat programme for subsidised credit financed by the 
German Federal Ministry of Economic Affairs and Energy (BMWi) and administered 
by the development bank KfW. It is open for companies of any size with a special sup-
port scheme for SMEs.

To successfully adapt the programme to changing conditions, thorough evaluation 
is imperative. This paper draws on primary data from the evaluation of the programme. 
It gives insight both into individual waste heat concepts, as well as into the impact on 
macro-level emissions reduction targets. The methodology for the impact evaluation 
is thoroughly described and applied on evaluation results.

Policies are structured according to a line of priorities starting with waste heat 
avoidance. The remaining waste heat should then be used according to the waste heat 
cascade: 1. direct integration of waste heat into processes 2. integration of waste heat 
into other operating processes 3. external utilisation, and 4. generation of electricity 
from waste heat. The effectiveness of waste heat utilisation depends on numerous 
influencing factors such as the quantity of waste heat, temperature level and time 
availability.

In the evaluation, waste heat concepts showed to be very heterogeneous in struc-
ture and quality. Surveyed administrative staff stated that stricter requirements for 
the structure standardisation of the presented concepts would help to streamline 
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the application process, which would reduce waiting times and reduce barriers for 
companies to participate. Target achievement analysis concludes that with a constant 
number and structure of participant companies, the target of yearly savings of 1 mil-
lion tonnes of CO2-eq. until 2020 can be achieved with an exceedance of 90 %.

While free-rider effects are an issue in such a large-scale programme, survey re-
sults show an increased awareness for energy efficiency pointing towards the exist-
ence of positive spill-over effects into further investments inside or outside of the 
company.
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Programs aimed incentivising energy efficiency face the challenge of precisely as-
sessing the energy savings realised in order to give efficiency measures a fair and 
just value. Funding agencies therefore typically demand extensive documentation to 
justify the costs and reasoning of efficiency measures as well as information on how 
the assumed energy savings are calculated or estimated. The documentation for the 
funding application, of course, represents transaction costs for the participating in-
dustry. It also produces additional costs at the funding agency, as the agency has to 
analyse and evaluate the documentation provided by the applicant. Therefore, both 
the participating industry and the funding agency should be interested in low trans-
action costs and in using the funds for investing in energy efficiency rather than in 
administrative overheads. 

This paper analyses over eight years of experiences from ProKilowatt, a Swiss policy 
program (www.prokilowatt.ch), which provides funds for energy efficiency measures 
through a competitive application process. The Swiss Federal Office of Energy (SFOE) 
defines and modifies the rules of ProKilowatt on a yearly basis, taking into account 
technological developments and lessons learnt from previous tenders. In recent years, 
the SFOE simplified the conditions imposed on industry, thus simplifying the applica-
tion for financial support. 

This paper explains the simplifications and analyses their impacts through a number 
of simulations as well as through actual experience. The results show that from the 
perspective of a funding agency, a simple funding scheme can be as precise as a more 
complicated one. It is possible to lower transaction costs for participating industry sig-
nificantly without the loss of quality. For example, it is not necessary to force applicants 
to describe a base scenario, a condition still imposed in numerous funding schemes.
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Industry is responsible for a significant share of energy consumption in Austria. It can 
be derived from the Austrian energy balance that the producing sector is responsible 
for 29 % of the national final energy consumption. The energy-intensive industries of 
Austria are to be found in the fields Iron and Steel, Non-ferrous metals, Pulp and pa-
per, Chemical and petrochemical industries, Stones/Soils/Glass industries (including 
cement). This listing is coherent with the list of the unification of the German energy-
intensive industry. The energy balance shows that these energy-intensive industries 
account for about two-thirds of the energy demand of the production sector and one-
fifth of the total national energy demand. 

The Austrian energy-intensive industry is one of the most energy-efficient in the 
world and has already invested in a variety of mitigating measures in the past. This is 
probably true for many other European industries. Further efficiency measures are a 
major challenge for companies, requiring high investments facing low payback times. 

However, the current framework and policy conditions clearly require an ambitious 
increase in energy efficiency in the long term (2050). Thus, a rapidly advancing re-
search and technology development is to be supported in order to generate economi-
cally justifiable energy efficiency potential. The questions raised by the conducted 
R&D roadmaps are: What are the – from the perspective of industry – pending/ex-
pected research needs for the increase in energy efficiency industry? And what are 
the pending/expected research needs for the integration of industrial processes with 
energy supply from fluctuating renewables?

In order to find out, we develop an R&D roadmap indicating the most promising 
fields of research for energy efficiency. In the workshops conducted, industry rep-
resentatives define an ambitious vision for industries in 2050: Subject to the provi-
sion that “the framework conditions are right”, their common vision foresees a high-
efficient use of energy taking a holistic perspective. Given an attractiveness of the 
location for research and technological innovation, Austria (Europe) is a long-term 
secured industrial location. Based on a backcasting process, industrial stakehold-
ers then defined necessary technologies and policies to reach this vision. Being very 
industry-specific, these generally include holistic approaches, e.g. exergetic, regional 
or life cycle issues. 
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Supplementary results: In the R&D roadmap on renewables in industry, we find sim-
ilar optimism concerning the vision (subject to the provision that “the framework con-
ditions are right”) on the use of renewables in industrial processes (up to 100 %). How-
ever, we also find that there are not enough electricity potentials in Austria to electrify 
the whole industry and supply the rest of the economy. Austria does not have enough 
electricity storage potentials to supply its own demand. The Austrian energy system 
needs synthetic gases for storage and back-up capacities. Concerning overlaps with 
the efficiency roadmap, we find that the ability of buildings to use low-temperature 
excess heat is more important than their efficiency (primary energy efficiency) (this 
does not imply that building end-use efficiency should not be increased!).
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Since 2015 the Swedish Energy Agency operates a national energy efficiency network 
program for small and medium sized enterprises (SMEs). The program will continue 
until 2020 and is a part of the Swedish Energy Agency’s initiative to increase energy 
efficiency in SMEs.

Each network consists of 6 to 16 companies led by a network coordinator. The net-
work is assigned an energy expert, which provides the companies with both individual 
counselling and group consultancy within energy efficiency issues. The networks op-
erate on a common methodology based on energy management and theory behind 
learning networks. Energy efficiency networks in Switzerland, Germany and Sweden 
have served as inspiration when the methodology of the program was developed.

The aim of the program is to increase the participating company’s knowledge re-
garding energy efficiency. After completing the project, the companies are expected 
to work with energy efficiency in a systematic and structured manner. Some may have 
chosen to implement energy management systems according to ISO 50001. The pro-
ject goal is to decrease the energy consumption of companies with 15 % by 2020. 

At the time of writing, 38 networks for SMEs have been established and so far, 
320 companies have joined the program. The majority of the companies have con-
ducted an energy audit and at the end of November, the companies are expected to 
present an action plan for their energy efficiency measures until 2020.

The aim of this abstract is to present early experiences regarding the network pro-
gram and it’s methodology. Among other things, these experiences include the pro-
cess of recruiting companies as well as the process of the companies conducting their 
energy audits and action plans. Finally, a summary of the potential for energy effi-
ciency and identified energy efficiency measures among the participating companies 
will be presented.
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Energy efficiency networks are a main pillar of the German industrial energy efficiency 
policy mix. Within the initiative to establish 500 energy efficiency networks in Germany 
until 2020 a continuous monitoring process has been established to show the effective-
ness and efficiency of the instrument. 

The first monitoring cycle is scheduled for the end of the year 2017. About 30–
40 networks have reached the end of their first operational cycle by then. Within the 
monitoring process, all implemented measures in these networks will be collected 
in a standardized process. For all measures, the classification and the savings are 
mandatory parameters, the provision of economic data such as related investments 
is voluntary. The achieved savings will be aggregated to show the achieved impact of 
the networks and their contribution to the overall savings target of the 500 networks 
initiative. 

We will also compare these results to evaluations of the pilot project for the imple-
mentation of energy efficiency networks in Germany as well as comparable initiatives 
such as existing funding schemes or international approaches. So far other initiatives 
with energy efficiency networks in Europe have not been monitored in a comparable 
way.
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In Taiwan, the industrial sector is the largest energy consumption sector and respon-
sible for approximately 37 % of the country’s total energy consumption. To improve 
the energy efficiency of the industrial sector, the Bureau of Energy in Taiwan issued 
energy efficiency regulations for six energy intensive industries. The energy efficiency 
regulations set the maximum allowed specific energy consumption (SEC), i.e., the 
total energy consumption per unit of product produced for cement and paper indus-
tries and stipulate the operating conditions of utility facilities for the other four energy 
intensive industries. The SEC for three systems of cement plants (raw material and 
clinker system, rotary kiln system, and grinding system) and for seven products of pa-
per industries, including liner board and toilet tissue paper, are limited by the regula-
tions. The value of the maximum allowed SEC is set equal to the upper 70th percentile 
of SEC in the same product category to compel the low energy efficiency plants to 
raise their performance. 

The energy efficiency regulations for cement and paper industries came into force 
in 2015. From 2015 to 2016, the regulations for cement and paper industries con-
trolled 20 cement plants and 27 paper plants and contributed toward the energy sav-
ing of 1,359 TJ, which was approximately 1.1 % of the total energy consumption of the 
cement and paper industries. According to a survey conducted in this study, 6 % of 
respondents from the cement plants and 54 % of respondents from the paper plants 
agreed that the energy efficiency regulation is an important impetus for improving 
plant energy efficiency. Furthermore, 77 % of the cement plants and 86 % of the paper 
plants thought the SEC of their products has been improved in the past three years.
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The saving potentials from the adoption of appropriate Ecodesign technologies have 
been shown to be significant; however, due to the increasing share of complex prod-
ucts or product systems in the Ecodesign work plan, the process of deriving prospec-
tive Ecodesign and Energy Labelling requirements is becoming progressively more 
challenging. Such complex products, as for example machine tools, are character-
ized by a high degree of heterogeneity and multiple functional units. A machine tool 
can thereby be defined as a fixed powered tool for cutting or shaping metal, wood, or 
other material. This could be for example a simple and small lathe or drilling machine 
as well as a large-scale and highly automated multi-spindle machine, which com-
bines various technologies in one. In order to assess these complex products with 
regard to their potential benefits from Ecodesign and Energy Labelling requirements, 
this paper proposes a “points-system” based methodology that could be applied to 
the development of Ecodesign requirements for complex products and/or product 
systems. This approach has been elaborated for the European Commission within a 
technical assistance study. The starting point was a review and assessment of exist-
ing methods (for example LCA ISO 14040 and 14044, STRES, BREEAM, LEED, …) 
and their potential applicability for adaptation and use in the appraisal of Ecodesign 
requirements for complex products. Based on the findings a generic method consist-
ing of 9 steps was developed. After defining a generic Ecodesign points-system ap-
proach for complex products the methodology was applied to the specific case of ma-
chine tools. This case is especially challenging, not only because of the complexity of 
the products but also because of the problem of defining a suitable reference system 
as benchmark. So far, some attempts have already been made without fully meeting 
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the requirements for a reference system. This paper demonstrates a methodological 
approach which enables this basic problem to be solved and a reference system de-
fined regardless of the complexity of the specific machine tool being addressed. The 
methodology is applied to hypothetical machine in order to illustrate it. The main in-
sights from this evaluation process and shared before the paper closes with a discus-
sion of the benefits and boundaries of a “points system” approach for machine tools.
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The energy efficiency network (EEN) concept was first developed in Switzerland in 
the late 1980s and was adopted in Germany in 2002. During a long pilot phase be-
tween 2002 and 2013, the lessons from 40 Learning EENs (LEENs) in Germany led 
to a certain format for regional EENs for SMEs and larger companies. By the end of 
2014, the Energy Efficiency Network Initiative (IEEN) was launched as a voluntary 
agreement between the German government and currently 22  industrial and eco-
nomic associations, to support the creation of 500 new EENs until the end of 2020.
This paper reports on two aspects of EENs of companies in Germany:

1.	 The results of ongoing evaluations regarding German EENs following different 
operational formats in terms of duration, number of participants, network energy 
saving target, etc. The evaluations regard challenges and means to improve EEN-
related work as well as first results of a rough assessment of the IEEN impacts 
regarding energy savings and emission reductions.

2.	 The long-term impacts on energy use, innovative activities and changed decision 
routines in participating companies of regional LEENs. This evaluation gives deep 
insights into achieved energy cost savings within an investment period, into the 
diffusion of efficiency-related knowledge into subsidiary companies within groups 
and into the reaction of machinery manufacturers and plant planners to the de-
mand of more efficient solutions by network participants.

Finally, this paper concludes with an analysis of the lessons learned from German 
EENs including barriers and challenges to initiate EENs as well as suggestions to 
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improve EENs’ promotion. The main finding is that EENs are not only a successful 
concept in terms of energy efficiency but it also offers multiple benefits to the partici-
pants such as innovative ideas for energy efficient solutions. However, a major chal-
lenge is to convince companies to join EENs.
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There is an increasing pressure that enhanced and novel energy technologies are 
swiftly adopted by the market to ensure meeting the energy and climate targets. An 
important issue with such novel developments is their risk to be stuck in the ‘valley of 
death’, i.e. that their transition to the market is delayed or unsuccessful. Publicly sup-
ported demonstration projects could help to bridge the valley of death by reducing 
barriers to the adoption caused by missing information and perceived risks. A chal-
lenge for technology demonstrations in the industrial context is their often high in-
vestments that are required to prove their real-world benefits. Given the magnitude of 
such investments, it becomes crucial that public funding focuses on the most prom-
ising demonstration proposals. Structured evaluation processes can help to facilitate 
the identification of promising proposals and to improve the quality and transparency 
of decisions. This paper deals with a corresponding multi-staged multi-criteria deci-
sion support system (DSS) suggested to the German Federal Ministry for Economic 
Affairs and Energy. It deals with the evaluation of demonstration proposals across 
three stages: The first stage represents a filtering stage to identify those proposals 
relevant for further considerations. The second stage comprises a multi-criteria scor-
ing method drawing on an evaluation against nineteen criteria. The final third stage 
serves to critically review the need for public funding of well-scored proposals. This 
contribution outlines the development of the DSS and its design and thus provides 
insights on proposal evaluating in energy research.
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The EU has been promoting energy efficiency through a number of policies. However, 
only a few EU policies have been targeting the industrial sector, in particular the Eco-
design and the Energy Efficiency Directive (EED), mainly with Articles 7 and 8. In ad-
dition, EU climate policies (specifically the EU Emission Trading scheme (ETS)) have 
also contributed to improving energy efficiency in industry. EU Member States (MSs) 
have since a long time introduced policies at national level to promote energy effi-
ciency in industry, in particular voluntary agreements (Sweden, Finland, The Nether-
lands, etc.) and energy audits.

Under the Energy Service Directive (ESD) initially and then under the EED, MSs 
have been required to submit National Energy Efficiency Plans (NEEAPs) to the Eu-
ropean Commission every three years since 2008. The NEEAPs describe the present 
and planned policies in the different sectors, including industry, in order to reach the 
2020 energy efficiency targets. Under the EED the NEEAPs also contain an evaluation 
of the energy savings achieved.

There are several national policies in the industrial sector described in the NEEAPs. 
The paper analyses energy consumption trends in industry, the major national energy 
efficiency policies in MSs (classified under different categories, e.g.: voluntary agree-
ments, training, audits, financial incentives, energy company obligations, etc.) based 
on the most recent NEEAPs of 2017.
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Accounting for more than 25 % of the whole EU-28 final energy consumption in 2015 
and coming in second place right after the transport sector as one of the most energy 
consuming sectors, industry has come a long way in the past years in terms of reduc-
ing its environmental impact, with a decrease of 17.6 % on energy consumption in the 
2000–2015 period. Although some of this decrease may be associated to economic 
factors, there is a great part of this effort that is due to both the push being done by 
the private sector in order to stay competitive and from the policy measures being 
implemented by the Member States in which the industry operates.

The Energy Efficiency Directive (EED) has now been published since 2012, with its 
majority fully transposed into national legislation, in all EU-28, since 2014, which rep-
resented also the timing of the first National Energy Efficiency Action Plans (NEEAPs) 
under the EED. Three years after, the European Union Member States have produced 
its second NEEAPs under the EED. This paper focuses on the industry measures be-
ing proposed by the EU-28, evaluating the changes between the action plans, what 
type of measures are being proposed and analyzing its potential impact in different 
scenarios. An overview of the status of the transposition of Article 8 of the EED will 
also be presented.
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The world economy has to become neutral in carbon emissions around the middle of 
the century. This is what IPCC demands in order to respect the goal of limiting global 
warming “well under 2 °C”. For the target of 1.5 °C the ambition is even more strin-
gent. This means carbon neutrality for all firms in a short time.

Present policies concentrate mainly on larger firms. Such firms are already involved 
in complex precedures such as EU quotas, with in-house specialized staff. This makes 
sense for policymakers, because these firms represent over 80 % of emissions. But 
carbon neutral means not only removing tons from the country balance, it leads also 
to stopping emissions of any firm. 

Small firms represent 99.8 % of the total, with about 50 % of employment. It is 
thus essential that SMEs become involved by the carbon regime, beyond goodwill 
and green labels. New instruments have to be implemented so that carbon neutrality 
become a winning strategy. 

How to adapt existing policies such as research, subsidies and fiscal policy? What 
carbon accounting will be adapted to SMEs and how will it be reported? What is the 
role of sectors and professions and what responsibility can be devolved directly to 
the small firm? Can small firms become early adopters of carbon free technology and 
practice? Finally, what perimeter should be considered when dealing with small firms? 
In particular, should the downstream productions be considered including emissions 
incurred by the consumer of the service or the product? Is the aim of de-carbonization 
an enabler of larger change such as the circular economy or de-materialization? 

The presentation will build on the debates held in the French Social, Economic and 
Environmental Council (CESE), an advisory body of Professionals, Unions and NGOs. 
The CESE constitutes the third assembly of the French Republic.
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In February 2015 the German Government enacted a law which targets non-SMEs in 
order to implement the EU Energy Efficiency Directive of 2012. According to the EU 
definition non-SMEs are companies or institutions with more than 250 employees or 
50 million Euro turnover. They were obliged either to complete an energy audit by the 
end of 2015 or to introduce a certified energy management system by the end of 2016.

A very early evaluation of the measure was commissioned in autumn 2016. Its aim 
was to determine energy savings, reduction of emissions, investment and adminis-
trative expenses for the companies as well as effects on the German energy service 
market. An online survey has been carried out with 462 companies which have com-
pleted an energy audit and 403 which have introduced a certified energy or environ-
mental management system. The quantitative impact of the law was extrapolated 
to Germany. The questionnaire covered the quantitative data mentioned but also 
aspects such as quality of the audits and reports, involvement of external or internal 
experts, management elements implemented, qualitative impacts and side effects.

Most of the companies surveyed would not have completed an energy audit without 
the law. About half of the companies, which had introduced a management system, 
did it before the Act came into force, in order to benefit from the exemption of eco 
taxes for energy-intensive enterprises. With regard to the audit performance not all 
quality criteria were met and the audit reports often covered only part of the elements 
specified in the EN 16247-1 standard. However most of the respondents were very or 
quite satisfied with the audits including the reports.

The extrapolation to the whole country resulted in energy savings between 14 PJ 
and 30 PJ by 2020 which amounts to 1 to 2 % of the final energy consumed by non-
SMEs. Insofar the expectations of 50.5 PJ by the German Government were only par-
tially fulfilled.
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Industrial energy efficiency (EE) is widely recognised to be one of the most impor-
tant means for achieving environmental sustainability. However, a large share – up 
to 50 % – of the potential for EE in industry is still untapped. Previous studies have 
shown that there are potential additional effects beyond energy savings, referred to 
as non-energy benefits (NEBs), such as improvements in relation to production, op-
eration and maintenance, the work environment or the external environment. Never-
theless, there is a need to fill a knowledge gap about how NEBs can be communicated 
to industries and how they are linked to policy instruments (PIs) for improving indus-
trial EE. In Sweden, several PIs have been launched with the aim of improving EE. 
The Swedish Environmental Code (MB), the Act on Energy Audits (EKL), the Swedish 
Energy Audit Programme (EKS) and Industrial Energy Efficiency Networks (networks) 
are examples of PIs that are in use in Swedish businesses, and they are the focus of 
this paper. The aim of this study was to map the NEBs arising as a result of Swed-
ish PIs for EE measures in the industrial sector. In-depth interviews were held with 
administrators, energy auditors and companies about the four PIs to investigate how 
NEBs are perceived by actors at these levels. Results showed a variety of NEBs iden-
tified for the various PIs and revealed that NEBs were generally perceived positively 
by the interviewees. Moreover, the results also revealed that it is difficult to directly 
link one NEB to a specific PI. Administrators tend to be those who are most aware of 
NEBs and work actively with the concept, while energy auditors and companies were 
somewhat less aware.
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The share of energy demand for process heat is typically 70 % of the total final en-
ergy demand in industry. A significant amount of heat leaves process heating systems 
through the walls of heat generation and transfer devices and via exhausts and ef-
fluents, all termed excess heat. There is a large potential for excess heat recovery 
in industry worldwide that could be used to substitute part of the process heat de-
mand but there is limited understanding of the size of this potential heat source and 
on the recovery potential. This study aims to identify excess heat recovery potentials 
in Swiss industrial process heating systems through exergy and energy analyses. The 
overall mean energy and exergy efficiencies of the Swiss industrial sector were esti-
mated at 61 % and 28 % respectively. The gap between the high quality energy input 
and the comparatively low temperature process heat requirement explains the de-
struction of exergy. The total amount of excess heat that can potentially be recovered 
is estimated at 15 PJ p.a. This amount corresponds to 12 % and 24 %, respectively, of 
the total final energy and total process heat demand of Swiss industry in 2015. This 
study also aims to provide an overview of the spatial distribution of the process heat 
demand by energy carrier and the excess heat recovery potential by temperature 
level in Swiss industry. These maps highlight different areas of the country with high 
levels of excess heat and can serve as basis for analyzing potential district heating 
networks.
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This presentation will provide a review of the work A2EP is leading, using an inno-
vative value chain methodology to define the major opportunities for transforming 
energy use. This promises to provide a major change in the way we look at energy 
through the lens of the effectiveness of energy application to deliver the end services 
required. By systematically examining the end service and how it is best delivered 
along the supply chain from end user back to initiation, integrating examination of en-
ergy and material flows, we have been able to define the key opportunities to improve 
energy productivity. We then group these opportunities into transformative themes 
and define a path to implementation and then facilitate that change.

The presentation will show the principles of this methodology, and then demon-
strate how we are implementing our approach in the food value chain to accelerate 
the introduction of these new business models and technologies. We are carrying the 
process through from concept to demonstration and/or handover to accelerators to 
further commercialise the IP and take it to market. An example is our work on real time 
tracking of food through the cold chain from farm to supermarket, and how this will 
enable reductions in food waste and significant improvements in energy use across 
the chain. Another example is our work to replace steam in industry with point of end 
use electro-technologies (which we call ‘moving from industry 1.0 to 4.0’.)
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Italian industry is responsible for nearly one third of domestic final energy consump-
tion and therefore it has a fundamental role in achieving the compelling EU 2030 
targets for greenhouse emissions and energy efficiency. Moreover, Italian industry is 
facing the increasing competitiveness of emerging economies. Since energy and en-
vironmental externalities can affect even 50 % of production costs, the carbon leak-
age risk is more real than ever and it threatens the ability of enterprises to survive in 
international markets.

In this challenging context, RSE is carrying out the project InduCO (Industry – en-
ergy Consumption – Optimization), which aims at investigating how energy efficiency 
can help industries to address virtuously energy performance, competitiveness and 
environmental impact. The study is based on the analysis of over 2,500 energy effi-
ciency measures implemented in Italian industries in the last 10 years. The purpose is 
to identify the best practices and estimate the energy saving potential achievable by 
each industrial sector, according to technical feasibility and economic sustainability 
criteria. Finally, the study investigates the impact of energy efficiency on economic 
performance and competitiveness of enterprises.

In this paper methodology and results of the study are presented for two energy 
intensive manufacturing sectors: paper and glass.
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In the French Industry, the energy lost through waste heat accounts for roughly 25 % of 
its total energy consumption. Though recognized as of significant potential for recovery, 
heat wastes are at 50 % concentrated in low level temperature wastes, below 100 °C, 
too cold to be directly used through a heat exchanger for most industrial processes. 
Hence, EDF contributed to the development of heat pumps that were segmented in this 
study in three levels of maximum condensing temperature: 70 °C (HP 1), 100 °C (HP 2) 
and 150 °C (HP 3).

This paper proposes a three steps method to evaluate the potential of heat recovery 
with HPs in France for each industry sector and under consideration of technological 
and economic constraints. 

In the first step, we build an indicator to show the statistical potential of each HP by 
cross referencing a heat waste with a heat consumption database taking into account 
the relevance of the HP compared to a heat exchanger, and the HP coverable share 
of the needs. In the second step, heat wastes and industrial processes are identified 
and matched to validate the technical feasibility of an HP. The third step consolidates 
the results by confronting them to the field: industrial references, energy audits and 
on-site visits.

This paper presents the results for HP1. The potential for this HP in the Malting 
sector (NACE 11.06Z) particularly stands out. Most of the heat needs come from dry-
ing: the malt’s humidity is reduced from 45 % down to 5 % at a temperature range 
from 60 to 85 °C, generating heat wastes. The HP is integrated into the drying pro-
cess recovering the hot exhausted vapour and using its remaining heat to fuel back 
the dryer. The malting industry counts at least two important references in France in 
Strasbourg and Vitry le François. For each 100 tons of product, the HP can roughly 
save 60 MWh of gas and consumes an additional 12.5 MWh of electricity preventing 
2 tons of CO2 emissions.
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The sustainability and competitiveness of industrial activities may strongly rely on in-
creased energy efficiency. In that, compressed air could be one of the most expensive 
forms of energy in industry because of its low efficiency. Nonetheless, compressed air 
is widely used, and is considered as relevant in many facilities, accounting for even 
more than ten per cent of industrial electricity consumption in the EU, in US and in 
China. Moreover, it should be noted that the life-cycle cost of a compressed air system 
is mostly covered by the operating costs, so that most of the measures to lower en-
ergy consumption pay for themselves almost immediately, producing relevant mon-
etary savings. Nevertheless, several studies show that the adoption rate of such Ener-
gy Efficiency Measures (EEMs) is still low. For this reason, we have carefully reviewed 
scientific and industrial literature over EEMs for Compressed Air Systems (CAS), so 
to get useful insights into the main factors leading to their adoption. Our study lays a 
good foundation for a novel framework aimed at describing and characterising EEMs 
in CAS, revealing that, so far scientific and industrial literature has mostly presented 
energy and economic factors, thus giving little room to other factors that still could 
be quite relevant for an effective EEM adoption, such as compatibility of the meas-
ure within the production system (e.g., adaptability to different conditions, presence 
of different pressure loads), complexity of the production system (e.g., accessibility 
for operational activities, expertise required for implementation), observability of the 
performance (e.g., impact on air quality and/or safety). The framework could result 
in a valuable tool offering different perspectives in the decision-making of industrial 
managers and technology suppliers, as well as industrial policy-makers.
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The industrial sector is the most energy-demanding activity in modern societies, 
consuming about 54 % of the world’s total delivered energy. The largest amount of 
waste heat in the industry sector is generated by energy-intensive processes, such 
as the manufacturing of food, paper, basic metals (e.g. iron and steel), chemicals, 
and non-metallic minerals. Among these, the metal industry, which includes iron and 
steel manufacturing, aluminium production, and metal casting, covers a great share 
of the overall energy consumption, and present large energy efficiency potentials. In 
these processes, the opportunity to recover waste heat represent an effective way to 
reduce both energy costs and greenhouse gas emissions. Recent research streams 
focused on the potential of supply chain management, and of integrated network in 
enhancing the outcomes of energy efficiency measures. A few works analysed the op-
portunity to recover energy from excess heat in integrated systems, mainly focusing 
on active applications for the generation of electricity. In this study, this approach is 
extended by formulating a supply chain inventory model with integrated waste heat 
recovery from the exhaust gases generated by energy intensive processes. The de-
cision-making process is firstly modelled as a decentralized policy in which the two 
actors aim to minimize their own total costs, and then as a centralized policy in which 
the actors cooperate in order to optimize the economic performance of the supply 
chain. The decision variables of the model are the lot size, the number of shipment 
from the vendor to the buyer, and the amount and use of recovered energy.
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The paper focuses on one of the main tools of Lean Manufacturing implementation, 
and namely the method called Value Stream Mapping (VSM), which aims at describ-
ing the factory as a Value streaming throughout the sequential process phases from 
raw material to the packaged final product. The case here referenced to is concerned 
with a roof tiles factory, and the goal is mostly towards identifying any waste in the 
production operation and improving energy efficiency.

The VSM is a visual tool intended to give a vivid representation of the real process, 
therefore making it easy to identify possible bottlenecks or waste. It takes advantage 
from a comparison in a unique map of three lines representing the flux of material, the 
flux of information and the time line. It is considered as an excellent starting point to 
exploit the process evolution. Nonetheless, the modern technology in industrial auto-
mation makes it available a quantity of digital information in real time, so that a VSM 
could be significantly enriched and become a more powerful tool that can be used 
even in further phases of the industrial operation, including diagnostics and energy 
efficiency improvement. The paper presents a VSM companion, in form of an Excel 
based dynamic model, which is able to collect, organize and process the main data 
related to the process. The data are collected from a standard communication Ether-
net bus, running throughout the plant, with a time interval as low as order of minutes 
or even seconds, so that only a proper and ordered storage can make them useful. 
Characteristics of such model are modularity and expandability. Examples of its use 
are therefore reported, such as calculation of the best distribution of industrial cycles 
during the year, or minimization of the energy expenses at a given production rate. 

The result is a VSM that keeps the advantages of its qualitative representation of a 
process, while allowing, when necessary, a quite simple implementation of a quantita-
tive and dynamical simulation.
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The steel industry faces the big challenge of reducing its CO2 emissions to zero and 
breakthrough technologies are needed alongside efficiency and demand reduction 
measures in order to meet decarbonisation goals (Lechtenböhmer et al (2016), Wor-
rell and Carreon (2017), Fischedick et al (2014)). Several European R&D projects are 
now looking into the possibility of using hydrogen for steel production. In Sweden the 
HYBRIT initiative aims at developing an entire fossil-free value chain for steel on the 
basis of hydrogen direct reduction (H-DR) and electrolysis. 

Hydrogen direct reduction is a relatively unexplored process. The principle behind 
H-DR is to operate a natural gas based direct reduction with hydrogen from electrolysis 
instead, a changeover which has not been demonstrated industrially up to now. We 
analyse the energy efficiency and energy demand of the H-DR process and discuss the 
consequences for business opportunities and energy system integration. We use a pre-
viously developed chemical process model to evaluate different operational strategies.

We show that hydrogen-based steelmaking requires less energy than the incumbent 
blast furnace route, but instead of coal, oil and natural gas the process is based on 
electricity and renewable heat. The electrolyser is the largest energy consumer in the 
process, which makes its efficiency a crucial parameter for both energy efficiency and 
production cost. In addition we highlight several parts of the process which require 
high-temperature heat, which should be supplied from renewable sources to be in 
line with the Paris accord.

Our results show that H-DR can be competitive with the blast furnace at today’s 
electricity prices plus a carbon price of €50/tCO2. The main driver of production cost 
is electricity cost. The H-DR process is highly flexible because it bridges ore-based and 
scrap-based steelmaking. Furthermore, the storage of hydrogen and hot-briquetted iron 
enables a continuous steel output while reducing the load in parts of the process. The 
high degree of flexibility can be used by steelmakers to adapt to developments in the 
markets for electricity, scrap and iron ore by engaging in grid balancing services and ac-
tive participation in electricity markets. Thus, hydrogen steelmaking opens doors to new 
business areas and intensified integration of the steel industry into the energy system. 
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Industry accounts for approximately 30 % of the final energy demand in Germany. 
75 % of this is used to provide heat. A quite substantial fraction of this heat leaves 
processes and factories unused. Current bottom-up estimations indicate that the 
available excess heat potential in Germany equals up to 13 % of industrials fuel con-
sumption. The most common approach to utilize excess heat is to recover it for heat-
ing up other processes, also known as heat integration. However, heat integration 
within a company requires the presence of heat demands with lower temperatures 
than the temperature of the excess heat currently unused. If this is not given, inter-
company heat integration offers an alternative. Nevertheless, up to now there is no 
quantification of energy saving potentials for heat integration at all, or inter-company 
heat integration in particular. Thus, we make a start by applying a top-down cascade 
approach for Germany. 

First, we estimate excess heat potentials differentiated by industry sectors and tem-
perature intervals for Germany using a top-down approach. Therefore, we use energy 
balances for Germany differentiating heat demand by industry sector and temperature 
intervals. 

Second, we calculate which fraction of the excess heat is usable within the indus-
try sector it comes from. Therefore, we balance cascade like excess heat and heat 
demand at lower temperature levels in the same sector, which results in the energy 
saving by intra-company heat integration.

The previous step leads to the conclusion that some industry sectors have still ex-
cess heat after the cascade balancing and some don’t. Consequently, we calculate 
how much of this excess heat can still be used to heat up demands at lower tempera-
tures in other industry sectors as a third step. 

Adding up energy saving potentials by intra- and inter-company heat integration, 
the final results indicate energy saving potentials of roughly 11 % referred to industri-
als final energy demand in Germany.
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Digitalization enables companies to transform their enterprise and to optimize their 
value chain in regard to shorter time-to-market, higher flexibility, better quality and 
increased efficiency. Energy efficiency is one additional optimization criterion in this 
value chain – from product design and production planning up to engineering and 
production phase. 

The digital twin of a plant can be used in many ways to simulate and optimize all as-
pects of plant operation, including in regard to energy efficiency. In engineering- and 
operation phase, integrated energy management from machine up to enterprise level 
is an important leaver to achieve higher energy efficiency in a digitalized production 
environment. Important enablers are integrated metering hardware and integrated 
engineering – one standard engineering software for automation as well as energy 
management. 

Based on that and by means of seamless vertical integration a transparent opera-
tion is possible for immediate reaction and continuous optimization. A very concrete 
example is the Siemens S7 Energy Efficiency-Monitor for machines: This software 
monitors the efficiency of production machines in discrete manufacturing. An easy-
to-use solution which offers an intelligent, vendor-independent energy evaluation of 
machines during operation on shop floor including easy-to-use energy acceptance 
test, which makes it also attractive for machine builders.

Digitalization is the enabler for integrated energy management in the digital enter-
prise, energy efficiency as new DNA in each step of the value chain.
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This paper reports from initial case study work, with the aim to analyse transforma-
tive roadmaps for the supply chains for buildings and transportation infrastructure. 
The work is part of the Mistra Carbon Exit research programme, which addresses and 
identifies the technical, economic and political challenges for Sweden to reach the 
target of net zero greenhouse-gas emissions by 2045. The case study work gathers 
some 30 stakeholders, along the supply chain from building materials to end prod-
ucts in the form of buildings and infrastructure. The work is structured as a partici-
patory integrated assessment and this paper provides an analysis based on the first 
stages of the assessment process. The aim of the first participatory workshop and 
case study meetings was to capture a wide range of perspectives with regards means 
available to tackle the challenge of radically reducing the climate impact from the 
building and infrastructure sector. This includes exploring:

1.	 Measures/tools to realise the potential of a 50 % reduction in the climate impacts 
from building and infrastructure construction processes that have been shown to 
exist already today, and,

2.	 Measures/tools to accelerate the transition towards zero-emission production and 
practices in the supply chains from raw materials to completed buildings and in-
frastructure.

The outcomes from the first stages of the case study work show the importance of:

•	 Increasing coordination and collaboration along the supply chains, so as to facili-
tate collective action among stakeholders in the supply chain from basic materials 
to buildings and infrastructure. This will include developing a common understand-
ing, language and framework among the stakeholders.
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•	 Public actors taking the lead in the transformation, for example by means of innova-
tive procurement practices

•	 Establishing markets for zero-CO2 products and services, both for tapping the po-
tential for early mitigation and for developing and deploying transformative shifts 
in production and practices, including: i) financing and de-risking investment in 
transformative technologies, ii) pricing emissions and de-meriting use/production 
of CO2-intensive products, and iii) incentivizing demand reduction and substitution 
of materials.
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It is generally accepted that waste heat recovery from industrial processes is an en-
abler of energy efficiency and CO2 emission reduction. Options for industrial waste 
heat recovery include power generation, heat upgrading, and distribution through 
district energy networks to meet a remote heating demand. Particularly in presence 
of subsidies, even technologies with relatively low conversion efficiencies may be-
come feasible. In the last few years, however, novel concerns arose as to the links 
between primary energy consumption, carbon equivalent emissions and blue water 
consumption. The water-energy nexus concept is well known in energy planning and 
in water infrastructure planning, has been however hardly examined in the industrial 
sector. In a recent work, the impact of an industrial absorption cooling project based 
on waste heat recovery on both energy and bluewater consumption has been evaluat-
ed for the EU-15. It was found that, depending on the national energy mix and market 
situation, alternatives with higher energy savings but increased water consumption 
compared with baseline operation were preferred in some countries. Building upon 
that study, in this paper the water footprint of district heating options for recovering 
low grade industrial waste heat is investigated. The sum of direct and indirect blue-
water consumption, carbon emissions and primary energy demand are evaluated. 
A parametric study of economic feasibility is performed in order to evaluate under 
which circumstances the additional water and carbon footprint, produced by district 
energy systems construction and operation, is offset by the reduction in fossil fuel 
consumption, caused by the substitution of remote boilers. Switching values and 
trade off curves are presented and a comparison is drawn between district heating 
technologies, and energy conversion via Organic Rankine Cycles, so as to answer the 
research question posed in the title.
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Energy consumption is a concern worldwide, and energy efficiency approaches are 
among the pillars of Sustainable Manufacturing nowadays. Additionally, the indus-
trial sector accounts for the largest share of energy use, being responsible for roughly 
30 % of all energy consumption worldwide. Due to developing and more restrict regu-
lations towards energy efficiency, investing in this area presents big opportunities for 
industry such as reducing costs, increasing productivity and a significant reduction 
in environmental impact. Unfortunately, this engagement is still far from the desired 
level of development in many companies, especially small to medium enterprises 
(SMEs), who usually do not have the in-house expertise or the correct resources for 
applying such techniques.

However, with the developing technologies in industrial sector and the growth in 
the processing and storage capacity of IT equipment, industry has entered the age 
of “Big Data”, where data collection and analysis play a major role in this scenario to 
acquire further knowledges towards energy efficiency and a better understanding of 
the production processes.

A study was carried out on a Thermoplastic Injection Moulding company, which 
segment is known for having an intense electrical energy usage given the nature of its 
production stages. In order to determine the productive and non-productive electrical 
energy embodied in manufacturing operations and get a better understanding of the 
production processes, an analysis based on the Machines’ time series data streams 
and some extra information about the processes was made. The outputs result in a 
better understanding of the machine’s electrical consumption, and provide insights 
regarding potential saving strategies and improvements on the production side such 
as better scheduling, improved production tracking, operator engagement and equip-
ment efficiency.
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Industrial excess heat may be one of the pillars needed to transform the energy sys-
tem. Integrating excess heat in district heating networks can reduce the primary en-
ergy demand of the heating sector. Thus, industrial sites need to be analysed in high 
spatial resolution with regard to heating demand and excess heat potentials. This 
paper presents a methodology to estimate site-specific excess heat potentials for in-
dustrial plants in Europe. Different data sources are matched and analysed to collect 
information about CO2 emissions, subsector (NACE and ETS activity), process and 
production capacity per site in the EU28, Switzerland and Norway. From this dataset 
of energy-intensive industries (steel, paper, cement and glass), the fuel demand is 
calculated for each site and process. Two different approaches are used to calculate 
the fuel demand: first, based on the CO2 emissions, and second, the production ca-
pacity in tonnes per year of each site. These two approaches are compared and their 
accuracy is analysed. In this paper, the excess heat potentials for the most important 
industrial sectors in Europe are estimated based on process-specific fuel demand for 
different temperature levels.
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In previous work we developed a comprehensive indicator set for measuring multi-
ple benefits of energy efficiency (MB-EE). The aim is to complement the harmonised 
approach to energy efficiency indicators and policies which is realised through the 
ODYSSEE-MURE project (www.odyssee-mure.eu) with an indicator set measuring 
Multiple Benefits. 

We focus in this paper on indicators to characterise MB which are relevant for the 
energy efficiency industry at the macro-level and, hence, also the whole economy:

•	 MB indicators describing innovation and competitiveness triggered by EE (e.g. im-
pacts related to innovative EE technologies and foreign trade with EE technologies)

•	 Turnover achieved through energy savings, which makes relevant contributions to 
the economic development of a country.

•	 Macro-economic impacts from EE, in particular impacts on economic growth and 
employment

We discuss the methodological approach to the indicator set, the underlying data 
sources and limitations. This indicator set is applied for EU28 countries or a subset 
of countries. Knowledge made available in new tools and projects, such as the ODYS-
SEE-MURE facility on multiple benefits should therefore be made easily accessible 
for the policy level and be used by policy makers when evaluating the impacts of en-
ergy efficiency policies.
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Industry has to contribute substantially to the low-carbon transformation if carbon 
dioxide reduction targets of 80 % to 95 % are to be met. Energy-intensive industries 
like the steel industry play a major role in this transformation since energy-intensive 
industries account for about 75 % of total industrial carbon dioxide emissions (e.g. 
IEA, 2009). Digitalisation or Industry 4.0 might substantially affect the way the steel 
industry operates. Digitalisation could strongly affect production processes, it might 
lead to fundamental changes in the use of labour and it might turn upside down the 
structure of entire companies. Visions for factories of the future include concepts such 
as one site – one tablet – one worker, zero-waste-production and complete recycling. 
Such major changes are likely to affect energy efficiency, as well. Studies on the cur-
rent state and future implications of digitalisation in the steel industry are scarce. This 
contribution reviews policy activities, R&D projects and activities as well as patents in 
the field of digitalising the European steel industry. The contribution concludes with a 
qualitative impact assessment of digitalisation’s impact on energy efficiency.
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Industry 4.0 is a big buzzword and a promise. But what is behind, currently and in the 
future? How can it boost efficiency and zero carbon performance? And how can we 
get it from a play for the big ones (only?) to a truly big market?

When we looked at the four principles of Industry 4.0 – interoperability, information 
transparency, technical assistance and decentralized decisions – we asked custom-
ers if they truly thought they needed all of these areas to be covered. Most of the 
mid-market/SME customers do not have large budgets to spend on the transition to a 
full Industry 4.0 world today, but they still want to participate in the digital world and 
benefit from both, operational excellence and improved environmental performance. 
What if they could benefit from e.g. 80 % of the functionality of the digitisation of their 
manufacturing processes but at only 20 % of the cost? And this market and its impact 
on the EUs energy use and carbon emissions is truly big, with SMEs representing 99 % 
of European businesses.

In the presentation we will share E.ON’s current view and beliefs on this topic and 
describe research we are doing with industry and scientific partners and projects we 
do with our clients.



PANEL 3

Energy management:  
the nuts and bolts





INDUSTRIAL EFFICIENCY 2018 • ABSTRACTS   53  

3. ENERGY MANAGEMENT: THE NUTS AND BOLTS • PEER-REVIEWED PAPER

The evolution of energy managers in the last 
25 years: the Italian experience 3-019-18

Daniele Forni, Dario Di Santo, Stefano D’Ambrosio, Livio De Chicchis & Francesco Mori
FIRE – Italian Federation for the Rational Use of Energy, Italy

Keywords
energy management, energy management system, ISO 50001, non-energy benefits 
(NEBs), certification, energy manager, supply chain

Since 1991 in Italy it is mandatory to appoint an energy manager for every industrial 
organization with an annual consumption of more than 10,000 toe (ton of oil equiv-
alent) and for organizations from other sectors over 1,000 toe (listed as one of the 
10 EU best practices by the EE Watch project).

In almost 25 years the energy market and the awareness about energy efficiency 
have dramatically changed. Environmental concerns, strong policies to promote en-
ergy efficiency, and transformations such as the liberalization of the energy markets, 
the high-energy prices in the period 2005–2014, and the effects of the global crisis, 
are the main reasons behind the gain in importance of energy management among 
enterprises and public bodies.

In Italy, this leaded to the recognition of the importance of qualified energy manag-
ers within the organizations. The energy management expert, a skilled and certified 
professional according to the Italian standard UNI CEI 11339, was thus introduced 
in 2009 and many energy managers opted for the certification. Around two thousand 
energy management experts were certified by the end of 2017.

The introduction of energy management systems (EMS) through the EN 16001 and 
the ISO 50001 standards started a deeper change in the role of energy managers. By 
the end of 2017 there were almost 1,500 ISO 50001 certified sites in Italy. EMSs both 
improve the role of energy managers and start a change management process: such 
organizations are more like to recognize the importance of resource efficiency all over 
the value chain and in connection with the value proposition.

This paper is based on four surveys conducted in 2016 and 2017 and a study fo-
cusing on non-energy effects, resource efficiency, supply chain transformation, and 
industry 4.0. The outcomes show how companies are facing the challenges posed by 
the Paris Agreement on climate change.
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The presentation will address proceedings from the H2020 project INDUCE, that 
will start early 2018. INDUCE will develop an open access platform (INDUCE toolkit) 
where training material, online lessons, guidelines and tools will be available for 
companies aiming to increase their energy efficiency. INDUCE methodology will be 
integrated in the platform, with the objective to design a specific capacity building 
programme for every company accessing INDUCE toolkit, resulting in ad-hoc training 
adapted to the company’s needs and opportunities.

INDUCE methodology will link knowledge transfer on energy efficiency with be-
havioural and organizational change models in order to help companies establish an 
energy efficient culture, in which employees are motivated and enabled to contribute 
to sustainability. The methodology will follow a Human-Centred Design approach, in 
which every phase will be conducted in close cooperation with the end users of the 
capacity building programme. This will enable INDUCE to interact and test together 
with the companies the best interventions, measures, and instruments.

INDUCE methodology and toolkit will be tested and validated in 15 pilot companies 
from the food and beverage sector, in four countries that represent over 45 % of the 
EU companies in this sector: Spain, France, the Netherlands and Germany. Next, a 
community of trainers will be established by certifying 60 INDUCE trainers. They will 
be in charge of implementing INDUCE methodology in another 300 companies, hence 
increasing INDUCE impact up to 106 GWh/year of energy savings.

INDUCE consortium includes three well-known research centres with expertise in 
energy efficiency, behavioural science, and decision-making processes. In addition, a 
partner in charge of training at national level and an association as multiplier organi-
zation are involved in every pilot country. The consortium is completed by a research 
oriented SME focussed on exploitation and dissemination.
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We are presenting the Project ‘’EnPI-Connect’’, that we carry out on behalf of the 
German Federal Ministry for the Environment (BMUB) in collaboration with the com-
panies Mercedes-Benz Berlin, Stockmeyer and City Clean. EnPI-Connect aims at 
sharpening the monitoring process within energy management. It takes ISO 50006 
and principles of IPMVP into account. EnPI-Connect demonstrates how:

•	 Energy Performance can be effectively monitored. Instead of monitoring the im-
pact of energy performance, companies usually monitor the change of energy ef-
ficiency. But Energy efficiency is not only influenced by energy performance (the 
actions we take to improve efficiency). External influences (e. g. climate conditions, 
resource quality) can have a huge impact, too. EnPI-Connect demonstrates how to 
establish useful EnPIs and monitoring mechanisms that allow distinguishing the 
impacts of measures a company took from the impact of external influences. 

•	 Unsuspected declines in energy efficiency can be detected at once. Realization of 
measures is no guarantee that energy efficiency improvements are preserved in 
the long run. Most companies don’t have mechanisms that allow early detection of 
unsuspected efficiency declines. As a result, efficiency declines often remain un-
noticed. EnPI-Connect helps implementing early detection mechanisms that allow 
companies to take early action as soon as a system falls back behind its efficiency 
potential. 

•	 EnPIs for supply chains can be aggregated from Indicators on system level. Usually 
EnPIs and energy targets for supply chains and for systems of that supply chain are 
defined unconnected from each other. It is unclear how improvements on system 
level affect the supply chain. This leads to inconsistency in targeting and monitor-
ing. EnPI-Connect shows how EnPIs on system level can be aggregated to EnPIs 
for a supply chain. This allows consistency in planning energy saving targets and 
monitoring on system level and for the supply chain.
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The energy and costs reduction are crucial in industries, especially in energy-inten-
sive firms, due to the increase of the competitive pressure and environmental aware-
ness. Moreover, in the recent years many researchers and practitioners have strived 
to implement Lean Production methods in order to reduce wastes and improve the 
production performances of industrial systems. This research is focused on the ap-
plication of Value Stream Mapping (VSM) method to energy consumption, named En-
ergy Value Stream Mapping (EVSM).

This research begins with a literature review on the EVSM methods, in order to iden-
tify the common and different characteristics and to evaluate the applicability of these 
methods in the real industrial context. The analysis of these characteristics reveals 
few attentions to auxiliary systems, even if often they play a significant role from the 
energy point of view for several energy-intensive firms.

In order to fill this gap, we introduce a new method, which permits to identify cor-
rective actions from the current state map observation including the energy consump-
tion of the auxiliary systems. In particular, we draw a new energy line, named auxiliary 
energy line, which shows explicitly the energy consumption of the auxiliary systems. 
The overlapping of the process energy line and auxiliary energy line permits to identify 
immediately corrective actions (e.g. better synchronisation between manufacturing 
processes and auxiliary systems). In order to explain the proposed method, we show 
its application to an energy intensive process.
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klimaaktiv is the Austrian climate protection initiative launched by the Federal Minis-
try of Agriculture, Forestry, Environment and Water Management (renamed Federal 
Ministry of Sustainability and Tourism since January 2018). klimaaktiv is embedded 
in the Austrian federal climate strategy. The primary objective of klimaaktiv is to intro-
duce and promote climate-friendly technologies and services, thereby changing both 
Austria’s economy and the everyday life of Austrian people. 

The klimaaktiv energy-efficient business programme, managed by the Austrian 
Energy Agency (AEA), provides comprehensive professional support to companies, 
ranging from initial analysis to implementation of the efficiency measures. Many com-
panies continue to cooperate successfully with klimaaktiv afterwards as can be seen 
from numerous award-winning projects across Austria. These companies commit to 
implement economic energy efficiency measures which entitle them to use the kli-
maaktiv project partner logo. So far, more than 300 best practice examples of imple-
mented energy efficiency measures have been collected and published. With these 
measures energy savings of 890 GWh and CO2 savings of 284,000 tonnes could be 
achieved. 

An important part of the programme is to offer guidelines and trainings to optimise 
technologies which are frequently used in operations, especially, cross-sectoral tech-
nologies like compressed air systems, pump systems, steam systems, etc. More than 
2,000 energy managers and consultants have participated in the klimaaktiv trainings 
since 2008. 
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Heat recovery through heat integration is one important option for increased energy 
efficiency in chemical process industry. In this type of industry, there are usually large 
potentials to reduce heat consumption by better utilizing heat excess at high temper-
atures to cover heat demands at lower temperatures. Techno-economic evaluation of 
heat recovery projects based on estimated energy cost savings and investment costs 
for standard heat exchanger equipment often shows that a large share of the poten-
tial is economically viable. However, evaluation of the potential for cost-effective im-
plementation of heat integration retrofits requires a wider perspective. 

The techno-economic heat-savings potential can be limited by practical implemen-
tation and operability issues, sometimes significantly more important for the decision 
than the fuel cost savings and the cost of the standard heat exchanger equipment for 
the suggested heat recovery. However, the techno-economic potential can also be 
enhanced by non-energy benefits. 

To investigate how different factors affect the techno-economic potential for im-
plementation of heat integration projects, an interview study has been conducted at 
a large oil refinery in Sweden. For the refinery, nine heat exchanger network retrofits 
were designed for different production units of the refinery. These retrofit proposals 
were discussed in interviews with operations, process, energy and control engineers 
responsible for the respective unit. The interviews revealed several non-energy ben-
efits to be of great importance when the different retrofit proposals were evaluated. 

The presentation will show the non-energy benefits of the heat integration retrofits 
identified in the interview study and discuss their potential influence for decisions 
about energy efficiency investment in chemical processing companies. Examples of 
non-energy benefits that were stated as important were de-bottlenecking, decreased 
pressure drop and decreased fouling.
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ISO 50001:2011 requires that organizations demonstrate verifiable improvements in 
energy performance. To encourage organizations of all levels of complexity and re-
sources to take up the standard, ISO 50001 is flexible and does not specify the meth-
od by which an organization must conduct the measurement and verification (M&V) 
of energy performance improvement and if energy performance improvement must 
be demonstrated for the facility boundaries or for part of the organization within. 
This flexibility allows for the valid use of any number of M&V methods. As guidance, 
ISO 50015 and ISO 50047 together outline a process of measuring and verifying en-
ergy performance improvement in the form of normalized energy savings based on a 
“top down” facility-wide approach. However, these standards are not intended to be 
used for certification as they do not include specific requirements.

While flexibility in how energy performance improvement is measured and verified 
is advantageous for individual organizations, the ability to define energy performance 
improvement in any number of ways is problematic for the purposes of comparing en-
ergy savings between organizations, particularly as part of national ISO 50001 based 
programs. To ensure credibility in reported energy performance improvement, har-
monization between M&V protocols used to determine facility wide energy savings for 
the purpose of demonstrating ISO 50001 energy performance improvement should be 
based upon ISO 50015 and ISO 50047.

To encourage a dialogue for harmonization of M&V practices, this paper identifies 
eight key elements for the M&V of energy performance improvement based upon 
ISO 50015 and ISO 50047 and presents an “ISO 50001 M&V Harmonization Matrix.” 
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This matrix expands the eight key elements allowing M&V protocols to specify how to 
calculate facility-wide energy savings as a metric of energy performance improvement 
in a harmonized way. The US Department of Energy’s Superior Energy Performance 
Protocol is applied to the matrix as a test case and invitation is made for inclusion of 
other M&V protocols. By doing so, the process of harmonizing M&V protocols used 
to determine energy savings as a metric of energy performance improvement result-
ing from ISO 50001 will move forward, ultimately establishing confidence in reported 
values.
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Melting stone and waste into high quality products is an energy intensive process. 
The melting and spinning process is our core technology and optimizing capacity and 
flexibility of those processes with a minimum of waste and energy use has been a 
key focus for our factories for decades. Energy consumption has been reported since 
2012 and optimized as part of the general process optimization but has not been a 
separate strategic focus area.

Since 2016 ROCKWOOL has used the Sustainable Development Goals (SDG) as 
a strategic tool to guide and prioritise development in our operation. 10 SDGs have 
been selected as strategic priorities where we contribute by minimising our opera-
tional footprint. Progress is measured against selected targets within each SDG – here 
energy efficiency is a key focus. A Global Sustainability Function has been created in 
the organisation which has aligned KPIs and is overall responsible for achieving the 
targets. Investments which are contributing to the SDGs are now evaluated outside 
the normal investment procedure using other criteria.

Companies with a unique core technology are likely to concentrate all their focus 
on optimising the core technology in terms of performance and energy consumption 
and pay less attention to the side processes which are often standard equipment. Core 
technology typically accounts for less than half the total energy consumption in the 
production.

Prioritising energy efficiency investments in industry is a complex matter – which 
it should actually not be especially not for measures with an extremely short payback 
time. Our internal work with Energy Audits  as part of our strategic work with the SDGs 
has clearly showed that Energy Audits is only one part of the puzzle which cannot 
stand alone but needs to be part of a longer dialogue and linked to key “anchor points” 
in the organisation.
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Europe needs to increase its productivity and competitiveness. The application of en-
ergy efficiency in a more widespread and thoughtful manner is a key component of 
this. Business & industry needs to invest not only in more efficient technologies, but 
also in the way it operates at a behavioural level. There are challenges though: Eu-
rope’s business and industrial environment is notably rather conservative in relation 
to energy use and employee behaviour, in that it generally only focusses on technical 
solutions. 

Previous studies have shown that energy savings potential linked to an Energy Man-
agement System (EMS) can in some cases be up to 30 % (average 12 %). And that 
a significant part of this can be achieved by behavioural change. With an effective 
system in place, organizations can better integrate energy management into their 
overall activities and be guided in changing their employee behaviour to make the 
most out of opportunities available to them. However, while many organisations have 
implemented an EMS they have often not delivered on expectations. This has been 
due to them often being aimed only at technical staff. In addition to this, an employee 
in a technical function within an organization is often the ‘ambassador’ for the EMS, 
which is often sub-optimal given that its ‘success’ is all about timely and dynamic 
organization-wide employee engagement. Engaging and motivating an organization’s 
technical staff and enabling them to enhance their soft skills is then a key factor in 
the successful implementation of an EMS across an organization. However, effective 
communication is often a forgotten factor. If engagement with employees is more per-
sonal and specific then an EMS and the realisation of energy savings can be made 
significantly more effective.

A case study of a company operating in the healthcare sector will be presented to 
show how the above concept has recently been applied in relation to an EMS and soft 
skills for behavioural change.
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Manufacturing industry has a large energy efficiency potential, yet to be utilized, known 
as the energy efficiency gap. This gap exists due to barriers that hinder industrial com-
panies from making energy efficiency investments. Research also shows that the gap 
is even larger if energy management practices are included as well. One type of energy 
management practice for industrial companies is energy performance benchmarking, 
which deals with several organisational applications. For example, energy performance 
benchmarking can be used to compare a company’s degree of energy efficiency to its 
peers. A benchmarking approach can also be adopted on different levels of aggrega-
tion, including sector, site, and process level. Furthermore, continuous work with en-
ergy management also entails additional benefits beyond the energy effects, known as 
non-energy benefits. In an energy management context, these benefits might for in-
stance be organisational or informational in nature. The aim of this paper is to study 
these aspects of energy management – benchmarking and non-energy benefits – with-
in the Swedish pulp and paper industry.

These aspects of energy management have not, to the authors’ knowledge, been 
extensively investigated. The adopted method for data collection is a mixed method 
approach, where a questionnaire was sent to all operating pulp and paper mills in 
Sweden, and semi-structured interviews were carried out at six mills. The findings in 
this study show that the most common benchmarking method in the Swedish pulp 
and paper mills is external benchmarking within a company group. The benchmark-
ing method with the highest perceived value for a mill’s energy management, how-
ever, is historical benchmarking of energy use. Furthermore, the pulp and paper mills 
have perceived a number of non-energy benefits from energy management practices, 
where top management’s interest in energy efficiency issues increasing more than 
expected was perceived as the most substantial.
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For over a decade, the U.S. Department of Energy (DOE) has engaged in the develop-
ment, uptake, and study of the ISO 50001 Energy Management standard, to advance 
the energy performance and competitiveness of U.S. manufacturing. While U.S. in-
dustry has responded with general support for establishing a standard practice for 
managing energy, the process and cost of certification have frequently been cited as 
obstacles to widespread uptake. 

This paper explores the approach taken by DOE and Lawrence Berkeley National 
Laboratory (LBNL) to break down this barrier. 50001 Ready is a self-guided recognition 
program developed by DOE and LBNL to support facility-level adoption of the business 
practices of ISO 50001, by providing national recognition for self-driven uptake of en-
ergy management principles without the need for any third-party audits or verification.

Also developed by DOE and LBNL, the 50001 Ready Navigator is a self-guided online 
tool and resource database for step-by-step implementation of an ISO 50001-based 
energy management system, designed to build capacity at all organizational levels. Fa-
cilities seeking 50001 Ready recognition complete 25 tasks in the Navigator, self-report 
their energy performance, and provide executive-level attestation of implementation. 
The Navigator facilitates collaboration; users can track their progress, share notes 
with team members, receive expert assistance, and request DOE recognition directly 
through the Navigator. Since the launch of 50001 Ready in early 2017 there has been 
widespread interest from both the industrial and commercial sectors, and the number 
of facilities using the Navigator is growing rapidly. This paper includes reflections from a 
diverse range of early adopters on the value of open knowledge-building resources and 
federal recognition, outlines how 50001 Ready can be leveraged and adapted to prolifer-
ate energy management best practices around the globe, and offers recommendations 
for future program strategies based on new research on barriers to ISO 50001 adoption.
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A growing body of research is beginning to collect and analyze data to understand 
drivers, benefits, and challenges of implementing an ISO 50001 energy management 
system. One new data source is the annual Clean Energy Ministerial’s Energy Man-
agement Leadership Awards program. Launched in 2016, this international effort 
requires ISO 50001-certified organizations to develop a case study of their imple-
mentation experience, using a uniform template. Case studies also include quotes 
from employees, along with energy and cost savings calculations and information on 
facility locations and industry sectors. Case studies typically range from 5 to 9 pages 
in length; 35 case studies were tendered in 2016, and 37 in 2017. To analyze these 
data, researchers at Lawrence Berkeley National Laboratory employed the method 
of content analysis, a well-established practice widely used in the social sciences to 
make sense of qualitative information. This analysis occurs via close reading of each 
case study and transcription of relevant phrases from the following categories: moti-
vations and goals; role of management and the organization; benefits achieved; keys 
to success; and challenges. Phrases are then assigned carefully defined “codes” that 
capture their meaning in order to enable quantitative analysis.

This paper presents results from the content analysis of Energy Management Leader-
ship Awards case studies. While organizations undertook ISO 50001 adoption based 
on a range of motivations and experienced myriad benefits, commonalities exist. The 
biggest drivers for ISO 50001 certification are existing values and goals, cost savings, 
environmental sustainability concerns, government incentives or regulations, and gain-
ing competitive advantage via visibility. This analysis of case studies also reveals that top 
management engagement can play an important role in successful ISO 50001 imple-
mentation, cost saving is the most frequently mentioned benefit achieved, availability 
of disaggregated and transparent energy data is the number one challenge faced, and 
obtaining top management support is a critical key to success. Policymakers and others 
looking to promote ISO 50001 uptake can use these results to highlight benefits and 
incentives that will resonate well when communicating with industrial facilities.
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Ask any energy professional the number one driver of successful energy manage-
ment in a business, and they’ll say executive buy-in. Executives can authorize budget 
resources and worker time. They can remove organizational barriers. They can gain 
buy-in from reluctant department heads. They can set a clear and visible tone in the 
organization. But not all executive engagements are created equally; indeed, a poorly 
engaged sponsor can significantly reduce the success of energy management efforts.

So, what is the answer for how to effectively engage executives? This presentation 
will answer that question by tracking the experiences of 7–10 executive sponsors 
from across North America, and add additional color from the author’s former role 
as an energy executive sponsor. Participants will learn how executives are brought in 
and bought in, to create high impact organizational efforts that are success stories for 
industrial energy management programs. Participants will also learn practical tips for 
getting – and keeping – executives engaged; defining clear roles and responsibilities; 
and effectively managing accountability and program oversight.
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Improved energy efficiency is a cornerstone in climate change mitigation and for in-
dividual companies to reduce energy costs and remain competitive. Research over 
the years has had a strong focus on individual energy efficiency measures as well as 
processes, e.g. process integration, as well as various barriers to energy efficiency 
that inhibits the potential measures and process improvements to be implemented. 
Due to the inhomogeneity of the industrial sector, it remains a challenge to state gen-
eral key performance indicators (KPIs) from a bottom-up level. This challenge is fur-
ther complicated by industrial companies’ unwillingness to share data regarding, for 
example, energy end-use. This makes publications where energy-KPIs are reported 
important.

In this study, purchased energy for space heating and actions undertaken to de-
crease purchased energy for space heating was compared for a sample of ten Swedish 
foundries. As hourly heating degree data between company locations differs at most 
by 7 % for a balance temperature of 20 °C, no adjustments were made to compensate 
for this difference. The sample spread in terms of energy performance for space heat-
ing was noted to be large. The five best performing companies showed values below 
100 kWh/(m2, year), and the two worst-performing companies showed values above 
300 kWh/(m2, year). The companies with less than 100 kWh/(m2, year) have all worked 
with process integration and have a high degree of heat recovery, using their excess 
heat from production efficiently. However, it is important to note that these companies 
do not necessarily have a more efficient building envelope (Utot). The high energy end-
use for companies in this sector makes process integration and heat recovery from 
processes important. This, among other reasons, as heat removal is needed in order 
to avoid too high indoor temperatures. If this excess heat is used efficiently, a space 
heating demand well below 100 kWh/(m2, year) is possible. In practice, however, there 
may be technical and economic factors hindering heat recovery from being imple-
mented to this extent.
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Practical experiences and lessons learned from a heat loss reduction program with a 
large manufacturer of insulation material. 

Once an energy audit has been performed, the implementation of corrective actions 
– starting with those offering fast payback – seems to be self-evident. However by im-
plementing the TIP-4-BEST thermal energy saving program inside our group we found 
several obstacles: from technical difficulties, to financial issues but most of all organiza-
tional constraints. Discussing with energy managers, auditors and ESCO’s it seems that 
the implementation of actions and investments in energy efficiency often face similar or-
ganizational challenges. Our experience and lessons learned follow a combined bottom-
up and top-down process to “crack the hard nut” realizing the EE potential.

It usually starts with the dilemma between “Bottom-up” split of decision making 
power and “Top-down” low level of awareness, scope and interest. In many industries 
the ‘a priori’ way to follow implementation of energy efficiency actions, from top-to 
down, is difficult. Single EE actions simply lack total cost and business impact. There-
fore, we are faced with low availability, interest and focus of top management. Instead 
we must convince and work with functions such as Energy, Maintenance, Engineering 
or Production Managers by following a bottom-up approach. However, they usually 
don’t have decision making power themselves, do not have the right tools/information 
and/or are bound by having to focus on day-to-day problem solving. Consequently, 
even with short payback solutions, EE actions are left aside.

With our internal experience inside our group’s program, we can showcase a suc-
cessful example on how to find the right way through a complex organization by identi-
fying and pushing all key actors and combining efforts in both directions. Understand-
ing the organization, speaking the right language, creating visibility and adapting to 
existing processes and programs are keys to success. Finally, the pressure has had the 
final desired effect and implementation came as a water fall: TIP-4-BEST audits and 
corrective actions have started to be widely and continuously applied.
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Energy management programmes, offered by energy utilities, have taken off in the 
US and Canada. To date, approximately 13 utilities have served over 700 facilities. 
But that doesn’t tell the full story. Many utilities, from New York to San Francisco, 
are making plans to launch new energy management programs. While each of these 
programs offers industrial customers a somewhat different approach, they all follow 
some patterns that can help inform policy and program design.

This presentation will explore two related topics. First, we’ll look at the similarities 
and difference in the programs, exploring the factors that have helped these programs 
succeed as they evolve and defining some of the key elements within the programs. 
Second, we’ll look at some of the factors that have helped bring together the energy 
management ecosystem (utilities, policy makers, implementation contractors, utility 
staff, government agencies, etc.) to better understand what energy management is, 
how to apply it, solve common problems, and reach what some might consider a “tip-
ping point” in the US.
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The industrial and manufacturing sector uses more delivered energy than any other 
end-use sector, consuming approximately 54  % of the world’s total delivered en-
ergy. The sector faces a rapidly changing energy and production landscape including 
(i)  energy costs and exposure to energy market volatility (ii)  market-driven product 
and technology-driven production changes, for example increased customisation and 
electrification (iii) energy management opportunities such as revenues from flexibility 
(demand side response), improving on-site renewable generation and storage technol-
ogies, energy efficiency and improved automation and control. By combining the evalu-
ation of these factors, industrial/manufacturing companies can improve productivity, 
competitiveness and sustainability performance. The resulting approach, holistic ener-
gy management, if properly developed and applied, can support companies operating 
in industry sectors in meeting these challenges and opportunities. While recent EU and 
UK policy supports renewables, flexibility and energy efficiency, there is clearly scope 
for a more proactive and holistic approach to industrial energy management.

This paper will present a number of industrial case studies that demonstrate the 
potential of holistic energy management. Each case study will include analysis of a 
portfolio of sites and a range of opportunities including energy efficiency, on-site re-
newable energy generation, flexibility and storage. The benefits will be presented in 
terms of energy, cost and carbon savings and revenue opportunities.

The role and implementation models of diverse market actors (utilities, aggrega-
tors, financiers, developers, OEMs and ESCOs) will be summarised to highlight the 
range of implementation options open to industrial companies.
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Improving energy efficiency of the industrial sector is fundamental to decouple eco-
nomic growth from the negative environmental and climate impacts of industrial de-
velopment and increased energy consumption.

Energy management systems (EnMS) and standards represent a proven technical-
management tool and policy instrument to advance sustainable energy efficiency in 
industry as well as other economic sectors. EnMS in line with ISO 50001 offer indus-
trial enterprises a systematic approach to identify and tackle opportunities for energy 
savings and sustain energy performance improvement over time.

Despite a substantial and growing evidence of the operational, economic and envi-
ronmental benefits of EnMS in industry and other sectors, there are very limited meth-
odological approaches to the analysis of costs and benefits of EnMS implementation. 
Building on existing literature as well as on the experience of the UNIDO’s EnMS Capac-
ity Building and Implementation (CBI) Programme, this paper presents methodological 
approaches to perform comprehensive cost-benefit analysis (CBA) of EnMS implemen-
tation at enterprise and programmatic level, to help build a stronger business case for 
EnMS implementation vis-à-vis industrial enterprises as well as policy makers. 

Costs categories considered include cost of staff time for training and EnMS im-
plementation activities, cost of external expert assistance, cost of additional energy 
performance monitoring equipment, and expenditures for no- and low-cost energy 
efficiency projects. 

Benefits considered include energy related savings deriving from no-cost and low-
cost energy management/efficiency measures, as well as non-energy benefits. Costs 
and benefits are compared through a payback time function and selected cost-effec-
tiveness indicators.
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The methodologies developed are intended to be generally applicable to the CBA 
of EnMS implementation in organizations and of technical assistance programmes 
like the UNIDO EnMS CBI Programme. However, the value of many parameters con-
sidered (i.e. fees of EnMS consultants, energy prices, number of staff working days 
dedicated to EnMS training and implementation, salaries of industry staff, energy 
savings made, etc.) are specific to the markets in which UNIDO operates and to the 
enterprises participating in the UNIDO EnMS CBI Programme, both in middle-income 
countries and emerging economies.

Two companies and one Programme case studies from UNIDO’s project in the 
FYRO Macedonia are used to illustrate the methodology and results. The results of 
the Enterprise CBA methodology clearly show the significant energy saving potential 
that companies could and can capture through well implemented energy manage-
ment systems and the very-short/short simple payback times of this type of industrial 
energy efficiency best-available technique (20 days and 61 days respectively for the 
two company case studies). The results of the CBA methodology for the Programme 
case study considered show the substantial leverage potential of a programme like the 
UNIDO EnMS CBI Programme, with 20 Euro worth of direct energy savings generated 
per 1 Euro of grant funding invested.
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The presentation of EiiF will show how the combination of motivation programmes 
with the use of digital reporting tools can help to change the behaviour of workers and 
asset owners towards energy efficiency.

Following the principle: “You don’t know, what you don’t know, until you know” and 
based on the TIPCHECK experiences EiiF is developing a digital tool for asset owners 
and their employees to inspect their own facilities for energy efficiency potentials like 
insulation potentials, switch off machine potentials (reporting if and when machines 
are running without producing), safety issues (e.g. too high surface temperatures, 
blocked emergency exits, etc.) and general risks and failures (like leakage or corro-
sion detection).

The programme will be ready to be presented in June 2018:

•	 The inspection programme (motivation & digital).

•	 The used technical devices and app(s).

•	 First case studies.

•	 Its practical use.
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Energy department and Finance department are two of the main departments involved 
in energy management. Ensuring aligned and compatible targets and indicators in 
these departments within an organization is one of the keys to long-term successful 
implementation of energy management systems and performance improvement. 

This study aims at building knowledge to analyze and address potential barriers 
between strategies, targets and indicators adopted by Energy and Finance depart-
ments for and with an impact on companies’ energy performance and productivity, 
and to identify best practices and opportunities for improvements. The study wants 
to build on real information collected from organizations in different countries and in-
dustrial sectors by engaging with enterprises that partnered with UNIDO in the Energy 
Management Systems Capacity Building and Implementation Programme, as well as 
other organizations.

UNIDO has gained vast experience in supporting the implementation and deploy-
ment of energy management systems in industries by providing training, on-the-job 
practice and direct expert implementation support to consultants and industrial en-
terprises covering a broad range of sectors and sizes. As of 2017, the UNIDO Energy 
Management Systems (EnMS) Capacity Building and Implementation Programme has 
worked on EnMS implementation with over 450 companies and 400 national energy 
efficiency and management systems experts in 17 countries. 

The first phase is a survey in companies that have accepted to participate, con-
sisting of two questionnaires to be filled out by the company’s Energy Manager (or 
other manger fulfilling those roles and related functions) and the Financial Manager 
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respectively. Online webinars will be organized after the Survey to present results, 
discuss main barriers and enhance an interchange of real experiences and possible 
solutions between the different companies. The final result is a paper that aims to 
highlight main findings and conclusions.
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According to the Energy Efficiency Directive executed by the European Union, each 
member state is obliged to set a national target on energy efficiency. This require-
ment constitutes the basis for governments to formulate policy measures directed 
towards industrial companies. Such policy measures, along with the demand for 
cost-effective production to remain competitive on the market, motivates industrial 
companies to improve their energy efficiency. The aluminium industry is energy in-
tensive and consumes substantial amounts of electricity and fossil fuels, resulting in 
both direct and indirect greenhouse gas emissions. This paper presents a study of 
the production of an aluminium product in Sweden in terms of implemented energy 
efficiency measures in the supply chain and potential areas for further improvement. 
Most previous studies have focused on energy efficiency measures in individual com-
panies (value chains). However, this paper presents and analyses energy efficiency 
measures not only in each individual company but also in the entire supply chain of 
the product. The supply chain studied starts with secondary aluminium production 
followed by the production of a part of an automobile motor and ends with installing 
the motor detail in a car. Empirical data were gathered through a questionnaire and 
a focus group. The study shows the great potential for further energy efficiency im-
provements in the value chains of each individual company and in the whole supply 
chain. The work shown here is a part of a larger research project performed in close 
cooperation with the Swedish aluminium industry.
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Pasteurisation is used in a number of food and drink industries but in particular in 
dairy processing. Pasteurisation is typically one of the highest energy consuming sub-
processes on site due to the high levels of heating and cooling demand. This study 
provides results from a survey with eight major dairy processing sites supporting 
practitioner experience that the energy consumption of pasteurisation units is often 
not monitored or understood. This is due to a number of factors including poor pro-
vision of equipment specification and support from manufacturers, and insufficient 
temperature monitoring to allow calculation of heat transfers. The sites fall into three 
broad categories in terms of how they approach process (and specifically pasteuri-
sation) energy optimisation and reduction (those that undertake no monitoring or 
review of pasteurisation units; those that undertake periodic review and those with 
regular monitoring and review). On a number of these sites significant energy sav-
ings can be found from an investigation of the data available. We conclude that dairy 
processing sites can benefit from improving the visibility of the available data from 
SCADA (Site Control And Data Acquisition software used for process control and data 
management) regarding pasteurisation. The additional monitoring of regeneration 
temperatures (where missing) would provide an ability to track individual heat ex-
changer/regenerator effectiveness and take necessary improvement action. Manu-
facturers and suppliers also have a role to play in improving and promoting the energy 
efficiency features of their equipment and to provide monitoring that allows the heat 
consumption to be tracked.
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Industrial processes currently account for a significant share (25–35 %) of the world’s 
total energy demand and related emissions. During recent years, the amount of low-
carbon electricity from renewable energy sources (such as wind and solar) has in-
creased continuously. There is therefore an increasing interest in electrification of in-
dustrial processes in order to achieve long-term decarbonisation goals.

Structural changes in the capital-intensive processing industry take a long time 
to implement. Furthermore, the number of possible technologies and systems for 
electrification of industrial processes is high, and different technologies and com-
binations of technologies will have different performance both in terms of economy 
and carbon footprint. For industrial decision-makers, it is important both to un-
derstand such systemic effects of electrification technologies and to discard low-
performing candidates at an early stage. So far, studies on industrial electrification 
have focused on top-down approaches using explorative scenarios for analysing 
the consequences of a sector-wide full electrification assuming greenfield invest-
ments. There is a lack of studies adopting a bottom-up perspective for investigation 
of partial electrification options in brownfield investments at existing sites including 
process integration aspects and system consequences as well as the impacts on 
overall energy efficiency.

The objective of this paper is to propose a methodology for bottom-up assessments 
of industrial electrification options and to demonstrate this methodology with a case 
study. For this purpose, a bottom-up methodology that especially accounts for the 
systematic effects of increased electrification on a plant level was developed and then 
applied to the steam system of an oil refinery plant in Sweden. The results show that 
the energy and carbon footprint consequences of such measures are hard to predict 
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without detailed modelling studies since industrial process unit operations are highly 
interlinked. Furthermore, the results from the techno-economic as well as carbon 
footprint bottom-up assessments can be used to compare electrification with other 
decarbonisation options and to formulate detailed roadmaps for decarbonization of 
energy-intensive industrial processes.
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The Port of Rotterdam is an important industrial cluster mainly comprising of oil re-
fining, chemical manufacturing and power and steam generation. In 2015, the area 
accounted for 18 % of the Netherlands’ total CO2 emissions. The Port of Rotterdam 
Authority is aware that the port’s economy is heavily exposed to future global and 
EU decarbonization policies, as the bulk of its activities focuses on trading, handling, 
converting and using fossil fuels. Based on a study for the Port Authority, our paper 
explores two possible pathways of how the industrial cluster can keep its strong in-
dustrial position and still reduce its CO2 emissions by 98 % by 2050. The “Biomass 
and CCS” scenario assumes that large amounts of biomass can be supplied sustain-
ably and will be used in the port for power generation as well as for feedstock for 
refineries and the chemical industry. Fischer-Tropsch fuel generation plays an impor-
tant role in this scenario, allowing the port to become a key cluster for the produc-
tion of synthetic fuels and feedstocks in Western Europe. The “Closed Carbon Cy-
cle” scenario assumes that renewables-based electricity will be used at the port to 
supply heat and hydrogen for the synthetic generation of feedstock for the chemical 
industry. The carbon required for the chemicals will stem from recycled waste. Tech-
nologies particularly needed in this scenario are water electrolysis and gasification or 
pyrolysis to capture carbon from waste, as well as technologies for the production of 
base chemicals from syngas. The paper compares both scenarios with regard to their 
respective technological choices and infrastructural changes. The scenarios’ particu-
lar opportunities and challenges are also discussed. Using possible future pathways 
of a major European petrochemical cluster as an example, the paper illustrates op-
tions for deep decarbonisation of energy intensive industries in the EU and beyond.



84  INDUSTRIAL EFFICIENCY 2018 • ABSTRACTS

EXTENDED ABSTRACT  •  4. TECHNOLOGY, PRODUCTS AND SYSTEMS

Small-scale industrial cogeneration with high 
efficient gas turbine 4-032-18

Matti Malkamäki & Maija Mäkinen
Aurelia Turbines, Germany

Keywords
distributed energy resources (DER), bio fuel, greenhouse gas emission reduction, en-
ergy efficient technologies, gas, micro gas turbine, combined heat and power genera-
tion

The small-scale process and SME industry uses over 20 % of the total energy con-
sumed in Europe. This sector includes small factories in iron & steel, food, chemi-
cal, pharmaceutical, building materials, and other industries. All these factories need 
Combined Heat and Power (CHP) generated locally, but power only in relatively small 
amounts, generally less than 2 MW. A majority of these factories are using very inef-
ficient energy systems, that cannot handle the fluctuating power demand and varying 
ratios of power/heat needs.

The potential of energy savings in industrial processes of the SME sector is vast. 
According to the German Energy Agency, process heat is the most energy intensive 
application field by covering 64 % of industrial total final energy consumption. Process 
steam (between 100 and 500 °C) accounts for 21 % of industrial final energy con-
sumption in EU. A study by IEA shows that the industrial sector can save up to 30 % 
in process heat costs through energy efficiency measures. According to German CHP 
association, steam-CHP technology targeted at the small scale and SME industry can 
reduce fuel consumption up to 40 % by enhancing efficiency and allowing the use of a 
range of different, also renewable fuels.

In distributed energy generation the power and heat needs can vary significant-
ly depending on the production degree and time of day, week or year. The power 
and heat demand of a particular time do not necessarily correlate. Major energy 
savings can be achieved with efficient flexible CHP generation technologies. This 
presentation shows simulations of power/heat demand and on-site generation of 
three different small industrial sites in Germany using three different technologies; 
reciprocating engine, conventional micro gas turbine and a novel, high efficiency 
micro gas turbine.

Small-sized gas turbines have gained increased attention due to their multiple 
benefits compared to conventionally used reciprocating engines: lower emissions 
and lower operating and maintenance costs and wider variety of allowed fuels, in-
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cluding biofuels. Additionally, in a novel, innovative two-spool variable speed gas 
turbine the two spools can be controlled independently of each other, which allows 
the turbines to be operated with high efficiency in a broader operating range. The 
operation of this kind of gas turbine can be easily controlled on the basis of the cur-
rent power/heat ratio demand.
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Manufacturing of basic metals and fabricated metal products (NOGA 24 and 25) in 
Switzerland is responsible for 20 % of total final energy demand of the Swiss indus-
trial sector. In the time period 2008 to 2016, total final energy consumption of the 
sector increased by 5 %. In the year 2015, 11.3 PJ of total final energy was consumed 
by this sector. This study investigates the current potential of energy efficiency im-
provement and carbon dioxide abatement for manufacturing of basic metals and fab-
ricated metal products in Switzerland by constructing bottom up electricity, fuel and 
CO2 cost curves. Based on the values available in literature, the technical energy sav-
ings potential for this sector is estimated at 25 % of sector’s final energy consump-
tion of the year 2015. The cost-effective energy efficiency potential of this sector is 
estimated to be 10 % and the corresponding reduction in CO2 emissions associated 
with the cost-effective energy savings is 6 %. A sensitivity analysis is carried out to 
test the sensitivity of cost effectiveness of energy conservation measures to changes 
in fuel, and electricity prices. The results of this study can help to develop a better 
understanding of energy efficiency gap in basic metals and fabricated metal products 
manufacturing sector and to identify cost effective energy efficiency and CO2 emis-
sion reduction technologies in basic metal manufacturing and foundries.
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Industrial plants of Energy Intensive Industries (EII) such as cement, glass, petro-
chemical and steelmaking, are at present dissipating huge amounts of heat into the 
atmosphere. Furthermore, these flue gases have to be cooled before being vented 
either with heat exchangers or by adding external air. Both solutions introduce ad-
ditional energy consumption. Unfortunately, this waste heat is recovered for internal 
needs only in few cases.

The ORC technology is considered as a technology with a high real potential for 
the recovery of these waste heats. The ORCs (Organic Rankine Cycles) typically use 
a high molecular mass organic working fluid such as butane or pentane that have a 
lower boiling point, higher vapour pressure, higher molecular mass and higher mass 
flow compared to water operating in the steam Rankine Cycles. These features enable 
higher turbine efficiencies than those offered by a steam system. The ORC systems 
can be utilized for waste heat sources as low as 150 °C, whereas steam systems are 
limited to heat sources greater than 260 °C.

The ORC systems are typically designed with two heat transfer stages. The first 
stage transfers heat from the waste gases to an intermediate heat transfer fluid (e.g., 
thermal transfer oil). The second stage transfers heat from the intermediate heat 
transfer fluid to the organic working fluid. The work presents the design and develop-
ment of a new generation of the Organic Rankine Cycle (ORC technology) to gener-
ate electricity based on the application of direct heat exchange solution. The main 
objective is to eliminate the intermediate heat carrier medium circuit that transfers 
the thermal energy from the first heat exchanger to ORC units in conventional Waste 
Heat Recovery systems.
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Aspects related to the analysis of materials, control and monitoring and modelling 
of the gas flows within the heat carrier have been approached. Eventually an industrial 
scale demonstrator with a capacity of generating up to 2 MWe is being built that will 
be installed in a cement plant for the validation of the process. The design and details 
of this case study will be shown in detail. 

The new ORC developed during the project presents a lot of innovative aspects if 
compared to a standard configuration with thermal oil. The first worth mentioning 
aspect is the use of a working fluid that is nor toxic, nor flammable and with low GWP 
for high temperature applications. Based on the existing literature it is the first time 
worldwide this specific low GWP refrigerant is used as working fluid for a real scale 
ORC. Design of heat exchangers and turbine blades have been changed according 
to thermodynamic properties of the new fluid. The WHRS design is able to efficiently 
recover heat from gases and maintain organic fluid temperature below decomposition 
limits. The WHRS materials are able to resist high temperatures and dust, but also 
cheap enough to be economically feasible. This solution (ORC with Direct Heat 
Exchange) represents the first worldwide application in the cement sector and is 
furthermore suitable for cross sectorial applications. It should allow reducing the 
overall costs while increasing efficiency, considered as the key factors to cut existing 
barriers for a significant penetration of the ORC technology in the industrial energy 
efficiency market.
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Converting electricity into heat offers the opportunity to make of use large scales of 
renewable (surplus) energy in the long run in order to reduce shut-downs of renew-
able power plants and to substitute fossil fuels. Electrification seems to be also very 
promising for industrial heat applications, as it enables high process temperatures 
to be achieved in a tailor-made and efficient way and enables the utilisation of other 
energy sources like waste heat, geothermal or ambient heat (via heat pumps).

This article analyses theoretical and technical electrification potentials of Steam 
Generation and Other Process Heat Generation in the following energy-intensive 
branches: iron & steel, non-ferrous metal, iron foundries, refineries, base chemicals, 
glass, cement clinker and paper industry in Germany. Literature research, expert in-
terviews as well as own modelling were conducted to determine potentials and their 
implementation barriers. Based on these methods, market potential to electrify in-
dustrial steam generation was estimated. On the basis of two climate protection sce-
narios, the effects of both a monovalent and a hybrid industrial power-to-heat strategy 
were quantified with regard to greenhouse gas reduction and energy efficiency (pri-
mary energy saving).

The pathway towards electrification will be reflected by criteria such as path depend-
ency, dependency of infrastructure and system compatibility. Recommendations for 
research and development as well as policies are derived from the overall analysis.

The article shows that electrification can be an important option to achieving high 
CO2-savings in the industrial heating sector in a long-term perspective. However, the 
scenario calculations show that electrification does not in itself guarantee reduction 
of greenhouse gases or savings of primary energy. To reach these goals, it is essential 
to further develop industrial heat pumps and to map electrification and further devel-
opment of renewable energy (including infrastructure such as power networks and 
storage facilities) in a concerted strategy.
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Reverse Electrodialysis (RED) is a technology for generating electricity from the differ-
ence in salinity between two solutions. RED is usually applied to natural water streams 
with different salinities, like seawater vs. freshwater. In the RED Heat-to-Power project 
we explore the option of using artificial water solutions operating in a closed loop where 
the difference in salinity is regenerated in a separation step powered by heat at tem-
perature ranges between 60 and 100 °C. We call this system Reverse Electrodialysis 
Heat Engine (RED HE).

In this paper, first we summarise the possible system configurations and the overall 
amount of excess heat available in Europe for powering the RED HE process, as de-
scribed in our previous publications. Then we take a closer look at specific sites, where 
a RED HE engine could be potentially applied, assessing the amount of waste heat that 
can be technically and realistically recovered and sizing the RED HE system for those 
applications.

The case studies include the excess heat recovery from:

1.	 a typical large-sized pulp and paper industry based in Sweden

2.	 a typical medium-sized food industry as described within the IEE project GREEN-
FOODS

3.	 a relatively large biogas plant in Germany

4.	 the on-board auxiliary engine of a medium-sized bulk carrier

5.	 a gas compressor station in Poland.
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The results show that the RED HE is suitable to be used by all those sectors. For most 
cases, the typical heat engines would be of relatively small size, because of the Car-
not limits for temperatures at 100 °C or lower: Industry 150–600 kW, Biogas plants 
5 to 20 kW, Marine 4 to 17 kW. On the other hand, the gas compressor stations are 
suitable for larger applications, in the range of 2 to 8 MW.
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Industry sector in Europe reaches 35 % of total energy consumption. Energy-intensive 
industries (as die-casting, refining, concrete) are liable for more than half of that con-
sumption. Commonly, these industries are mainly focused on reaching the desired 
levels of production without considering the energy efficiency along the process. How-
ever, current data acquisition methods are revealing new room for improvement which 
should be analyzed. Energy efficiency in industry is not as high as it should be. Models, 
researches and experience, situate the level of the hypothetical energy efficiency in 
the manufacturing sector many points above the current state. This research explores 
and analyses a representative heating process in order to improve its productivity and 
energy consumption. The aim of this paper, which focuses on analyzing energetic and 
productive variables, is to present energy efficiency and line productivity improve-
ments for a continuous heat treatment process of an aluminium die-casting plant by 
means of an integral modelling methodology which includes a sensitivity analysis. So-
lution, quenching and aging processes were represented by productive and energetic 
time-dependent models combining thermal phenomena with techno-economic con-
siderations that allowed energy consumption, resource utilization and the working way 
to be evaluated. Simulated theoretical phenomena were compared and validated with 
real data measurements.

A virtual model of the heat treatment process was applied to search the best work 
configuration and to identify, quantify and evaluate proposed improvements. Based 
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on the simulation results, both technical furnace modifications and productive im-
provement actions were identified; and their viability, impact and resulting energy 
savings or production increase were quantified. For instance, a waste heat recov-
ery system from solution to aging furnace, by a novel heat exchanger (heat pipes) 
was analysed, reducing, as consequence, the natural gas consumption from the 
heat treatment up to 14 %, with approximately 3-years payback period and savings 
of 512 MWh/year. Besides, other modifications in tactical or operative working way 
(without investment cost), such as modifying batches entry, were evaluated, with pro-
duction improvements between 5 % and 10 %.



94  INDUSTRIAL EFFICIENCY 2018 • ABSTRACTS

PEER-REVIEWED PAPER  •  4. TECHNOLOGY, PRODUCTS AND SYSTEMS

Concepts and pathways towards a carbon-neutral 
heavy industry in the German federal state of 
North Rhine-Westphalia 4-065-18

Clemens Schneider & Stefan Lechtenböhmer
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The German federal state of North Rhine-Westphalia (NRW) is home to important 
clusters of energy-intensive basic materials industries. 15 % of the EU’s primary steel 
as well as 15 % of high-value base chemicals are produced here. Together with refin-
ery fuels, cement, lime and paper production (also overrepresented in NRW) these 
are the most carbon-intensive production processes of the industrial metabolism. To 
achieve the ambitious regional and national climate goals without relocating these 
clusters, carbon-neutral production will have to become standard by mid-century.

We develop and evaluate three conceptual long-term scenarios towards carbon-
neutral industry systems for NRW for 2050 and beyond:

•	 a first scenario depending on carbon capture and storage or use for heavy indus-
tries (iCCS),

•	 a second scenario sketching the direct electrification of industrial processes (and 
transport) and

•	 a third scenario relying on the import of low carbon energies (e.g. biomass, and 
synthetic fuels (like methanol) for the use in industries and transport.

All scenarios share the assumption that electricity generation will be CO2-neutral by 
2050.

For all three scenarios energy efficiency, primary energy demand for energy ser-
vices and feedstock as well as the carbon balance are quantified. We apply a spatial-
explicit analysis of production sites to allow for discussion of infrastructure re-use and 
net investment needs. Possible symbiotic relations between sectors are also included. 
The robustness of the three conceptualised future carbon-neutral industry systems is 
then analysed using a multi-criteria approach, including e.g. energy security issues 
and lock-ins on the way to 2050.
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In the light of growing computing-demand and significant new build of large data cent-
ers, smaller data centres and server rooms still count for a significant energy saving 
potential based on the number of installations and their low efficiency. For large data 
centres efficiency optimisation has become more and more common and the energy 
management is often certified. But for the vast amount of small scale server rooms 
such optimisation is often considered not to be economical feasible or the technical 
staff is not aware of these saving potentials. Using a small scale data centre as an ex-
ample a study was conducted to identify the biggest efficiency potentials in prevalent 
server rooms and data centres. The dimensions of these data centres make up a huge 
portion of the current infrastructure and are expected to increase their share due to 
“Industry 4.0” and autonomous driving in the future.

For this study the temperature, humidity, air pressure and multiple power consump-
tions were measured in the server room. In addition, a literature review was conduct-
ed, focusing on best practices and scientific papers. The findings are weighted with 
respect to the limited budget and technical capabilities commonly attributed to SMEs. 
The two most promising optimisations can cut the energy costs for the cooing system 
by up to 65.3 %. Of which 40.3 % saving were derived from real data simulations and 
25 % from literature estimations. These simple measures, consisting of restructuring 
the server room, can be replicated in other installations. Further system optimisations 
are possible but the needed higher investments or expertise are commonly not avail-
able for most SMEs.



96  INDUSTRIAL EFFICIENCY 2018 • ABSTRACTS

EXTENDED ABSTRACT  •  4. TECHNOLOGY, PRODUCTS AND SYSTEMS

Analysis of different transformation pathways for 
the energy-intensive industry in Germany on the 
basis of exergy analysis 4-080-18

Roman Flatau & Peter Radgen
Institute of Energy Economics and Rational Energy Use, Germany

Ali Aydemir
Fraunhofer Institute for Systems and Innovation Research, Germany

Keywords
energy-intensive industry, exergy analysis

In recent years considerable measures have already been undertaken to increase 
energy efficiency in the German industry. In an increasingly energetically efficient 
system, the sole consideration of the energy efficiency as an indicator for further ef-
ficiency improvements might be questioned. This is due to the fact that a purely ener-
getic assessment does not include energy quality. In the exergetic evaluation, on the 
other hand, the quality of energy input and energy service is included in a system to 
be assessed. The preservation of energy quality is therefore taken into account in the 
evaluation. Against the background of scarce resources, this is particularly relevant 
as resources can be more appropriately allocated to a specific usage. 

The main objectives of this paper is to examine the decarbonisation pathways of 
selected main processes of the industry from a holistic perspective with an exergy 
analysis. The selection of the main processes takes place with regard to their ener-
getic relevance referred to the final energy consumption in the German industry. The 
exergy analysis is conducted for the current situation and for 2050 based on two de-
carbonization scenarios for the German’s industry. First results on the current situa-
tion show that the interpretation of exergetic indicators has to be done very carefully 
in the context of transition pathways for the industry. This is based in several reasons, 
such as system boundaries, availability of data and implicit definitions influencing 
interpretations. We present these issues for exemplary cases.

The study is financed by the German BMUB.



INDUSTRIAL EFFICIENCY 2018 • ABSTRACTS   97  

4. TECHNOLOGY, PRODUCTS AND SYSTEMS • EXTENDED ABSTRACT

Energy flexibility in industry: evaluating 
simultaneous battery use cases and identifying 
generalized electricity profile indicators 4-086-18

Fritz Braeuer, Russell McKenna & Wolf Fichtner
Karlsruhe Institute of Technology (KIT), Germany

Keywords
electric storage, batteries, electricity bill, indicators, electricity markets, energy flex-
ibility

The application of battery storage systems (BSS) to provide electrical flexibility has 
attracted increasing interest over recent years. Because of their high energy demand, 
this is especially interesting for industrial companies. To industry, a BSS provides a 
pseudo-flexibility: a flexible electricity demand can be offered to grid operators and 
electricity markets via different use cases while the production remains unaffected. 
Additionally, a unique attribute of BSSs is the ability to follow different use cases si-
multaneously (Reid und Julve 2016). In many studies, this possibility is mentioned 
but the potential has not yet been thoroughly studied (Stephan et al. 2016), espe-
cially not with the focus on an industrial application.

This paper evaluates the economic potential of energy flexibility in different Ger-
man small and medium sized enterprises (SMEs) through the installation of a BSS 
employing different uses cases simultaneously. The focus is on peak shaving, provi-
sion of primary balancing power and energy-arbitrage-trading on the German intraday 
and day-ahead markets. To evaluate the profitability of the BSS, the energy system 
of an industrial manufacturing plant is modelled as a mixed integer linear program 
(MILP) with the objective of minimizing total energy-related system costs. In addition, 
this paper develops several indicators from the analysis of the load profile, market 
price profile and battery characteristics. The aim is to extend existing indicators (e.g. 
McLoughlin et al. 2013) to describe the dynamic characteristics of the industrial load 
profile in more detail. This allows us to pre-evaluate the suitability of a BSS for indus-
trial companies in future studies. 

We observe that employing different use cases simultaneously substantially in-
creases the return on investment compared to a single use case. The magnitude of 
the revenue depends on the volatility of the load profile and the ratio between the 
battery capacity and total energy consumption.
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The European Emissions Trading Scheme (EU ETS) covers 45 % of European Green-
house Gases (GHG) and particularly affects the energy intensive industries by impos-
ing the risk of “carbon leakage”, i.e. the risk of EU industry departing to countries with 
weaker restraints on GHG emissions. The current work addresses the EU Glass indus-
try which covers app. 1 % of total EU ETS emissions and 3 % of the total industrial ETS 
emissions, has a market share close to one third of global production and is capital 
intensive therefore requiring long investment cycles. The work to be presented makes 
an assessment of the position of EU ETS glass manufacturing sites in terms of carbon 
management with different price scenarios in the case of the replication of a success-
ful case of batch/cullet preheating during waste heat recovery (WHR) in a Bulgar-
ian EU ETS glass manufacturing plant. The work addresses EU-ETS glass industrial 
plants which cover an allocation in the range of 100 million of European Emission 
Allowances (EUAs) for the third EU ETS trading period 2013–2020. These 299 plants 
had a cumulative shortfall in emission allowances of 8 MtCO2 for the period 2013–
2016. The presented work aims at supporting the EU ETS glass industry in developing 
a proactive strategy towards a low carbon industrial future.
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Since the introduction of the IPPC (International Pollution Prevention and Control) di-
rective and of the BREF documents, BATs (best available techniques) have become a 
reference both for policies and for companies, to compare performance and to iden-
tify investment opportunities. Due to the environmental core of the IPPC first, and of 
the IED (Industrial Emissions Directive) after, energy efficiency BATs are not always 
detailed and often lack energy performance indicators. 

The H2020 EU-MERCI project, aimed at fostering and facilitating the implementa-
tion of energy efficiency projects in the manufacturing industry sectors by selecting 
and disseminating technological and policy best practices. A set of energy efficiency 
good practices was developed both considering BREF indications, literature analysis 
and, as innovative approach, the outcomes of energy efficiency obligation and support 
measures aimed at the industrial sector. This was implemented through an in-depth 
analysis of the existing schemes in Austria, Italy, Poland and UK carried on by AEA, 
RSE, FIRE, KAPE and Carbon Trust. A project that required a thorough activity to nor-
malise and compare the data made available by the different schemes.

The outcome is available through the EIEEP (European Industrial Energy Efficien-
cy good Practices) platform implemented by EU-MERCI Partners. On the web site, 
a database of energy efficiency projects implemented in industry under the exist-
ing schemes is available. The database is searchable by country, sector, supporting 
scheme, implementation year, and company size. The complete list is also download-
able as Excel file. 

Besides, a library divided by sectors is available, in which it is possible to look for 
the available good practices (both BATs and projects implemented under the national 
schemes) for each phase of the manufacturing processes. Sectoral and national anal-
ysis are finally available.
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The paper will illustrate the methodology used for the project and the main out-
comes, also by applying the methodology to a sector in Italian industry and comparing 
the results with EU-MERCI ones.
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Industry accounts for about 25 % of EU final energy demand and uses gas, electricity, 
coal, and oil as the dominant energy carriers. This makes the sector critical for the 
achievement of European climate goals. The EU Roadmap for moving to a competi-
tive low carbon economy in 2050 states a potential of 83 to 87 % emission reductions 
in industry by 2050. Several analyses show that industry is unlikely to meet this target 
without a major change in the policy frame. Our contribution presents two alterna-
tive transition scenarios for the EU28 that achieve a reduction in GHG emissions of 
more than 85 % by 2050 compared to 1990 for the industrial sector. The scenarios 
are based on the bottom-up simulation model FORECAST, which allows simulating 
technological change with a high level of technological detail also considering policy 
instruments. The transition scenario contains mitigation options including energy ef-
ficiency, fuel switch to RES, CCS, power-to-heat, secondary energy carriers based on 
RES, innovative production technologies and new products, material efficiency, sub-
stitution and circular economy elements. Thus, the scope of mitigation options is very 
broad, particularly compared to the scenario calculations that were conducted to 
support the EU Low Carbon Roadmap, which is mainly based on CCS for the industri-
al sector. Results show that RES and energy efficiency have huge potentials towards 
decarbonisation. But also changes in production structure giving way to new innova-
tive technologies like renewable hydrogen based direct reduction in the steel indus-
try or low carbon cement types are needed. This scenario reflects a radical change 
to be achieved in less than 35 years. Even if many mitigation options will be rolled 
out in large quantities only after 2030, policies need to be in place soon to drive this 
transition. A potential policy mix towards implementation of the modelled transition 
scenario is discussed at the end and compared to current policies in place in the EU.
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Industrial energy consumption is known to be significantly high worldwide, reaching 
up to one half of the total energy in some countries and almost one third of the world’s 
consumed energy. Consequently, the industrial sector is also responsible for a large 
share of greenhouse gases (GHG) emissions. Many recent manufacturing standards 
and methodologies have efficiency, environmental and social impacts as key aspects 
and concerns, in order to meet the demands of international agreements and reg-
ulations on these subjects. The ongoing development brought by Industry 4.0 and 
Smart Factories are the main demonstrations of the growing awareness of the impor-
tance of efficient and intelligent production. Data gathering, processing, analysis and 
benchmarking play a key role in this scenario, enabling a smarter and well informed 
decision-making process. In this context, energy consumption data extracted directly 
at machine level inside factories also show a significant potential for being a reliable 
source of process-related information, such as automatic production counting, con-
sumption analysis, Overall Equipment Effectiveness (OEE) and costs identification. 
This paper presents a pilot implementation of a machine learning based application 
for the automatic extraction of useful insights from machine level energy data sets. 
The developed tool uses a K-means clustering algorithm in order to categorise energy 
profiles into production or idle periods, from which relevant Key Performance Indica-
tors (KPIs) are calculated. A controlled experiment using Non-Invasive Load Monitor-
ing (NILM) equipment connected to a CNC milling machine was performed in order 
to validate the approach, and the results are presented in this paper. The method has 
identified potential savings of up to 30 % in an Injection Moulding machine and up to 
25 % in a Precision Engineering company, besides providing deeper understanding of 
the consumption profiles of machines in these sectors.
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The chemical industry is responsible for roughly 6 % of global primary energy con-
sumption and global greenhouse gas emissions, as well as a key fossil-fuel user (Cul-
len and Allwood 2010). Material and energy efficiency are the focus of industrial and 
policy decision-makers but are often pursued as separate strategies. This paper ap-
plies exergy analysis to reconcile material and energy flows into a single unit and the 
separate efficiencies into an integrated metric and take into account the quality of 
the flows. The analysis was performed on simulated data for an ammonia production 
site based on Steam Methane Reforming (SMR) to produce syngas from natural gas. 
The combustion zone of the reformer in the SMR plant is modelled separately from 
the reaction zone, facilitating the allocation of exergy destruction to the separate sec-
tions. Exergy flow maps are constructed using Sankey diagrams to illustrate the re-
source (material and energy) flows around the site and the principal sources of exergy 
loss and destruction. Exergy efficiencies and exergy destruction values are calculated 
for every plant. A more detailed analysis of the SMR plant is conducted that takes 
into account transit exergy (untransformed exergy). Losses in the SMR plant are fi-
nally allocated to the specific mechanism of loss (for instance combustion and heat 
exchange) to guide future improvements. The analysis yields specific results for the 
ammonia and syngas case study but the methodology is applicable to any chemical 
production site with minimal adjustments.
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Recently, renewable electrification is mentioned as a promising option to reach deep 
decarbonisation of industrial production (Energy 115 (2016) 1623–1631). For the 
Netherlands, these scenarios are merely conceptual ideas. The aim of the present 
study is to quantitatively assess deep decarbonisation scenarios through electrifica-
tion of the production of basic materials and transportation fuels in the Netherlands 
in 2050. This to explore the technical feasibility, required feedstock and energy po-
tentials and pro’s and con’s of different electrification pathways for the Dutch energy 
intensive industry.

The study focuses on steel, minerals (cement and glass), basic chemical industry 
(olefins, chlorine and ammonia), paper & pulp and food industry and in addition to 
that the refining and transport processes (passenger, freight, navigation and avia-
tion). Next to the current situation, 3 deep decarbonisation pathways have been 
developed: A. All electric, B. Big on hydrogen and C. Competition; all of these what-
if scenario’s have equal demand scenario’s (from PBL) and their own specific set 
of technologies to reach near zero CO2 emissions in 2050. For each scenario, we 
explore the required renewable (wind) energy potentials. Furthermore, different 
sources of CO2 (fossil or bio-based), process emissions, the end-of-life of products 
(with fixed carbon getting released or recycled) and indirect CO2 emissions of wind 
are calculated to assess the total net system CO2 emissions. About three quarter 
of the current Dutch CO2 emissions is covered in this study, including international 
bunkers and export of oil based products.

In all three pathways, it is technically feasible to reach nearly zero CO2 emission 
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levels through electrification of the heavy industrial production and transport, even 
with maintaining the current Dutch export position in polymers. The scenarios, how-
ever, differ with respect to relative stakeholder power, type of technological options 
and TRL.
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This presentation examines the current state of the energy efficiency financing mar-
ket with specific reference to industry. As well as the importance of retrofit projects 
the paper examines the different types of capital investment that lead to improved 
efficiency including investment in new production facilities and the need to maximise 
the opportunities afforded by normal, every day investments that do not have energy 
efficiency as their prime objective. It examines initiatives in the US and EU market, 
and discusses the specific barriers to the growth of private capital investment into en-
ergy efficiency in industry. These include: lack of standardisation in development and 
documentation, small project size and the need to develop large pipelines, the need 
for both development as well as project finance, and the need to build capacity in the 
demand side, the supply side and the finance industry. It then looks at various exam-
ples from around the world that have successfully brought the elements together to 
increase the flow of capital into energy efficiency in industry. It reviews significant de-
velopments including the Investor Confidence Project, the EEFIG Underwriting guide, 
project performance databases and platforms and their role in the ecosystem of en-
ergy efficiency financing. It also looks forward to emerging business models such as 
metered efficiency and Pay for Performance.
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Promising industrial energy efficiency (EE) and renewable energy (RE) projects in 
Europe lack viable financing due to insufficient performance or credit guarantees, lack 
of ability/capacity among lenders to assess project risks, or related financing chal-
lenges. To overcome these barriers, the H2020 project TrustEE launched in 2016 to 
accelerate implementation of EE and RE solutions by developing an innovative project 
financing model and digital platform to standardise project evaluation. The innovative 
business model, which targets SMEs, combines project evaluation and development, 
contracting, risk hedging and external financing via a two-pronged approach. First, 
TrustEE established a securitization vehicle (“Sustainable Future Trustee”), which 
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purchases receivables from technology supplier’s who have successfully installed and 
commissioned industrial EE and RE projects. These purchases allow industrial SMEs 
(end users and suppliers) to create flexible project payment plans, and are financed by 
tradable securities offered to investors on the capital market. Investors are de-coupled 
from most technical risks as projects are already commissioned. This vehicle is sup-
ported and serviced by a semi-automatic project evaluation, using a three-stage, web-
based platform. Stages 1 and 2 perform an automated technical and financial evalua-
tion by comparing the project parameters to an automatic background simulation that 
uses comprehensive models for the envisaged EE and RE technologies. If a project 
meets the screening criteria, the TrustEE manager initiatives Stage 3, which includes 
technical optimization and legal and insurance-related preparation for re-financing. 
In the long term, plant and technology suppliers will be able to qualify and register on 
the platform, thus building a pool of certified suppliers. The presentation shows real 
projects initiated by TrustEE and the performance and impacts from the project evalu-
ation platform (TrustEE platform) and re-financing vehicle.
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In order to meet emissions reductions, and energy efficiency (EE) targets set out un-
der the Paris Agreement, the Global Sustainable Development Goals, and by govern-
ments throughout the world, a significant amount of private sector investment will 
need to be mobilized – public financing alone is not enough. 

For small to medium-sized enterprises (SMEs), investments in EE can generate 
cash flows that allow them to recover their upfront costs in a short period of time, while 
also improving productivity, efficiency and reducing emissions. However, this oppor-
tunity remains largely untapped. There are barriers that inhibit SMEs from investing 
in EE – including a lack of trust between the different actors, and high perceived risks 
associated with EE investments. 

The energy savings insurance (ESI) model consists of different mechanisms that 
aim to drive demand and motivate SMEs to invest in EE, by reducing their perceived 
risks and creating trust between key actors (technology providers, enterprises, finan-
cial institutions). The model consists of four main components 1) a financing struc-
ture, 2) a standardised and simplified contract that includes a retention guarantee, 
3) an insurance, or risk coverage product that guarantees the energy savings, and 
4) an independent (third party) validation procedure. The model also includes a man-
agement information system that facilitates simplified reporting processes online.

The ESI model is being planned, developed or rolled out, in various countries across 
Latin America, Africa and Asia, and is now also being implemented in three countries 
in Europe – Italy, Portugal and Spain – as part of a Horizon 2020 funded project ti-
tled ESI Europe. The model was recognised by the Global Innovation Lab for Climate 
Finance as one of the most promising instruments to mobilize private investments in 
EE, and also featured in a G20 Toolkit on financing EE. In Colombia and Mexico alone 
the model is expected to mobilise USD 50 million in private investments in the first 
years of operation.
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Global demands are forcing manufacturing industries to develop their energy pro-
grams by increasing efficiency and lowering environmental impacts. Energy manage-
ment has therefore played a key role in industrial energy efficiency in recent years. 
However, still there are problems at very first step of energy management programs 
which is decision making. The reason can be explained through market and non-mar-
ket failures. Another essential reason can be explained through how an energy pro-
gram is characterized by top managers. Managers are positioned in a place to make 
strategic decisions. Therefore, any program including energy management programs 
should have both financial and strategical value for the company. Keeping in mind the 
adoption of energy investment through conformation with financial analysis and or-
ganization’s contextual factors together with characteristics of energy management 
program as two macro perspectives in energy efficiency literature, this paper aims 
to understand the main driving factors which lead to either positive or negative en-
ergy investment decision making for a particular energy management program. The 
investigation has been conducted as a multiple case study involving 15 manufactur-
ing companies of varying size and in different sectors located in Sweden. Having the 
results from studied cases, enabled the authors to develop a taxonomy of drivers and 
barriers for industrial energy management investment decision making. The most rel-
evant and pronounced barriers to and drivers for negative and/or positive investment 
decision making through the studied cases are: access to capital, time and expertise, 
awareness and uncertainty, practice characteristics, risk and Industry’s complexity. 
According to the analysis of the results, two of the listed barriers that appeared most 
prominently were non-core business character of the programs and awareness and 
uncertainty which cause relatively high perception of risk.
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Crowdfunding and crowdinvesting offer the opportunity to finance projects with the 
help of many small financial contributions by many different people (“the crowd”). In 
the course of the last few years, there has been a rapid development of online plat-
forms and service providers aiming at facilitating crowdinvesting campaigns.

As banks are subject to an increasingly strict regulatory framework governing the 
rules for issuing loans, access to finance has become more difficult, especially for 
small and medium sized enterprises (SMEs). Lack of financial means is often men-
tioned by SMEs as one of the reasons why energy efficiency measures recommended 
in energy audits are not implemented.

This presentation shows common types of crowdfunding/crowdinvesting models 
and examines whether and under which conditions it makes sense for businesses to 
take these financing methods into consideration when they need funds to finance an 
investment to improve the energy efficiency of their operations or to use renewable 
energies. This is illustrated by examples, highlighting the benefits, success factors, 
and also possible risks.

Preliminary research in this field has been carried out by the author with a focus on 
Austria, where the “Alternative Financing Act” passed in 2015 has clarified the legal 
framework, and crowdinvesting platforms have boomed. While at first it was mostly 
start-ups looking to fund the development of innovative products/services, more re-
cently also established firms, for whom financing is not a major issue, use the oppor-
tunity for marketing and community/customer involvement.

So far, projects related to energy efficiency measures have been very scarce, 
though, compared to e.g. financing the development of energy technologies or smaller 
RES projects (PV, small hydro). This presentation broadens the perspective and looks 
also at examples from selected other countries, such as Germany, where this type of 
project is somewhat more frequent.
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In order to support energy efficiency implementation in Swedish industry, the Swed-
ish Energy Agency has started a number of national programs that are funded by 
the European Regional Development Fund and are directed towards SMEs. In one 
of these, the goal is to better utilize the opportunity provided through the supervi-
sion of the Swedish Environmental Code to reach companies with guidance on energy 
efficiency. On the legal grounds of the code, which requires companies to conserve 
energy, authorities for environmental inspection and enforcement at county admin-
istrative boards and municipalities have unique opportunities for enhancing energy 
efficiency activities in companies. So far, most of the focus has been on best available 
techniques in energy-intensive industry. Now, however, activities directed towards in-
dustrial SMEs and their energy management efforts are being practiced increasingly. 
There is, consequently, a need for strengthening the competency in energy issues at 
the authorities and to provide them with methods, tools and information material that 
can be used in communication with companies in connection with site visits.

One of the outputs of the project, which aims at meeting this need, is a guide for 
companies on how to develop an implementation plan for energy efficiency. The guide 
is targeted towards companies that already have identified possible energy efficiency 
measures, for example in an energy audit, and needs guidance in how to move on and 
decide which measures to implement. The guide offers advice for developing a use-
ful and effective plan for implementation of energy efficiency measures. It describes 
how measures can be prioritized based on profitability as well as business strategies, 
resources and company goals. Methods for investment evaluation are explained and 
a tool for life cycle cost calculations is provided. In this presentation, the guide and 
the suggested work process for setting up the implementation plan will be outlined.
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Most energy efficiency programs can pay for themselves in just a few years. It’s not 
uncommon for large multi-national companies to realize 20 percent or more in re-
duction over time. That’s just the beginning of the potential energy efficiency savings 
many companies are missing out on simply because they don’t have a shared corpo-
rate vision, a clear financial plan or a way to track and verify results.

Launching a successful efficiency program starts with building an effective busi-
ness case that not only sells the plan internally, but also helps to ensure momentum 
throughout implementation. Drawing from real-life experience with our clients, we 
have identified the following key steps to creating an effective business case for en-
ergy efficiency. 

1.	 Establish early buy-in starting at the executive level. Aligning corporate goals with 
energy efficiency goals is a fundamental first step, as is aligning corporate goals 
with individual facility goals. This means that all stakeholders – from the factory 
floor to the C-Suite – must be involved in identifying and prioritizing energy ef-
ficiency goals and performance expectations. 

2.	 Map current performance baselines. Companies operating multiple sites will ben-
efit from having an enterprise-view into energy data so they can compare like sites. 
It is important to establish a process for normalizing energy usage with input from 
key stakeholders involved in operations and facilities. 

3.	 Develop an opportunity profile. Once you have a comprehensive view into your 
energy consumption data, you can assess and prioritize savings opportunities for 
planning and budgeting. Forward looking companies are starting to take an inte-
grated approach, pursuing operational and capital opportunities in parallel and 
using savings to pay for their efficiency initiatives.

4.	 Confirm support of implementation owners. Once you have the pan and buy-in, 
remember to stay in touch to ensure consistent implementation and to trouble-
shoot issues early.
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The research project ‘Management as a Key Driver of Energy Performance’ (M_Key) 
investigated the relationship between the level of energy management and investments 
into energy efficiency improvements. It specifically addressed the factors that influ-
ence whether a company perceives investments into energy efficiency as strategic.

M_Key targeted large-scale energy consumer companies in Switzerland (above 
0.5 GWh/a electric energy and/or 5 GWh/a thermal energy consumption) in the in-
dustrial and services sectors. The research was conducted between 2015 and 2017 
in three phases:

1.	 Online survey among 305 companies

2.	 Face-to-face interviews at 26 companies from those surveyed

3.	 Case studies with a “walk-through-audit” on site at five companies from those in-
terviewed.

This methodology with the case studies is unique, as a closer “reality-check” was 
possible by independent energy efficiency experts, assessing the actual status of en-
ergy efficiency investments. The presentation will focus on the findings of the case 
studies which can be summarized as follows:

1.	 Several factors determine whether a company perceives energy as a strategic 
issue. Important factors are in particular energy intensity, public policy and the 
decision-making power and skills of the person in charge of energy (energy man-
ager).

2.	 If energy is perceived as strategic, the company has a high(er) level of energy man-
agement.

3.	 Energy management has the function to deliver reliable, fact-based data and infor-
mation as a basis for investment decisions.
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4.	 In most of the five companies the ceiling of possible, feasible and profitable energy 
efficiency improvement measures is not reached.

5.	 Monitoring of energy consumption and especially verification of energy savings 
within the companies remains a challenge.

M_Key is supported by the Swiss National Science Foundation (SNSF) and is part of 
the National Research Programme “Managing Energy Consumption” (NRP 71): www.
nrp71.ch.
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Organizations that individually use significant amounts of energy either because of 
their size or because they use energy for manufacturing still have ample opportuni-
ties to undertake energy efficiency measures.

To support their investment into energy efficiency, originally, various support schemes 
with very concrete elements (e.g. engines, process innovation, energy management) 
targeted various defined sub-groups among those organisations (e.g. SMEs, manufac-
turing industry, certain types of municipal companies) with different support mecha-
nisms (e.g. de-minimis grants or grants in accordance to the EU regulation 651/2014, 
subsidized loans or competitions with an array of special conditions). The support 
schemes differed in their incorporation of intermediaries, energy service companies and 
efficiency services providers, and in the way they are linked to existing support schemes 
for the range of energy services the German market offers.

Funding authorities noted that the outflow of funds had to be increased through 
heightened activity in order to reach energy efficiency goals. Market research shows 
that there was and is a significant need for the funding of investment in energy effi-
ciency measures and of energy efficiency services that support the development and 
implementation of economically viable energy efficiency projects to fully realize the 
energy savings potential in the commercial and public sector. Policy evaluations have 
indicated that the energy efficiency projects that exist in reality rarely fit the boxes that 
had been created by support schemes over the years.

This paper introduces the new support scheme for investments in energy efficiency 
for industry, commerce and municipalities and links its development to empirical re-
search. It emphasizes the new approach that integrates energy services and interme-
diaries into the holistic investment support scheme.
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The success of energy efficiency projects is often reported on an anecdotal basis rely-
ing on successful case studies. That information is important, in particular to show 
technological progress. Still, those highlight projects do not represent the vast major-
ity of energy efficiency projects implemented by the market. 

Within the publicly available database DEEP, technological and economic data from 
over 10,000 energy efficiency projects has been collected by a project consortium 
on behalf of the European Commission. Half of them are production related industry 
projects. The other half comprises building projects of which a third has been imple-
mented in the industry, too. The database covers projects from the European Union 
as well as the United States. 

In our paper, we will present an analysis of the industrial projects in the DEEP da-
tabase, showing payback, avoidance costs and savings of the implemented energy 
efficiency measures. We will consider influencing factors such as company size, sec-
tor, type of measure and country. With our analysis, we can show in detail that cost-
efficient measures exist for a broad technological scope. 
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The presentations shows analysis of a survey among energy efficiency practition-
ers on barriers to investing in energy efficiency and ways to overcome them. Part of 
the survey specifically addressed issues related to investing in energy efficiency in 
industry. The main conclusions derived from the responses are as follows. A major-
ity of companies have either internal or compliance driven energy efficiency/energy 
intensity goal. Energy efficiency decisions in companies are often made by the same 
people as core business decisions. At the same time, low priority of energy efficiency 
as it is not part of the core business is one of the main barriers faced by a company 
when considering investment in industrial energy efficiency. The other two significant 
barriers are lack or high cost of capital and lack of government incentives. About half 
of companies have some kind of energy management system (EnMS) but no more 
than one-fifth has EnMS that is ISO 50001 certified. Almost all companies implement 
some measures or projects to improve energy efficiency. Most common measures to 
improve energy efficiency are implemented to enhance energy efficiency of buildings 
and to improve energy efficiency of plant and equipment. As the main business ben-
efits from implemented energy efficiency measures, companies consider improved 
production efficiency and quality, followed by general cost control, demonstration of 
corporate social responsibility, and compliance with legislation. In the general part of 
the survey, low awareness about the multiple benefits of energy efficiency projects 
is viewed as the main barrier to increasing investment and financing flows to energy 
efficiency projects. Next important factors are lack of understanding of energy ef-
ficiency financing by banks and other financial institutions; administrative barriers 
and bureaucracy; and low energy prices. Self-financing remains the most widely used 
type of financing of energy efficiency projects.
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Energy efficiency has been shown to be largely cost effective and in line with typi-
cal industry investment criteria, however, it is still over-reliant on the climate change 
topic rather than on the business case as an implementation driver. Consequently, 
energy efficiency is in most cases treated separately from a company’s day-to-day 
core operations, which in turn reduces its prioritization when competing with other 
more typical internal investment projects. 

Adding to this issue are the communication gaps between the policy makers who 
develop energy efficiency policies, the corporate management who create a compa-
ny’s energy efficiency strategies and the engineers who have to implement projects 
driven by these same policies and company strategies. 

This presentation will demonstrate how a new and innovative policy approach that 
moves beyond the more classic mix of incentives and obligations is required to bring 
about a more acceptable common understanding of the energy efficiency topic, which 
would improve considerably the ability to achieve tangible results on the ground. Ref-
erence will be made to such innovative initiatives as the “Policy Maker Meets the En-
gineer” project, which brings together policy makers and policy end users (corporate 
management and engineers) to find common and business orientated solutions to 
increase energy efficiency uptake.

Rather than just compel or entice industry to implement energy efficiency, there is 
a need to convince them of the beneficial role energy efficiency can play within their 
overall business model. Industry is first and foremost about business. Energy efficiency 
makes financial sense and leads to increased industrial productivity, regardless of its 
importance to climate change. Convincing industry of this fact is crucial, as is convinc-
ing policy makers and supporting organizations to take this fact into account when 
designing energy efficiency policies and financial mechanisms.
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To increase energy efficiency investments in industry and building sectors, private in-
vestments are needed. According to EFFIG, standardization is essential in order to in-
crease third party financing. Part of the project ‘Asset Class Energy Efficiency’ (ACE) 
addresses standardization by setting up a technical and economical due diligence 
process. ACE is aiming at designing framework conditions which allow investors, fi-
nanciers and ESCOs to evaluate six cross sectional technologies utilizing technical 
and economical key performance indicators; on top of this other qualitative empiric 
performance data allows performing a risk analysis. This paper will summarize the 
results of the evaluation process in an economic and technical due diligence. 

For the investment in energy efficiency measures, the progress is divided into five 
major activities: a) baseline building, b) modeling & savings calculation as well as 
planning/design decision making, c) implementation on the construction site, d) op-
eration, maintenance and repair and e) monitoring & verification.

The risk evaluation will be carried out for each of these five fields of activity and 
consider the evaluated experience resulting from ongoing or concluded projects and 
from re-calibrated modeling calculations. At the same time different stakeholder per-
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spectives are taken into account as for each risk the importance for different stake-
holder groups differs. In the following, a de-risking strategy will be developed for each 
technology based on qualitative and quantitative target values and technical, eco-
nomic and organizational quality management criteria. The de-risking strategy will 
be summarized in a due diligence protocol and will allow financiers, investors, ESCOs 
to evaluate project proposals in each of the five fields of activity. In order to integrate 
market experience, the work is carried out in close collaboration with stakeholders 
from industry, auditors, insurance companies, financiers, ESCOs and companies.
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To achieve any of the energy conservation and climate goals on a national, European 
or global level, much more action is required in the field of energy efficiency (EE). To 
achieve this, barriers of various types need to be overcome and drivers for the deci-
sion to act on energy efficiency need to be identified and broadly applied.

Building on earlier findings, this paper empirically investigates the major barriers for 
EE and what characteristics may play a role in determining the perceived severity of 
barriers. Underpinned by data of 1,005 manufacturing companies gathered in context 
of the Energy Efficiency Index of the German Industry (EEI), the Institute for Energy Ef-
ficiency in Production (EEP) at the University of Stuttgart and Reutlingen University’s 
REZ explore the role of company size, energy productivity, and in comparison with 
qualitative studies also geography (Northern Italy) and type of intervention (market 
ready innovations) in relation to barriers to energy efficiency measures (EEM). Over-
coming these barriers often subsequently requires action by the management. 
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How to trigger that subsequent action, the decision for energy efficiency and nota-
bly raising awareness for it, is being looked at in part two of the paper. As previous work 
indicates, having the staff’s support is beneficial in the context of energy efficiency. 
Exploring how and by whom awareness is raised in aforementioned companies brings 
to light that whilst a vast majority of companies do it, there are differences depending 
on size and energy productivity of a company and quite a clear reasoning is found why 
the majority of the remaining companies don’t raise staff awareness.
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In Germany, there are enormous energy efficiency potentials regarding industrial waste 
heat use. To reach these potentials, dena is supporting fifteen flagship projects in this 
field. Four of these projects are using waste heat to heat buildings in an external service 
area. The experiences of the dena-project show that the following issues can be obsta-
cles to realize external waste heat projects:

1.	 Several subsidy programmes

2.	 Case of different primary energy factors

3.	 Displacement of baseload heat supply

s e v e r a l s u b s i d y p ro g r a m m e s

There are several subsidy programmes supporting external waste heat projects with dif-
ferent conditions and levels of investment grants. This put companies in a complex situ-
ation (e.g. analysing whether and how these subsidy programmes can be combined). 

Another complicating issue for new heating networks is that not all relevant compo-
nents (like peak load supply) are included in the KfW waste heat programme, which 
is on the financial side attractive. Waste heat of industrial processes is not generated 
in such a way to fit the heat profile of consumers. Moreover, industrial plants regularly 
shut down processes for maintenance purposes. As a consequence, a redundant heat 
and peak load supply in the heating network must be constructed. Moreover, further 
subsidy programmes might be needed for financial feasibility of the project. Such a 
matter should be discussed in an early planning and negotiation stage of the project 
with all relevant stakeholders.

ca s e o f d i f f e r e n t p r i m a r y e n e r gy facto r s

A low primary energy factor of a heating network is a good selling argument for heat 
providers, since homeowners purchasing heat with a low primary energy factor can 
fulfil requirements of the energy saving ordinance. Using waste heat in a heating net-
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work leads to a lower primary energy factor, since emissions are attributed to the in-
dustrial processes.

However, in some particular cases, companies may fear implementing waste heat 
projects will lead to a higher primary energy factor. For example, in a city with two 
separate heating networks, the smaller heating network has the requirement not to 
exceed a certain low emission factor. The larger heating network uses coal and has a 
higher primary energy factor. To use waste heat in the larger heating network, a con-
nection of both networks would be necessary (direct connection would lead to higher 
investment costs).

A simple connection (hydraulic coupling) would lead to a common primary energy 
factor, whereby the smaller heating network will not fulfil its obligations anymore. A hy-
draulic separation enables to have two separate energy factors. The above mentioned 
points lead to the question, whether changes in the existing regulation are needed or 
whether even a system based on emission intensities is more constructive.

d i s p l ac e m e n t o f ba s e loa d h e at s u p p ly

Generally baseload supply in heating networks is an attractive business. However, 
even for energy sources with low costs and low emissions like waste heat, it is difficult 
to gain market shares, since CHP, waste incineration plants or solid fuels (often used 
to supply baseload) are available at low costs. This competition leads to lower usage 
possibilities of waste heat. In a flagship project, a CHP plant is used for baseload and 
has a long term contract for biogas delivery. To realize the external waste heat project, 
the CHP will be used more flexible in the future (according to market prices), after the 
end of the long term contract with the biogas supplier. However, solid fuels are cheap 
and may lead to lower economics of such projects. Additional measures, like a CO2-
price, might be needed to increase attractiveness of external waste heat projects.

c o n c l u s i o n

On the one hand waste heat projects have an enormous potential in terms of energy 
efficiency, on the other hand there are several obstacles for such projects. Moreover, 
there are very attractive financial conditions for realizing these projects at the mo-
ment.
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According to IEA’s “Energy Efficiency 2017” report (www.iea.org/efficiency/), light-
ing has the highest incremental investment share in total energy efficiency spending, 
but despite ongoing transition to more efficient LED lighting technology, there are still 
significant barriers in decision-making for corporate and industrial (“C&I”) customers, 
for instance, lack of financial priority (for example Renault has 1 year payback policy), 
landlord–tenant dilemma, lack of specific LED knowledge (for example: Carrefour does 
not have a dedicated LED person). On top of that, there has not been significant pro-
gress in terms of Lm/W efficacy (the most important criteria for lighting energy efficien-
cy) in the last 1–2 years and customers often choose less efficient and less qualitative 
solutions that undermine the full potential of LED lighting technology.

RCG Lighthouse, a pioneer in developing “Lighting as a Service” (LaaS) concept 
in its true sense (which is not fixed lease payment) and holds a Lm/W record of 
180 Lm/W, argues that LaaS approach can facilitate faster and more efficient transi-
tion to LED lighting technology if LaaS provider can find the right balance by taking 
and sharing the risks that customers are not willing or capable to take (financial, tech-
nical, operational). RCG Lighthouse has raised over EUR 2 million in funding (equity 
and commercial debt) and has successfully implemented more than 100 projects 
in three EU countries for C&I customers (retailers, warehouses, factories and other 
building types).

The contribution will discuss what are the financing challenges for energy efficiency, 
what are the most recent trends in LED lighting market and how to exploit the full LED 
lighting potential at wider scale.
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