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Disclaimer of warranties

“This project has received funding from the European Union’s Horizon 2020, research and
innovation programme, under Grant Agreement No 894356”

This document has been prepared by GEAR@SME project partners as an account of work
carried out within the framework of the EC-GA contract no 894356.

Neither Project Coordinator, nor any signatory party of GEAR@SME Project Consortium
Agreement, nor any person acting on behalf of any of them:

e Makes any warranty or representation whatsoever, express or implied,

e With respect to the use of any information, apparatus, method, process, or similar
item disclosed in this document, including merchantability and fitness for a
particular purpose, or

e That such use does not infringe on or interfere with privately owned rights,
including any party's intellectual property, or

e That this document is suitable to any particular user's circumstance; or

e Assumes responsibility for any damages or other liability whatsoever (including
any consequential damages, even if Project Coordinator or any representative of
a signatory party of the GEAR@SME Project Consortium Agreement, has been
advised of the possibility of such damages) resulting from your selection or use
of this document or any information, apparatus, method, process, or similar item
disclosed in this document.
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Energy Service Suppliers

Electric Vehicle

Heating, Ventilation and Air Conditioning
Key-Performance Indicator
Multiplier Organisation

Multiple Benefits

Non-energy benefits

OPerational EXpenditure
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Small and medium-sized enterprises
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Executive Summary

The database for best practices in energy efficiency and renewable energy use in Small
and Medium-sized Enterprises (SMEs) (hereafter referred to as Best Practice Database),
consisting of Fact Sheets and Inspirational Stories, aims to provide a working tool for
Trusted Partners (TP), Energy Service Suppliers (ESS) and SMEs. The Fact Sheets contain
technical information on energy efficiency measures (EEMs), technologies, and
renewable energy sources that can be replicated by SMEs and are aimed primarily at TPs
and ESSs. Inspirational Stories are a tool that contains general information and focuses
more on the process of implementing energy efficiency projects. They can be used by
TPs who want to understand how to Set up and operate in the collective and implement
energy efficiency projects. They can also be used by SMEs themselves to find inspiration
from the experiences of others.

Firstly, a large variety of available and open European and international Best Practice
sources was investigated, including sources made available within other EU-funded
projects with a focus on energy efficiency in SMEs. Specifically, materials from the
IMPAWATT project, made available under the CC-BY-NC license, were capitalized and
used as a starting point for the GEAR@SME project database. The information contained
within the Fact Sheets was integrated with some information and further developed. In
total, 57 Best Practice Fact Sheets available in the English language were adapted to the
GEAR@SME context. Several Fact Sheets were translated into the national language of
the four Use Case (UC) countries of the GEAR@SME project; namely, Germany, Italy, the
Netherlands, and Romania, according to their respective needs and priorities.

In parallel, each Use Case Leader (UCL) developed Inspirational Stories based on the
experiences of energy efficiency projects planned or implemented in the UCs and based
on the previous experiences and results. The Inspirational Stories will be translated into
English. The database is made available by accessing the link
https://www.energyefficientsme.eu/best-practices.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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1 Introduction

1.1 Background

The GEAR@SME project aims to substantiate the role of a local Trusted Partner (TP) who
supports Small and Medium-sized Enterprises (SMEs) with the implementation of Energy
Efficiency Measures (EEMs)'. The Trusted Partner is a neutral actor, or a group of actors,
trusted by the SMEs and able and willing to drive the development of energy collectives
and collective energy projects. The Trusted Partner supports SMEs in matters related to
energy efficiency, amongst others, by being an intermediary between SMEs and Energy
Service Suppliers (ESSs). The Trusted Partner is supported by the GEAR@SME
methodology, which aims to catalyse the implementation of EEMs by taking a local,
collective approach based on multiple benefits, tailored to the specific locality.

WP4 aims to provide tools to support the uptake of implementation of effective energy
efficiency measures in SMEs. Specifically, T4.1 provides SMEs and relevant stakeholders
with a database for best practices that can be used as a decision-making tool together
with energy and financial assessments obtained with the toolset developed in T4.3.

1.2 Objective and scope

Task 4.1 of the GEAR@SME project aims to identify a set of Best Practices (BPs) related to
energy-efficient measures that can be practically used by Trusted Partners, Energy
Service Suppliers and SMEs to increase the uptake of energy efficiency measures by
SMEs.

The Best Practices collection consists of Fact Sheets? and Inspirational Stories for the
most widespread and applied cross-sectoral technologies. The Fact Sheets describe the
implementation of energy efficiency measures with technical information, their most
significant energy and economic indicators, and are mainly aimed at technical users. The
Inspirational Stories provide examples of successful implementation of energy efficiency
projects, based on the experience of the four Use Cases and taking into account the
territorial and regulatory context. They are designed with the aim of inspiring and
training TPs, SMEs, ESSs and MOs (Multiplier Organisations).

The Best Practices are organized in a database, which can be accessed through the
GEAR@SME portal through the link https://www.energyefficientsme.eu/best-practices.

! The term Energy Efficiency Measures also includes measures integrating renewable energy.
2 When referring to the Fact Sheets adapted by GEAR@SME project, the capital letters are used,
for the materials of other projects are lowercase.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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1.3 Task development process

In detail, the work process for Task 4.1 consists of the following activities:

e Analysis of energy efficiency technologies for SMEs.
e C(lassification of identified technologies.
e Definition of a catalogue of Best Practices sheets.

e Evaluation of a set of most relevant technical-economic performance indicators
which are essential for a preliminary assessment of the feasibility of energy
efficiency interventions.

e Preparation of summary sheets for each technology (Fact Sheet).
e Translation of the Fact Sheets into English and into National languages.

e Drawing up Inspirational Stories on the basis of the successful implementation of
energy efficiency projects in the Use Cases, devised through interviews with the
stakeholders involved in GEAR@SME Project.

1.4 Structure of the deliverable

Following the introductory section, the deliverable is structured as follows:

e Section 2 presents the analysis of available sources of Best Practices and the
process that was adopted for choosing synergy with the IMPAWATT project.

e Section 3 presents the actions undertaken in the project to evaluate, adapt and
integrate the existing materials from the IMPAWATT Project and development
work for Inspirational Stories.

e The Annexes collect all the Fact Sheets of Best Practices either in English or in the
other languages and the Inspirational Stories developed in the Use Case
Countries’ languages.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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2 Analysis and adaptation of available sources of Best
Practices

Firstly, the activities of T4.1 were aimed at conducting a thorough research and analysis
of the available sources of Best Practices currently available at European and
international levels. The main sources analysed are:

e Technical literature and Energy Agencies at European and International levels.
e Energy tools.
e Further European Projects/initiatives.

Following the first phase of the analysis, an in-depth comparison was made between two
European projects deemed highly relevant for their affinity to the GEAR@SME project
(see the subchapters 2.3.1 and 2.3.2).

In this chapter, attention is drawn to the sources of information analysed and the path
that led to the choice of the IMPAWATT project as the starting point for adapting the
materials to the approach and requirements of the GEAR@SME project.

2.1 Technical literature

A major search for materials related to energy efficiency Best Practices was conducted
both through technical articles/academic theses and through the institutional websites
of Ministries and Energy Agencies. Research was also conducted by accessing
international sources (e.g., from the U.S. Department of Energy). Firstly, 110 best
practices were identified on the basis of the data and information collected from the
following sources:

e Industrial Assessment Center Recommendations?

e Reference Document on Best Available Techniques for Energy Efficiency*
e Wise rules for industrial efficiency®

e Manufacturing sector guide®

e The French Agency for Ecological Transition (ADEME)’

e Scientific articles related to compressed air systems®

3 https://iac.university/searchRecommendations

4 https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/ENE_Adopted 02-2009.pdf

> www.csu.edu/cerc/researchreports/documents/WiseRulesForIndustrialEfficiency1998.pdf
® www.carbontrust.com/resources/manufacturing-sector-guide

7 www.ademe.fr

8 Ryszard Dindorf, Estimating Potential Energy Savings in Compressed Air Systems, Procedia
Engineering, Volume 39, 2012, Pages 204-211, ISSN 1877-7058,
https://doi.org/10.1016/j.proeng.2012.07.026.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
11



P N
D4.5 Summary of best practices for energy efficiency in Gea r@SM E

SMEs (database and report) T l——

2.2 Energy Tools

A preliminary analysis of different Best Practices suggested by energy self-assessment
tools was carried out on the basis of their connection with the Italian SET tool® and the
SME Energy Check Up tool'. These tools identify energy efficiency interventions for
certain SMEs by indicating an estimate of savings and economic investment. The
applicable interventions represent the output of the assessment, however, there is a lack
of a detailed description or working diagrams related to the technology and the designed
energy efficiency intervention. The financial and energy data provided by the tools have
been actualized and included within the Best Practices developed.

2.3 European projects/initiatives

A thorough research was conducted by taking into account the most recent European
sources, such as projects and initiatives specifically aimed at improving the energy
efficiency of SMEs. The aim was to identify a number of Good Practices and especially
Best Practices for improving energy efficiency, considered of interest especially within
SMEs, at all levels (such as buildings, systems, energy management, collective
approaches to energy efficiency, etc.).

Firstly, the GEAR@SME partners identified the projects that have developed internal
databases of good practices for energy efficiency. These include, for example, the ICCEE
project’ that aims at improving energy efficiency in the cold chain of the food and
beverage sectors; the M-Benefits project’?, which deals with the multiple benefits
associated with energy efficiency interventions; and the DEEP database'®, developed by
the Energy Efficiency Financial Institutions Group (EEFIG).

The outcomes of the research allowed to focus on two specific projects i.e., EU-MERCI
project™ and the IMPAWATT project’, both aimed at improving energy efficiency in
enterprises. A detailed description of the EU-MERCI and IMPAWATT projects can be found
in sections 5.1.1 (EU-MERCI project) and 5.1.2 (IMPAWATT project).

? http://www.cross-tec.enea.it/

19 SME Energy CheckUp
11

WWW.iccee.eu
www.mbenefits.eu/

13 eefig.ec.europa.eu/going-activities_en#deep-platform
14

12

WWW.eumerci.eu
www.impawatt.com/

15

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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2.3.1 Comparing Projects: Strengths and Weaknesses in the framework of GEAR@SME
Approach

A comparative analysis of the fact sheets of the two projects, EU-MERCI and IMPAWATT,
was carried out. The purpose of the analysis was to highlight the strengths and
weaknesses of both types of fact sheets according to the approach developed within the
GEAR@SME project. Both strengths and weaknesses were used as a basis for making the
Fact Sheets as complete as possible in terms of the information contained and usefulness
for the end user with reference to the goals and objectives of the GEAR@SME project.
Table 1 shows

EU-MERCI IMPAWATT

e Useful knowledge available e Database for all SME sectors
from the project database and sub-sectors.
(despite lack of reference to e Multiple examples of
energy efficiency measures). successfully implemented

e Information on available energy efficiency Best Practices
reference schemes (i.e., the for all cross-sector technologies
energy efficiency incentive are collected and available.
mechanism, e.g., White e Comprehensive
Certificates scheme) and recommendation for energy
subsidies. optimisation.

e Information on the use of the e Information on average
energy efficiency measure in payback time highlighted.

other sectors. e Information on the non-energy

STRENGTHS | ® Indication of the number of benefits associated EEM.
similar cases on European
databases.

e Alist of related measures is

given for each propose EEM
e Evaluation of other interesting

KPIs (min, max, average values
relative to the cases in the
project database). However,
these indicators are useful for
more in-depth evaluations of
the energy efficiency measures
examined.

e Each Best Practice has a very
useful “example” section with a
summary of the initial situation,
a description of the
optimisation carried out, and
an indication of the estimated
payback time and
implementation costs.

e Bibliographical references and
other sources of information
are included.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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EU-MERCI IMPAWATT

e Emphasis on Good Practices
rather than Best Practices. Best

e Lengthy fact sheet.

e Cross-sector technology

WEAKNESSES

Practices fact sheets - which
refer to literature sources - in
many cases provide little
information, briefly presenting
only the technology and
processes involved, reporting
little or no information on
estimated savings, additional
benefits, replicability and
recommendations, and lacking
case studies.

Fact sheets do not cover the
entire SME landscape.

The descriptions of EEMs are
very concise and often lack
numerical information.

Although minimum and
maximum values of energy
savings, investment costs,
payback time and average
values of energy savings are
given, there is a lack of specific
indicators (e.g., energy savings,
investment costs per kW, m?,
unit, etc.) that are useful for
preliminary evaluations.
Difficulties in disaggregating
data for combined practice. In
some cases, the values refer to
‘combined' good practices and
it is difficult to extrapolate the
data to attribute them to
individual measure.

description repeated in each
Fact Sheet.

Information 'scattered' over
several parts of the sheet. E.g.,
some useful information on
EEMs is included in both the
technical description and the
general description of the
technology.

Lack of information on useful
energy and economic
indicators, such as investment
costs, potential energy savings,
and emissions generated
(expressed as an absolute or
specific value, e.g., expected
investment costs per installed
kW or per unit).

Some fact sheets have
incomplete data on
implementation examples/
case studies or none. E.g.,
descriptive information on the
measure (the initial situation
and description of the
optimisation) is covered, but
the payback period and
implementation costs are
missing.

Table 1. Comparison of strengths and weaknesses of the EU-MERCI and IMPAWATT Projects.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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The highlighted strengths of the IMPAWATT Fact Sheets are in line with the objectives of
the GEAR@SME project. In particular:

e The IMPAWATT Best Practices fact sheets are valid for most SME sectors and sub-
sectors.

e Therecommendations for energy efficiency are very clear and comprehensive.

e Information on useful indicators of the technical-economic dimension of the
energy efficiency measure (e.g., average payback time) is well highlighted, which
can be very useful for the user to be able to make a preliminary estimate of
potential savings and investment costs for their own case;

e Factsheets provide indications on the type of non-energy benefits associated with
the EEM and often also qualitative and numerical information.

e Fact sheets often provide detailed examples of implementation/case studies.

The two fact sheets produced within the framework of the EU-MERCI projects at
IMPAWATT were analysed.

Both types of fact sheets were a source of inspiration for setting up the template of the
GEAR@SME Best Practice Fact Sheets.

The EU-MERCI Good Practices/Best Practices fact sheets are interesting because they
provide detailed information on the use of EEM. In particular, in EU-MERCI, the sectors
and sub-sectors related to the application are well identified, EEM is well illustrated,
energy savings, financial information related to available incentive mechanisms and
subsidies, implementation costs and sketches/pictures are highlighted in separate
boxes.

On the other hand, the IMPAWATT sheets provide a comprehensive overview of the
cross-sector technology, an in-depth description of the optimisation recommendations
within the EEM section, with relevant energy savings data, implementation costs, average
payback time ranges, relevance of the application, non-energy benefits are reported, and
above all some clear and well-presented examples of implementation, related measures,
and a review of literature sources.

Based on our evaluation and discussion among the GEAR partners, it was clear that the
material from the IMPAWATT would provide an excellent starting point for the
GEAR@SME database. Thanks to similarities in scope, level of detail, and target group,
the IMPAWATT materials required only minor adaptation to fulfil the objectives of the
GEAR@SME project.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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2.4 IMPAWATT fact sheets on technologies as starting point

The IMPAWATT materials were received from the IMPAWATT Consortium, to be used by
GEAR@SME under the CC-BY-NC licence.

The materials received consist of:

e PowerPoint presentations of cross-sectoral technologies.

e Best Practice fact sheets on the implementation of EEMs in the industrial sector
(compressed air, cooling, energy management, HVAC, lighting, pumps, etc.). The
Best Practice fact sheets were provided in three languages: Italian, English and
German.

2.4.1 Proposed redesign and adaptation of the fact sheets

With the initial IMPAWATT fact sheets as a starting point for the new GEAR@SME Best
Practices Fact Sheets, several changes were made to its contents in order to meet the
objectives of the GEAR@SME project. This section highlights the main changes made.

Firstly, general introductions to the cross-sectoral technologies associated with the EEMs
in the individual fact sheets have been deleted to make them quicker and easier to read,
as they are mostly a theoretical and general presentation of the technology.

The description and technical considerations in the new GEAR@SME Best Practices sheets
focus only on the context of the EEM.

The GEAR@SME project required the inclusion of information such as the economic size
of the investment, energy and economic savings, and emissions generated by the
measure-related intervention.

This information was missing or presented differently within the IMPAWATT sheets.

The most challenging and key activity consisted in finding this information by using the
sources presented in Chapter 2, thus representing an added value of the GEAR@SME
project Fact Sheets.

Emphasis was put on making the information provided uniform and standardized (e.g.,
on how to present emissions data, etc.).

It was not always easy to indicate plausible ranges of variability in investment costs
(absolute or specific to the typical size of the intervention) and energy and economic
savings. Therefore, an average range of variability was proposed when these values were
not readily available and/or precise data did not exist (unlike in the case of established
technologies such as electric motors, inverters, lighting, etc.),

The section of implementation examples/case studies is expanded compared to
IMPAWATT. Efforts have been made to overcome the lack of economic and energy data

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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on case studies, and one or sometimes more case studies have been identified for some
EEMs. In the absence of implementation examples, the case study section has been
omitted.

In addition, the number of references from which information was drawn has been
expanded compared to the original IMPAWATT fact sheets.

3 Results

The two main outcomes of adaptation and modification are:

e A set of Best Practices Fact Sheets with technical information related to the most
established energy efficiency interventions and the use of renewable sources
within SMEs.

e Inspirational Stories built on the experiences of the Use Case and aimed primarily
at TPs and SMEs.

The Best Practices Fact Sheets are the result of the work of adapting the Fact Sheets of
the IMPAWATT project and adding sections according to the requirements of the
GEAR@SME project. The Fact Sheets contain both general information regarding the
interventions and technical information. The technical information is aimed primarily at
industry professionals (ESSs) and TPs. The more general descriptions can also be
understood and evaluated by people without a technical background.

Atotal of 57 Best Practices Fact Sheets have been developed in English. These Fact Sheets
are also available in Italian, German, and Romanian. The number of translated sheets
depends on the specific needs of each country.

The Inspirational Stories have been developed starting from the experience in the Use
Case countries. They are based on interviews with the SMEs involved in Energy Efficiency
projects and contain less technical information than the Fact Sheets. They are designed
for use in SMEs as leverage to undertake energy efficiency projects. The Inspirational
Stories are originally developed in the national languages of the four Use Case countries
but will be translated into English to foster the exchange of information and best
practices between countries.

3.1 Best Practices Fact Sheets
3.1.1 Cross-sectoral technology and categorisation of EEMs

An in-depth study of cross-sectoral technologies and energy management measures was
carried out. The following categories of EEMs were described and for each category there
are several specific EEMs:

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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e Optimisation of compressed air systems

e Optimisation of cooling systems

e Energy management

e Optimisation of HVAC systems and industrial fans
e Optimisation of lighting systems

e Optimisation of pumping systems

e Process heating, industrial furnaces

e Energy efficiency in offices

e Renewable energy

e Optimisation of steam systems

e Insulation of industrial appliances

Document research was also carried out for each individual technology application, to
collect missing data on economics (investment costs, energy costs, operation and
maintenance costs, savings etc.) and energy savings. The data was derived from the
analysis of the selected case studies. In many cases, the data sources refer to the Italian
production context.

The search for data was rather challenging, not only because of the limited availability of
information on the more specific technologies, but also because of the difficulty in
analysing the available data, which were often not applicable to the SME sectors or
because of the rather general validity of the data.

Importance was also given to data on financial and energy indicators, which play a key
role from the perspective of a company wishing to improve the efficiency of its business
processes. Information on 'Multiple Benefits', which measures the effects of efficiency
gains on staff welfare, health, and safety, but also on company competitiveness was
gained.

Examples of practical application have been described to stimulate more in-depth
evaluations of the efficiency measures considered. The idea behind the case studies is to
provide useful indications for the application of the analysed Best Practice in different
company contexts, giving suggestions for its concrete application.

The information has been presented in a clear and simple way to simplify the use of the
sheets even for non-technical users.

The template of the Fact Sheet developed within the GEAR@SME project is shown in the

Figure 1 below.

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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Figure 1: Fact Sheet template.

<

Gear@SME

Saving energy together

The Fact Sheet template is a table divided into different sections. General information on
the technological application is provided, with the relevant analysis and cataloguing.

3.1.2 Identification and use of Best Practice

This section contains the title of Best Practice, identification code, application, area of

application.

Best Practice Identification code: alphanumeric code of 4 capital letters and two numbers.

Best Practice title: name of the EEM.
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Application: the application for which the BP can be used. For example: process heating,
industrial furnaces, etc.

SME sector: the sector(s) to which the BPs can be applied. An example could be “food
production” for the industrial sector. “All” appears if the BP is applicable to all sectors.
Reference can also be made to the classification of economic activities (the Statistical
classification of economic activities in the European Community, abbreviated as NACE).

SME sub-sector: the sub-sector(s) to which the BPs can be applied. For example:
engineering industry, agri-food industry, chemical industry, textile industry, electronic
industry. "All" is specified in case the BP is applicable to all the sectors. For products in the
manufacturing sector, reference can be made to the classification of economic activities
(NACE).

3.1.3 Technical description

This section contains a technical description of the efficiency measure, any ancillary
technical considerations, diagrams, and tables.

Technical description: an exhaustive, but concise, technical description of the EEM linked
to the BP is given. Information regarding the production sectors, the fields of application
and the indications relating to the types and measures of energy optimization are
collected there. More in-depth descriptions were also provided thanks to online searches,
e.g., regarding information on the main advantages offered by technology.

In some cases, a brief introductory overview of the technology sector or cross-sectoral
technology was considered to better contextualise the BP, reporting some summary
information regarding:

e Production sectors.

e Typical fields of application.

e Energy absorption/requirements per category/application.
e Main advantages of the technology.

e Preliminary indications on the main types and measures of possible energy
optimisation.

All technical descriptions of BPs were developed by following the same approach
structured in the following steps:

e Making reference to the initial pre-optimisation situation by highlighting the
essential conditions needed before the implementation of the measure, the
operating characteristics of the plant or system (e.g., heat losses in an industrial
oven), also highlighting whether there are legislative obligations to be met and
standards defining particular minimum technical requirements;
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e Including a short description of the analysed system to arrive at
recommendations for its optimisation.

e Highlighting any dependency on factors influencing optimisation when describing
the list of possible recommendations for optimisation.

e Indicating whether any requirements are necessary to maintain the system within
the correct operating conditions.

If possible, the technical descriptions also refer to formulas and cite calculation and
verification methods or procedures to assess operating conditions and verify minimum
performance and efficiency requirements.

Technical consideration: additional technical considerations useful to clarify the
application and/or system conditions when implementing EEMs, e.g., efficiency values
as a function of electrical power, parameters, and factors to be considered in system
optimization, particular system configurations or variants in particular applications,
incentive schemes supporting the technology.

When relevant, any specific cases of applicability/non-applicability of the given
technology are also described here.

Application requirements can be described when the measure can only be applied under
certain conditions.

Other energy/material flows: additional energy and/or material flows (i.e., not present
in the typical application of the efficiency measure under consideration) concerning
specific components mentioned in the technical considerations and that need to be
considered if special conditions of the production process are realised (e.g., if an
intermediate cooling medium is used that requires energy to operate a heat exchanger).

Schemes and diagrams: diagrams and/or charts useful for the technical description of
the efficiency measure. The following may be included:

e Sketches and pictures of systems and installations.
e Graphs of energy use and savings potentials.
e Numerical tables.

e Operation diagrams.

3.1.4 Energy and economic indicators

This section collects the main indicators related to the efficiency measure such as
average investment costs, energy and economic potential savings, emissions generated,
environmental benefits, non-energy benefits and information on the replicability of the
measure.
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Economics. Costs related to the implementation of the EEM:

e Installation costs of individual components, equipment and/or systems
e Specific costs (costs per kW installed, unit cost)

e Energy costs

e Operating costs

e Costs for replacing equipment and/or systems

e Maintenance costs

It was not always possible to indicate a precise/set value. Values are derived and
extrapolated from case studies for several applications. For some cases, values of energy
and economic indicators are entered from implementation examples.

Additional elements are included when assessing investment costs, e.g., the availability
of incentive schemes, subsidies, tax relief or other systems to support technology
implementation on a national or local basis.

Energy saving: estimates of the potential energy savings generated by EEM. Depending
on data availability, this can be specified in different ways, in particular:

e Specific energy savings quantifies the reduction in annual energy quantities
relative to another parameter (e.g., relative to production, kWh/ton of production,
area, etc.).

e Savings potential (percentage) as a reduction from the initial energy demand.

e Percentage savings by variation of a characteristic/technical parameter (e.g., by
reduction of 1 bar of pressure in compressed air systems).

e Range of variation of the estimated percentage savings (between a minimum and
a maximum value).

In most cases, ranges are provided for the variation of the estimated savings percentage.
If it is not possible to indicate energy savings as a general value, references are derived
from specific examples of implementation.

Economic savings: a value and/or percentage estimate of the cost-saving potential linked
to the investment, e.g., the annual savings potential related to optimisation (EUR/year).
The economic savings could be estimated from the energy savings, considering the cost
of energy carriers.

Average Payback Time: an estimate of the average payback time of the investment
(years). Depending on the case, the complexity of the interventions and the country of
application (investment and energy costs vary from country-by-country), the payback
time may also be given by a range between a minimum and a maximum value.
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Emissions: the type of emissions:

e Emissions, in terms of CO; equivalent, related to the consumption of electrical or
thermal energy. Emission factors (amount of carbon dioxide equivalent emitted
during operation - kgCO; per kWh of heat or electricity) are given.

e Additional emissions and releases (gases, liquids, etc.) related to the operation of
the system.

Environmental benefits: the environmental benefits that the efficiency measure
generates (in terms of emission reduction). E.g., in some applications cooling energy
from evaporation can be reused, which is lost in classical CO; recovery plants.

Non-Energy benefits (NEB): description and qualitative evaluation of the non-energy
benefits that the practice allows to be obtained. These benefits are divided into macro-
categories, marked whenever the measure allows them to be achieved (environmental
benefits; increase in productivity; work environment, health, safety; increase in
competitiveness; improvements in terms of maintenance). Together with the energy and
economic indicators, greater emphasis has been placed on this data, which are essential
to end users wishing to improve the efficiency of business processes.

The NEB that individual EEMs can generate fall into the following categories:

e Environmental benefits if there is evidence of environmental benefits from the
application of the efficiency measure.

e Productivity (increase) if measure leads to increased productivity.

e Work environment, Health, Security if the measure brings benefits in the working
environment in terms of increased comfort of the working environment, health,
and safety.

e Competitiveness if the measure allows to increase competitiveness compared to
other enterprises in the sector.

e Maintenance if the measure affects the reduction of maintenance operations in
terms of frequency and costs.

The NEB are described, and it is specified how the application of optimisation achieves
the non-energy benefits marked in the left-hand section. E.g., some EEMs in compressed
air systems can lead to noise reduction and thus improve worker comfort and health as
well as production quality. Investments in renewable energy technologies can increase
business competitiveness through improved corporate image and reduced energy
carrier costs.

Where available, hyperlinks to external NEB evaluation examples are provided.

Replicability: a qualitative indication of the replicability of the measure is based on the
following three levels:
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e High: measure applicable to all sectors. Optimisation is easy to achieve in practical
and financial terms. The measure can be considered as a low-risk, high-return
opportunity with the possibility of immediate benefits.

e Medium: measure applicable to many sectors, but not all. Optimisation is not too
easy to achieve in practical and financial terms.

e Low: measure not applicable to all sectors. Optimisation is difficult to achieve in
practical and financial terms. The measure does not represent a low-risk, high-
return opportunity.

The payback time and sector coverage can be used as an indicator of replicability, e.g.:

e High: below 5 years and most sectors.
e Medium: below 5 years and few sectors.
e Low: above 5 years.

Related measures: the titles of the measures concerning the same associated
technological sector.

3.1.5 Case studies

Information about some implementation examples, case studies, and inspiring case
studies is provided.

In particular, a brief presentation of one or more case studies and/or an application
example is given. Most of the case studies refer to application of EEMs from 2015 and
relating to the territorial contexts of the IMPAWATT project. Italian case studies are also
identified through online research. A description of the production process is provided
by highlighting the pre-optimization situation and the operating conditions and
problems that led to optimization. The optimization is described by citing:

e Objective.

e The changes made to the system.

e Any conditions established following the intervention.
e The estimated energy and economic savings.

A case study and application example are briefly presented according to the following
scheme:

Title of case study: a short title of the case study/example of implementation including
reference to the SME type or company name (if available), country and year of
implementation.
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Initial situation: clearly and briefly frame the case study by describing the production
process and highlighting, with a bulleted list or by means of a brief description, the pre-
optimisation situation, the operating conditions, and the problems that prompted the
optimisation. This may indicate:

e Any existing problems/issues.
e Changes in the production process over time.

e Initial energy consumption or demand.

Description of the optimisation (if available: hyperlink to external example):

e Objective of the optimisation.
e Changes made to the system.
e Any special conditions established because of the intervention.

e Estimated energy/economic savings achieved.

Costs of implementation of the measure: investment costs.

A very important factor is represented by the source of the investment, such as own
resources, EU funds, and other financing/loan schemes. This can affect the payback
period, especially when a grant is offered, then the investment may be more attractive,
and the user must be aware of this information.

Payback time: number of years needed to compensate for the investment.

3.1.6 References

This section contains related measures and bibliographical references.

Useful references for consultation and the source of the data are cited. References to
materials and resources are catalogued in scientific articles, industry publications,
publications category, catalogues and, in some cases, references to the websites of
manufacturers and technology providers.

Bibliographic references to materials and resources can be catalogued in:

e Scientific articles.

e Monographs.

e Sector publications.

e (Category publications.

e (atalogues.

e Links to websites of manufacturers, technology providers;

e Links to dataset.
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e Link to the resource used/consulted is included, if available.

3.2 Inspirational Stories

Inspirational stories are structured in sections that answer different questions:

e Concise and “catchy” description of the reason (“Why”) behind this practice
(project example). This may be:

- An opportunity (e.g., energy saving);

- An ambition (e.g., reducing the company's emissions);

- Aproblem (e.g., too high energy costs for a certain operation);

- A different thrust (e.g., experimentation with new technologies or
partnerships).

e Approach (“How")

In this section, what and how it was done is described. The technical specifications
of the project (e.g., size, power, etc.) are described.

e Setbacks (“How").

The main challenges encountered are described. It is inspiring for others to know
how challenges are overcome. Some model questions guide the writing of this
part:

- Was the project realised according to the original plan and approach?
- Did the project have to be modified because of some initial obstacle?

The following aspects are described:

- The initial approach (hypothesis made to solve the problem, tackle the
challenge, grab the opportunity described in the initial section).
- What was initially hoped for with this project had to change over time.

- Barriers:
= Initial barriers: lack of partners or capacity (e.g. time, money, other
resources).

= Main barriers.
- Ways to overcome barriers

e Partnership ("Who")

In this section, the means needed to realise this project are outlined. The key
actors are identified. The criticalities and difficulties encountered in this
partnership (e.g., sharing of quotas, agreements, etc.) are explained.
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e Project benefits ("What")

Useful return from the project (multiple benefits, and business case, e.g. CAPEX,
OPEX, ROI).

A distinction is made between:

- Measurable values (euros, new customers, energy production, CO,
savings, etc.).

- Non-measurable values (legitimacy, alliances, employee engagement and
well-being, possibility of further financing, etc.).

e Lessons learnt and outlook.
This section is intended to illustrate:

- What would be done differently and what would not be changed.
-  Recommendations for other SMEs that want to do the same.

3.3 Translation and development of materials

The Best Practice database is available on the Energy Efficient SME portal
(https://www.energyefficientsme.eu/best-practices).

The complete database is available in English.

Each partner country has chosen whether to translate a subset of BPs Fact Sheets
according to context establishing appropriate criteria to generate a list of BPs most
attractive to SMEs. Furthermore, each partner actively involved in a GEAR@SME Use Case
has developed Inspirational Stories based on the experience made in the Use Case.

3.3.1 Germany

In the German Use Case, 30 Best Practices and 1 Inspirational Story have been translated
into German. These are listed in Annex 5.4. They have been selected according to their
relevance for SMEs in Berlin considering the challenges that SMEs face implementing
energy efficiency measures in the region. Selection was also based on the feedback of
SMEs and Trusted Partners during the project.

3.3.2 Ttaly

All Fact Sheets were translated into Italian. In order to identify a subset of BPs that are
most profitable for SMEs, the following criterion was chosen consisting of selecting BPs
that both generate the highest energy savings and have the shortest payback time
(usually less than 3 years).

Annex 5.5 summarizes all the Fact Sheets identified with this criterion. All BPs sheets
translated into Italian will be attached in the annexes.
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Further, two Inspirational Stories are developed for the Italian context: one story is
developed on Collective Self-consumption and another one on Renewable Energy
Communities This topic was chosen because it is a topic that in the Italian scenario is of
current interest. The stories are developed only in Italian given the evolution of the
current legal and regulatory framework.

3.3.3 Netherlands

For the Netherlands, energy experts (supporting either Trusted Partners or SMEs) are
considered as the main target group for the Best Practice Fact Sheets. Given that this
group has good English reading skills, it was decided not to translate the Fact Sheets, but
to focus efforts on writing Inspirational Stories on collective energy projects in the
Netherlands. These include:

IPKW: The most sustainable business park of The Netherlands.

Bringing local energy supply and demand together in the Jmond region.

Towards a collaborative solar park in Schiebroek.

Joint coordination for individual application: customization works.

By and for entrepreneurs: a sustainable business counter.

Proving the collaborative approach through energy sharing.

The list of Inspirational Stories can be found in the Annex 5.3.

These Inspirational Stories can be used to inspire other Trusted Partners and SMEs, and
to disseminate the lessons learned and success factors.

3.3.4 Romania

In Romania, the objective was to have at least one fact sheet for each identified category.
On this basis, some categories were further classified according to the financing schemes
available at the national level. It was concluded that SMEs are reluctant to invest in
energy efficiency measures, but such examples can motivate implementation. Therefore,
categories such as compressed air systems, energy management, HVAC systems,
lighting, steam, and renewable energy sources were prioritized. Based on this, 30 Best
Practices were translated into Romanian language and 1 Inspirational Story developed,
listed in Annex 5.6.

The Inspirational Story developed is based on an SME that prioritised the need to train
an internal technical staff to become an Energy Manager who is capable of identifying
energy efficiency measures within the company’s facilities.
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3.3.5 Sweden

In Sweden, English reading skills are generally considered very high and not assumed to
be a barrier for neither Trusted Partners nor SMEs. Consequently, it was decided not to
translate any of the Fact Sheets.

Furthermore, the GEAR@SME project does not include a Swedish Use Case. Because of
this, there was little experience from the use of the project methodology in the national
context and limited possibilities to perform interviews as a basis for Inspirational Stories.
Consequently, no Inspirational Stories were developed for Sweden.

3.4 Best Practices database

The Best Practice database aims to be an effective tool for users to allow them to
understand and select the most suitable energy efficiency technology to be applied in
SMEs.

A section on Best Practices is currently available on the Energy Efficient SME portal
(https://www.energyefficientsme.eu/best-practices). Here, it is possible to search for
Best Practices using filters, such as “applications”, “payback time in years”, “energy
saving potential” to identify suitable Fact Sheets for download. The main screen is
presented in Figure 2.

O sign in/join

" EFFICIENT Home  Explore  Getlnspired  Implement  Interact  About Q@
$ SME

e OPTIMISATION OF COMPRESSED AIR USER APPLICANCES
& compressecair @ 5w

£ Applications Energy Saving Potentizk 0 - 15 percent

Compressed Alr ~
Compressed Air is an essential part of modern industry used by nearly every branch of production. In some sectors

Ranewstie compressed air can take up to 20% (glass industries even 40%) of the electrical energy used. On average about 7% to
Coaling 11% of the electrical energy in industry is used for compressed air. Due ta its bad efficiency, compressed air is the most
Energy Management expensive form of energy in industry. Typical fields of application are: - Automatization: cylinders, engines, valves,
— conveyor belts, weaving « Active air: transport (e.g. bulk transport) » Process air: drying process, fermentation process, v
. Y 4 Download d t
8 Paybacictime in yeary
From To
@ Energy Saving Potential
s oo &sm
] 100
e, O Payback Time: 3 -6 years
Ta

From

Energy Saving Potential: 20 - 30 percent

A solar thermal system transforms sunlight directly into heat. The thermal energy obtained from this transformation is
used to heat the water necessarv for the uses of the building as domestic hot water. for space heating or directlv for use

Figure 2: screenshot of the Energy Efficient SME portal for the Best Practice
[https.//www.energyefficientsme.eu/best-practices]
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4 Conclusion

The activities conducted and described in this report can be summarized in two main
outputs, which together form the Best Practice Database:

e Technical Best Practice Fact Sheets devised through the adaptation and
enrichment of the IMPAWATT materials.

e Inspirational Stories written and developed on the basis of the direct experiences
of the partners within the Use Cases.

The Fact Sheets contain technical information on energy efficiency measures (EEMs),
technologies, and renewable energy sources that can be replicated by SMEs, and are
aimed primarily at TPs and ESSs. Inspirational Stories are a tool that contains general
information and focuses more on the process of implementing energy efficiency
projects. They can be used by TPs who want to understand how to Set up and operate in
the collective and implement energy efficiency projects. They can also be used by SMEs
themselves to find implementation examples, case studies and inspirational stories.
The developed materials are presented in the appendix and are available within the
online portal developed by the project, freely downloadable and usable by accessing the
link https://www.energyefficientsme.eu/.
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5 Annexes

5.1 Short descriptions of the fact sheets of the EU-MERCI and
IMPAWATT projects

5.1.1 EU-MERCI project

The EU-MERCI project (EU coordinated MEthods and procedures based on Real Cases for the
effective implementation of policies and measures supporting energy efficiency in the
Industry), funded by the European Union H2020 funding program, is set up as a European
platform which allows the collection of good industrial energy efficiency practices. The
project promotes and facilitates the implementation of energy efficiency projects in
manufacturing industry sectors by selecting and disseminating best technological and
policy practices. EU-MERCI has developed a web database on the implementation of
energy efficiency projects in industry.

The EU-MERCI database includes aggregated data from real implementation of efficiency
projects in industry, provided by the EU-MERCI “Enablers”. The basis of the information
is currently given by the national databases made available by project partners on the
basis of their consulting and auditing activity related to actually implemented energy
efficiency projects. The database allows users to search and download materials in an
excel sheet as shown in Figure 3.

EU
MERCI

Figure 3: EU-MERCI database.

Users can access can the multiple selection query and search the database through
suitable filters listed below:

e Company size

e Year of implementation
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e Reference scheme (i.e., energy efficiency incentive mechanism)
e Country

e Taxonomy

e Good Practice

e NACE Code

EU-MERCI developed a document library, including process diagrams and reports
describing the 'Good Practices' selected by EU-MERCI, the 'Best Practices' from the
literature for each specific sector and process. In particular, a specific section of the EU-
MERCI Library'® portal allows users to access both Good and Best Practices for different
production sectors like Aluminium, Ammonia & Chemistry, Cement, Ceramic, Coke &
Petroleum, Copper, Food & Beverage, Glass, Iron & Steel, Machinery, Pulp & Paper.

Many sectoral fact sheets on energy efficiency in European industry are available in the
'Library' section. The fact sheets describe Good Practices on actions to improve energy
consumption, sectoral statistics, information on energy efficiency policies and short
recommendations to accelerate energy efficiency for different industrial sectors. Figure
4 shows an example of an EU-MERCI sectoral fact sheet on energy efficiency in the
European industry.

EU-MERCI FOOD AND BEVERAGE FACT SHEET

EU-MERCI FOOD AND Version 1.0
BEVERAGE FACT SHEET

4 Uploaded by Admin Admir, 11/27/17 12:45 PM

Automatically Extracted Matadata

7 2017-11-10T12:00:00Z
] . P

o Food & ? 10.4%
e Beverage

Creator

Erwin Hofman

Created
2017-11-10T12:00:00Z

Title
PowerPoint-presentatia
Content Type
applioation/pdf

Last Modification
2017-11-10T12:00:00Z
Author

Erwin Hofman

Creation Date
2017-11-10T12:00.00Z
Last Saved
2017-11-10T12:00.00Z

Comments Version History

Figure 4: Example of an EU-MERCI sectoral fact sheet on energy efficiency in the European industry

1® www.eumerci-portal.eu/web/guest/library/factsheets
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The sectoral fact sheets on energy efficiency in the European industry collect different
types of information organised according to the following structure:

e Brief introduction to the sector and related statistics.

e Description of the technology.

e Recommendations related to the standard measures used.
e Identification of good practices.

e Energy efficiency policies in the various European countries.

Hyperlinks within the fact sheet refer to more detailed fact sheets on Good Practices of
implementation of EEMs in industry.

The EU-MERCI project, developed to foster the growth of energy efficiency in EU industry,
gives special emphasis to Good Practices, an efficient, technically and economically
feasible way to promote energy efficiency in companies. The Best Practices fact sheets -
which refer to literature sources such as the Best Available Techniques (BAT) reference
documents (BREFs) - in many cases provide concise information, by briefly presenting
only the technology and processes involved, reporting few or no information on
estimated savings, additional benefits, replicability and recommendations, and lacking
case studies.

Fact sheets on Good Practices are structured as follows:

e Sector, process, sub-process (phase), system technology
e Process description
e EEMSs description

e Detailed description of Good Practices, which are classified as 'single' or
‘combined’ depending on whether they refer to single energy efficiency measures
or measures that combine two or more energy efficiency measures.

e Energy savings: some fact sheets indicate for single or combined good practices
the range of variation of primary energy savings (TOE), the average value starting
from the data records available on the EU-MERCI database. Instead, In other
sheets, average values (TOE/y of primary energy) are directly indicated.

e Reference baseline: some fact sheets indicate for single or combined good
practices the range of variation of primary energy (TOE) and the average value
starting from the data records available on the EU-MERCI database. Differently, in
other sheets, average values (TOE/y of primary energy) are directly indicated.

e Other KPIs:
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- Energy consumption improvement

- Energy intensity - consumption reduction per unit product (toe/k€)
- Pay-back time (years)

- Cumulative cash-flow (€)

- Share of project cost subsidised (%)

- Cost of energy savings (€/TOE)

- Cost of carbon savings (€/tonCO,)

- Renewable energy use (%)

The values are given per group of single or combined good practices.

e Cost of implementation: a range of variation and an average value is given for
good practices qualified as “single” or “combined”. Differently, in other fact
sheets, average values are directly indicated.

e Payback time: a range of variation and an average value is given for good
practices qualified as 'single’ or 'combined’. In other fact sheets, average values
are directly indicated.

e Reference scheme: the number of good practices identified through the energy
efficiency incentive mechanism specific to the geographical context of the Partner
countries is indicated.

e Subsidies issued: a range of variation and an average value is given for good
practices qualified as 'single' or 'combined".

e Recurrence in merged dataset and in different countries: number of "single" or
"combined" good practices identified within the datasets of the project partner
countries.

e Exportability in other sectors

e Appendix with schemes and diagrams: indications on the replicability of good
practices for sectors other than the one considered.

5.1.2 The IMPAWATT project

IMPAWATT (IMPlementAtion Work and Actions To change the enerqy culture) is a Horizon
2020 project funded by the European Union. The main objective of the IMPAWATT project
is to support SMEs by building expert networks and developing staff training on energy
efficiency to improve the 'in-house' energy culture.

IMPAWATT provides insight knowledge on EEMs tailored to the company and helps
evaluate their success once implemented.
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The IMPAWATT portal'” guides companies to identify and select the most effective
measures to be implemented so as to increase energy efficiency in manufacturing
processes and in the service and retail sectors.

Thus, IMPAWATT focuses on cross-sectoral technologies and energy management
measures. The following categories of measures are described and for each category
several specific EEMs are currently available:

e Measurement & Verification of energy savings

e Optimisation of lighting systems

e Optimisation of steam systems

e Optimisation of industrial refrigeration and cooling systems
e Optimisation of compressed air systems

e Optimisation of pump systems

e Optimisation of HVAC systems and industrial fans

e Waste heat recovery systems on enterprise level

e Insulation of industrial appliances

The measure descriptions include detailed information which can be used for developing
training materials for different types of stakeholders (energy managers, technical staff
and top management). Additionally, examples of successfully implemented EEMs of all
cross-sectoral technologies and financial incentives existing in the partner countries are
collected and presented in the portal.

IMPAWATT fact sheets cover cross-sectoral technologies and report the energy
management measures related to them. The fact sheets collect the following details:

e Title of the EEM

e Associated cross-sectoral technology

e Description of cross-sectoral technology

e EEM - General Information

e EEM - Description: initial situation, recommendation for optimisation
e Average Payback Time

e Relevance of implementation

e Non energy benefits

e Measurement & Verification

7 https://eu.impawatt.com/searchMeasures
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e Example of implementation
e Related measures

Every fact sheet related to a given cross-sectoral technology area has the same technical
description.

For example, each sheet relating to a measure of energy efficiency associated with the
cross-sectoral technology "compressed air” contains the same description: what the
technology "compressed air" is used for and where it is used, the fields of application,
and the main advantages of the technology. The typical components used, and the
characteristics of use are also described. Illustrative figures, schemes, and diagrams of a
typical system and/or operating conditions and energy performance are given.
Information on potential energy savings and typical EEMs that can be implemented are
also often included within the technical description of the cross-sectoral technology.

EEMs are grouped together by classifying the type of measure (whether it is a single or
multiple action, optimisation intervention, or mere replacement) and then addressing
the technical description of each single measure and the energy optimisation
recommendations.

In addition, an estimation of the average payback time is given with various ranges (less
than 3 years, 3-6 years, 6-10 years, above 10 years).

A further indication concerns the relevance of the measure. On the basis of this
information, users can decide whether the measure represents a low-risk, high-return
opportunity. An interesting section describes the non-energy benefits (NEB), which
together with the energy benefits, represent the Multiple Benefits of energy efficiency.

The Multiple Benefits are the positive effects that energy efficiency measures can bring
in terms of:

e Achievement of environmental benefits

e Increasing productivity

e Working environment, Health and Safety

e Increased sales

e Maintenance
Each Best Practice has an “example” section where a summary of the initial situation, a
description of the optimisation carried out, and an indication of the estimated payback
time and implementation costs is presented. Efficiency measures related to the one

described are listed as well as bibliographical references and other sources of
information.
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5.2 English

The fact sheets and the Inspirational Stories developed in English are presented below.
For simplicity, an overview of the materials is provided in the table.

ID Code |[Title of Best Practice

Compressed Air Systems

CAIR-01 | Optimisation of compressed air users/appliances

CAIR-02 |Optimisation of the pressure in the system

CAIR-03 |Switch off of appliances in non-operational times

CAIR-04 |[High level control

CAIR-05 |Sizing and type of compressor

CAIR-06 |Network optimisation

CAIR-07 |Reduction of leakages

CAIR-08 |Heat recovery

Cooling Systems

COOL-01 |Reduction of cooling load and free cooling

COOL-02 |Compressor control

COOL-03 |Lower condensing temperature - Raise of evaporation temperature

COOL-04 |[Efficient fans and control

COOL-05 |Reduction of leakages

COOL-06 [Heatrecovery

Energy Management

ENMA-01 [Human resources

ENMA-02 |Follow-up and monitoring of energy consumption

ENMA-03 [Implementation of an energy management system according to ISO 50001 standard

ENMA-04 | Contribution of an independent expert for energy management

ENMA-05 [Energy purchase: energy market, offers, invoices, green energy

ENMA-06 |Regulatory obligations

ENMA-07 |Financial support for energy management

Fans - HVAC

HVAC-01 |Reduction of fan running time

HVAC-02 |Flow rate reduction through variable speed variation (VSD)

HVAC-03 |Replacement of fan

HVAC-04 |Replacement of transmission system

© 2020 Gear-at-SME | Horizon 2020 | Grant Agreement No. 894356
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HVAC-05 |Heat and moisture recovery
HVAC-06 |Reduction of pressure losses
HVAC-07 |Leakage reduction of pipes
HVAC-08 |Replacement of motor
Hydraulic
HYDR-01 [Insulation
HYDR-02 [Hydraulic balancing
HYDR-03 [Optimisation of temperature diffusion (delta T syndrome)
Industrial Heating

INDH-01 |[Optimisation of the production system and distribution of process heat
INDH-02 [Temperature and timing control

Lighting
LIGH-01 |Optimisation of day-light
LIGH-02 |Optimisation of lighting-control
LIGH-03 |Optimisation of room
LIGH-04 |Replacement of luminaire, lamps

Office
OFFLO01 Optimising indoor climate and comfort in office building considering energy

efficiency aspects

OFFI-02 |Green IT in offices

Pumps
PUMP-01 [Reduction of running time for pumps - Switch off motors when not needed
PUMP-02 [Adapt the offer to real needs
PUMP-03 [Optimised control of pumps
PUMP-04 [Motor replacement
PUMP-05 [Coupling replacement
PUMP-06 [Pump replacement

Renewable

RENE-01 |Photovoltaic plant
RENE-02 |Solar thermal plant
RENE-03 |Others: biomass - geothermal energy

Steam
STEA-01 |Reduction of energy demand
STEA-02 |Blowdown losses
STEA-03 |Burner Optimization
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STEA-04 [Minimise air excess

STEA-05 |Finding and repairing leaks

Check and repair steam traps; implement an effective steam trap maintenance
programme

STEA-06

STEA-07 |Optimisation and recovery of condensate

STEA-08 |Air Economizer and Pre-heaters

STEA-09 |Minimise/use of vented steam

ID code | Title of Inspirational Stories

INST-01_NL|IPKW: The most sustainable business park of The Netherlands

INST-02_NL|A blueprint for heat/cold exchange for business parks in Venlo

INST-03_NL|Schiebroek business park heading to energy positive

INST-04_NL|Bringing together local supply and demand for energy in the IJmond region

INST-01_DE|Compressed air leakages reduction after Energy Scan

INST-01_IT [ Collective Self-consumption project - Via Larga Shopping Centre

Installation of photovoltaic system with storage and establishment of Renewable

INST-02_IT .
Energy Community (REC)

INST-01_RO|Increasing energy efficiency in SME through education and training
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Best Practice OPTIMISATION OF COMPRESSED AIR USERS/APPLIANCES | CAIR-01

Application Compressed Air Systems

SME sector Industrial

SME Subsector All subsectors

Compressed Air is an essential part of modern industry used by nearly every branch
of production.

In some sectors compressed air can take up to 20% (glass industries even 40%) of the
electrical energy used. On average about 7% to 11% of the electrical energy in industry
is used for compressed air. Due to its bad efficiency, compressed air is the most
expensive form of energy in industry.

Typical fields of application are:

e Automation: cylinders, engines, valves, conveyor belts, weaving.
e Active air: transport (e.g., bulk transport).

e Process air: drying process, fermentation process, ventilation of

sedimentation tanks.
Technical

e Vacuum: wrapping, drying, sucking, lifting, positioning.
description

The main advantages of compressed air are availability, precision, downscaling, safety
and the low weight of the tools used.

Fields of application based on the pressure used:

e Ultra-high pressure (over 40 bar pressure): testing for leakages, power
plants, oxygen bottles.

e High pressure (17-40 bar): pipe pressure tests, blow moulding of plastic.
components.

e Middle pressure (10-17 bar): heavy vehicles, special manufactures.
e Low pressure (under 10 bar pressure): most industrial applications.

The compressors power lies about 45% above the value, needed for ideal theoretical
compression.

It is possible to increase the efficiency of the production process by reducing the use
of air and reducing air losses through the optimization of distribution channels and
connected components.

Recommendation
for optimisation

In many systems, the working pressure is much higher than needed.
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Several studies have shown that the pressure level can be reduced by up to 1 bar
without affecting productivity.

By decreasing the pressure required for the proper operation of the system, it is
possible to use compressors of a smaller size and increase the energy efficiency of
the entire system.

Sizing of pneumatic motors: in many systems pneumatic motors are oversized
and exceed the needed power by a lot. This leads to a higher demand of air
flow which must be provided by bigger compressors. Studies show that almost
half of the used pneumatic motors can be downsized by at least one size
segment.

Maintenance: insufficient maintenance led to abrasive and corrosive wear of
the components which leads to an increase of leakages and thus air demand.
Wearing parts in pneumatic systems which are maintained regularly don’t lead
to an increase in air demand.

Change of filter cartridges: compressed air can never be 100% particle free.
Pneumatic appliances therefor need a filter element. Often those filter
elements get changed too infrequently. This leads to clogging and an increase
of pressure losses after a certain time of usage. Approximately the filter should
be changed once a year. Alternatively, at a pressure loss of 0,35 bar.

Avoiding open pipes for blowing applications: in industrial processes
compressed air is often used for cleaning parts, removing debris, cooling, or
aspirating. Often a simple pipe ranging in diameter from 2mm to 32mm is
used. This causes turbulences, enhanced energy consumption and potential
dangers. In most industrial appliances air guns can be used for manual
blowing to clean, dry, move, sort and cool objects. Also, silencers and air
nozzles can increase safety and reduce energy consumption. There are many
sorts of nozzles regarding air consumption and power which can use the
surrounding air to increase their effectiveness.

Controlled vacuum ejectors: vacuum ejectors use the Venturi principle to
create a vacuum using compressed air. In many factories unregulated vacuum
ejectors are still in use, causing unnecessary costs. The unregulated ejectors
should be replaced by controlled ones, which work with air saving regulation
and need a lot less volume flow.

Single acting air cylinders: many applications only depend on one direction of
the cylinder to be done fast or powerful. The other direction can be travelled
much slower or with much less power. But a lot of factories always use double
acting cylinders. Switching to single acting cylinders, which uses spring force
to return to the base position, saves the compressed air needed for the non-
time/power dependent way.

Avoiding of dead-volume: high distances between users, providers and
regulators often occur in large systems. The excess of pipes and valves must
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fill and empty during every control cycle. Unnecessary long pipes, unused
branches and unnecessary no-load cycles should be avoided. Existing excesses
in systems can be reduced while new systems can be planned accordingly.

e Substitution of compressed air: it's not always necessary or recommended to
use compressed air. It can often be replaced, at the same productivity, by other
technologies. For example, a 6,5kW pneumatic motor needs a 132kW
compressor while it could be possible to simply use a 6,5kW electric motor.

e Other possible substitutions:
- Alternative electric solutions instead of air cushions.

- Airless paint sprayers, which pressurise the paint directly for atomisation,
instead of compressed air sprayers.

- Electric vacuum ejectors instead of using the venturi principle.
- Modern and light electric grinding machines instead of pneumatic ones.

Technical
considerations

In many cases the compressed air pressure is reduced by the regulators before
reaching the user. It is necessary to provide an excess of pressure that causes
additional costs due to increased leakages within the pipes.

Other energy/

material flows

About 7-20% of the electricity invested is transformed into mechanical energy to
produce compressed air.

The remaining 80-93% is transformed into heat and it is stored in the medium or
emitted directly by the compressor.

50 to 90% of this heat can be recovered in heat exchangers.
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Scheme of an industrial compressed air system.
Investments vary from the type of intervention that is carried out on the line.
Economics

For the replacement of a compressor, costs start at 3,000-4,000 EUR.
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In general, saving potentials in compressed air systems:

Percentage of compressed

. . . Potential energy
Businesses air as a function of overall

. saving
consumption
Manufacturing, commerce,
. . Up to 20% 30-50%
Energy savings service
Industry On average 20% Up to 50%

The saving potential is as follows:

e Replace low quality components: 15%
e Reduction of components: up to 15%

¢ Sizing of pneumatic motors: 40% based on the initial need.

e Maintenance: depending on the size of the leakage (1Tmm ca. 150 EUR/year).
e Change of filter cartridges: several thousand EUR/year.

Economic savings | « Avoiding open pipes for blowing applications: above 10,000 EUR/year.

e Controlled vacuum ejectors: several thousand EUR/year.

 Single acting air cylinders: several thousand EUR/year.

e Avoiding of dead-volume: 7% per bar of reduced pressure.

Average Payback

3-6 years
Time y
Emissions 0.702 kgCO,/kWh (CO, emitted by production for one hour of 1 NI/min of compressed
air).
Environmental benefits through reduction
[X] Environmental benefits of COz emissions by reducing the energy
o demand. Many efficiency measures
X Increased productivity regarding blowing applications, tools and
|E Work environment/ Health/Safety valves reduce the noise level in working
[ ] Increased competitiveness conditions. In some cases, the quality of
Main NEBs ' the product can also be increased using
(Multiple Benefits) [ Maintenance efficient blow applications. (e.g., metal
ultiple Benefits descaling)

MBenefits pilot case study:
Optimizing compressed air improves safety, sparks new line of business

https://www.mbenefits.eu/static/media/uploads/site-
6/library/Cases%20and%20examples/mbenefits pilot case study a4l 501 peq.pdf
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Replicability High

e CAIR-02: Optimisation of the pressure in the system

o CAIR-03: Switch off of appliances in non-operational times
o CAIR-04: High level control

o CAIR-05: Sizing and type of compressor

e CAIR-06: Network optimization

o CAIR-07: Reduction of leakages

e CAIR-08: Heat recovery

Related
measures

Component replacement (Austria, 2011-2013)

Initial Situation:

- High leakages.

- Infrequent filter changes intervals.

- Open pipes for blowing applications.
- No heatrecovery.

e Description of the optimisation:
Case study - Optimization of maintenance intervals.
- Reduction of leakages.

- Use of air saving air pistols.

- User optimization.

- Implementation of heat recovery.

Implementation costs: 108,000 EUR

Payback time: 3 years

Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
far Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015

References Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve
Performance

3E Strategy, Department of Mechanical engineering, University of cape town: How
to save energy and money in compressed air systems

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF THE PRESSURE IN THE SYSTEM CAIR-02

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many systems the operating pressure is much higher than actually needed.

Studies have shown that the pressure level can be reduced by up to 1 bar without
influencing productivity.

In many cases the pressure is reduced by regulators before reaching the users. This
excess of unneeded pressure has to be provided and causes additional cost due to
increased leakages.

Useful indicators: system pressure above 7 bar (most industrial appliances only need
7 bar).

Recommendation
for optimisation

A constant system pressure at the needed level can be provided by an intelligent high-
level control of the compressors.

The minimal required pressure has to be tested at every user individually. It is
important to notice that in systems, which already have energy efficiency measures
done on them, a reduction of the pressure can cause operational problems. Basically,
an intelligent control unit, combined with efficient users, is preferred over a reduction
of the system.

To test the possibility of a pressure reduction in the system several pressure values
have to be evaluated and compared:

o Difference between the pressure at the compressor and the pressure in the
system: should not be higher than 1 bar. Otherwise measures for reducing the
pressure drop should be done.

o Difference between the current pressure at the compressor and the needed
one: If too high, the compressor pressure can be lowered.

o Difference between the pressure in the system and the needed pressure at the
users: Fit pressure to needed level by either a valve or a separate branch in the
distribution system.

A very simple method to test if the pressure can be lowered can be done if all the

applications in the system are either not sensible to pressure below the required
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value (don’t get damaged), or equipped with an alarm, that goes off if the pressure
drops too far.

The pressure can be lowered incrementally, until one application sets the alarm off
or shows a change in the operational behaviour. To avoid fluctuations in the system
pressure from disturbing the operation of the applications, the system pressure has
to be raised a bit. It is a very rudimental technique and the plant manager has to be
sure that there will be no damage, but it is easy to apply.

Additional measures can be done to enable the reduction of the system pressure:
e Frequent maintenance of filters and dryers.
e Replacement of unnecessary filters, valves or t-joints in pipes.
e Reduction/avoidance of dead volume.
e Separate networks, each with their own pressure level.
e Tools and users which work with lower pressure values.
e Avoiding compressed air for cooling, atomisation or cleaning purposes

The reduction of the pressure level in the system of 1 bar saves 7% of the total energy
needed.

A reduction of 0,3 bar already reduces leakages by 4%.

Technical
considerations

In most cases, if different pressure levels are used, itis recommended to separate the
existing network into 2 with their own pressure level each.

Single users with exceptional high-pressure needs can be provided with boosters,
which raise the pressure locally to the needed level.

Schemes and
diagrams
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Scheme of an industrial compressed air system.

Economics

Unit cost of industrial pressure regulators from 100 EUR
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Energy savings | Up to 10% on energy bills

e Maintenance losses about Tmm: 150 EUR/year

o Replacement of filter cartridges: 1,000 EUR/year

Economic savings | * Open tubes for blowing applications: over 10,000 EUR/year
e Single-acting compressed air cylinders: 1,000 EUR/year

e Controlled vacuum ejectors: 1.000 EUR/year

Average Payback
g y Less than 3 years

Time
Emissions 0.702 kgCO,/kWh (CO, emitted by production for one hour of 1 NI/min of
compressed air)
<] Environmental benefits
Main NEBs D] Increased productivity Environmental benefits through

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

(Multiple Benefits) the energy demand.

[ ] Increased competitiveness

X] Maintenance

Replicability Medium

e CAIR-01: Optimisation of compressed air users/appliances
o CAIR-03: Switch off of appliances in non-operational times
o CAIR-04: High level control

Related measures | o CAIR-05: Sizing and type of compressor

e CAIR-06: Network optimisation

o CAIR-07: Reduction of leakages

e CAIR-08: Heat recovery

Reduction of pressure (Austria, 2016)

e Initial Situation: it was shown that the pressure level was too high and therefore
a reduction has a great potential for energy savings.

o Description of the optimisation: the pressure in the system has been reduced
Case study from 8 bar to 7 bar by installing a vessel in the system. The vessel was already
available, so no investment costs were necessary. The amount of electricity saved
is 51,000 kWh/year.

e Implementation costs: not available

e Payback Time: not available
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Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
fur Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015

References Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve
Performance

3E Strategy, Department of Mechanical engineering, University of cape town: How to
save energy and money in compressed air systems

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

SWITCH OFF OF APPLIANCES IN
NON-OPERATIONAL TIMES

CAIR-03

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many factories the compressed air system runs overnight or on weekends and
holidays although the production stands still in these times. 95% of leakages occur in
the distribution system which causes the system itself to consume unnecessary
energy during down times of production.

Recommendation
for optimisation

During times, in which production stands still, and thus no users are active in the
system, it is recommended to shut down the compressed air system completely or at
least unused parts of it.

There are several possibilities:

e Automatic separation of the distribution network from the compressors

In this scenario losses can be reduced by separating the system, or at least
parts of it from the compressors. This can be done by an automatic valve with
a time switch. It is important that the time switch is programmed correctly.
About 30 min after end of production the valve closes and leaves the
compressor and dryers running. 30 min before beginning of production the
valve opens slowly and fills the network gradually with compressed air to avoid
overload of the processing units such as dryers and filters.

e Automatic switch-off of the whole system

This requires the installation of a control system with electrically operated
valves. The timer should be set in a way that the compressed air treatment
units are fully operating when starting the compression again.

e Automatic decoupling of network parts

This method decouples parts of the system from the compressors and
compressed air treatment units and switches those appliances off. This
requires an automatic valve and switch system with electrically operated
valves. The switch off system should be programmed in such a way that the
compressed air treatment units are fully ready at the beginning of production.
Additionally, manual switches should be installed so it is possible to separate
the compressor from the distribution system during non-business hours (in
case the automatic system fails).
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e Manual switch decoupling of network parts

The principle is the same as the automatic shut off only for the steps to be
done manually. It is important to give the employees, responsible for the
compressed air system, the proper training for this method to avoid damages
to the system. Also a few notes should be placed at the valves and switches.

Schemes and
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Scheme of an industrial compressed air system.
Economics From 50 EUR per timer device

Energy savings

Potential energy savings of 20 to 25%

Economic savings

About 20%

Average Payback

Less than 3 years

Time
0.702 kgCO,/kWh
Emissions
(CO; emitted by production for one hour of 1 NI/min of compressed air)
X] Environmental benefits
Main NEBs [ ] increased productivity Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

[ ] Increased competitiveness the energy demand.

X] Maintenance

Replicability

High
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e CAIR-01: Optimisation of compressed air users/appliances
o CAIR-02: Optimisation of the pressure in the system

o CAIR-04: High level control

Related measures | o CAIR-05: Sizing and type of compressor

e CAIR-06: Network optimization

e CAIR-07: Reduction of leakages

e CAIR-08: Heat recovery

Time devices installation (Austria, 2010)
e Initial Situation: compressors operating outside working hours.

e Description of the optimisation: by installing a time switch and valves the

Case study ) )
compressors are turned off over the night, saving 6,500 kWh/year.
e Implementation costs: unit cost of a timer 50 EUR
e Payback Time: 2 months
Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
fur Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015
References Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve

Performance

3E Strategy, Department of Mechanical engineering, University of cape town: How
to save energy and money in compressed air systems

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HIGH LEVEL CONTROL CAIR-04

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In most compressed air systems, more than one compressor unit is needed to cover
the demand.

Different sized compressors are used for different purposes. Usually big
compressors, which can provide a large volume flow, are used to cover the base load.
The peak loads are covered by smaller compressors.

In many factories the composition of several compressors in one system is often
planned very poorly, either due to increased costs in the planning stage or
compressors being added later to the system.

Controlling air compressors with only their on-board controllers can cause one or
more of the following problems:

e Too many compressors running.
e The wrong combination of compressors is running.
e Pressure higher than demanded by the system.

Also operating times, concentrated on the upper or lower end of the flow rates the
compressor is capable of, can occur.

Further influencing the control scheme is the amount of differential pressure (or
pressure drop) measured between the discharge of the compressors and the receiver
tank. Usually, the pipes and treatment equipment between those components are
different in each branch, causing the pressure drop to vary. This leads to mismatched
signals in the controlling units, causing too many compressors to run, wasting energy
and increasing maintenance intervals needlessly.

The resulting bandwidth for the pressure leads to an elevated energy consumption
of about 6 % to 10 % per bar system pressure.

Systems with more than one compressor need some sort of high-level controls. The
simplest and common is the cascade control scheme. If the compressors are fixed
speed, each compressor gets set points to switch between load/no load. Multiple
compressorsinlocal control, then form a cascade of those set points, causing the first
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compressors to operate at elevated pressure to maintain the set point cascade
control scheme.

Recommendation
for optimisation

A high-level control can already provide energy savings in a system with 2
compressors. Smart control systems align the signals, differentials and set points to
respond to one common pressure band. The advantages are:

e Harmonising of the workload between several compressors.

e Reduction of energy wasted by operating the compressors within a narrow
pressure band.

e Even distribution of operating hours between the compressors and thus more
efficient maintenance and higher availability.

A smart system controller improves the harmony of the compressor units by
accounting the rated capacity of each compressor, as well as adding purposeful
delays and iterative checkpoints to ensure it is responding to what is happening in
the system. This leads to the supply being dynamically matched with the demand and
increases functionality, ensuring improved efficiency and fewer compressors
running. Moreover, for systems with mixed load/no load and Variable speed
compressors, advanced controllers dispatch the compressor smartly between those
compressors and take generally the compressors efficiency into account. The used
pressure sensors usually are capable of measuring pressure differences down to 0,2
bar.

Relevant technical
considerations

An additional influence on the control scheme is the amount of differential pressure
(or pressure drop) measured between the compressor exhaust and the receiver tank.
Usually, the piping and treatment equipment between these components are
different in each branch, causing the pressure drop to change. This leads to matching
signals in the control units, causing too many compressors to operate This type of
control system can already be used by a two-compressor system.

Schemes and
diagrams
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Economics

Starting from 3.000 EUR per compressor.

Energy savings

With efficient compressor control there is a saving potential of 20-25%

Economic savings | About 20%
A Payback
veragg aybac 3-6 years
Time
Ermissions 0.702 kgCO,/kWh (CO, emitted by the production for one hour of 1 NI/min of
compressed air).
[X] Environmental benefits Environmental benefits through reduction
of CO; emissions by reducing the energy
Main NEBs X Increased productivity

(Multiple Benefits)

demand. A more stable pressure supply can
lead to an increase in the quality of
products. Future system expansions can be
added more easily. You can also have an
increase in productivity.

X] Work environment/Health/Safety
[ ] Increased competitiveness

[ ] Maintenance

Replicability

Medium

Related measures

e CAIR-01:
e CAIR-02:
e CAIR-03:
e CAIR-05:
e CAIR-06:
e CAIR-07:
e CAIR-08:

Optimisation of compressed air users/equipment
Optimisation of the pressure in the system
Switch off of appliances in non-operational times
Sizing and type of compressor

Network optimization

Reduction of leakages

Heat recovery

Case study

Control system installation (Austria, 2016)

o Initial Situation: 4 blasting machines are used in a hardening shop to blast material
onto gear parts to harden the surface. This is done using compressed air. Each
shot blast machine is powered by its own compressor, which runs 5 days a week.
If there is no need for air on the blast machine, the compressor switches to
vacuum operation, leading to higher energy consumption.

e Description of the optimisation: to reduce idle running times of each compressor,
a smart high-level control, controlling all 4 of the compressors was installed. This
leads to a reduction of idle running times and saves energy.

e Implementation costs: 16,300 EUR

e Payback time: 4 years
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Best Practice

SIZING AND TYPE OF COMPRESSOR CAIR-05

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Many compressors are oversized and/or controlled badly, thus resulting in a
workload of only 50%.

The most common way to control a compressor is the load/no-load control. This
method puts the compressor into idle running mode instead of switching it off. This
results in fewer control cycles of the motor, extending its life cycle, but is also very
energy consuming.

Further unnecessary energy consumption comes from oversizing of the compressors.
This can happen for various reasons:

e Reduction of the demand (e.g., closure of production lines or halls).

e Highly fluctuating demand.

e Misconception.

Recommendation
for optimisation

It is recommended to replace the old, oversized and discontinuously controlled
compressors with newer ones, driven by VFDs.

VFD (Variable Frequency Drive) driven compressors offer the possibility to regulate
the rotation speed of the engine in a set range by modulating the frequency. This way
the supply can be matched almost perfectly with the demand (0,1 bar difference).

Compressor manufactures offer a wide range of VFD driven compressors with
controlling units.

Compressors, which already fit size wise, can be upgraded by adding VFDs. This is
only recommended in some cases. In most cases the viable solution is to install the
optimal compressor units with controls, after measuring the demand and operating
hours.

Due to the regulation, the pressure in the system can be ideally kept at a range of 0,1
bar around the demanded value. The pressure excess of the unregulated
compressors, due to their fixed start/stop points, is avoided and about 6% to 10% of
energy can be saved per bar system pressure.
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Technical
considerations

The optimal operating range of VFD driven compressors is at about 40% to 70% of
their full output. Above or beyond this range, the energy consumption rises rapidly.

Schemes and
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Scheme of an industrial compressed air system.
Investments vary from the type of intervention that is carried out on the line.
Economics

For the replacement of a compressor, costs start at 3,000-4,000 EUR.

Energy savings

By using a VFD driven compressor, the energy demand of a badly sized compressor
can be reduced by about 25-30%.

The pressure excess of the unregulated compressors, due to their fixed start/stop
points, is avoided and about 6 to 10% of energy can be saved per bar system pressure.

Potential savings of 15% by replacing low-quality components.

Economic savings

From 10 to 30%

Average Payback

3-6
Time years
L 0.702 kgCO,/kWh (CO, emitted by production for one hour of 1 NI/min of compressed
Emissions .
air).
X] Environmental benefits
o Environmental benefits through reduction
Main NEBs (] Increased productivity of CO; emissions by reducing the energy

(Multiple Benefits)

D Work environment/Health/Safety demand. Reduction of NO,x The more stable
pressure supply can lead to an increase in

[ ] Increased competitiveness
the quality of the products.

|E Maintenance
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Replicability

Medium

Related measures

o CAIR-01: Optimisation of compressed air users/appliances
o CAIR-02: Optimisation of the pressure in the system

o CAIR-03: Switch off of appliances in non-operational times
o CAIR-04: High level control

e CAIR-06: Network optimization

o CAIR-07: Reduction of leakages

e CAIR-08: Heat recovery

Installation of a VFD driven compressor (Austria, 2013)

e Initial Situation: the compressor used was an old, unregulated one with time-
controlled condensate separation. Heavily fluctuating demand caused the
compressor to perform high idle runtimes.

e Description of the optimisation: by adding a modern VFD driven compressor to

Case study the system, the overall pressure level in the system could be reduced, leading to a
reduction of leakages. The new compressor can also be operated in part load,
covering the frequently occurring, reduced demand. The pressure level of the
appliances can be controlled individually.

e Implementation costs: 57,400 EUR
e Payback time: 5 years
Kulterer, K., Huber )., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
fur Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015

References Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve

Performance

3E Strategy, Department of Mechanical engineering, University of cape town: How to
save energy and money in compressed air systems

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

NETWORK OPTIMISATION CAIR-06

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

About 15% of energy losses happen in the distribution network (without leakages)
Energy losses in the distribution network happen mainly because:

e Pressure losses due to wrong pipe dimensions.
e Condensate, which damages components and increases pressure |oss.
e Design mistakes in the concept of the network.

Recommendation
for optimisation

e Component optimisation

It is important to look for good quality in components such as T-pieces, flanges,
valves or connection pieces for tools. This ensures that the pressure loss in those
components is kept to a minimum. For example, couplings and connectors with
valves have many different types available. It is recommended to choose the ones
with the best flowing profile.

e Condensate separation

Water condenses at every spot, where the ambient temperature around the
pipelines below the temperature in the compressor rooms. To avoid pressure
losses due to condensate in the pipes, special separation devices have to be built
into the system. The positions of these devices depend on the design of the
network and the structure of the building. It is important that the main pipe shows
a slight slope of about 1% and the distance between the separators is 30 m.

e Avoid/correct design misconceptions

The concept of a main ring system is always better than big branches because of
reduced flowing velocities in the ring, which lead to less pressure losses because
of turbulences. Furthermore, automatic valves can be installed to isolate certain
parts of the network when necessary. Ring systems also provide the possibility to
add parts or change the system relatively easily. This measure often leads to high
investment costs and cannot always be done.

e Check pipe sizes

Pipe dimensions depend on the volume flow and the velocity of the medium. To
avoid excess pressure losses due to turbulences, it is recommended that the
velocity does not exceed 6 m/s.




This project has received funding from the European
Union’s H2020 Coordination Support Action under
Grant Agreement No. 894356.

Gear@SME

Saving energy together

Approximation of pressure losses due to incorrect pipe dimensions (DENA, 2004).

Pipe diameter Pressure drops at 100m Power loss
Technical [mm] [bar] [kw]
considerations 50 2,6 18
65 0,9 5
80 0,2 0.8
100 0,1 0,4
Correct pipe dimensions as a function of flow rate.
Airflow Distance between compressor and furthest user
L/min | cfm 300m | 400m
230 8
650 23
Schemes and 900 32
diaarams 1200 42 25
9 1750 62 25 25 32 32 32 40
2000 71 25 25 32 32 32 40 40
2500 88 25 25 32 32 40 40 40
3000 106 | 25 32 32 40 40 40 50
3500 124 | 25 32 40 40 40 50 50
cfm= cubic foot per meter >1 ¢fm=28,32 |/min
Economics Several factors affect investment costs, and a case-by-case assessment is necessary.

Optimizing the network allows energy savings linked to the reduction of losses (at

Energy savings
9y 9 least 15%).

Economic savings | About 15%

Average Payback

3-6 years
Time y

0.702 kgCO,/kWh (CO, emitted by production for one hour of 1 NI/min of compressed

Emissions . ; . —
air). This measure does not involve further emissions.

Environmental benefits through reduction
o of CO; emissions by reducing the energy

Main NEBs D] Increased productivity demand. The more stable pressure supply

[ ] Work environment/Health/Safety | can lead to an increase in the quality of the

products. The increased effort in planning

makes adding new branches and

[X] Maintenance components easier in the future.

X] Environmental benefits

(Multiple Benefits)
[ ]Increased competitiveness

Replicability High. This measure can be replicated for each compressed air system.
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Related measures

e CAIR-01: Optimisation of compressed air users/appliances
o CAIR-02: Optimisation of the pressure in the system

o CAIR-03: Switch off of appliances in non-operational times
e CAIR-04: High level control

e CAIR-05: Sizing and type of compressor

e CAIR-07: Reduction of leakages

e CAIR-08: Heat recovery

Case study

Reduction of electricity consumption for compressed air production (Modena, Emilia-
Romagna, Italy)

e Initial Situation: a measurement campaign has been undertaken to quantify the
consumption of electricity absorbed by the compressed air production plant,
equal to 10,193 kWh/month. The consumption was due to the handling of the oven
doors (more than 8,000 kWh/month).

o Description of the optimisation:

- Redesign air distribution network layout, refurbishment with high-
performance piping.

- On/off compressor replacement with inverter-equipped compressor.

- Electricity consumption monitoring system for the compressed air system.

- Optimisation of user work pressures.

- Rescheduling and maintenance optimisation.

6 months after the intervention, the first cycle of improvement was verified. The
intervention led to a 33% reduction in electricity absorbed by the compressor
sector with the achievement of 100 TEE/year (Energy Efficiency Certificates or
White Certificates).

e Implementation costs: not available

e Payback Time: 5 years

References

Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
fUr Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015

Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve
Performance
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save energy and money in compressed air systems

Oetiker, 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REDUCTION OF LEAKAGES CAIR-07

Application

Compressed Air Systems

SME sector

Industrial

SME subsector

Food and Beverage Sector

Technical
description

Compressed air: versatile and energy-intensive

Compressed air is used for a large variety of applications, e.g., for powering
pneumatic tools or as process medium directly used in production. On average,
compressed air generation is responsible for about 10% of electricity demand in
industrial companies. Electricity costs are an important aspect of compressed air
usage since they easily hold a share well above 70% of the costs of an optimized
compressed air station over a period of five years. According to estimates, energy
demand at a nominal flow rate and a typical pressure of 7 bar is between 85 to 130
Wh per Nm3 of compressed air for a correctly dimensioned and well managed
installation. This typically translates into some 1 to 3 Eurocents per Nm?3 of
compressed air, depending on the system performance and electricity prices.

Air leaks are tireless consumers of compressed air, even after office hours and during
the ends. Even small leaks can entail substantial losses in electrical energy and may
thus cause substantial energy costs. Dealing with them is often quite easy and a
regular check on leaks is thus a good strategy to both minimize electricity costs and
save money.

Reducing air leaks to save money

A usually easy to implement and cheap measure for normal operation is the reduction
of air leaks. These have been identified as major sources of energy losses in
compressed air systems.

They originate from badly carried out installation work, worn equipment or a lack of
sensitivity from the user, e.g., from semi-shut air valves.

A particular challenge with air leaks is that they are always present in a compressed
air system under pressure, even during the weekend when nobody is working. Thus,
avoiding leaks can result in an average reduction of electricity demand for
compressed air provision between 10 and 20% of the total energy demand of a
compressed air system.
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Air leak occurrence & detection

Air leaks may occur in all parts of a compressed air system, from air compressor to
the end-use including:

e Couplings, fittings and valves.

e Pipejoints, disconnections.

e Pressure regulators and condensate traps.
e Tools and pneumatic equipment.

Recommendation
for optimisation

A reasonable goal for reducing leakages is 10% of the demand. Systems with 5% of
the demand are excellent. Further reduction leads in most cases to unreasonably high
investment or maintenance costs and are thus not economically viable.

The best way to find the location of leakages is by using special ultrasound devices.
The advantage of this equipment is that it can be used when production is full
running. During production breaks or during the night shift when there is no noise it
is possible to detect bigger leakages without equipment. Another way to check for
leakages is to apply soap water onto the pipes, couplings and valves.

Especially flexible and connecting parts are a common source for leakages:
e Couplings: low-cost brass quick-release couplings.

e Pipes or sealing parts: PVC-pipes can harden, seals made of hemp often dry
out when switching to oil-free air or replacing dryers.

e Pneumatic components: loose and leaking connection parts, damaged oil
separators, leaking valves.

e Cylinder: old seals or connecting parts of cylinders, leakages inside the
pneumatic tools.
To eliminate the leakages, the following measures can be done:
e Tightening of cutting ring coupling.
e Replacement of thread sealing (Teflon tape or liquids).
e Replacement of valves, cylinders, couplings and seals.
e Replacement of damaged or corroded pipes.
Every company should be checking the systems at least once a year. This can be done

internally or externally. Time and resources should always be provided to be able to
fix located leakages immediately.

There is a variety of ways to detect or reduce air leaks:

o Especially larger leaks make audible noise and/or can even be felt in the near
proximity.

e The use of soapy water applied with a paint brush used on suspect areas can
be an easy mean to identify leaks.
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e Leakslead to ultrasonic sound emissions. The market offers acoustic detectors
which can help to also localize such emissions from smaller leaks.

e Leaks can also be traced using particular gases.

Another strategy to deal with air leaks is separating of parts of the compressed air
network while production is not running, e.g., by automated valves or by adding
manual switches, e.g., for idle times during the week-ends. This can also be a strategy
if leaks are difficult to localize or fix.

Relevant technical
considerations

Compressed air systems can be subject to leakages of up to 20% of the compressed
air produced over time.

These types of systems also have a significant impact on an industry's energy costs,
as producing 1 kW of compressed air costs the same as producing 8 kW of electricity.

Reducing or eliminating compressed air leakages therefore represents a significant
energy saving and a reduction in plant costs.

Hole Air Air Energy Energy Costs at | Costs at
. leakage leakage at12
diameter at6bars  at12 bars at 6 bars bars 6 bars 12 bars
Schemes and (mm) (1/s) (1/s) (kwh) (kWh) (EUR) (EUR)
diagrams 1 1,2 1,8 0,3 1,0 144 480
3 11,1 20,8 3.1 3,1 1488 6096
5 30,9 58,5 8,3 33,7 3984 16176
10 123,8 235,2 33,0 132 15840 63360
e Typical costs for leak research and repair are approx. 1,000 EUR/year.
e Material costs for repair: on average between 20 and 50 EUR, large deviations
are obviously possible.
e Labour costs: varies depending on the cause of the leakage
Economics

Depending on the situation and strategy, detecting and fixing leaks is nearly free, yet
can have a substantial impact on energy costs.

For instance, fixing a 3 mm leak with 3 kW in power requirement under 3,000-hour
operation leads to annual savings in electricity costs of: 3kW x 3,000h/y x 0.1 EUR/kWh
=900 EUR/year

Energy savings

e Average reduction in electricity demand for compressed air supply: between
10 and 20% of total energy demand.

e Annual savings per fixed 3 mm leak: 9,000 kWh/year.

Economic savings

e Potential savings of 6-10% per bar
e Annual savings per fixed 3 mm leak: 900 EUR/year

A single leak with a diameter of 1 mm in a system with a pressure of 8 bar can cause
additional costs of 150 €/year.
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Average Payback

Less than 3 years

Time
Emissions This measure does not lead to any additional emissions beyond the CO, emissions
due to the consumption of electricity to operate the system.
[X] Environmental benefits Environmental benefits through reduction
Main NEBs [ ] Increased productivity of CO2emissions by reducing the energy

(Multiple Benefits)

demand. The more stable pressure supply

Work environment/Health/Safet
X / / Y can lead to an increase in the quality of the

Replicability

[[]Increased competitiveness products. Fixing leakages can lead to a
D Maintenance reduction of the noise level
High

In almost all compressed air systems - in 80% of systems this measure is applicable
and cost-effective.

Related measures

e CAIR-01: Optimisation of compressed air users/appliances
e CAIR-02: Optimisation of the pressure in the system

o CAIR-03: Switch off of appliances in non-operational times
e CAIR-04: High level control

e CAIR-05: Sizing and type of compressor

o CAIR-06: Network optimization

e CAIR-08: Heat recovery

Case study

Case study #1

Publishing sector: reducing energy waste from a compressed air service
(Bologna, Emilia-Romagna, Italy)

e Initial Situation: Leakages occurring in the system.
Scope: to reduce energy waste due to compressed air leaks in a 9,000 m?,

Analysis carried out: inspection of compressed air system components:
Compressors, Distribution network (including piping and connections), Terminal
equipment and compressed air installations. A parabolic directional sensor with a
laser pointer was used to detect leaks at heights above 2.5 m or in places difficult
to reach.

Number of Leakage Leakage in Leakage in Leakage in
leaks found m3/h m3/year kWh/year EUR/year

48 175 211,600 1,511,300 30,050
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The research campaign revealed a limited number of leaks, but a significant total,
concentrated mainly in the rotary presses department (30 leaks out of a total of
48, corresponding to approximately EUR 20,000 in electricity consumption) and
also present during machine downtimes. It was estimated that the energy waste
due to leaks exceeds 20% of the total compression energy cost.

e Description of the optimisation: Repair/replacement campaign for defective
parts, giving priority to the rotary zones.
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Detail of the factory floor plan showing the location of the detected leaks.

e Implementation costs: starting from 0 EUR, very low investment

e Payback Time: less than 1 year

Case study #2

Mechanical sector: reducing energy waste from a compressed air service

(Parma, Emilia-Romagna, Italy)

e Initial situation: leakages occurring in the system.
To reduce energy waste due to leaks from the compressed air system in a 19,000
m? plant belonging to a company in the mechanical sector with a foundry division.

Analysis carried out: inspection of compressed air system components:
compressors, distribution network (including piping and connections), terminal
equipment and compressed air installations. A parabolic directional sensor with a
laser pointer was used to detect leaks at heights above 2.5 m or in places difficult

to reach.

Number of Leakage Leakage in Leakage in Leakage in

leaks found m3/h m3/year kWh/year EUR/year
122 291.4 932,580 130,560 20,630

The research campaign showed that the compressors were in good condition, with
no air leaks at the source. As regards the foundry area, most of the leaks were
found along the pipes, often at high altitude. These leaks are generally medium to
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difficult to eliminate. In the workshop area most of the leaks are at quick couplings
and deteriorated connections, therefore generally easy to eliminate.

e Description of the optimisation: replacement of identified faulty connections. For
the foundry area: repair of the pipes, starting with those that are easy to access. A
second campaign was recommended at the end of the interventions to verify the
effective elimination and scope of the remaining leaks.

e Implementation costs: starting from 0 EUR, very low investment

e Payback time: less than 1 year

Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
fur Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv
energieeffiziente betriebe, Wien 2015

Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve
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ICCEE, Energy efficiency measures: best practices: https://iccee.eu/energy-
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https://www.enea.it/it/sequici/events/sistemiariacompressa_14mag19/
MARINOZZIFATER.PDF

Fraunhofer ISI, Druckluft effizient, October 2003

U.S. Department of Energy Washington, Energy Efficiency & Renewable Energy -
Office of Industrial Technologies, Compressed Air Tip Sheet #3. December 2000.

Publications Office of the European Union, Best Available Techniques (BAT)
Reference Document for Energy Efficiency. 2009.

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HEAT RECOVERY CAIR-08

Application

Compressed Air Systems

Waste heat recovery from air-cooled compressors

SME sector

Industrial

SME subsector

All subsectors

Technical
description

About 80 to 93% of the electrical energy used by a compressor get transformed to
heat. The temperature in the compressor room must not exceed 35°C to ensure an
optimally working compression process.

Thus, a cooling system for the compressor is needed. Many companies simply let this
waste heat dissipate into the atmosphere.

Recommendation
for optimisation

During the compression process, heat dissipates through:

e The compressor itself.
e Intercoolers between compression stages on multistage compressors.
o After-cooler.

The waste heat can be used for various appliances, depending on the construction
and cooling of the compressor (air-or water cooled).

Heat recovery from air cooled compressor is especially suitable for space heating or
other hot air uses. Ambient atmospheric air is heated by passing it across the systems
after-cooler and lubricant cooler, where the heat is extracted from both the
compressed air and the lubricant. This type of compressors often already includes
heat exchangers and fans, making this a relatively cheap and simple measure to
install.

Waste heat of air-cooled compressors can also be used for heating water. Depending
on the design of the compressor, hot water can be provided in various qualities
regarding oil- or particle contamination. Especially for hot water with drinking quality,
used in cantinas, chemistry or pharmacy, special heat exchangers are necessary to
avoid contamination. The hot water can also be used for various other processes in
industry or for space heating. Water heated by a piston compressor can reach around
50°C.

Water cooled compressors can also be equipped with heat recovery for space

heating, although with reduced efficiency due to an additional heat exchanger
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needed. About 72% of the electric power put into the compressor gets transferred to
heat in the cooling liquid.

Relevant technical
considerations

For space heating, for both type of compressors through heat exchangers, water can
be heated up by up to 50 K until 85°C. Note that as the compressor works not always
at full load, heat recovery can only be used as support for space heating.

Schemes and

diagrams
4% of the generated amount of heat is
discharged by means of cooling media (water/air)
Heat recovery scheme.
Economics Unit costs for a heat recovery system: 2,000-5,000 EUR

Energy savings

Savings potential of up to 94%

Economic savings

Economic savings due to the potential for energy savings.

The heat recovered by a compressor with a nominal power of 90 kW operating for
2,000 hours/year is about 71.5x10° kcal (equivalent to the thermal energy generated
by a boiler of 40 kW with a saving of 6,650 kg of methane equivalent to about 2,600
EUR).

Average Payback
Time

3-6 years

Emissions

0.702 kgCO,/kWh (CO, emitted by production for one hour of 1 NI/min of compressed
air)
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This measure does not lead to any additional emissions beyond the CO, emissions
due to the consumption of electricity to operate the system.

Environmental

The environmental benefits are increased through reduction of CO; emissions due to

benefits room heating.
[X] Environmental benefits Environmental benefits are increased
[ ]Increased productivity through reduced CO; emissions from space
Main NEBs

(Multiple Benefits)

heating. In some cases, the ambient
temperature at the workplace can be
[ ] Increased competitiveness increased, resulting in a more comfortable

[ ] Maintenance working condition.

X] Work environment/ Health/Safety

Replicability

This measure can be replicated, the waste heat can in fact be used for different
appliances, depending on the type of construction and the cooling system of the
compressor (air or water).

Heat recovery systems are available for most compressors on the market integrated
into the compressor package or as an external solution.

Related measures

e CAIR-01: Optimisation of compressed air users/equipment
o CAIR-02: Optimisation of the pressure in the system

o CAIR-03: Switch off of appliances in non-operational times
o CAIR-04: High level control

e CAIR-05: Sizing and type of compressor

e CAIR-06: Network optimization

e CAIR-07: Reduction of leakages

Heat recovery (Austria, 2009)

o Initial Situation: the temperature of the air after the compression process lies at
140°C. The compressed air gets distributed through the network and then,
depending on the end user, cooled in after coolers.

o Description of the optimisation: the distribution network got split into a hot part

Case study
and a cold part. In one branch of the hot part a tube heat exchanger was
installed. A part of the remaining heat in the compressed air gets then used for
heating the factory building.
e Implementation costs: 47,500 EUR
e Payback time: 5 years
Kulterer, K., Huber J., Ruthner H., Oetiker H., Pucher C., Steinbrugger, C.: Leitfaden
References fur Energieaudits zur Optimierung von Druckluftsystemen, klimaaktiv

energieeffiziente betriebe, Wien 2015
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Larrabee C.: Managing Multiple-Compressor Systems: Utilizing Controls to Improve
Performance

3E Strategy, Department of Mechanical engineering, University of cape town: How
to save energy and money in compressed air systems

Atlas Copco, Compressed Air Manual, May 2000, available at
http://www.atlascopco.com

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REDUCTION OF COOLING LOAD AND FREE COOLING COOL-01

Application

Cooling Systems

SME sector

Industrial

SME subsector

Breweries, industrial pastry, refrigeration, etc.

Technical
description

The need for cooling depends on two factors:

e The heat load defined by the need for process cooling/storage

e Heat gains produced by multiple heat sources.
The greatest heat gain for cold rooms is due to the hot air passing through open
doors. This normally represents 30% of the total heat gain of a cold room. This

measure does not reduce the cooling load but allows to meet the cooling needs with
reduced energy consumption.

How to limit energy consumption?

e Reduction of thermal loads inside warehouses.
e Reduce heat contributions through openings.
e Wallinsulation.

e Implementation of free-cooling systems.

Recommendation
for optimisation

e Switching off cold rooms and freezer rooms.

e Reducing the heat form storage and stock throughput.

e Reducing the heat through doors.

e Insulation of the walls.

e Reducing heat gain from machines and personnel.

e Reducing heat gain from lighting.

e Control of the door heater.

e Optimisation of defrosting control (for freezing and cooling up to 3°C).
e Implementation of free cooling.

Application of free cooling technique

Free cooling indicates the direct use of an external source, typically air, but can also
be water, when its temperature (and humidity in case of direct external air use) allow
its use directly (e.g., introduction of external air without any treatment) or indirectly

(treating the air or exchanging heat with air or other heat carriers) with a lower
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energy consumption of the HVAC or cooling system. It is typically used in HVAC
(Heating Ventilation and Air Conditioning) systems but can be also exploited to assist
cooling for industrial applications.

New HVAC systems usually are designed to allow free cooling, while other systems or
older ones can often be modified to exploit free cooling.

The most suitable environment for free cooling is a combination of a cold or mild
climate zone and the need of cooling energy for most of the year. This encompasses
many manufacturing industries, such as food and beverage ones, but also other kind
of facilities like data centres and spaces where constant temperature and humidity
levels must be maintained (clean rooms, cold rooms, areas of hospitals, etc.).

Relevant technical
considerations

With the implementation of a free cooler, ambient air or cooling water can be used
directly to cool the secondary refrigerant circuit (e.g., products, processes).

Schemes and
diagrams

Process
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Free cooling system.

Traditionally HVAC and cooling systems utilises a chiller to generate the cooling
required for processes or HVAC application.

Free cooling systems, instead, aim to reduce or even bring to zero the energy
required by chillers. These systems can be added to air-cooled or water-cooled
electric chillers and activate when the temperature of the external source has an
appropriate value.
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Economics

Approx. 2,000 EUR/kW for a new cooling system.

Energy savings

e Switching off cold rooms and freezer rooms
e Reducing the heat form storage and stock throughput:

- Comparing the recommended cooling temperature with the actual may
reveal a saving potential by increasing the process- or storage temperature.

e Reducing the heat through doors:

- Strip curtains: energy savings of 9% for cooling and 13-24% for freezing.

- automatic doors: energy savings of 8% for cooling and 12-23% for freezing.
e Insulation of the walls:

- Retrofitting of existing systems mostly does not pay off.

e Reducing heat gain from machines and personnel:

- Efficiency measures concerning machines include switching off, if not
needed, and controlling the power, if possible.

e Reducing heat gain from lighting:

- Energy savings consist of the reduced cooling load plus the reduced energy
consumption of the lighting itself.

e Control of the door heater:

- Energy savings of 3% for cooling - 6% for freezing.
e Optimisation of defrosting control:

- Energy savings of 2-3% from the total energy demand of the cooling system.
e Implementation of free cooling:

- Energy savings up to 80%

Economic savings

The economic savings are closely linked to the reduction of electricity used to power
the cooling system.

Average Payback

e Thermal contribution reduction: less than 3 years.

e Free cooling for industrial applications: approx. 10 years.

Time The payback time for the measures yielding a reduction of heat gains (and therefore
heat load) for cold rooms is typically less than 2 years.
Emissions Emissions depend on the characteristics of the refrigerant gas.
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X] Environmental benefits

[ ] Increased productivity
Main NEBs
[ ] Work environment/ Health/Safety
(Multiple Benefits)
[ ]Increased competitiveness

|E Maintenance

Environmental benefits through
reduction of CO, emissions by reducing
the electricity demand for cooling.

A free cooling system, together with the
energy savings can offer different
benefits, such as reduced water
consumption, reduced operational costs,
reduced carbon footprint: lower
greenhouse gas emissions, and reduced
maintenance costs due to longer
equipment life.

One of the most important voices can be
seen in the reduction of maintenance
costs. In fact, usually, Free cooling chiller
plants have a longer lifecycle compared
to traditional chillers because of the
reduced number of operation hours of
the compressor during the year.

Replicability Medium

e COOL-02: Compressor control

e COOL-05: Reduction of leakages
e COOL-06: Heat recovery

e COOL-03: Lower condensing temperature - Raise of evaporation temperature
Related measures | ¢ COOL-04: Efficient fans and control

Case study #1

Installation of a new chiller, company "Etiketten Carini GmbH" (Austria, 2016)

e Initial Situation: the cooling system used a chiller with a cooling capacity of 238

Case study

kW. Since free cooling was not available with this system, considerable electrical
power was required to maintain sufficient cooling of the machines, even at low
ambient temperatures. The amount of electricity needed for cooling was 280,586
kWh/year.

Description of the optimisation: the chillers have been replaced with two new
ones with a power of 118 kW each. The new cooling system offers the possibility
of free cooling that allows sufficient cooling with minimal electricity consumption
during the winter season. The electricity requirement for cooling has been
reduced to 154,321kWh/year, allowing energy savings of 126,500kWh/year.

e Implementation costs: 126,500 EUR
e Payback Time: 11.9 years
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Case study #2

Installation of a new chiller, food industrial plant (Central Europe)

e Initial Situation:

- Inlet air flow: 60,000 Nm?3/h

- Annual energy cooling consumption: 600,000 kWh/year

- Average electricity price: 0,10 EUR/kWh

- Annual economic energy expenditure for cooling: 60,000 EUR/year

e Description of the optimisation: the choice between exploiting air or water is
determined by several factors, such as the availability of water and its cost, the
available space for a chiller, the cost of electricity and the period in which free
cooling can be used. In general, water-cooled chiller and free cooling compared
to air-cooled ones and occupy less space. Food & Beverage industries require
several kinds of cooling, such as the temperature control to reduce the bacterial
load and the quick freezing/cooling of pre-cooked of frozen foods. The cooling
systems could help to increase the productivity, without lowering the all-important
organoleptic properties of the finished product such as taste, colour, and smell.

Free cooling has the objective to reduce chiller energy consumption: it can be done
via a (higher) direct intake of external air, via a chiller with a built-in free cooling
coil or via a free cooler working in series with a chiller. The latter, usually, should
be more efficient, due to the larger surface area provided by the air cooler.
- Inlet air flow: 60,000 Nm3/h
- Energy savings: 100,000 kWh/year
- Energy economic savings: 10,000 EUR/year

e Implementation costs: 15,000 EUR

e Payback Time: 1.5 years

References

Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,
klimaaktiv energieeffiziente betriebe, Vienna 2017

ICCEE, Energy efficiency measures: best practices: https://iccee.eu/energy-
efficiency-measures-best-practices/

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

COMPRESSOR CONTROL COOL-02

Application

Cooling Systems

SME sector

Industrial

SME subsector

Breweries, industrial pastry, refrigeration, etc.

Technical
description

Cooling systems are designed to meet a maximum cooling load that normally occurs
for less than 5% per year. The most frequent case concerns load that stand at 50%
compared to the maximum design load with an ambient temperature 20 degrees
lower than the design ones. For these reasons, a compressor regulation system
should always be installed.

For systems consisting of several compressors, the optimal solution could be to
combine a fixed-speed compressor covering the base load with variable speed
compressors for peak loads.

Recommendation
for optimisation

The greatest potential for energy savings due to the installation of a compressor
regulation system comes from the adaptation of the condensing temperature to the
ambient temperature.

Before considering the installation of a frequency converter it is necessary to check
the compatibility of oil transport and the design of the expansion and control valves
to verify compatibility with fluid speed variations.

Relevant technical
considerations

The main parameters of the cooling system are:

e Measured power.
e Operating hours.

o COP: Coefficient of Performance (COP), which is the ratio between energy output
(heat transferred to the environment to be heated) and electrical energy
consumed, measures the efficiency of a heat pump. The higher the COP, the
more efficient the machine (low consumption)

e Ambient and load temperatures.

Other factors that need to be considered are production capacity, uptime, main
equipment, and processes provided by the cooling system.
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Schemes and
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Evaporator
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diagrams ‘ Condenser
Compressor
Receiver
Assembly diagram of control valves in a cooling system.
Economics 100-1,000 EUR indicatively per industrial frequency converter.

Energy savings

Compared to other compressor control modes, the value of evaporation temperature
during partial loads: 6-12%

Up to 20% compared to systems without regulation.

Economic savings

The economic savings are closely linked to the reduction of electricity used to power
the cooling system.

Average Payback

Less than 3 years

The change in condensation temperature reduces the payback time.

Time
The payback time increases if a frequency regulator is used.
Emissions depend on the characteristics of the refrigerant gas.
Emissions Indeed, Global Warming Potential (GWP) and Ozone Depletion Potential (ODP)
depend on the refrigerant gas used.
X] Environmental benefits
[ ]increased productivity Environmental benefits through CO;
Main NEBs reduction by reducing the electricity

(Multiple Benefits)

[] Work environment/ Health/Safety demand for cooling

[ ] Increased competitiveness

D Maintenance

Replicability

Medium
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Related measures

e COOL-01: Reduction of cooling load and free cooling

e COOL-03: Lower condensing temperature - Raise of evaporation temperature
o COOL-04: Efficient fans and control

e COOL-05: Reduction of leakages

e COOL-06: Heat recovery

Installation of a new chiller with use of free-cooling company "Rudolf Olz
Meisterbacker GmbH” (Austria, 2011)

o Initial Situation: cooling system consisting of two chillers with a cooling capacity
of 26 kW and 128 kW combined with 6 compressors. The largest load comes from
two cold rooms and goods refrigeration systems. The annual electricity
requirement for cooling was 870,000 kWh. The thermal energy demand for cooling
before the intervention was 1,403 MWh/year.

e Description of the optimisation: thanks to multiple optimization interventions, the

Case stud
y need for cooling has increased from 1403 MWh/year to 1,347 MWh/year, this can
now be covered with 578 MWh of electricity. Optimizations include better control
of two compressors leading to a 2°C increase in the primary temperature. The
cooling demand has been reduced thanks to continuous insulation and reduced
friction losses. By shifting loads to larger machines, resulting in more hours at full
load, their COP can now be increased from 2.1 to 3.26
e Implementation costs: 209,300 EUR
e Payback Time: 7.5 years
Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,
References

klimaaktiv energieeffiziente betriebe, Vienna 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

LOWER CONDENSING TEMPERATURE COOL 03
RAISE OF EVAPORATION TEMPERATURE

Application

Cooling systems

SME sector

Industrial: food industry, refrigeration, cold storage

SME subsector

Breweries

Technical
description

The evaporation temperature and condensation temperature define the COP of the
chiller. Therefore, they have a great impact on the efficiency of the cooling system.
However, these parameters are often poorly set and offer savings potential

Common cooling, evaporating and condensing temperatures.

Cooling Evaporating Condensing
temperatures | temperatures | temperatures
Air conditioning +15°C +5°C 30-45°C
Chilling 15°C -5°C 30-45°C
Medium temperature refrigeration 0°C -10°C 30-45°C
Low temperature refrigeration -20°C -30°C 30-45°C
Quick-freezing da-35a-45°C <-45°C 30-45°C

Recommendation
for optimisation

e Raise of evaporation temperature

Check if evaporating temperatures are set as high as possible for the different
applications.

If applications with different temperature levels are supplied with the same
cooling circuit, the lowest cooling temperature defines the needed evaporation
temperature. However, this is not advisable as different temperature levels should
be supplied via different circuits.

Evaporation temperature can be raised by avoiding unfavourable circulation of air
in the room due to stacked goods blocking the air flow. Heat exchangers need to
be cleaned and bent lamella should be straightened. Damaged ventilators or
blades should be repaired. Correct settings of the expansion valve determine the
super-heating and should also be checked.

A raised evaporation temperature implies an increase in the suction pressure and
thus increases the efficiency of the compressor. This leads to an increase in cooling
capacity that needs to be controlled.
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e Lower condensing temperature

If a system works at a fixed minimum condensation temperature of 40-45°C, it is
necessary to control the condensation temperature adjustments. The nominal
value can probably be reduced. Although the system operates at a variable
condensation temperature, a minimum value is often set, below which the
temperature does not fall, despite the lowering of the ambient temperature. In
these cases, a reduction may also be possible.

Ensure that other important parameters, such as minimum head pressure
required by some technologies (expansion devices, hot gas defrost etc.) are still
met.

The design of old heat exchangers is often too small resulting in higher
temperature differences. Dirt on the heat exchanger/damaged ventilation leads
to a decreased heat transfer and should be removed/repaired.

Unfavourable location of heat exchangers can lead to an inlet temperature of the
air above the ambient temperature. A heat exchanger should not be located too
close to a wall or near other heat exchangers. Also, the housing needs to fit closely
to prevent air from re-circulating around the condenser.

Since the pressure is below the ambient pressure in the parts of the cooling
system, non-condensable gases can enter the cooling system. These gases
accumulate in the heat exchangers and unnecessarily raise the pressure. In that
case venting of the system is needed.

Heat rejection to ambient

3
Refrigerant (liquid) under
high pressure

2
Refrigerant (gaseous) under
high pressure

OD

Condenser

Expansion valve Compressor Motor
Schemes and —_—

diagrams [ Vel

: N/ a—

Refrigerant (liquid) under Refrigerant (gaseous) under

low pressure r\ low pressure

LN
Process heat
Refrigeration cycle diagram.

Economics Several factors affect investment costs, and a case-by-case assessment is necessary.
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Energy savings

Up to 3% per Kelvin in increased evaporating temperature.

Up to 3% per Kelvin in lowered condensing temperature.

Economic savings

The economic savings are closely linked to the reduction of electricity used to power
the cooling system.

Average Payback

The payback time for an increase in set-point functions is a few months.

Time
Emissions Emissions depend on the characteristics of the refrigerant gas.
X] Environmental benefits
[ ]increased productivity Environmental benefits through CO:
Main NEBs reduction by reducing the electricity

(Multiple Benefits)

[ ] Work environment/Health/Safety demand for cooling

[ ]Increased competitiveness

D Maintenance

Replicability

Medium

Related measures

e COOL-01: Reduction of cooling load and free cooling
e COOL-02: Compressor control

e COOL-04: Efficient fans and control

e COOL-05: Reduction of leakages

e COOL-06: Heat recovery

Case study

Raise of evaporation temperature, "B&R Industrial Automation GmbH" (Austria, 2016)

e Initial Situation: 7 chillers are in operation at the Eggelsberg production site. The
cooling capacity is controlled based on the ambient temperature. The plantis used
to provide cold to conditioned environments and process cooling. The waste heat
is dispersed in the room (a heat pump uses part of the waste heat). Different
circuits are used for the conditioning of the rooms and for the cooling of the
production process. The nominal temperature of the cooling circuits was 9°C and
6°C respectively

e Description of the optimisation: the intervention was carried out due to the
obligations imposed by the law for energy efficiency. The temperature of the
primary circuit has been increased by 1°C, which directly implies an increase of 1°C
in the evaporation temperature as well. The optimization yields energy savings of
about 3%.

e Implementation costs: not available

e Payback Time: few months
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Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,

References
klimaaktiv energieeffiziente betriebe, Vienna 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

EFFICIENT FANS AND CONTROL COOL-04

Application

Cooling Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Auxiliary units (pumps and fans) can consume between 20 and 50 percent of the
compressor power. Common savings potentials are the usage of fan/motor with
higher efficiency, reduction of operating hours and capacity control.

Recommendation
for optimisation

Replacement of fans/motors

Especially for smaller power ranges (under 1 kW) electronically commutated (EC)
motors have better efficiency than asynchronous motors. There are new EC motors
available which suffice the IE5 class (Ultra-Premium Efficiency). Since 2017 all motors
in the power range of 0,75 to 375 kW must fulfil the efficiency requirements of at least
IE3 (IE2, when coupled with a frequency converter).

Efficiency classes for low power motors: minimum efficiency (in %)
of 50 Hz electro motors (4 poles) as specified in IEC 60034-30-1

Efficiency class 120W 250W 550w 750W 1.5kW
IE4 (Super Premium Efficiency) 69,8 77,9 83,9 85,7 88,2
IE3 (Premium Efficiency) 64,8 73,5 80,8 82,5 85,3
IE2 (High Efficiency) 59,1 68,5 77,1 79,6 82,8
IE1 (Standard Efficiency) 50,0 61,5 70,0 72,1 77,2

Reduction of operating hours

e Switch off fans, when cooled area is not in use or when no cooling is
needed/required temperature is reached.

o Install door contact switch: if the door is open, cooling is being interrupted to avoid
cold air seeping out.

 Switch off evaporator fans when defrosting (if electric or with hot gas).

Electricity consumption decreases for the fan motor and the compressor due to lower
cooling load.
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Fan control - evaporator

To control the air volume, flow the fans can be switched off, when the refrigerant flow
stops. Another option is the use of multipolar motors (step-by-step coupling). High
savings can be achieved with an infinitely variable thermostatic control which reduces
the consumed power through rotation speed control.

Fan control - condenser

Normally, the condenser fans switch off if the switch on again if the value rises. The
order in which the fans are switched on should be in a way that the first fan (as seen
from the perspective of the refrigerant influx) is the first to be switched on again.

The condenser fans should be switched off if the pumps are switched off (except
during cold weather to prevent icing).

Relevant technical
considerations

The key parameters for cooling systems in general are:
e Measured power

e Operating hours

e Cop

e Cooling load and ambient temperature

Other factors to be considered:

e Production rate

e Operation time

e Main equipment

e Processes supplied by cooling plant

Schemes and
diagrams

Heat rejection to ambient
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Refrigeration cycle diagram.
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Up to 15kW 15-80 kW Over 80kW
, [EUR] [EUR] [EUR]
Economics - — -
Replacing existing fan with one
1,000-5,000 Over 5,000 Over 5,000

equipped with an EC motor

Different ways of power control result in different saving potentials:
e Replacement of AC motors with EC motors: about 30%

o Interruption of cooling: reduction of electrical consumption due to the fan motor

Energy savings .
9 g and the compressor due to the lower cooling load.

e Multi-pole motors: 2 fans at half speed consume less energy than one at full load.
» Rotation speed control: average 20% reduction in consumption.

Economic savings | 20-30% (due to reduced energy consumption)

Average Payback

Time 3-6 years
Emissions Emissions depend on the characteristics of the refrigerant gas.
<] Environmental benefits
Main NEBs [] Increased productivity Environmental benefits through the

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

(Multiple Benefits) the electricity demand for cooling.

[ ]Increased competitiveness

D Maintenance

Replicability High. Suitable measure for all cooling systems.

e COOL-01: Reduction of cooling load and free cooling

e COOL-02: Compressor control

Related measures | ¢ COOL-03: Lower condensing temperature - Raise of evaporation temperature
e COOL-05: Reduction of leakages

e COOL-06: Heat recovery

Kulterer, K., Mair, O., Horvath, C.: Leitfaden fir Energieaudits in Kaltesystemen,
References klimaaktiv energieeffiziente betriebe, Vienna 2017

5869-200318_Massnahmeliste_Kaelte_(En).pdf

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REDUCTION OF LEAKAGES

COOL-05

Application

Cooling Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Most cooling systems have some refrigerant leakage, 5-10% annual leakage is typical,
with up to 15% for supermarkets.

As most cooling systems use Hydrofluorocarbon (HFC) refrigerants with a global
warming potential much higher than the GWP of CO., reduction of leakages is
essential. Unrepaired leaks not only influence the environment but also affect the
system efficiency leading to increased energy costs.

Recommendation
for optimisation

Leakages can be reduced/prevented by:

e Checking if valves are capped.

e Improving connections.

e Ensuring good condition of pipe brackets.
e Preventing vibrations.

e Continuous maintenance.

¢ Avoiding joint flares, if possible.

e Installing leak detection system.

If leaks are found, they need to be repaired immediately and rechecked after a month.

Relevant technical
considerations

There is legal obligation to detect and repair leakages for equipment containing
fluorinated greenhouse gases in quantities of 5 tonnes of CO; equivalent or more.
The frequency of leak checks depends on the amount of fluorinated greenhouse
gases within the equipment, ranging from every 12 months for up to 50 tonnes of
CO; equivalent to every three months for equipment with more than 500 tons of CO;
equivalent (European Union, 2014).

This energy efficiency intervention is difficult to measure, normally the key
parameters of the cooling system are: measured power, operating hours, COP,
ambient and load temperatures. Other factors that must be considered are:
production capacity, operating time, main equipment and processes provided by the
cooling system.
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Refrigeration cycle diagram.
Economics Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings

Unrepaired leaks not only affect the environment, but also the efficiency of the
system, resulting in higher energy costs.

An annual leakage rate of 20% results in an 11% reduction in efficiency.

Economic savings

Locating and repairing a leak, including replacing the lost refrigerant, costs approx.
500 to 800 EUR

Average Payback

Less than 3 years in general. In particular:

e Small leakages: 2-3 years

Time
e Major leakages: less than 1 year
Emissions This measure does not involve further emissions.
X] Environmental benefits
Main NEBs [ ]Increased productivity

(Multiple Benefits)

Environmental benefits through
reduction of CO, emissions by reducing
the electricity demand for cooling.

[ ] work environment/Health/Safety
[ ] Increased competitiveness

D Maintenance

Replicability

High
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e COOL-01: Reduction of cooling load and free cooling

e COOL-02: Compressor control

Related measures | ¢ COOL-03: Lower condensing temperature - Raise of evaporation temperature
e COOL-04: Efficient fans and control

e COOL-06: Heat recovery

Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,

References
klimaaktiv energieeffiziente betriebe, Vienna 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HEAT RECOVERY

COOL-06

Application

Cooling Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Cooling systems produce waste heat that, normally, is rejected to the environment.
However, if there is a heat demand elsewhere during operation, the waste heat can
be put to use. The recovered heat can be used in different applications as hot water
production for food processing, process heat, heating of service water or space
heating.

Recommendation
for optimisation

Before the implementation of a waste heat recovery unit (WHRU) is considered, all
relevant temperatures have to be checked (e.g., temperature of freshwater, reflux
temperature of heating system, etc.). A WHRU is especially suitable for cases where
the waste heat is needed during the whole year, e.g., heating of process water.
Another example is the dehumidification of air, where the air is first cooled and then
heated again. The recovered heat from the cooling system (temperature 40°C) is
enough to reheat the air up to 20°C, if a correctly sized heat exchanger is used.

There are two different ways of heat recovery: low- and high-grade heat recovery:

e Low grade heat recovery
uses the heat at a temperature level below the condensing temperature (25-35°C).
The low-grade heat comes from condensing the refrigerant. Therefore, the total
waste heat of the refrigeration plant (heat extracted from cooled product/stream
+ electrical power used by compressor) can be used. The heat can be raised to a
higher level with the use of a heat pump, if required.

e High grade heat recovery
comes from de-superheating the refrigerant. This heat is recovered at a
temperature level of 70-80°C. However, only around 15% of the total rejected heat
can be recovered as high-grade heat.

When retrofitting a WHRU to an existing cooling system, the amount of heat
recovered can be up to 30% of the cooling capacity. In newly constructed plants, up
to 100% of the waste heat can be recovered.

Technical
considerations

Indications for this measure include:

e Electrical power of compressor is above 3kW
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e Heat demand during refrigeration process.

e Condensing temperature high enough for desired application.

Heat rejection to ambient

.,, A

Refrigerant (liquid) under m Refrigerant (gaseous) under

high pressure high pressure
Condenser

Schemes and Expansion valve Compressor Motor

dia grams [ Evaporator

: M

Refrigerant (liquid) under Refrigerant (gaseous) under

low pressure Q low pressure

Process heat
Refrigeration cycle diagram.

Economics Unit cost of a heat recovery system: approx. 500-1,000 EUR

Energy savings

Up to 85% of the thermal energy can be easily used for other operations. Energy
losses such as those caused by venting heated air to the outside are avoided. Heat
recovery results in energy savings.

Economic savings

Cost savings due to reductions in electricity demand (up to 85% of thermal energy).

Average Payback

. 3-6 years
Time

Ermissions This measure does not lead to any additional emissions beyond the CO; emissions due

to the consumption of electricity to operate the system.
Environmental benefits through

[X] Environmental benefits reduction of CO, emissions by reducing
D Increased productivity the electricity demand for cooling.

Main NEBs Environmental benefits result from less

(Multiple Benefits)

[ ] Work environment/Health/Safety ,
use of conventional ways of heat

X Increased competitiveness production, fossil fired boilers. The
[ ] Maintenance produced heat can be sold leading to an
increased competitiveness.
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Replicability

High

Related measures

COOL-01: Reduction of cooling load and free cooling

COOL-02: Compressor control

COOL-03: Lower condensing temperature - Raise of evaporation temperature
COOL-04: Efficient fans and control

COOL-05: Reduction of leakages

Heat recovery, company “GMS Gourmet GmbH" (Austria, 2017)

o Initial Situation: the refrigerating capacity for the shock-chilling of packed food is

provided by a cooling system consisting of three screw compressor units. The
waste heat of the refrigerating system was rejected through a water-cooled
secondary circuit. The hot process water needed for the production process was
partly heated with steam.

Description of the optimisation: a waste heat recovering unit was retrofitted to
the existing cooling system, making use of the heat from de-superheating and

Case study condensing of the refrigerant. The recovered heat is used for raising the
temperature of the process water from about 18°C to 55°C. During full load it is
possible to recover a thermal power of 110 kW which is transferred to the hot
water system. An additional benefit comes from the load relief of the cooling water
system, resulting in a reduction of the condensing temperature. The annual
energy savings accumulate to 197,500 kwWh.

e Implementation costs: not available
e Payback Time: not available
Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,
klimaaktiv energieeffiziente betriebe, Vienna 2017
References

Carbon Trust: Refrigeration systems, CTG046

Carbon Trust: How to implement heat recovery in refrigeration, CTL056

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HUMAN RESOURCES ENMA-01

Application

Energy Management

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

In a company, energy is often perceived as a burden and rarely considered as a
resource, yet it represents an important cost optimisation item:

o Define the company's energy policy/strategy.

e Appoint an energy contact person in the company (based on maintenance or
Quality, Safety and Environment skills).

e Raise staff awareness on energy saving.
e Internal and external communication on energy.

Good energy management requires the involvement of a wide range of human
resources in the company, including:

e Management and the Energy Manager, who are in charge of the project.

e Maintenance, for the knowledge and improvement of the equipment
operations.

e The Safety and Quality assurance function for a rigorous monitoring of
actions and indicators.

e Production teams for good operating practices.

e Human Resources services for staff training.

e Sales department for energy supply contracts and investments in energy-
using equipment.

e Technical experts to work on specific topics (refrigeration, heat recovery,
etc.).

Economics

Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings

5-15%

Economic savings

Savings on energy bills are often closely linked to a reduction in the amount of heat
and electricity used.
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Average Payback

Less than 3 years

Time
Emissions The measure does not involve any emission.
Environmental benefits through
53 Envi . reduction of CO; emissions and
Environmental benefits emissions of other substances such as
Main NEBs [ ] Increased productivity SO; and NOx.

(Multiple Benefits)

X] Work environment/Health/Safety
[ ]Increased competitiveness

[ ] Maintenance

Employee trainings helped to achieve not
only energy savings but also helped to
increase working environment safety.

Improvement of corporate image
towards customers and partners.

Replicability

High

Related measures

e ENMA-02: Follow-up and monitoring of energy consumption
e ENMA-03: Implementation of an energy management system according to ISO

50001 standard

e ENMA-04: Contribution of an independent expert for energy management
o ENMA-05: Energy purchase: energy market, offers, invoices, green energy

e ENMA-06: Regulatory obligations

e ENMA-07: Financial support for energy management

Case study

Energy Management System (EMS) and worker’s training
“Teikas Saldétava”, freezing industry company (Latvia, 2017)

e Initial Situation: company “Teikas Saldétava” offers storage facilities, freezer

warehouse and office spaces. Mainly working with frozen meat and fish suppliers,
as well other kind of suppliers mainly in food and retail sectors. Company
considers energy costs and efficient use of resources as an important objective.
Company carried out an energy audit which served as the basis for energy
management system and introduction of trainings for workers, on the logistics,
loading and unloading the warehouse.

Description of the optimisation: after energy audit, EMS was developed and
implemented. One of the challenges was to coordinate delivery time at warehouse
to minimize waiting time for trucks, unloading/loading and checking what are the
required minimum storage temperatures for products. Based on the energy data
analyses and main findings worker trainings regarding unloading/loading process
and safety were carried out as it was acknowledged that the trucks were waiting
too long at the loading ramps, and it was taking too much time for
unloading/loading the warehouse. One the biggest obstacle for energy efficiency
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measure implementation for the cold supply chain that the company focus on
their own facility and are not involved in decisions taking on the whole cold supply
chain. One of the challenges faced to improve loading and unloading process was
to coordinate delivery time at warehouse to minimise waiting time for tracks,
unloading/loading and checking what are the required minimum storage
temperatures for products. As some clients/other companies cannot agree on
different delivery times to warehouse they waste energy waiting to unload or load
the tracks. Company “Teikas Saldétava” implemented measures to improve
energy efficiency in cold supply chain regarding their responsibilities. They carried
out regular training of workers regarding logistics, delivery and unloading to
minimize waiting times for tracks. Also focusing on worker safety, including fire
safety and the safety of ammonia system.

Energy savings from the implemented energy management system and worker
trainings were estimated as 78,6 MWh/year (about 7,800 EUR/year).

e Implementation costs: 2,400 EUR
e Payback Time: 0.3 years

References

ICCEE, Energy efficiency measures: best practices: https://iccee.eu/energy-
efficiency-measures-best-practices/

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

FOLLOW-UP AND MONITORING OF
ENERGY CONSUMPTION

ENMA-02

Application

Energy Management

SME sector

All sectors

SME subsector

All subsectors

Technical
description

In industry it is essential to know the energy consumption of each of the production
processes, to optimize it and be able to control any deviation that may occur.

The automation of reading processes greatly simplifies operations and generates
significant cost savings.

Recommendation
for optimisation

To reduce energy consumption (through measurements) it is important to first know
and understand the energy consumption.

Some good reasons to carry out energy monitoring are:

e Being aware of consumption (per year, by type of energy, depending on the
place).

o Identifying an operational or management anomaly.
e Measuring results after improvements.

o Identifying possible optimisation measures.

e Anticipating energy price increases.

Optimisation recommendations
e Monitoring of consumption on the basis of invoices or meter readings.
e Monitoring and analysing load curves.
e Defining and monitoring Energy Performance Indicators (EnPI).
e Creating and use a reference consumption.

Economics

Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings

5-15%

Economic savings

5% savings in energy supply

Average Payback
Time

Less than 3 years
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Emissions The measure does not involve any emission.

X] Environmental benefits

[ ] Increased productivity Environmental benefits through
Main NEBs

(Multiple Benefits)

[ ] Work environment/Health/Safety

reduction of CO; emissions and
emissions of other substances such as

[ ]Increased competitiveness SOz and NOx.

D Maintenance

Replicability

High

Related measures

e ENMA-01: Human resources

e ENMA-03: Implementation of an energy management system according to ISO
50 001 standard

e ENMA-04: Contribution of an independent expert for energy management

e ENMA-05: Energy purchase: energy market, offers, invoices, green energy

e ENMA-06: Regulatory obligations

e ENMA-07: Financial support for energy management

Case study

Introduction of monitoring system at food industry (Spain, 2017)

e Initial Situation: the industry is active in the food sector and has a production
capacity of about 1,200 tons/year. Annual energy consumption is currently about
8,500,000 kWh/year.

e Description of the optimisation: this industry incorporated a new system to
integrate all the measurement equipment. The monitoring system has allowed the
middle and high-level directors to better know the energy consumption in the
process areas, incorporate and follow up KPIs for their processes and obtain a
better picture of the industry energy consumption, detecting energy efficiency
measures. The use of a monitoring system allowed the plant to:

Monitor: telemetry cloud service allows real-time monitoring of any energy
source (electricity, gas, water, heat, etc.). Easily track your consumption or
energy variables that have relevance to the costs.

Analyse: due to its powerful algorithms, the telemetry service analyses energy
data, generates indicators, calculates baselines, detects deviations and
predicts future consumption.

Share: information flows in real time throughout your organization generating
events and alarms, delivering reports to measure, benchmarking, etc. Your
user policy will allow you to adjust access privileges by workplace, facility, or
country.

Optimize: the telemetry service not only saves you energy, it also saves time
and resources. Eliminate your needs infrastructure hardware and software,
maintenance contracts, backups, etc. It gives you the possibility of receiving
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the information in a timely manner that you need without the need for complex

procedures of information processing, verification, and validation of results.
To use monitoring system to improve the overall energy management of the
industry, detecting high consumptions, benchmarking and using the information
to propose energy efficiency measures. The result in this industry was an energy
efficiency improvement of +2% due to the detection by the monitoring system,
thus the food industry reduced its energy consumption by approximately 430,000
kWh/year. The annual economic saving is about 46,000 EUR/year.

e Implementation costs: 40,000 EUR
e Payback Time: 0.8 years

References

Dexma, Energy Management for SMES. 2016.

https://get.dexmatech.com/hubfs/Whitepapers/SMEs_EN.pdf

JRC (EU), Best Environmental Management Practice for the Food and Beverage

Manufacturing Sector. 2018.

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice IMPLEMENTATION OF AN ENERGY MANAGEMENT SYSTEM EN MA'O3

ACCORDING TO ISO 50001 STANDARD

Application Energy Management

SME sector All sectors

SME subsector All subsectors

e Energy Management: from informal approaches to formalized systems

Referring to energy management is often taken identical to introducing a fully-
fledged Energy Management System (EMS) according to ISO 50001. Yet energy
management as a general term can be perceived more broadly running and well-
maintained production.

Experience shows that in SMEs in particular, the topic is driven by individuals who are
interested in keeping a smoothly. Thereby, they also look on energy demand among
the various aspects related to running the operation, even without relying on a
formalized EMS. Larger companies, on the contrary, need to rely more on structured
EMSs due to the distribution of specialized tasks and responsibilities within larger
organizations. Input by third parties within energy audits can also be valuable to get
a neutral and better understanding of the energy saving opportunities within a

company.
Technical e Energy audit
description The general nature of an energy audit is that it is typically designed as a one-off

intervention. Energy auditors check on the energy flows, identify major energy
consumers and compile a report with recommendations for reducing energy
demand.

Energy audits are “a systematic procedure with the purpose of obtaining adequate
knowledge of the existing energy consumption profile of a building or group of
buildings, an industrial or commercial operation or installation or a private or
public service, identifying and quantifying cost-effective energy savings
opportunities, and reporting the findings.”

e Energy Management Systems: a framework for reqular reviews

As compared to the energy audits, EMSs are more comprehensive approaches that
seek to integrate energy-related issues in the management system of an
organization. Usually, these EMSs follow the structure as laid down in ISO 50001
series. Their elements are based on the plan-do-check-act (PDCA) cycle, i.e., a
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continual improvement process. The entire system seeks to establish an energy
policy, an energy planning and an implementation within the organization and a
regular review of the achievements (see also illustration).

Due to the continuous approach to energy related-matters, EMSs are usually more
sustainable in terms of the achieved savings in the longer run. Yet it also has to be
kept in mind that the management framework has to be filled with “life” to get
beyond a mere certification issue. Estimations on the actual effects and benefits of
EMSs vary, e.g., depending on organizational structure and prior activities in energy-
related issues.

e Energy benchmarks: managing energy by comparisons

The general idea of energy benchmarks is to allow comparing energy demand values
of objects to derive helpful conclusions about their energy performance. In one of the
simplest of cases, the consumption of two identical lines with the same product is
compared to each other. If there are differences in their energy consumption values,
this could be an indication that a more thorough investigation on the differences is
needed. While this general idea is appealingly simple, there are many challenges in
the details. Identical lines with the same outputs are rather the exception than the
rule and many factors affect the overall results including:

- Product-related factors (e.g., number of pieces, weight, length, volume,
material).

- Organizational factors (e.g., shift models, staff at site, frequency of energy
analysis).

- Process-related factors (e.g., operating time, cycle time, speed, number of
different setups, quality rate).

- Personnel (e.g., user behaviour, intensity of instruction and education,
presence of specialized staff members).

- Ambient conditions (e.g., external and internal temperature, humidity,
pressure, light).

- Location-specific factors (e.g., area, space, refurbishment, age of equipment,
status of supply infrastructure).

- Production structure (e.g., degree of vertical integration, product segments,
number of different products).

- Economic factors (e.g., turnover, production costs, energy costs).

Such factors have to be considered for meaningful comparisons. In practice, this can
be challenging, especially when the number of details or knowledge about the factors
is limited. Helpful benchmarks can therefore be quite difficult to establish, yet if
properly done, they are valuable to better understand performance issues.

Recommendation | To set up an EMS according to ISO 50001, the company must in particular:
for optimisation
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e Proof that management demonstrates its commitment to continuously
support and improve the efficiency of the EMS through the implementation
of its energy policy

e Appoint an Energy Manager, set up an energy team (trained to the standard),
and provide the necessary resources (human resources, specialized skills,
technological and financial resources, etc.)

o Identify the legal requirements and provide proof that it has verified its
compliance with the texts applicable to it.

e Develop its energy review and thus determine all its significant energy uses.

e Set up a measurement plan, with periodic checks of measuring and recording
devices.

o Identify relevant factors that have a significant impact on energy use.
e Build an action plan to achieve targets and objectives.

o Consider opportunities to improve energy performance in its purchasing
policy when replacing equipment or installing new systems that can have a
significant impact on energy performance.

The goal of ISO 50001 is to enable all companies to achieve continuous improvement
Relevant technical | of their energy performances through careful management.

considerations | It is based on the continuous improvement methodology known as PDCA (Plan-Do-
Check-Act) and integrates energy management into the company's daily practices.

Continual improvement

Schemes and
diagrams

PDCA (Plan-Do-Check-Action) methodology.

Economics Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings | 5-15%

Economic savings | 5-15% depending on the level of ambition.
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Average Payback

Less than 3 years
Time y

Emissions The measure does not involve any emission.

Environmental benefits through

X] Environmental benefits i o
reduction of CO; emissions.

Main NEBs & Increased productivity ) ) ,
Reduction of energy consumption and its

(|\/|u|tlp|e BeneﬂtS) |:| Work enVironment/ Hea|th/Safety dependence on fossil fueIS' |mprovement

X Increased competitiveness of the company's image with its
customers or partners, meeting legal

D Maintenance .
requirements.

Replicability High

e ENMA-01: Human resources

e ENMA-02: Follow-up and monitoring of energy consumption

e ENMA-04: Contribution of an independent expert for energy management
o ENMA-05: Energy purchase: energy market, offers, invoices, green energy
e ENMA-06: Regulatory obligations

e ENMA-07: Financial support for energy management

Related measures

Case study #1
Introduction of EMS at the leading company in the food industry (Spain, 2017)

o Initial Situation: the main challenge for the ESCO was to reduce the consumption
without modifying the comfort conditions of the clients in the supermarket chain
shops.

e Description of the optimisation: an EMS was developed and implemented.
Exemplary saving measurement & results from introduction of EMS:

- Improved vertical display refrigeration management.

Case study - Optimized bakery oven on/off schedule.

- Improved lightning technology.

- Optimization of contracted power and free market terms.

- Savings verification.

- Reduction of CO; emissions by 34,000 kg.

- Reduced electricity bill with 37% of saving out of the total.

Energy savings from the implemented EMS and worker trainings were estimated
as 78,6 MWh/year (about 7,800 EUR/year).

e Implementation costs: not available
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e Payback Time: not available

Case study #2
Energy management in the retail sector, Lidl company (Netherlands)
e Initial Situation: not defined

o Description of the optimisation: in the Netherlands, the company Lidl has ISO
50001 certified almost 400 of its branch stores, with about 28 employees per store.
The mostimportant motivations were cost reduction and energy awareness within
the organisation. A key aim was to enhance the company’s reputation. The
investments required were moderate 12,000 EUR for certification and 4,000 EUR
for staff training. The training focused on understanding where and how energy
is used, and on quickly finding and addressing problems or equipment
malfunctions. The process took three months (four days a week of staff time). This
was possible because many processes and procedures were already in place and
needed only minor modification to make it applicable for ISO 50001. A key success
factor was providing training tailored to the skills and needs of non-technical staff.
Energy savings have been 5% to 10% on average (with savings on store level up to
30%), largely due to continual attention to the functioning of the system and rapid
response to problems. In the future, energy management-related activities could
be expanded to the supply chain.

e Implementation costs: 16,000 EUR

e Payback Time: less than 1 year

References

Dexma, Energy Management for SMES. 2016.
https://get.dexmatech.com/hubfs/Whitepapers/SMEs_EN.pdf

JRC (EU), Best Environmental Management Practice for the Food and Beverage
Manufacturing Sector. 2018.

Accelerating Energy Efficiency in Small and Medium-sized Enterprises, IEA, 2015

https://c2e2.unepdtu.org/wp-content/uploads/sites/3/2016/03/sme-2015.pdf

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

CONTRIBUTION OF AN INDIPENDENT EXPERT FOR

ENMA-04

ENERGY MANAGEMENT

Application

Energy Management

SME sector

All sectors

SME subsector

All subsectors

Technical
description

An energy-intensive company in the industry/tertiary sector does not always have the
proper technical skills to treat energy issues.

Therefore, it may need an external support in order to:

Carry out an energy balance sheet and energy audit its energy uses.

Identify, qualify and quantify potential energy-saving areas with the most
energy-saving potential.

Study the feasibility of a solution for energy saving or renewable energy,
calculate and dimension this solution.

Recommendation
for optimisation

Companies use an independent expert for different reasons:

Expertise: the experience and competence acquired by the expert must
correspond to the company's challenges. It will thus benefit from an external
perspective.

Credibility: the study can help justify decisions to Management.

Independence, neutrality and objectivity: The expert’s recommendations are
in the interest of his/her client, independently from any commercial interest.

Confidentiality: the sponsor can make sure that the expert keeps
confidentiality of important projects, in order to sustain the company’s
competitive strategy.

Availability and reactivity: To be as efficient as possible, the expert defines with
the company his/her working hours and deadlines, on-site appointments,
phone and e-mail exchanges.

Economics

Starting from 0 EUR

Energy savings

5-15% depending on the level of ambition.

Economic savings

5% savings in energy supply depending on the level of ambition.
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Average Payback
verag y Less than 3 years

Time
Emissions The measure does not involve any emission.
<] Environmental benefits
[ ] Increased productivity
Main NEBs

Environmental benefits through
<] Work environment/Health/Safety , o g
(Multiple Benefits) reduction of CO; emissions.

[ ]Increased competitiveness

D Maintenance

Replicability High

e ENMA-01: Human resources

e ENMA-02: Follow-up and monitoring of energy consumption

e ENMA-03: Implementation of an energy management system according to ISO
Related measures 50001 standard

o ENMA-05: Energy purchase: energy market, offers, invoices, green energy

e ENMA-06: Regulatory obligations

e ENMA-07: Financial support for energy management

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

ENERGY PURCHASE: ENERGY MARKET,
OFFERS, INVOICES, GREEN ENERGY

ENMA-05

Application

Energy management

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

e Understand and read your bill
e Renegotiate and anticipate your contract:

- Analyse the possible rates on certain taxes; the power levels to be subscribed
and the electricity transmission options, tariffs (flat rate or not, with or without
subscription, fixed or indexed), green electricity, capacity, etc.

- Request an estimate of the budget (excluding VAT) for the last 12 months and
which mentions 3 of the following elements (suppliers, deliveries, and taxes).

- Consult a broker to get the best rates.

- Ask suppliers what additional services they can offer: an online platform to
monitor their consumption or load curves, etc.

- Anticipate the renegotiation of their contracts.

- The cancellation period is often equivalent to 45 days / possibility to negotiate
6-12 months in advance:
o Electricity: discussion 6 months before the due date.

o Gas: as soon as possible and preferably between April and October.
o Adhere to a renewable offer (green energy: energy from renewable sources).

It is thus possible to benefit from a guarantee of origin: an electronic document that
certifies that for each MWh of electricity consumed an equivalent quantity of
renewable electricity is fed into the grid.
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Schemes and

- Power adaptation

- Choice of the most
relevant tariff,
version, and option

- CTA calculation
- CSPE verification

Optimization of
the current
contract

Tax optimization

Negotiation & Billing
. Competition errors
diagrams _
= Maiheiengatie - Double invoicing
- Enforcement of - Counting errors
regulations
Some possible options for reducing energy costs.
The cost of energy consists of three parts:
_ e Energy supply - approx. 50%: negotiable.
Economics

e Electricity transmission: non-negotiable but optimizable.

e Taxes: not negotiable but in some cases optimizable.

Energy savings

5-15%

Economic savings

5-15%

A better understanding of invoices allows you to monitor and optimize in a better way,
which implies a reduction in consumption and consequently an increase in savings.

Average Payback

Less than 3 years

Time
Emissions The measure does not involve any emission.
The environmental benefits are
X Environmental benefits enhanced by the purchase of green
Main NEBs [ ]Increased productivity energy.

(Multiple Benefits)

[ ] Work environment/ Health/Safety The better understanding of your
invoices allows for better monitoring and

optimization, which results in a reduction
D Maintenance in consumption thus an increase in
savings.

[ ] Increased competitiveness

Replicability

High
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e ENMA-01: Human resources

e ENMA-02: Follow-up and monitoring of energy consumption

e ENMA-03: Implementation of an energy management system according to ISO
Related measures 50001 standard

e ENMA-04: Contribution of an independent expert for energy management

e ENMA-06: Regulatory obligations

e ENMA-07: Financial support for energy management

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice REGULATORY OBLIGATIONS ENMA-06
Application Energy Management
SME sector All sectors

SME subsector

All subsectors

Technical
description

The objective of the regulatory requirements applicable to companies is to allow
them to better understand their energy consumption, but also to identify the actions
that can improve energy performance.

Recommendation
for optimisation

e Atmospheric emissions

Each company, to be operational, is required to obtain a prior authorization for
emissions. The current regulatory framework requires that every plant that produces
emissions into the atmosphere is previously authorized by the bodies in charge and
complies with the limit values set.

e Energy audit

In Italy, Legislative Decree N0.102/2014 (updated in Legislative Decree No. 73/2020)
and the Action Plan for Energy Efficiency have been issued, establishing a framework
of measures to improve energy efficiency in order to reach the targets set for 2021.

In particular, within Legislative Decree No. 73/2020 it is specified that for the industrial
sector, energy diagnosis is promoted in order to identify the most effective measures
to reduce energy consumption in small and medium-sized enterprises (the decree in
fact states:

“with regard to small and medium-sized enterprises in order to promote the
improvement of the level of enerqy efficiency by 31 December 2021 and every two
years thereafter until 2030, the Ministry of Economic Development issues public
tenders for the financing of the implementation of energy management systems
compliant with the ISO 50001 standard”

Companies that have implemented an Energy Management System (EMS) compliant
with EMAS, ISO 50001 or ISO 14001 that include an energy audit compliant with the
decree are exempt from the obligation.

Furthermore, Legislative Decree 73/2020 provides for the obligation to install
individual meters for end customers, which detect the real consumption and the
actual time of use of energy.
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e Promotion of the use of renewable energy

Directive 2009/28/EC “Promotion of the use of energy from renewable sources”
implemented in Italy through Legislative Decree no. 28/201 the use of the latter for
the purpose of those minimum levels of use of renewable energy set by the European
community for 2020. The directive fully enters the energy efficiency of buildings as it
imposes, with gradually increasing percentages, the "'use of renewable energies in
new buildings or buildings undergoing major renovation.

e Maintenance

Finally, periodic maintenance is mandatory for some types of equipment, including
heaters, air conditioning and refrigeration, compressors, etc. Always adhere to the
manufacturer's specific maintenance and service specifications.

Economics

For SMEs there is co-financing from the regions for energy audits.
The amount of this incentive varies from region to region.

There is a tax deduction for energy renovation (currently 65% IRPEF). Approximately,
a range of 1,000 to 10,000 EUR can be given depending on the type of inspection.

For example, the Lombardy Region offers a call for tenders for a contribution of 50%
of the expenses incurred, up to a maximum contribution of 5,000 EUR for each energy
audit and 10,000 EUR for each adoption of an EMS according to ISO 50001.

Energy savings

Several factors affect investment costs, and a case-by-case assessment is necessary.

Economic savings

To be assessed on a case-by-case basis.

Average Payback

To be assessed on a case-by-case basis.

Time
Emissions The measure does not involve any emission.
X] Environmental benefits
Main NEBs D] ncreased productivity The environmental benefits are

(Multiple Benefits)

X work environment/Health/Safety enhanced by the purchase of green

[ ]Increased competitiveness energy.

D Maintenance

Replicability

High
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e ENMA-01: Human resources

e ENMA-02: Follow-up and monitoring of energy consumption

e ENMA-03: Implementation of an energy management system according to ISO
Related measures 50001 standard

e ENMA-04: Contribution of an independent expert for energy management

e ENMA-05: Energy purchase: energy market, offers, invoices, green energy

e ENMA-07: Financial support for energy management

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

FINANCIAL SUPPORT FOR ENERGY MANAGEMENT ENMA-0O7/

Application

Energy Management

SME sector

All sectors

SME subsector

All subsectors

Technical
description

When investing in energy-using equipment, it is essential to evaluate a full life-cycle
cost approach: investment costs, energy use and maintenance costs during its life
cycle and recycling/waste. It shows that for most energy-using equipment, costs in
the use phase have the largest share of the total costs over the technical lifetime.

Due to savings generated in the use phase through optimisation measures, extra
costs at purchase can be amortised very quickly.

Recommendation
for optimisation

Below is a non-exhaustive list of possible financial support programs (these
characteristics evolve rapidly and are not all cumulative).

e Bankloan: the bank loan is the most common solution used by small or
medium-sized businesses. Banks can guarantee medium or long-term loans.
Usually, the bank loan does not fully cover the investment, which will be
covered by the self-financing.

e Leasing is used to finance the same types of assets as a traditional loan.
However, the company will be the owner of the property only at the end of the
lease period.

e Long-term rental: the long-term lease corresponds to a traditional rental
contract without the purchase option. The contract is stipulated between the
supplier of the equipment and the company, often through a credit institution.

e Third party financing is becoming more and more common in industry. This
can be, for example, third-party financing based on energy performance
contracts.

e Eco-energy loans: the loans are intended to finance certain energy efficiency
measures and can be combined with ESCs. They are intended for micro-
enterprises (VSEs or SMEs) over the age of three, wishing to improve their
energy efficiency

e Energy Saving Certificates (ESC): in some countries of the European Union, the
Energy Saving Certificates mechanism requires energy resellers to help the
developers of some projects to invest in energy saving.
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Schemes and

diagrams
B Energy @ Purchase @ Mpintenance
Global cost of an equipment over its lifetime.
, In France the loan is between 10,000 and 100,000 EUR, with a preferential rate
Economics

enhanced by the State. It is on a term of 5 years, including 1 year of deferred capital.

Energy savings | Several factors affect investment costs, and a case-by-case assessment is necessary.

Economic savings | To be assessed on a case-by-case basis.

Average Payback | To be assessed on a case-by-case basis.

Time
Emissions The measure does not involve any emission.
<] Environmental benefits
Main NEBs D Increased productivity The environmental benefits are

[ ]work environment/Health/Safety enhanced by the purchase of green

(Multiple Benefits) energy.

[ ]Increased competitiveness

[ ] Maintenance

Replicability High

e ENMA-01: Human resources

e ENMA-02: Follow-up and monitoring of energy consumption

e ENMA-03: Implementation of an energy management system according to ISO
Related measures 50001 standard

e ENMA-04: Contribution of an independent expert for energy management

o ENMA-05: Energy purchase: energy market, offers, invoices, green energy

e ENMA-06: Regulatory obligations

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice REDUCTION OF FAN RUNNING TIME HVAC-01
Application Optimisation of HVAC systems
SME sector All sectors

SME subsector All subsectors

Many plants run all year long (24 hours a day, 7 days a week) while production or
usage times may be different. When optimizing the HVAC, the first question should
be which areas should be supplied and at what times. The resulting energy savings
are among the simplest and most effective measures. The reduction of the running
time not only saves power for the fan, but also energy for air conditioning (heating,
cooling, humidifying and dehumidifying). Further advantages which result from the

Technical reduction of the running time are:

description
e Reduced maintenance intervals: As many systems need to be serviced after

certain hours of operation (for example, periodic inspection, etc.), the
maintenance interval can be extended.

e Reduced filter replacement: Filters are usually changed after a certain pressure
difference or after a certain running time. Reducing the runtime reduces both
the level of contamination and the filter's operating time.

The operating time reduction does not require any elaborate planning and can be
implemented very quickly and easily. By consulting the operating personnel, a
demand survey of the plant can be carried out. If available, it is also possible to inspect
the planning documents. Consultation with the manufacturer or planner of the
system may result in additional benefits. The reduction of operating times can usually
be done manually by qualified personal of the company. In order to guarantee the
maximum savings potential, automated systems are worthwhile and can often be
realized via simple and cost-effective time controls. If a building management system
is already in place it allows the reduction of operating time can be adjusted
accordingly. In order to determine the saving potential of this measure, the following
information must be collected:

Recommendation
for optimisation

e Specific costs for electricity, heat, cold and maintenance.
e Operating times of the system.

e Working hours of the company.

e Nominal flow.

e Investment costs (e.g., timer).
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Energy consumption of HVAC systems
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Energy distribution in an air-conditioning system.
Economics Unit cost of time relays is approximately 150-200 EUR

Energy savings

Energy savings are the result of:
e Electricity supply to power the HVAC system (10-15%).
e Reduction of refrigerant gas to power the cold battery of the system.

Economic savings

Between 15% and 30% of the costs for the energy consumed.

Average Payback
Time

Less than 3 years

Emissions

Emissions depend on the characteristics of the refrigerant gas.

Main NEBs
(Multiple Benefits)

Depending on the system configuration, the
energy consumption of HVAC systems
consists of electricity (for fan, air heating,
humidification), gas (air heating,

X] Environmental benefits

[ ]Increased productivity

X] Work environment/ Health/Safety
[ ] Increased competitiveness

& Maintenance

humidification) or solar thermal energy
(heating, recuperation/moisture recovery)
which can be reduced by the measure.
Environmental benefits through reduction of
CO; emissions by reducing the energy
demand for cooling. Optimized air
conditioning not only reduces operating
costs for electrical and thermal energy, but
also creates working conditions that increase
the comfort and health of employees.
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Replicability

High

Related measures

HVAC-02: Flow rate reduction through variable speed variation (VSD)
HVAC-03: Replacement of fan

HVAC-04: Replacement of transmission system

HVAC-05: Heat and moisture recovery

HVAC-06: Reduction of pressure loss

HVAC-07: Leakage reduction of pipes

HVAC-08: Replacement of motor

CO; sensor installation, company "Flughafen Wien” (Austria, 2012)

Initial Situation: the air exchange of Vienna Airport has been designed as usual for
maximum occupancy of buildings. Measurements have shown that this maximum
occupancy is not constantly achieved and therefore, at certain times, ventilation
systems can sometimes operate with reduced power.

Description of the optimisation: it has been shown that in some buildings the
ventilation capacity can be reduced (temporarily in periods when the building is

Case study ) . :
not occupied up to 70%). A CO, sensor has been placed in the exhaust air flow. The
control of the supply and exhaust fans has been optimized with frequency
converters. As a result, the demand for heating and cooling power has also
decreased significantly and, occasionally, investment in substitution could be
avoided with these measures.
e Implementation costs: about 200 EUR
e Payback Time: about 4 years
Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W.,.: Leitfaden fur
References Energieaudits von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien

2013

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

FLOW RATE REDUCTION THROUGH
VARIABLE SPEED VARIATION (VSD)

HVAC-02

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Volume flow of a ventilation system is the volume of transported air per unit of time.
The more volume flow is delivered, the higher the energy used.

The energy requirements consist of:

e Transport energy: energy required to transport air. Electrical energy is
converted by a motor into kinetic energy, which transports new air to
individual customers.

e Heating/cooling energy: energy used for air conditioning (heating, cooling).
The outside air rarely has the required temperature of the supply air.
Therefore, the air must be heated or cooled before it is transported to
customers.

e Air humidification: the air must be humidified before it is delivered to the
room. By reducing the volumetric flow rate, energy is also saved during
humidification.

e Dehumidification: in some cases, the air must first be dehumidified, usually
via a cooling coil where the air condenses. The resulting condensation energy
must be dissipated through the cooling system.

e Maintenance costs: by reducing the volumetric flow rate, filters are not
polluted as quickly and can be used for longer. Fan maintenance costs are also
reduced.

The analysis of the volumetric flow rate is therefore an important measure for the
reduction of the energy costs of a ventilation system.

Since many ventilation systems have been built with a rigid volume flow, the system
constantly conveys a defined amount of air to the consumers regardless of the
demand. But only in the rarest cases the nominal volume flow (installed volume flow)
is required.

A variable volume flow control eliminates the problem and achieves the greater
energy savings.

Many plants run all year long (24 hours a day, 7 days a week) while production or
usage times may be different. When optimizing the HVAC, the first question should
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be which areas should be supplied and at what times. The resulting energy savings
are among the simplest and most effective measures.

Recommendation
for optimisation

Practical experience has shown that the energy consumption of a ventilation system
can be reduced greatly if it is adjusted to a needs-based operation. As a result, the
supply air volume flow is adapted to the room conditions, which is not possible with
a rigid operation of the system.

To implement a variable ventilation, a control parameter is required, which is specially
selected for this room and is easy to measure. Control parameters can be:

e Activity level (motion sensors).

e Number of occupancy (counting sensors).

e Pollutant concentration (CO, sensors, VOC sensors).
e Mixed gas sensors.

e Infrared sensors.

If further emissions are known, the ventilation system can also be controlled by a
sensor that measures a specific emission (e.g., CO sensors).

If the heating or cooling load is completely or partially covered by the ventilation
system, the following sensors are also operational (also usable in combination with
other sensors):

e Air temperature sensors.
e Humidity sensors.

In order to process the received signals optimally, a supply system must be installed,
which can implement a variable volume flow.

A control of the flow according to a variable demand can be reached by:

e Variable speed drives (VSD).
e Damper control.

e Inlet guide vanes control.

e By-pass control.

Damper and by-pass have poor efficiency.
Inlet guide vanes are for axial fan which are not much used in HVAC.

For a VSD control frequency converters and EC motors are used (above 10 kW
asynchronous and synchronous motors are used). The VSD regulates the volume flow
by influencing the power of the motor that drives the fan. VSD can be retrofitted to
virtually all motors.
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In the case of a variable demand of air flow, a demand-based variable regulation of
the volume flow can achieve a saving of up to 80% compared to a rigid system that is
regulated by mechanical regulation or not regulated at all.

To reduce the air flow rate, the minimum volumetric flow rate required must first be
determined.

According to EN 16798, the volumetric flow rate depends on two main parts:

Relevant technical e Minimum volumetric capacity in relation to the number of people present in
considerations the building.
e Volumetric flow rate required to dissipate additional emissions into the
environment.
e Volumetric flow required to heat and / or cool an environment and the needs
of the production process.

The following figure shows the energy saving potential between a VSD control,
damper, by-pass control and an inlet vane control.

It shows the percentage energy demand for a reduction of volume flow.

It shows that by a reduction of the volume flow of 50% the power consumption for a
VSD controlled ventilator is the lowest in comparison to the other control methods.
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Economics

e VSD systems at approx. 500 EUR/kW
e Unit cost of CO,sensor: 100-200 EUR

e Unit cost of motion sensor: up to 100 EUR

Energy savings

Energy savings are closely linked to the lower electrical power required to keep the
system running (10-15% lower)

Economic savings

Reduction in electricity bills

Average Payback

Less than 3 years

Time
Emissions Emissions depend on the characteristics of the refrigerant gas
Depending on the system configuration,
the energy consumption of ventilation
X] Environmental benefits systems consists of electricity (for fan,
[ ] increased productivity air hgatlng aljd'hum'ldlflcatlon), gas (air
Main NEBs heating, humidification) or solar thermal

(Multiple Benefits)

[_] Work environment/Health/Safety energy (heating, recuperation/moisture
recovery) which can be reduced by the
measure. Environmental benefits
through reduction of CO; emissions by
reducing the electricity demand for

cooling.

[ ]Increased competitiveness

|E Maintenance

Replicability

High

Related measures

e HVAC-01: Reduction of fan running time

e HVAC-03: Replacement of fan

o HVAC-04: Replacement of transmission system
e HVAC-05: Heat and moisture recovery

e HVAC-06: Reduction of pressure loss

e HVAC-07: Leakage reduction of pipes

e HVAC-08: Replacement of motor

Case study

Installation of frequency converters, company "SALVAGNINI MASCHINENBAU GMBH"
(Austria, 2015)

e Initial Situation: the production halls are supplied with air from the ceiling
ventilation unit. Fans of ventilation units work at full power during operation.

e Description of the optimisation: the installation of the frequency converters, the
fan motors (2 x 1.6 kW) can operate in a variable way, depending on the set-point
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of ambient temperature (19°C) and depending on the deviation (up to 4°C), in the
range 15-50Hz. Low-speed operation allows significant energy savings. All belt
drives have been converted into efficient notched V-belts and the pipes, fittings
and flanges of the heating system have been insulated.

e Implementation costs: approx. 3,500 EUR
e Payback Time: 1 year

Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W. : Leitfaden fur
References Energieaudits von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien
2013

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REPLACEMENT OF FAN

HVAC-03

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Volume flow of a ventilation system is the volume of transported air per unit of time.
In many ventilation systems, the set flow is greater than necessary.

Most of the time this comes from safety margins of 5-15% that are applied in the
planning phase to guarantee the required values (MAK values, i.e., legally binding
guide values for indoor pollutants for workplaces where substances potentially
harmful to health are used; moisture load; air exchange rate; etc.).

However, the more volume flow is delivered, the higher the energy used.
In some cases, optimization of certain parts of the system is not sufficient enough.

In this case, existing components can be exchanged for new, more efficient
components.

The following equipment parts can be affected: fan, coupling, motor.

Recommendation
for optimisation

When a fan does not operate at the nominal point, the efficiency quickly drops.

This often linked to a bad appraisal of the network pressure drop or to recent changes
in the network.

A new fan design for the real operating point brings often high savings.

To determine the operating point of a fan usually the flow rate and pressure is
measured. With this information the operating point can be determined by using the
manufacturers datasheet of the fan.

If the actual operating point does not correlate to the nominal operation point
corrective actions must be taken.

Relevant technical
considerations

Pressure reduction can be applied at any site of interest as long as the criteria for
proper operation are met.
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Schemes and

Energy consumption of HVAC systems
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Economics Fan replacement: approx. 1,500 EUR/kW

Energy savings

The energy saving, through the identification of operational needs and the
installation of a new more efficient fan that operates at the point of maximum
efficiency, is approx. 30%

Economic savings

Approx. 10-15%

Average Payback

Time 3-6 years
Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
X] Environmental benefits
Main NEBs [ ncreased productivity Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

[ ]Increased competitiveness the electricity demand.

[ ] Maintenance

Replicability

Medium

Related measures

e HVAC-01:
e HVAC-02:
e HVAC-04:
e HVAC-05:
o HVAC-06:
e HVAC-07:
e HVAC-08:

Reduction of fan running time

Flow rate reduction through variable speed variation (VSD)
Replacement of transmission system

Heat and moisture recovery

Reduction of pressure loss

Leakage reduction of pipes

Replacement of motor
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Installation of suction regulator and fan replacement (Austria, 2016)

o [Initial Situation: in 3 cases, the potential for optimisation has been identified for
fans. First, at the stage of the "hot plasticization" process, plastic parts are
connected with other parts by melting. The resulting air is extracted from a
centrifugal fan (5.5 kW power). Secondly, in the boiler room due to the high heat
generation, active ventilation by two fans on the roof (5 kW power) was required.
Thirdly, another fan on the roof was responsible for suction of paper dust.

e Description of the optimisation: several measures have been implemented to
achieve energy savings. First, the suction of the plasticizing units was adjusted,
which reduced the necessary air flow. In addition, an on-demand controller was
installed in the boiler room, which reduced the hours of operation. Thirdly, all old
fans have been replaced by new and more efficient low-power EC fans (0.6 kW to
2 kW power). Thanks to these measures, the total consumption of 98,800 kWh has
been reduced by 75,800 kWh.

Case study

e Implementation costs: 17,000 EUR
e Payback Time: 3 years

Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,

References
klimaaktiv energieeffiziente betriebe, Vienna 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REPLACEMENT OF TRANSMISSION SYSTEM HVAC-04

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

In some cases, optimisation of parts of the system is not possible or not economical.
Existing components can be exchanged for new, more efficient components.

In order to get an indication whether the transport system (fan, drive type, motor) is
efficient or inefficient, the specific fan power value (SFP) can be used. This measure
indicates how much energy is needed for the transport of a given volume flow.

All occurring losses (efficiencies, pressure losses, line losses, etc.) are included in this
figure. Determining the specific fan power (SFP) requires the following data:

e Electrical power consumption (Pe) of the fan motor [W]

e Nominal volume flow by the fan [m?/s]
Ap

The calculation is made by the following formula: PSFP = % =3
N

PSFP [W/m3s]: specific fan power

Pel [W]: electric power of the engine

Vn [m3/s]: nominal air volume flow of the fan
Ap [Pa]: total pressure increases of the fan
n: overall efficiency (fan, drive, motor)

The specific fan power is compared with the following table. The lower the PSFP value,
the more effective the system will be. SFP values not higher than SFP 3/4 are
recommended.

Specific power classes for fans.

Class Specific fan power (SFP) [W/(m3/s)]
SFP 1 <500

SFP 2 500 + 750

SFP3 751 +1.250

SFP4 1.251 + 2.000

SFP5 2.001 +3.000

SFP 6 3.001 +4.500

SFP 7 > 4.500
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Recommendation
for optimisation

An optimally designed belt solution results in a better overall efficiency of the drive
system.

95% of all fans are currently connected to the engine via a belt drive, with the V-belt
accounting for the largest share.

In general, the use of flat belts instead of V-belts can improve the efficiency by an
average of approx. 5%.

Due to the positive power transmission efficiency losses due to bending stress and
friction between the belt and pulley hardly occur for timing belts.

Relevant technical
considerations

Guide values for transfer efficiency (n), the following values can be used:
e Directdrive:n =1

e Single V-belt
- Pel<5kW > n=0.83
- Pel>5kW > n=0.90

e Multiple V-Belts: each additional V-belt reduces transmission efficiency by 1%

e Flat belt
- Pel <5 kW > 1n=0.90
- Pel>5kW > 1=0.96

In direct drives, the loss of energy due to power transmission is the lowest, while that
of V-belts is the greatest.

Therefore, if possible, the direct drive should be preferred.

Economics

The cost of the transmission belts is limited (approx. 30 EUR/m).

Energy savings

Using flat belts instead of V-belts can improve efficiency about 5% on average.

Economic savings

5-10%

Average Payback
Time

Less than 3 years

Emissions

This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.




* K% This project has received funding from the European

G ea r@ S M E : : Union’s H2020 Coordination Support Action under

* e Grant Agreement No. 894356.

Saving energy together e
X] Environmental benefits
Main NEBs [ ]1nereased productivity Environmental benefits through
[ ] Work environment/Health/Safety reduction of CO; emissions by reducing

(Multiple Benefits) .
[ ] Increased competitiveness the electricity demand.

D Maintenance

Replicability High

e HVAC-01: Reduction of fan running time

e HVAC-02: Flow rate reduction through variable speed variation (VSD)
e HVAC-03: Replacement of fan

Related measures | ¢ HVAC-05: Heat and moisture recovery

e HVAC-06: Reduction of pressure loss

o HVAC-07: Leakage reduction of pipes

e HVAC-08: Replacement of motor

Replacement of fan pulleys company "Kanuf GmbH" (Austria, 2006)

e Initial Situation: at its production site in WeiRenbach Liezen, Knauf produces
building materials and building systems, in particular gypsum plasterboards,
reinforced concrete profiles and various smoothing cements. The Knauf Austria
group has 1,350 employees in 16 countries with 13 production sites.

In the drying plant big fans are necessary to exhaust the humid air. The drying
plant consists of three zones, in each zone there are two fans. The flow rate was
controlled by an inappropriate vane control, which worked rather as a throttle

Case study because of its big distance to the fan. The 6 Fans of the drying plants consume 20%
of the overall electricity consumption.

e Description of the optimisation: by changing the size of the pulleys of the fans in
zones 1 and 2 the speed and the flow rate were reduced. The reduction of the
necessary power by 63 kW and the resulting energy saving led to a cost reduction
of 24,000 EUR.

e Implementation costs: 3,500 EUR

e Payback Time: 2 months

Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W.: Leitfaden fur Energieaudits

References

von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien 2013

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HEAT AND MOISTURE RECOVERY HVAC-05

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

Basically, the classification of heat and moisture recovery is categorized in:
e Recuperative systems (heat recuperators).
o Regenerative systems (regenerators).

Recuperators are heat exchangers with separate chambers between the media that
allow heat transfer. The air flows are always strictly separated in recuperators (eg.
plate heat exchangers).

Regenerators, on the other hand, function by exploiting an energy-storing mass
through which exhaust air or fresh air flows alternately (for example, rotary heat
exchangers).

Both types are available with and without moisture recovery. The heat pump is an
additional way of transferring the heat from the exhaust air to the supply air.

Heat and moisture transfer plate heat exchangers and rotary heat exchangers are
pretty much equal with the appropriate quality of execution.

The technically simpler, more robust and less expensive solution is the plate heat
exchanger. The low icing temperature of the rotary heat exchanger makes it
particularly interesting for renovations where no geothermal heat exchanger can be
implemented. Here, depending on the climate, you can completely spare the electric
antifreeze register or set it to very low temperatures.

Technical
considerations

Disadvantages of plate heat exchangers are:

e No controllable heat or moisture transfer.

e Relatively high icing temperature (approx. -2 to -4 ° C, with moisture recovery
down to -10 °C).

e For summer use, a summer bypass is necessary to prevent unwanted heat
recovery.
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Rotary heat exchangers use almost exclusively rotors with moisture recovery. Their
basic advantages are:

o Controllable moisture transfer or heat recovery (no bypass required).

e Deep icing temperature up to approx. -12 to -18 °C.

Disadvantages of rotary heat exchangers are:
e Possible odor transmission - depending on type (with or without flushing).
e Additional power requirement for the rotor.

e Wear of the sliding seals - higher maintenance.

Schemes and

ODA: Qut Door Air
SUP: Supply Air
ETA: Extract Air
EHA: Exhaust Air
1. Filter

2. Fan

3. Heat exchanger
4. Humidifier

5. Silencer

6. Engine flaps

diagram
ETA
|| |———sup
S
Basic scheme of a ventilation system.
, The cost of a plate heat exchanger varies from 600 to 1,800 EUR depending on the size
Economics

(a 100kW plate heat exchanger for conventional systems costs approx. 1,000 EUR).

Energy savings

Heat recovery saves an average of 30% of total energy consumption.

Economic savings

Between 15% and 30% of the costs for the energy consumed.

Average Payback
Time

Less than 3 years

Emissions

This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
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Main NEBs
(Multiple Benefits)

[ ] Increased productivity
X] Work environment/ Health/Safety

Heat recovery systems can greatly save
fossil fuels. Environmental benefits

& Environmental benefits through reduction of CO, emissions by

reducing the energy demand.

The air quality (temperature and
humidity) contributes significantly to

[_JIncreased competitiveness human well-being and thus to optimal
[ ] Maintenance production conditions.

Heat recovery systems can substantially
save fossil fuels.

Replicability

Medium

Related measures

HVAC-01: Reduction of fan running time

HVAC-02: Flow rate reduction through variable speed variation (VSD)
HVAC-03: Replacement of fan

HVAC-04: Replacement of transmission system

HVAC-06: Reduction of pressure loss

HVAC-07: Leakage reduction of pipes

HVAC-08: Replacement of motor

Case study

Heat recovery system company "Collini Holding AG"(2018)

e Initial Situation: at the site, the buildings of the wastewater treatment plant are

heated to at least 15°C by means of a heating register in the ventilation system.
The need for space heating was 1,375 MWh for the year 2016. The heat resulting
from the neutralization of the chemical substances is not recovered, because the
containers are open at the top and gas out. Only the container for the pure
hydrochloric acid is closed and provided with a suction device.

Description of the optimisation: in order to be able to use the waste heat from the
exhaust air, the wastewater treatment plant is equipped with a heat recovery
system. The heat recovery takes place via two identical heat exchangers (WT) with
a rated output of 34 kW each. The use of energy from the WRG is mainly possible
in the months of the heating season (15 October to 15 April). The design
calculation of the manufacturer for these winter months has shown that the
transmitted power of a WT averages 19.69 kW.

The calculation also already takes into account a partial load of 75 percent of the
nominal volume flow. In total, a heat potential from the exhaust air of 171,000
kWh/year is available with a running time of 4,344 operating hours per year.

The heat recovery system requires two exhaust fans. These are energy-efficient
centrifugal fans of efficiency motor class IE4 with FU control. Compared to a model
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without FU control it results in a saving of electricity. The total running time of the
plant is 7,500 operating hours per year.

e Implementation costs: 153,000 EUR

e Payback Time: 9 years

Gerstbauer, Ch., Kulterer, K., Gorbach,Ch., Brunner, W. : Leitfaden fur Energieaudits
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Best Practice

REDUCTION OF PRESSURE LOSSES HVAC-06

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Maintenance and servicing of filters, air ducts and fittings has a significant impact on
the efficiency of a ventilation system. Maintenance and servicing of these
components is all too often neglected when considering the ventilation system,
although they can represent a high proportion of the required energy input. The
effects of poorly maintained or leaking equipment are manifested in increased flow
or pressure drop.

Recommendation
for optimisation

Air filters must be replaced on a regular basis. Filters have the task of binding and
fixing the impurities in the air.

According to ISO 16890 filters are divided into filter groups. The performance of a
filter is evaluated according to its degree of separation against particle sizes of 0.3-10
microns.

The group PM 1 detects particle sizes up to <1 micron. Likewise, the fractions capture
PM 2.5 particles up to <2.5 or PM10 to <10 microns. Filters should always be subjected
to electronic pressure sensors. The final pressure-difference [Pa] should not be
higher than 450 Pa. The sensors show the degree of contamination of the filter and
are therefore an indication of when to replace the filter.

Filter groups according to ISO 16890

Criteria

Particle distribution

Filter groups *ePM= efficiency

(micron) )
Particulate Matter
ISO ePM; 03<x<1 Minimum efficiency > 50 %
ISO ePM;5 03<x<25 Minimum efficiency > 50 %
ISO ePM1o 03<x<10 Minimum efficiency > 50 %

ISO coarse 03<x<10 Minimum efficiency < 50 %
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Relevant technical
considerations

Energy efficiency optimisation: the power requirement of the fan, and the energy
requirements of the air conditioning depend on the delivered air flow and the
pressure loss to be overcome. For this reason, when the system is optimized for
energy efficiency, the tightness and pressure loss of the system must also be
considered. In fact, the electric power decreases when either the volume flow or the
pressure loss is reduced. This means that a low-pressure loss of the components can
significantly reduce the electrical power of the motor.

Replacing filters: filters should always be subjected to electronic pressure sensors.
The final pressure-difference [Pa] should not be higher than 450 Pa. The sensors show
the degree of contamination of the filter and are therefore an indication of when to
replace the filter.

ODA EHA

L]

ODA: Qut Door Air
SUP: Supply Air
ETA: Extract Air
EHA: Exhaust Air
1. Filter

— [ vy 2. Fan
- - 3. Heat exchanger
: - 1 I, | @ 4. Humidifier
’ gl 5. Silencer
2 5 1 6. Engine flaps
Schemes and Q7 I } T ]
. 1 — |
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: || == y ! 1
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3 S () | I\ /11X /L= ————3SUP
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Basic scheme of a ventilation system.
Cost of energy exceeds the cost of the filter itself. In fact, energy costs can be 4 to 10
Economics times the initial filter cost of high-efficiency final filters.

The cost of air filters ranges from 100 to 300 EUR.

Energy savings

Filters with a greater filtering surface and lower initial pressure drops (defined as
premium) allow about 30% lower energy consumption than traditional filters.

Economic savings

The lower pressure loss allows a 10% reduction in energy consumption

Average Payback
Time

Less than 3 years

Emissions

This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.




o " This project has received funding from the European

G ea r S M E - 5 Union’'s H2020 Coordination Support Action under
* o< Grant Agreement No. 894356.

Saving energy together

Environmental benefits through

reduction of CO, emissions by reducing
[]1Increased productivity the electricity demand.

<] Environmental benefits

Main NEBs ‘
[X] Work environment/ Health/Safety | This measure is primarily intended to

[ ] Increased competitiveness protect the health of people in the room
and secondarily, to protect the system

parts from contamination or damage.

(Multiple Benefits)

|E Maintenance

Replicability High

e HVAC-01: Reduction of fan running time

e HVAC-02: Flow rate reduction through variable speed variation (VSD)
e HVAC-03: Replacement of fan

Related measures | ¢ HVAC-04: Replacement of transmission system

e HVAC-05: Heat and moisture recovery

o HVAC-07: Leakage reduction of pipes

e HVAC-08: Replacement of motor

Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W.,.: Leitfaden fur
Energieaudits von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien
2013

Chimack M.)., Sellers D., "Using extended surface air filters in heating ventilation
References and air conditioning systems: reducing utility and maintenance costs while
benefiting the environment”, in Proceedings from the 2000 summer study on
energy efficiency in buildings, 2000

Michael D. Walters Risk of Sick Leave Associated with Outdoor Air Supply Rate,
Humidification, and Occupant Complaints - Indoor Air 2000 10: 212-22

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

LEAKAGE REDUCTION OF PIPES

HVAC-07

Application

Optimisation of HVAC systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Maintenance and servicing of filters, air ducts and fittings has a significant impact on
the efficiency of a ventilation system. Maintenance and servicing of these components
is all too often neglected when considering the ventilation system, although they can
have a high proportion of the required energy input. The effects of poorly maintained
or leaking equipment are manifested in increased flow or pressure drop. The power
requirement of the fan, and the energy requirements of the air conditioning depend
on the delivered air flow and the pressure loss to be overcome. For this reason, when
the system is optimized for energy efficiency, the tightness and pressure loss of the
system must also be considered.

Recommendation
for optimisation

Dirty or leaky air ducts increase the pressure loss and the flow rate and thus the
energy consumption of fans and conditioning. the tightness of the piping system can
be of crucial importance. But not only the leaks and contamination in air ducts cause
an increased energy demand, but also not completely closing shut-offs or throttle
bodies. If these do not close properly or not tightly the areas are unnecessarily
supplied with air. This leads to an increased air volume flow with all its increased
energy costs.

Relevant technical
considerations

Air-tightness classification of ducts: tightness classes have been designed for round
and rectangular ducts. There are 7 classes according to EN DIN 13798-3, ATC 7 to ATC
1 - where ATC 7 is the worst and ATC 1 is the best.

Leakage classes (EN 16798)

Air leak (fmax)
m3s~1 x m?

Loss classes

ATC7 Not classified
ATC 6 0,0675 x p®° x 1073
ATC5 0,027 x p®* x 1073
ATC 4 0,009 x p>®° x 1073
ATC3 0,003 x p®* x 1073
ATC 2 0,001 x p>®° x 1073
ATC1 0,00033 x p2®® x 1073
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In all systems where no tightness class has been defined (especially older air ducts),
it can be assumed that the tightness class is equal to class ATC 6 and has a volume
flow loss of about 15%.

Economics

Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings

A pressure drop of 15% means at the same time:
e A 15% increase in energy requirements for heating and cooling.

e About 40% more energy required for motor performance.

Economic savings

Between 15% and 30% of the costs for the energy consumption.

Average Payback

Less than 3 to 6 years (typically 1-6 years).

Time
Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
X] Environmental benefits
[]increased productivity Environmental benefits through
Main NEBs reduction of CO, emissions by reducing

(Multiple Benefits)

X] work environment/Health/Safety the electricity demand.

[ ]Increased competitiveness

& Maintenance

Replicability

High

Related measures

e HVAC-01:
e HVAC-02:
e HVAC-03:
o HVAC-04:
e HVAC-05:
e HVAC-06:
e HVAC-08:

Reduction of fan running time

Flow rate reduction through variable speed variation (VSD)
Replacement of fan

Replacement of transmission system

Heat and moisture recovery

Reduction of pressure loss

Replacement of motor

References

Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W.,.: Leitfaden fur Energieaudits
von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien 2013

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice REPLACEMENT OF MOTOR HVAC-08

Application Optimisation of HVAC systems

SME sector All sectors

SME subsector All subsectors

To assess the efficiency of a motor, the ErP derictive (VO (EU) 327/2011) from the
European Commission have set minimum efficiency criteria which allow an evaluation
of motors. This affects fans with an electrical output between 0.125 kW and 500 kW.
Recommendation | The standard IEC 60034-30-1 defines the efficiency classes of asynchronous motors
for optimisation (ZE=International Efficiency), the efficiencies and the efficiency classes at 50 and 60 Hz
for single-phase and three-phase mains motors with 2+8 poles in a power range from
0.12 to 1,000 kW. The figure shows the efficiency values according to the motor
standards.

EU Regulation 640/2009 and Supplement 04/2014 ( £rP Directive) deal with the energy
consumption and energy efficiency of three-phase asynchronous motors for mains
operation in an industrial environment. This regulation is valid in all countries of the
European Union. The EU regulation is based on the standard IEC 60034-30: 2008. The
required minimum efficiency criteria for motors from 0.75 kW to 375 kW are IE3 or IE2
motor with frequency converter. Since the ErP Directive introduces minimum
efficiency standards it is recommended to purchase a motor with a higher overall
efficiency for the replacement. The common efficiency class for motor systems today
is IE4 (some manufacturers offer IE5).

Relevant technical
considerations

Fields of application of IEC 60034-30-1.

- IE4
— IE3
- IE2
S

efficiency

Schemes and
diagrams
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Economics

Several factors affect investment costs, and a case-by-case assessment is necessary.

Energy savings

A pressure drop of 15% means at the same time:

e A 15% increase in energy requirements for heating and cooling.

e About 40% more energy required for motor performance.

Economic savings

Between 15% and 30% of the costs for the energy consumption.

Average Payback

. 3-6 years
Time
o This measure does not lead to any additional emissions beyond the emissions due to
Emissions . -
the consumption of electricity to operate the system.
<] Environmental benefits
[ ]Increased productivity . .
Main NEBs Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

[ ]Increased competitiveness the electricity demand.

|E Maintenance

Replicability

Medium

In some cases, optimizing some parts of the system is not possible or not cheap.

Related measures

e HVAC-01: Reduction of fan running time

e HVAC-02: Flow rate reduction through variable speed variation (VSD)
e HVAC-03: Replacement of fan

e HVAC-04: Replacement of transmission system

e HVAC-05: Heat and moisture recovery

e HVAC-06: Reduction of pressure loss

e HVAC-07: Leakage reduction of pipes

References

Gerstbauer, Ch., Kulterer, K., Gorbach, Ch., Brunner, W., Leitfaden fir Energieaudits
von Luftungsanlagen, klimaaktiv energieeffiziente betriebe, Wien 2013
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Best Practice

INSULATION

HYDR-01

Application

Heat distribution

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Pipes and hydraulic components are often not insulated properly. Insulation is often
missing, damaged or insufficient regarding thickness and/or material. Temperatures
of heat distribution mediums can vary between -160 °C to far above +600 °C. Thus,
insulation is not always for heat losses only, it can also save energy in cooling systems.

An uninsulated pipe transporting water at 80 °C, over 10 m for 3,200 hours per year
consumes 12 times more energy than an insulated pipe.

Indicators for missing or insufficient insulation:

e Visible damage at the surface of the insulation.

e High ambient temperature in the surrounding area.

e Condensation water on the pipes and hydraulic components.
e Unusually high surface temperatures of the pipes.

Recommendation
for optimisation

Missing or insufficient isolation should be located and categorized.
It is important to consider the insulation of all related components (pipes, valves, etc.).

The heat loss of an uninsulated flange corresponds to the heat loss of a non-insulated
pipe of the same size with a length of one and a half meters.

The heat loss of a seal corresponds to the heat loss of a non-insulated pipe of the same
size with a length of one meter.

For cooling systems, the insulation of all components is essential for two reasons:
e Heat gain increases the heat load and energy demand of the cooling systems.

e Condensation of water on the surface of cold pipes can cause corrosion and
destruction of the whole equipment.

Therefore, the calculation of the thickness and sometimes the use of different
insulation layers and materials are very important in these cases.




Gear@SME

Saving energy together

This project has received funding from the European
Union’s H2020 Coordination Support Action under
Grant Agreement No. 894356.

Relevant
technical
considerations

Depending on the application, the right type of insulation should then be picked
(regarding stability etc.). As a rule of thumb, insulation can be dimensioned
economically as follows:

e Temperature below 100 °C: insulation equal to 1 mm per °C of fluid.
e Temperature above 100 °C: insulation equal to 0.5 mm per °C of fluid.

Economics

7-20 EUR/m?(depending on the thickness).
The lamellar carpet for pipe insulation is mainly used for:

e Pipes with a diameter of more than 250 DN
e Temperatures below 300 °C

In most cases they do not require additional construction for structural aid.

Energy savings

A non-insulated pipe that carries water at 80 °C for a distance of more than 10 meters
for 3,200 hours per year consumes 12 times more energy than an isolated one. The
energy savings are considerable.

Energy losses in heat distribution systems range from 15% to 21% of total fuel
consumption.

Insulation can reduce losses by 30%, leading to an overall decrease in fuel
consumption of 6%.

Economic savings

Up to 10%

Average Payback

3-6 years

Pipe insulation in residential buildings has an average PBT less than 1 year. The larger

Time
the system, the higher the payback time gets
Environmental benefits through
[X] Environmental benefits reduction of CO; emissions by reducing
[ ]Increased productivity the energy demand.
Main NEBs

(Multiple Benefits)

Uninsulated pipes can be safety hazards.
Insulating components can reduce
maintenance needed by avoiding
condensation and therefore corrosion is
some areas.

X] Work environment/ Health/Safety
[ ]Increased competitiveness

& Maintenance

Replicability

High
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Related e HYDR-02: Hydraulic balancing
measures e HYDR-03: Optimization of temperature diffusion (delta T syndrome)

Replacing damaged insulation of pipes, Vienna airport (Austria, 2016)

¢ Initial Situation: the buildings at the Vienna airport are energetically connected via
a collector, in which pipes for the central cold and heat supply are located. The pipes
for the heat, running at an inlet temperature of 150 °C, were not insulated properly.
Some pipes had damaged insulation while others were not insulated at all. Some

Case study hydraulic components (pumps, valves) were also not insulated either.

e Description of the optimisation: damaged insulation on the pipes and components
was replaced, while the missing one was added. Thus, energy losses were reduced
by 532.100 kWh/year.

e Implementation costs: not available

e Payback Time: not available

Bauer M.: Leitfaden zur Optimierung von Warmeverteilung, Wien 2018
Kulterer K.: Leitfaden technische Warmeisolierung, Wien 2017

Nowak K.: Energy recovery, The technical potential of large and industrial heat
pumps, 2017

https://www.ee-ip.org/articles/detailed/87f4ab4b1d6c3c767a9dcae1e30b0808/the-
technical-potential-of-large-and-industrial-heat-pumps/

References Wolff D.: Einsparpotenzial des hydraulischen Abgleichs ist hoch, 2009

https://www.co2online.de/energie-sparen/heizenergie-sparen/hydraulischer-
abgleich/kommentar-hydraulischer-abgleich-einsparpotential/

ASUE, Arbeitsgemeinschaft fur sparsamen und umweltfreundlichen
Energieverbrauch: Optimierung von Warmenetzen bei KWK-Anlagen

https://www.klimaaktiv.at/dam/jcr:55bcd7f4-29a0-4e6f-89f0-
cb51fa2c9117/PP_BestPracticeBeispiel_FlughafenWien_FREIGEG_1411_barrierefrei.pdf

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

HYDRAULIC BALANCING HYDR-02

Application

Heat distribution

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Water follows, pretty much like electricity, the path with the least resistance. Paths with
low resistance get a higher volume flow than paths with high resistance. Multiple
different pipes in the system lead then to different volume flows, which results in
uneven distribution of the energy. To ensure proper operation of all users, even the
ones far away on paths with high resistance, a higher demand of energy is needed.

Hydraulic balancing should be done when:

e Uneven operation of the users.

e Low difference in the temperatures between inlet and return.
¢ Noise in the users or pumps.

e High pressure losses.

e Missing circuit control valve or differential pressure regulator.
e Nominal volume flow is not available at all users at full load.

Recommendation
for optimisation

Hydraulic balancing actively controls the volume flow in the different branches of the
system, regulating them depending on the demand.

There are 2 ways for hydraulic balancing:
e Static balancing
e Dynamic balancing

Static balancing is usually performed in large buildings with circuit control valves and
pre-set valves at the users. It is based on the volumetric flow rates calculated during
full load operation. The volumetric flow rates set during the balancing are static and
therefore only optimal for the full load operation. The efficiency gain in part-load
operation is reduced.

Dynamic balancing requires special components such as adjustable valves
(e.g., differential pressure regulators) and pumps that can vary the volume flow
(by e.g., modulating the frequency). Dynamic balancing is also based on the volume
flow rates at full load operation. However due to the various intelligent components,




Gear@SME

Saving energy together

This project has received funding from the European
Union’s H2020 Coordination Support Action under
Grant Agreement No. 894356.

the volume flow can be regulated for each distribution area depending on the current
need. This leads to an optimal increase in efficiency, even during part load operation.

Schemes and

@—ui:—.

User

Source

)

diagrams User
| \
Primary circuit Hydraulic g;eparator Secondary circuit
Scheme of a heat distribution system.
Costs depend on the size of the circuit.
Economics

90-300 EUR (unit cost of a balancing valve).

Energy savings

The components of a hydraulically balanced heating system work more efficiently,
thus ensuring a reduction in investment and energy costs.

The potential savings depend on the type of balancing (static or dynamic) and the
energy performance of the building. As a rule, the newer the building, the greater the
amount of heating energy that can be saved by hydraulic balancing.

¢ Old buildings not renovated: about 5%

e Newer buildings, buildings undergoing renovations: about 10%

Economic savings

The optimized system is 15% cheaper in operating costs.

Average Payback

3-6 years

Depending on the system, some components, such as pumps, need to be replaced,

Time resulting in higher investment costs, but with increased efficiency, reducing the
average payback time.
Emissions This measure does not lead to any additional emissions beyond the emissions due to

the consumption of electricity to operate the system.
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Main NEBs
(Multiple Benefits)

PX] Environmental benefits Environmental benefits through

[ ]Increased productivity
X] Work environment/Health/Safety

[ ]Increased competitiveness

reduction of CO; emissions by
reducing the energy demand.

Working conditions can be improved
through more even heat distribution

[ ] Maintenance in the workplace.

Replicability

High

Related measures

HYDR-01: Insulation
HYDR-03: Optimisation of temperature diffusion (delta T syndrome)

Dynamic hydraulic balancing "Innsbrucker Kommunalbetriebe" (Austria, 2014)

Initial situation: the hydraulic system has grown with the historical development of
the building. The unbalanced heating system leads to an increase in flow rate and
a low temperature difference between incoming and return flow. Too large pumps
with high consumption were also found.

Description of the optimisation: a dynamic hydraulic balancing has been

Case study implemented on the system. This leads to a decrease in the required flow rate from
24 m*/h to 15m?*/h. The temperature difference between the inlet and outlet flow
could double and is therefore ideal for heat pumps. In this case it was possible to
save 19,000 kWh/year of thermal energy and 17,000 kWh/year of electricity used
for the pumps.

e Implementation costs: 31,000 EUR

e Payback Time: approx. 10 years

Bauer M.: Leitfaden zur Optimierung von Warmeverteilung, Wien 2018

Kulterer K.: Leitfaden technische Warmeisolierung, Wien 2017

Novak K.: Energy recovery, The technical potential of large and industrial heat
pumps, 2017
https://www.ee-ip.org/articles/detailed/87f4ab4b1d6c3c767a9dcae1e30b0808/the-

References technical-potential-of-large-and-industrial-heat-pumps/

Wolff D.: Einsparpotenzial des hydraulischen Abgleichs ist hoch, 2009

https://www.co2online.de/energie-sparen/heizenergie-sparen/hydraulischer-

abgleich/kommentar-hydraulischer-abgleich-einsparpotential/

ASUE, Arbeitsgemeinschaft fir sparsamen und umweltfreundlichen
Energieverbrauch: Optimierung von Warmenetzen bei KWK-Anlagen

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF TEMPERATURE DIFFUSION
(DELTA T-SYNDROME)

HYDR-03

Application

Heat distribution

SME sector

All sectors

SME subsector

All subsectors

Technical
description

The difference between inlet and return temperature is called delta T.

Basically, the transported heat energy is proportional to delta T, according to the
following formula for calculating the heat flow:

Q=VXAT xc X p

C specific heat capacity[J/(kg*K)]
p density [kg/m3]
%4 volume flow [m3/s]

AT delta T [K]
If delta T is low, the emitted heat to the user is low and the warm water is circulated,
thus indicating bad efficiency of the system.

Main indicators:

e lowdeltaT
e High return temperatures

Recommendation
for optimisation

There are several ways to optimize temperature separation:
Reduction of the return temperature
e Return temperature reduction by installation of buffer tanks with fresh water
module in residential buildings.
e Return temperature reduction with efficient hydraulic separators.
e High-efficient frequency-controlled pumps.
e Renovation of the control components.
e Use of new regulation valves.

Raising return temperature

It is not always neither possible nor feasible to lower the return temperature. Some
heat sources (e.g., condensing boilers) don’t operate optimally, if delta T exceeds 20°C.
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If this happens, the return temperature has to be raised by using a special mixing
valve, which mixes part of the inlet flow to the return flow. The rise in temperature is
controlled by a shunt pump.

Economics

Depending on the system, some components, such as pumps, need to be replaced,
resulting in higher investment costs (400-1,000 EUR).

Energy savings

Reducing the temperature of the return flow can reduce the energy consumption of
the system by 0.6% for each °C. A lot of energy is also directed to the pumps, which
are needed to circulate the fluid. Lowering the temperature of the return flow results
in a decrease in the necessary volumetric flow rate and this reduces the energy
consumption of the pumps. An increased difference of 10°C can save up to 40% of the
electricity used by the pumps.

Economic savings

Up to 40%

Average Payback

Less than 3 years or 3-6 years (depending on the system, some components, such as

Time pumps need to be replaced, resulting in higher investment costs).
o This measure does not lead to any additional emissions beyond the emissions due to
Emissions , -
the consumption of electricity to operate the system.
X] Environmental benefits
Main NEBs [ ] ncreased productivity Environmental benefits through

(Multiple Benefits)

D Work environment/ Health/Safety reduction of CO; emissions by

[ ]Increased competitiveness reducing the energy demand.

D Maintenance

Replicability

High

Related measures

e HYDR-01: Insulation
e HYDR-02: Hydraulic balancing

References

Bauer M.: Leitfaden zur Optimierung von Warmeverteilung, Wien 2018
Kulterer K.: Leitfaden technische Warmeisolierung, Wien 2017

Novak K.: Energy recovery, The technical potential of large and industrial heat
pumps, 2017

https://www.ee-ip.org/articles/detailed/87f4ab4b1d6c3c767a9dcae1e30b0808/the-
technical-potential-of-large-and-industrial-heat-pumps/
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Wolff D.: Einsparpotenzial des hydraulischen Abgleichs ist hoch, 2009

https://www.co2online.de/energie-sparen/heizenergie-sparen/hydraulischer-
abgleich/kommentar-hydraulischer-abgleich-einsparpotential/

ASUE, Arbeitsgemeinschaft fur sparsamen und umweltfreundlichen
Energieverbrauch: Optimierung von Warmenetzen bei KWK-Anlagen

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF THE PRODUCTION SYSTEM AND INDH 01
DISTRIBUTION OF PROCESS HEAT

Application

Process heating, industrial furnaces

SME sector

Industrial

SME subsector

Petrochemical, steel, food, glass and cement, paper

Technical
description

A great part of the thermal energy coming from fuels is lost during industrial
processes, and this is particularly evident in the case of an industrial furnace (see the
figure).

Recommendation
for optimisation

The most common actions with the greatest potential for energy reduction are:

Heat generation optimisation
- Air/fuel ratio control
- Use oxygen-enriched combustion air

Improve heat transfer

- Advanced burners and controls
- Clean surfaces and furnace walls

Heat containment

- Reduced wall heat losses
- Furnace pressure control

Production optimisation

- Use of part load compatible equipment

- Reduced low-capacity operation

- Adapted furnace temperature

Heat recovery

- Preheat combustion air, this is a major potential, which uses the exhaust heat
from combustion gas to preheat new combustion air

- Fluid or load pre-heating

- Absorption cooling

- Electricity generation through Organic Rankine Cycle
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Flue Losses
7 "‘I/"

y
Furnace

1
+
Gi
Schemes and 100% o Het 1
diagram B gt el
l L = Stored
N Heat
Heat losses in an industrial furnace.
Pre-air heaters: from about 1,400 EUR
Economics

Insulation 15 EUR/m

Energy savings

5-30%

Economic savings

Pre-air heater: 3%

Average Payback

From 3 up to 10 years

Time
Particulate Matter = 10 mg/Nm? - NOx = 350 mg/Nm?
Emissions
(data referring to each Nm? of exhaust gasses)
<] Environmental benefits
X Increased productivity
Reduction of CO,, NOx, and PM
X] Work environment/Health/Safety o &
emissions.
X Increased competitiveness
Main NEBs [ ] Maintenance

(Multiple Benefits)

Multiple Benefits Example:
Surface Treatment Industry

https://www.mbenefits.eu/static/media/uploads/site-

6/library/Cases%20and%20examples/metal-surface-treatment-example-multiple-

benefits-11dec2018v2.pdf
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High
Replicability
This measure is usually a low-risk, high-yield opportunity. Low hanging fruit

Related measures | « INDH-02: Temperature and timing control

Heat recovery system for energy efficiency, company "Forgital"(Italy, 2011)

e Initial Situation: Forgital Spa is an important company operating ades in the steel
industry in Velo d'Astico in the province of Vicenza. In the Forge section, 6 heating
furnaces discharge the hot gases directly into the atmosphere without recovering
the residual energy.

Case study . o : . .

e Description of the optimisation: Gilberti Srl has installed 2 thermal energy
recovery systems. The inclusion of a Pratt & Whitney 250 kW electric cogeneration
group is in an advanced design phase.

e Implementation costs: 520,000 EUR

e Payback Time: 3 years

Kulterer, K., Mair, O., Horvath, C.: Leitfaden fur Energieaudits in Kaltesystemen,

References

klimaaktiv energieeffiziente betriebe, Vienna 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

TEMPERATURE AND TIMING CONTROL

INDH-02

Application

Process heating, industrial furnaces

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Temperatures are measured at different spots, and control the fuel injection, and
production speed. Different temperature levels can be necessary to achieve the
required process, which can be melting, change of constitution, extraction of
chemical compound, thermal treatment etc. Each process requires specific
temperature conditions and processing time. In the case of batch process furnaces,
preheating is necessary to bring the furnace to the right temperature. Often, the
required time is over-estimated, and the furnaces spend stand-by time at the correct
temperature but without the process running.

Recommendation
for optimisation

The following actions are the most common ones as they have the greatest energy
reduction potential:

e Furnace temperature should be monitored at different steps of the process, both
in the heating media, and at the product directly.

e Predictive temperature control with PID systems can help adapting as precisely as
possible the temperature to the process requirements.

e Optimised preheating time, general timing and control systems, help providing
just what is needed from the heat and nothing more.

Schemes and
diagrams

material exit

t

Crucible

Heating =

nrm i I Z

I
I
I
L _____!

Control
Valve

F 9
material entrance

Furnace temperature control system.
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In this case, T:C is the primary controller, T4T is the temperature of the exhaust
material, T,T is the temperature of the furnace hearth, and T,C is the secondary
controller. The output of the primary controller is given as a set-point to the
secondary controller which controls the fuel flow. This type of loop and control system
is crucial to reach an optimized temperature level in the furnace, and processing time.

Economics

Temperature control and regulation systems from approx. 300 EUR

Energy savings

5-10%

Economic savings

The economic savings can be traced back to the lower expenditure of energy
resources. A lower consumption of electricity or fuel means a lower expense for the
purchase of the same.

Average Payback

3-10 years
Time
Emissions Particulate Matter = 10 mg/Nm?- NOx = 350mg/Nm? (data referring to each Nm? of
exhaust gasses)
X] Environmental benefits
X Increased productivity
Main NEBs

(Multiple Benefits)

Reduction of CO,, NOx, and PM

[ ] Work environment/Health/Safety (particulate matter) emissions

X Increased competitiveness

D Maintenance

Replicability

High

Related measures

e INDH-01: Optimization of the production system and distribution of heat

References

ADEME, “La chaleur fatale” édition 2017

US DOE-EERE, Improving Process Heating System Performance - A Sourcebook for
Industry

Kumar, Y. P., Rajesh, A., Yugandhar, S., & Srikanth, V. (2013). Cascaded pid controller
design for heating furnace temperature control. IOSR Journal of Electronics and
Communication Engineering, 5(3), 76-83.

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF DAY-LIGHT

LIGH-01

Application

Lighting Systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

In general, for industrial buildings the use of natural light is relatively rare.

A higher use of natural light can increase the comfort and health of the employee.
Moreover, with more openings or windows, the solar heat gain can be improved
(resulting in fewer heating needs) and the electricity need for lamps reduced.

Before implementing such a measure, the pros and contras must be evaluated
carefully. However, natural light use is dependent on time, season, and weather. It is
also spatially limited, can cause blinding and overheating in summer.

Recommendation
for optimisation

Installation of transparent or translucent elements on the vertical
structures of the building (windows, transparent doors,
transparent garage doors)

Installation of guided light systems (reflective roof, shelves painted
in light colors). Transparent components are a prerequisite

Installation of guides for natural light (fireplaces or light pipes

Economics

From 35 to 90 EUR/m? (transparent element systems).

Energy savings

Energy savings vary and can reach values between 20% and 50% when different
measures are applied to lighting.

Economic savings

Approx. 10-15%
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A Payback
verage Faybac Over 10 years

Time

Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
<] Environmental benefits
[ ] Increased productivity Environmental benefits through

Main NEBs ‘ reduction of CO, emissions by reducing

(Multiple Benefits) ] work environment/Health/Safety the electricity demand for lighting.

[ ]Increased competitiveness
[ ] Maintenance

Replicability Very low

e LIGH-02: Optimisation of lighting-control
Related measures| o LIGH-03: Optimisation of room

e LIGH-04: Replacement of luminaire, lamps

Leitfaden fur Energieaudits von Beleuchtungssystemen, klimaaktiv, Austrian Energy
Agency, 2017

References

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF LIGHTING-CONTROL

LIGH-02

Application

Lighting Systems

SME sector

All sectors

SME subsector

All subsectors

Technical
description

Depending on room usage (e.g., production or storage room), natural light input
(which changes during the day) and human presence (when nobody is in the room the

light is not used), the artificial light needs, and quality are varying and can in most
cases be optimised.

Recommendation
for optimisation

Different lighting control measures can be implemented to reduce energy needs of
lighting systems:

Sensitisation of employees

Simple timers

Occupancy sensors

Daylight detection

Schemes and
diagrams

Black Wire

Power ~

Diagram of a twilight sensor.

Economics

Costs related to sensors ranging from a few tens up 100 EUR. The cost of installation
should also be considered.

Energy savings

Energy savings may vary depending on the type of control and the type of location:
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Open plan office: 20-28%
Single office: 13-50%

Corridor: 30-80%

Warehouse and toilets: 45-80%

Economic savings | Approx. 10%

Average Payback

Time 3-6 years

Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
<] Environmental benefits Environmental benefits through
[ ] Increased productivity reduction of CO, emissions by reducing

Main NEBs the electricity demand for lighting.
[ ] Work environment/Health/Safety

(Multiple Benefits) N Those measures reduce operating time of

[]Increased competitiveness the lamps and hence the maintenance
X] Maintenance needs.

Replicability Very low

e LIGH-01: Optimisation of day-light
Related measures| e LIGH-03: Optimisation of room
e LIGH-04: Replacement of luminaire, lamps

Replacement of lamps and installation of occupancy sensors (Switzerland, 2019)

e Initial Situation: a warehouse with 18 T5 fluorescent tubes (80 W unit power) with
manual switch.

Case study e Description of the optimisation: installation of an occupancy sensor allows to
reduce the consumption by 20%, hence saving more than 500 kWh/year

e Implementation costs: 500 EUR

e Payback Time: 6.3 years

Leitfaden fur Energieaudits von Beleuchtungssystemen, klimaaktiv, Austrian Energy

References Agency, 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISATION OF ROOM LIGH-03

Application

Lighting Systems

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

To increase “utilance” (maintenance factor or room efficiency, it means "light
utilization factor") and therefore reduce the need for light, the following efficiency
measures can be implemented:

e Replacement of luminaires: use new lighting systems with an adapted light
intensity distribution and/or use luminaires that can be switched off instead of
ceiling lamps. In general, it is good to consider two options:

- Only change the bulb or tube: usually the bulb can be replaced directly with
the LED. For tubes, the situation needs to be assessed more carefully, since
tubes usually have a starter or ballast. In some cases, therefore, the ballast
or starter must be short-circuited. Recently, LED tubes have appeared on the
market and can directly replace old tubes (for example T5) with wireless HF
ballast to replace or driver to change.

- Change the entire equipment/lamp.

e Changing the room configuration: Optimize the layout of the desks and use
temporary partitions. Optimize the use of natural light.

o Surface treatment: Choose reflective (white) furniture and/or repaint the surfaces

Schemes and
diagrams

Example of different lighting configuration for an office

3 x LED 32 Watts 3 X LED 16 Watts LED 96 Watts
3200 Im 1600 Lm 9600 Lm

_ 500 Lux _1000 Lux _

Ceiling lamp Low-intensity ceiling Floor lamps (with sensors
lamps with office for daylight and presence)
lamps
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Lam Nominal efficacy Luminaire tvoe Luminaire
P [Im/W] P efficiency
Light bulb 4+17 Ceiling lamp 0,55
Low voltage halogen 24 Spots 0,75
lamp
Fluorescent lamp 55W 67 Susp'enc'jed 0.85
+HF luminaire
Fluorescent tube T5 95 Ceiling lamp 0.9
LED 85 + 150 Ceiling lamp 1

Economics

Unit cost of LED bulbs or tubes: 10-20 EUR

Energy savings

20-50%

e Low luminance ceiling lamps combined with table or floor lamps save energy
compared to higher luminance ceiling lamps.

e Repainting a surface saves up to 50% energy.

Economic savings

On the basis of 500 hours of operation and at an electricity cost of approx. 0.08€/kWh
(for the energy share), the comparison of lamp consumption is as follows

e LED lamp: approx. 3 kWh (cost 0.24 €)
e Energy saving lamp: approx. 75 kWh (cost 6€)

Average Payback

Less than 3 years

3-6 years (depending on the application)

Time The payback time depends strongly on the local configuration and the use time of
lamps.
Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
<] Environmental benefits EnV|rO|"1menta| beneflts through |
0 reduction of CO; emissions by reducing
Increased productivity the electricity demand for lightin
Main NEBs _ v gntng.
' | X] Work environment/ Health/Safety Less lamp operating time implies lower
(Multiple Benefits) )
[ ] Increased competitiveness maintenance needs. A good room
configuration increases employees’

& Maintenance
comfort.

Replicability

High. This optimization measure can be applied for each sector.




o " This project has received funding from the European

G ea r S M E - 5 Union’'s H2020 Coordination Support Action under
* o< Grant Agreement No. 894356.

Saving energy together

e LIGH-01: Optimisation of day-light
Related measures| ¢ LIGH-02: Optimisation of lighting-control
e LIGH-04: Replacement of luminaire, lamps

Replacement LED luminaires (Switzerland, 2018)
e Initial Situation: 146 T8 fluorescent tubes with a unit power of 58 W are installed.

e Description of the optimisation: replacement of 55 LED luminaires. Energy savings

Case stud
y estimated at 21,680 kWh/year.

e Implementation costs: 26,000 EUR
e Payback Time: 2.7 years

https://en.wikipedia.org/wiki/Electric_light

Leitfaden fur Energieaudits von Beleuchtungssystemen, klimaaktiv, Austrian Energy
References Agency, 2017

Catalogue éco21 de produit LED efficients 2018, SIG

UNEP, 2006 Lighting, www.energyefficiencyasia.org

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)




* ¥ x This project has received funding from the European

G ea r@ S M E : : Union’s H2020 Coordination Support Action under

* e Grant Agreement No. 894356.
Saving energy together

Best Practice REPLACEMENT OF LUMINAIRE, LAMPS LIGH-04

Application Lighting Systems

SME sector All sectors

SME subsector All subsectors

Lighting system consist of non-led lamps such as (from lower to higher efficacy):
e Lightbulbs

e Halogen-lamps

e Fluorescent lamp

In general, for the same lighting intensity, LEDs consume less energy than these ones.
Replacing the old lamps by LED allows reducing the energy consumption from 10 % to
more than 50%.

Technical
description

Moreover, if useful lumens (or “luminaire efficiency”), which describes the amount of
light emitted in the relevant target area (Im/W describes the total amount of light
emitted by the bulb in all directions) are considered, LED lamps have even higher
efficiency than other lamps which emits generally light for 360° and hence, only a
smaller part of the light in the wrong direction can be reflected.

Recommendation | For the replacement of luminaires, in general, two options can be considered:

for optimisation | Changing only the bulbs or the tubes: generally, bulbs can directly be replaced by

LED. For tube the situation must be evaluated more carefully, as tubes generally
are equipped with starter or ballast.

Hence in some cases the ballast or starter has to be short-circuited.
Recently, LED tube are available on the market that can directly replace tube lamps
(e.g., T5) with HF ballast with no wires to replaces or driver to change.

e Changing the whole luminaire/lamp
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Comparison of lamp/pipe replacement vs. whole luminaire replacement.

Changing only bulbs or tube (retrofit)

Changing whole luminaire

The investment is generally lower (+)

Easy replacement no need of an electrician

(+)

The global efficacy is generally slightly lower
than by changing whole luminaire (-)

Same lamp positions must be used.

Dimmability compatibility must be checked

In most cases the total number of luminaires
can be reduced (+)

Depending on the configuration the position
of the luminaire can be optimized (+)

Generally higher efficacy (+)
Higher investment costs (-)

Easy Dimmable (+)

The insurance of the installation is in
question

The best options depend on the specific case. Among other following decision variable
can be considered:

e Age of the existing luminaire.
e Spatial light intensity distribution needs.

¢ Ceiling configuration and -investment capabilities.

Relevant
technical
considerations

Before replacing the luminaires, it is essential to consider the lighting NEEDS in the
different areas of the company (offices, toilets, traffic areas, stores, workshops
depending on the type of work): they can vary from 100 to over 1,000 lux.

Lighting retrofits should therefore be based on these needs rather than a “1- to-1"
replacement of fixtures.

Schemes and
diagrams

Example of different lighting configuration for an office.

3 x LED 16 Watts
1600 Lm

_ 1000 Lux

LED 96 Watts
9600 Lm

3 x LED 32 Watts
3200 Im

500 Lux

Ceiling lamp Low-intensity ceiling
lamps with office

lamps

Floor lamps (with sensors
for daylight and presence)
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Lamp Nominal Luminaire type Luminaire
efficacy [Im/W] efficiency
Light bulb 4+17 Ceiling lamp 0,55
Low voltage halogen lamp 24 Spots 0,75
Suspended
Fluorescent lamp 55W +HF 67 - 0,85
luminaire
Fluorescent tube T5 95 Ceiling lamp 0.9
LED 85+ 150 Ceiling lamp 1
Economics Unit cost of LED bulbs or tubes: 10-20 EUR

LED lamps, with the same light emitted, consume up to 50% less energy than
Energy savings | fluorescent lamps and have a lifetime of over 100,000 hours against the 10,000 of
fluorescent lamps.

On the basis of 500 hours of operation and at an electricity cost of approx. 0.08€/kWh

(for the energy share), the comparison of lamp consumption is as follows

Economic savings
e LED lamp: approx. 3 kWh (cost 0.24 €)

e energy saving lamp: approx. 75 kWh (cost 6€)

3-10 years

Average Payback | By considering the age of the old luminaire, the payback time generally ranges from 3
Time to 10 years depending on essentially on the age and type of old lamp and total number
of lamps to be replaced (scaling effect), and on the use time of the lamps.

This measure does not lead to any additional emissions beyond the emissions due to

Emissions _ .
the consumption of electricity to operate the system.
Environmental benefits through
reduction of CO, emissions by reducing
[X] Environmental benefits the electricity demand for lighting. The
D Increased productivity lifetime of LED lamps is generally longer
Main NEBs . than that of other lamps, thus reducing
X] Work environment/Health/Safety . .
(Multiple Benefits) maintenance time (bulb or tube
[ Increased competitiveness replacement). In addition, retrofitting
X] Maintenance lamps can be used to optimise the
quality of light in the workplace, thus
improving employee comfort.

Replicability High. This optimization measure can be applied for each sector.
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e LIGH-01: Optimisation of day-light
Related measures| ¢ LIGH-02: Optimisation of lighting-control
e LIGH-03: Optimisation of a room

Replacement LED luminaires (Switzerland, 2018)
e Initial Situation: 146 T8 fluorescent tubes with a unit power of 58 W are installed.

e Description of the optimisation: replacement of 55 LED luminaires. Energy savings

Case stud
y estimated at 21,680 kWh/year.

e Implementation costs: 26,000 EUR
e Payback Time: 2.7 years

https://en.wikipedia.org/wiki/Electric_light

Leitfaden fur Energieaudits von Beleuchtungssystemen, klimaaktiv, Austrian Energy
References Agency, 2017

Catalogue éco21 de produit LED efficients 2018, SIG

UNEP, 2006 Lighting, www.energyefficiencyasia.org

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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OPTIMISING INDOOR CLIMATE AND COMFORT
Best Practice IN OFFICE BUILDING CONSIDERING OFFI-01
ENERGY EFFICIENCY ASPECTS

Application Energy efficiency in offices

SME sector All sectors

SME subsector All subsectors

The indoor microclimate and comfort not only increase energy efficiency but also
affect the well-being and health of employees, which are key factors in increasing team
productivity.

To have greater energy efficiency it is possible to make changes and improvements in
different fields:

e Lighting: to obtain the correct lighting levels for appropriate applications, light
meters (luxmeters) should be used. It is very important for the working condition
with impact on working efficiency. 500 Lux is the required limit for lighting a
working place in Germany. 150 Lux is required in floors and other location that
are not used frequently. In Italy, Annex XXXIV of Legislative Decree n. 81/2008,
for work areas of general activities with a medium level of attention (such as
office environments and workstations with video terminals) requires work area
lighting of no less than 500 lux.

Recommendation Old energy consuming fluorescent tubes should be replaced by more efficient
for optimisation ones or LED. If florescent tubes are installed, electronic ballast devices should be
applied as they use less electricity.

A lighting concept should also consider summer shading and use additional
lamps for working places in case the lighting is not sufficient. In general, as much
day light as possible should be used also considering using light guiding systems.

For hallways, bathrooms and rooms that are not often frequented, lighting
sensors should be used, and light switches should be replaced by motion or
occupancy sensors. For night-time use, night photocell controls should be
installed. Solar walkway and patio lights can be used for outdoor accent lights.

Lighting reflectors and lampshades should be cleaned regularly to improve the
clearance of the lighting. Daylighting sensors can also be installed which will
illuminate area with appropriate lighting levels. This is particularly useful in areas
with large glazing areas.
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e Ventilation and air conditioning: regular ventilation not only provides oxygen but
is also important for keeping humidity constant inside the office. Proper
employee awareness and the use of thermostats can increase energy efficiency
by up to 10%.

e Heating: correct heating 21°C in winter, staff freezing should be motivated to
moving and stretching from time to time to increase circulation which is also
healthy for their spine. Use an indoor-thermometer and agree upon a
temperature. Check temperature before regulating the heating.

Radiators should not be obstructed by panels or furniture: the air must circulate,
so the heat exchange can work correctly. To avoid warmth escaping, windows
and doors should be sealed. As the sealing degrades after time, it should be
replaced periodically. Where sealing cannot be installed expectable foam or
silicon can be used to draught proofing. When radiators are installed on thin
exterior walls a significant portion of heat may escape to the outside. To prevent
this, a reflector film or an isolation layer of 2 cm polyurethane should be attached
inside the wall. Thermostats should be used and checked regularly if they still
react to temperature changes. Electronic programmable thermostats with
remote control.

e Kitchenette and bathroom facilities: other facilities like the kitchenette and food
provided by the staff canteen should additionally be regarded. In the kitchenette,
energy efficient appliances should be used, fridges and freezers should be
defrosted regularly, jugs should be used instead of coffee machines. Coffee
machines should be switched off after use. Refrigerators and freezers should be
placed away from heat sources and opened as little as possible. Thermostat of
refrigerators should be adjusted according to the outside temperature and the
amount of food contained.

Technical
considerations

Technical maintenance and improvements by professionals: improving the heating
system and building envelope

Economics

Investment costs include the purchase of timers for heating and lighting or the costs
of raising awareness among employees about energy efficiency and office behaviour.

Energy savings

Energy savings of up to 20% can be achieved by implementing most of the proposed
guidelines.

Economic savings

Reduced costs due to reduced heat and power consumption.

Average Payback
Time

Less than 3 years

Emissions

This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
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<] Environmental benefits

X Increased productivity
Main NEBs

X] Work environment/Health/Safety
(Multiple Benefits)

[ ]Increased competitiveness

D Maintenance

Environmental benefits through
reduction of CO; emissions by reducing
the electricity demand.

Replicability High

Related measures| e OFFI-02: Green IT in offices

Number of lamps

e Initial Situation: old lighting system.

Replacement of lighting system at "Granderath Elektro GmbH" (Germany, 2016)

e Description of the optimisation: Granderath Elektro GmbH replaced about 900 old
fluorescent neon lights in its offices and stores with LED lighting.

Power [W Type of new lamps Power [W
Case study to be replaced wi yp P Wi
760 18 LED 10
78 36 LED 20
60 58 LED 23
e Implementation costs: 11,000 EUR
e Payback Time: 3 years
https://www.ecoserveis.net/
References

https://www.co2online.com/campaigns-projects/studies-and-advice/

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted

for the GEAR@SME Project (GA No. 894356)
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Best Practice

GREEN IT IN OFFICES OFFI-02

Application

Energy efficiency in offices

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

e The use of green IT devices concerns the application of energy-efficient
computers, monitors, printers, photocopiers, and telecommunications devices.
We must not only consider their purchase, but also their efficient use:

Evaluate the current situation through an inventory of the devices used,
including size and time of use on the power grid.

Evaluate the energy consumption of individual devices to optimize their use
or consider a reasonable replacement.

Buy smart meters to identify users who use too much energy or unnecessary
loads (for example old inefficient monitors) and to always have an overview
of their energy consumption.

Purchase removable plugs to avoid stand-by.

e Centralize office equipment on a network so that multiple employees can use
them.

e Virtualize corporate servers.

e Check the server room using cooled shelves.

e Automate the processes of IT devices, such as backups. This allows processes to
take place when the system has free capacity and thus to make efficient use of
resources.

e Optimize the management of data and files in your company.

e Very large computers are a cause of wasted electricity in the company:

Small computers are sufficient for using office programs, sending e-mails,
surfing the web.

Thin clients are even cheaper. They are computers equipped only with a
monitor, keyboard, mouse, and headphones. Advantages: very low energy
consumption, easy management, and hardware savings because the
software and storage are located on the server, reasons that usually lead to
the purchase of new computers, when the old ones become too slow, and
their software is no longer compatible with the new updates.
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- Consider replacing old devices with newer, more efficient components like
SSD hard drives, rather than buying new computers.

e It is more sustainable to use a multi-purpose device for scanning, faxing, and
photocopying rather than one for each of these activities.

e Choose the right printer. Today, most offices use laser printers.

e Buy devices if they need to be replaced (monitors, computers, servers, fax
machines, etc.) classified and consider the energy consumption especially of
devices that cannot be turned off.

Some good practices to adopt at the office:

- Use switchable outlets.

- Switch off computers for breaks longer than 30 minutes (e.g., meetings or
lunch breaks).

- Switch off printers and photocopiers at night and on weekends.

- Do not use screensavers.

- Activate power management.

- Disconnect chargers (phones, tablets).

e In the meeting room, LED videos should be used instead of beamers. Consider
using a workstation for multiple employees. Employees can also use laptops for
work from home and share other devices or equipment.

e Motivate your team. Let employees make suggestions for improvement, collect
them, reward them when they are successful. Form energy teams and walk
through the office and measure single devices using energy meters to detect
energy waste. Use materials like stickers, flyers, or reminders on the intranet.
Reporting successes.

Relevant
technical
considerations

There is currently no computer on the market that is completely "fair" or ecologically
produced. Nevertheless, there are various quality labels that show which devices meet
which standards. For example:

e www.eu-energystar.org shows whether a device is energy-efficient.

e www.topten.eu

e www.blauer-engel.de shows whether a product has low energy consumption and
is durable and recyclable.

o www.tcodevelopment.de has many criteria that are included in the evaluation:
energy efficiency, environmental friendliness, content of hazardous substances,
ergonomic design, product service life and corporate social responsibility in the
production facilities.

Economics

Thin clients are generally inexpensive.

Costs starting from 300 EUR
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e Virtualizing enterprise servers reduces server power consumption by a half.

. e Small computers 15 to 25 W (a desktop computer: 50-100 W, portable 30-50 W).
Energy savings

e In print mode, ink-jet printers require an average of 10-20W, while laser printers
require 300-400 W.

Lower costs due to reduced heat and electricity consumption.

Using the printer for 1 hour per day and switched on for 8 hours, the annual electricity

Economic savings . . .
costs generated by an inkjet printer are up to 90% lower than a laser printer.

On average, savings is around EUR 160 per printer per year (source: EPSON).

Average Payback
g y Less than 3 years or 3-6 years.

Time
Ermissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
X] Environmental benefits
Main NEBs [X] Increased productivity Environmental benefits through

<] Work environment/Health/Safety reduction of CO; emissions by reducing

(Multiple Benefits) the electricity demand.

[ ]Increased competitiveness

[ ] Maintenance

Replicability High

e OFFI-01: Optimizing indoor climate and comfort in office building considering

Related measures .
energy efficiency aspects

Application of energy saving measures at Kaneo green IT (Germany, 2016)
e Initial Situation: not specified.
e Description of the optimisation. Energy saving measures implemented:

- Virtualization: one of the two physical servers was taken from the network.

Case study - Replacement of old phones by new VoIP phones that can be switched off when
the network is not being used.

- Replacement of the fax device by digital fax software.

- The WLAN is now completely off on weekends and after work and the server
switches and the VoIP phones are switched off outside business hours.
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- Detachable plugs were installed at desk to switch off PC, monitor, printer, VoIP
phone during individual absences during working hours (meeting, travel,
holiday, sickness).

- Detachable plugs were installed at the printer, the server rack, the access point,
the test server, the fan and the stereo.

- Optimization of IT by synchronization of test scenarios for IT systems to
minimize energy demand and by black screen monitor settings after 5 minutes’
absence.

- Energy loggers at all desks for PC, monitor, printer, phone and server rack.
- Replacement of old monitors and IT switches for internal use (24 W by 14 W).

- Replacement of halogen lamps by LED (some lamps removed due to
inadequate lighting quality).

e Implementation costs: not available

e Payback Time: 3 years

References

http://www.greenitamsterdam.nl/wp-content/uploads/2019/02/AGIT-LB-Whats-up-
in-Green-IT-2018.pdf

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REDUCTION OF RUNNING TIME FOR PUMPS -
SWITCH OFF MOTORS WHEN NOT NEEDED

PUMP-01

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Except for control electronics, if available, the consumption of electrical drives is zero
when they are stopped.

Therefore, it is important to stop a pump when there is no need.
In many cases we still observe pumps that run without need:

e Continuous flows without link to the user need. Nevertheless, sometimes, a
minimum flow rate is necessary to maintain a given temperature on users.

e Avoid the formation of a biological deposit/film.

The question is more difficult when determining whether to operate at reduced speed
or stop frequently. The choice in these cases is often not only related to energy
aspects but also to effect on a process or on maintenance.

Recommendation
for optimisation

A general comparison between start/stop and controlled low flow does not make
sense. From an energy point of view, it depends on the efficiency at full speed versus
reduced speed.

Moreover, it is necessary to consider that a pump has a minimum technical flow rate.
Situations must be considered on a case-by-case basis.

The on/off control is advantageously used when there is a stock (water lift pump,
charging hot/cold water tank). In this case, on/off control also reduces the heat/cold
losses in the pipes.

In any case, the operator must consider the real need of a pump (considering the
different users) and adapt the flow rate to it.

The relevance of maintaining a minimum flow rate must be questioned. The reduction
of operating times can usually be done manually by qualified personal of the
company.

To guarantee the maximum savings potential, automated systems are worthwhile
and can often be realized via simple and cost-effective time controls.
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Power
network
=
Frequency Motor Coupling, gear, Driven Throttling
converter transmission component (valve)
SChemeS and Losses: Converter 3% Motor 7% Coupling 4% Driven Throttling 10%
diagra ms component 30%
100%
>POWer output 46%
Electric drive components.
Economics Unit cost of an industrial timer from 140 EUR

Energy savings

Typically, 20 to 40% (following detailed analysis of the pumping system).

Up to 70% in the case of multiple interventions.

Economic savings

The economic savings are closely linked to the reduction of electricity used to power

the cooling system.

Average Payback

Less than 3 years

Time
Emissions 0,7 kgCO,/kWh
X] Environmental benefits
Main NEBs [JIncreased productivity Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety
[ ] Increased competitiveness

[ ] Maintenance

reduction of CO, emissions by reducing
the electricity demand.

Replicability

High

Related measures

No related measure.
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Component replacement in cold production plant

e [Initial Situation: in the cold production plants, it is not uncommon to observe the
condenser side circulation pumps or the distribution pumps to users that work
with the cooling unit turned off (even if there is no free cooling).

Case study . o .
e Description of the optimisation: in these cases, the pumps must be connected to
the operation of the refrigeration assembly.
e Implementation costs: not available
e Payback Time: not available
References Nicolas MACABREY, Planair, 2019

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

ADAPT THE OFFER TO REAL NEEDS

PUMP-02

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many pumping systems, the flow and pressure level are above the real needs. In
cooling loops for example, the temperature difference between flow and return is too
small. It shows that the heat exchange is poor, and the flow rate is too high.

Consequences are:

e Over-consumption of pumps.
e Unnecessary cold production.

Flow rate is often not really controlled in users and could be reduced without negative
impact on them.

To maintain network temperatures, three-way valves are installed with a significant
“leakage” rate. Another common problem is an unnecessarily high level of pressure.

The high pressure at the pump discharge is then lowered in valves before reaching
the users. It results in pure energy loss.

Recommendation
for optimisation

It is important for the operator of an industrial site or a service provider in charge of
the energy analyses of a given equipment to start with an analysis of the flow and
pressure requirements.

Where possible, three-way valves should be replaced with two-way valves.
Correct flow rates in each branch also require hydraulic balancing of the network.

Valve dedicated to lower the pressure should be as far as possible suppressed and
the pump pressure controlled by converter (or new sized pump).

When the flow rate has been identified as too high, a VSD is a first way to reduce the
flow rate to the real need.

When the need is constant, it is also possible either to reduce the impeller diameter
or to change the pump.

Relevant technical
considerations

If the pressure drop of the network leads to poor pump efficiency, a variable speed
pump (VSD) or a machined impeller will not remedy the situation.
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Power Users
network
Frequency Motor Coupling, gear, Driven Throttling
converter transmission component (valve)
SChemeS and Losses: Converter 3% Motor 7% Coupling 4% Driven Throttling 10%
diagra ms component 30%

)

100%
) Power output 46%

Electric drive components.

Economics Unit cost of flow control valves from 50 EUR up to 500 EUR

A detailed analysis of pumping systems generally allows energy savings of 20 to 40%.
Energy savings
In cases with several sources of savings it can be even higher (70%).

Economic savings | Economic savings are closely linked to the reduction of electricity used

Average Payback

3 years
Time y

Emissions 0,7 kgCO,/kWh

X] Environmental benefits

Main NEBs [ ] Increased productivity Environmental benefits through

(Multiple Benefits) [ ]work environment/Health/Safety reduction of CO, emissions by reducing

[ ]Increased competitiveness the electricity demand.

[ ] Maintenance

Replicability High

Related measures | None

Case study Replacing 3-way valve into 2-way valve (Switzerland, 2017)
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o Initial Situation: on a large industrial site, a pump distributes chilled water to cool
and dehumidify the air in the ventilation and air conditioning units of several
workshops in the plant. Most branches of the network are equipped with 3-way
valves that maintain a flow rate even when there is no need.

e Description of the optimisation: the replacement of these 3-way valves with 2-way
valves significantly reduces the total flow rate when the need is low.

e Implementation costs: 23,000 EUR
e Payback Time: 2.3 years

References Nicolas MACABREY, Planair, 2019

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OPTIMISED CONTROL OF PUMPS PUMP-03

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many cases, the flow rate is mechanically controlled: Throttling, By-pass.

Such a situation leads to situations of inefficiency, caused by:

Too high-pressure level.
Unnecessary flow

Low efficiency of the pumps.

Recommendation
for optimisation

Optimization by throttling (see Figure 1): the figure compares the situation of a
pump (green curves) in a closed circuit (blue curves) and an open circuit with static
height or back pressure (red curves).

In both situations, the presence of a valve allows to adjust the flow rate going to
increase the pressure drops in the circuit.

This mode of valve adjustment is inefficient:

- The reduction of the flow rate following the characteristics of the pump
generates an unnecessarily high pressure.

- Pump efficiency is reduced from 80% to 60%.

Optimization by speed regulation (frequency converters) (see Figure 2): the
proportional adjustment mode (very common in practice) follows a regulation line
that allows you to vary the frequency of supply of the pump, to be able to vary the
speed of rotation of the pumping system and consequently vary and adjust the
flow rate.

Relevant technical
considerations

The choice and installation of a frequency converter is the responsibility of a
specialist.

The integration of a frequency converter must be done correctly.

It is important not to pollute the electrical network with harmonics and not to cause
problems with the engine.
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Schemes and
diagrams
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Fig. 1. Effect of a throttling flow control (source: Planair SA).
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Fig. 3. Efficiency of frequency converters.
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Economics

Unit costs of variable frequency drives vary between 350 and 1,500 EUR.

Energy savings

Up to 75% energy savings by frequency converter-based optimisation. In this case,
the affinity law can be applied (which describes the speed dependency of pump
discharge parameters and according to which energy is approximately the cube of
the flow rate).

Economic savings

Economic savings are closely linked to the reduction of electricity used.

Average Payback

Time 3 years
Emissions 0,7 kgCO,/kWh
X] Environmental benefits
Main NEBs [ ] Increased productivity Environmental benefits through

(Multiple Benefits)

[_] Work environment Health/Safety reduction of CO2 emissions by reducing

[ ]Increased competitiveness the electricity demand.

[ ] Maintenance

Replicability

High

Related measures

e PUMP-01: Reduction of running time for pumps - Switch off motors when not
needed

Case study

Installation of frequency converter (Switzerland, 2019)

e Initial Situation: in a packaging board factory, a group of two pumps supplies
water to a boiler. The supply is partially controlled by a 3 way-valve which returns
the excess to the tank. When the water level in the boiler reaches the high
threshold. This means that a significant part of the flow rate permanently returns
to the tank and that the pressure is too high (due to network losses). Moreover,
the pumps stop and start very frequently (every 3 minutes). Except for the boiler
start on Monday morning, the pump is incorrectly sized. The global efficiency is
very low.

Description of the optimisation: integration of a new pumps with VSD. The pump
speed is controlled by the level of water in the boiler. No return to the tank.
When the flow rate is under the minimal flow (according to pump specifications)
the pump stops.

e Implementation costs: 17,000 EUR

e Payback Time: 3.2 years
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References Nicolas MACABREY, Planair, 2019

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

MOTOR REPLACEMENT PUMP-04

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many industrial sites, pumps are driven by old electric motors.

The analysis of Topmotors, with more than 4,000 motors, revealed that 56% of these
are already running almost twice if their life expectancy. This suggest there is barely
any continuous improvement process for replacing old, mostly oversized, and
inefficient motors systems.

In total, less than 20% of all motors are equipped with Variable Speed Drive (VSD).
Most of the motors that are equipped with a VSD is younger than 15 years. VFD would
probably be suitable for up to 50% of all drives with huge efficiency potentials.

Recommendation
for optimisation

The effect of a lower frequency is extremely important in small motors.

The performance of asynchronous machines drop-down since 50% of nominal speed
is reached.

Synchronous motors (PM in particular) are much more efficient in this respect.
Although this effect is somewhat less pronounced with large motors, variable speed
with low-speed working ranges is a valid reason to change existing motors for
synchronous technology.

Today, IE4 or IE5 motors can improve efficiency by 5% or more compared to older
motors. In frequent low speed working situations, a synchronous motor will offer
higher efficiency.

Technical
considerations

The average load factor is:

e Pumps with constant flow: about 0.8

e Variable displacement pumps without frequency converter: about 0.6
e Variable displacement pumps with frequency converter: about 0.4

The positive effect of a regulated system is obvious.
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Efficiency classes of motors according to IEC 60014-30-1

100
95 1
90 +
a5

g
E 80 == |E4 - Super-premium efficiency 50 Hz
g 75 w== |E3 - premium efficiency 50 Hz
Schemes and iy IE2 — High efficiency 50 Hz
. E 70+ == |E1 - Standard efficiency 50 Hz
diagrams S 651
2 604
g
.g 55
£ 50
45 . I |
0.1 1 10 100 1000
Nominal mechanical power [kW] log. Scale (accord. to IEC 60014-30-1)
Economics The average cost of replacing a pump motor varies between 180 and 1,300 EUR

Minimum yearly operating time (hours/year) for profitable anticipated motor replacement.

1,1 kKW | 11 kKW | 110 kW
Yearly operating time in order to be profitable

Intervention

Energy savings IE0 > TE4 (+25% efficiency) (+9.5% efficiency) (+4.5% efficiency)
1500 hours 4000 hours 5500 hours
IE2 -> TE4 (+7% efficiency) (+4.5% efficiency) (+2% efficiency)
7000 hours 8700 hours (Payback 6 years)
Economic savings | Up to 25%
Average Payback
. 3-6 years
Time
Ermissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
<] Environmental benefits
[ ] Increased productivity , ,
Main NEBs Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety reduction of CO; emissions by reducing

[ ]Increased competitiveness the electricity demand.

D Maintenance

Replicability

Medium

In the context of pumping system optimizations, motor replacement is rarely the
action that leads to the best savings.
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e PUMP-01: Reduction of running time for pumps - Switch off motors when not
needed

e PUMP-02: Adapt the offer to real needs

e PUMP-03: Optimised control of pumps

e PUMP-05: Coupling replacement

e PUMP-06: Pump replacement

Related measures

Addition of a frequency converter and new synchronous motors, pumping plant,
pharmaceutical company (Switzerland, 2019)

e Initial Situation: in a large industrial plant (Pharma), a group of 3 pumps circulates
cooling tower water to users. 2 pumps operate, the third one is the back-up. The
flow rate is constant. The problem is that the flow is throttled in a permanently
semi-closed valve. This means unnecessary high pressure and pump operating in
non-ideal efficiency zone. The associated losses are significant.

Case study - o . - o
e Description of the optimisation: considering that the pump efficiency is high in the
operating area linked to the valve full open, we have chosen an optimisation
measure based on the addition of a frequency converter and new synchronous
motors. The efficiency of the pump stays optimal and the synchronous motor
guaranty an excellent efficiency at reduced speed.
e Implementation costs: 30,000 EUR
e Payback Time: less than 2 years
New motortechnologies https://www.topmotors.ch/de
References

Planair SA, 2014

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

COUPLING REPLACEMENT

PUMP-05

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In some electric drives, there is a coupling, transmission, or gear between motor and
driven component. In the case of pumps, direct coupling is usually the rule. When
there is a transmission, when there is a coupling, losses and maintenance costs can
be significant.

Recommendation
for optimisation

A coupling is never ideal. There are always some losses, and they can be very
significant. In some cases, typically when the speed is very low and/or the torque very
high, a coupling through a gear is unavoidable. If belts are necessary, to make the
system more compact (limited space), flat belt must be preferred.

Relevant technical
considerations

Additional criteria when choosing a coupling.

Schemes and
diagrams

Criteria V-belt Flat belt
Linear speed max. [m/s] 40 100
Rotating speed max. [rpm] 10000 100000
15000 (small) 150000 (small)
Pulley life span [h
y life span [h] 45000 (large) 150000 (large)
Operating cost Relatively high Cost-effective
100%
—— e
95% = 4% £
N
90%
|
c
-3 85% =
£ V-belt,:load-80-100%
™ V-belt, load-20%9
80%
= Flat-belt,load-80-100%
-a~ Flat-belt,load-20%Y
75”/0 E = =S ERAREmE T i e e e i - I L
0.1 1.0 10.0 100
Prom in kW

Efficiency comparison: V-belt vs. flat belt (source: Habasit AG).
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Comparison between V-belt and flat belt made for different load cases and sizes.

Economics

The following table gives a qualitative indication of the costs:

Criteria V-belt Flat belt
Investment cost cost-effective medium
Operating cost relatively high cost-effective

Energy savings

The following table gives a qualitative indication of energy savings:

Criteria V-belt Flat belt

Medium (when new),
deteriorates over time

Energy efficiency High over time

Economic savings

High for flat belts
Medium for V-belts

Average Payback

Time 3 years
Ermissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
X] Environmental benefits
Main NEBs [ ] Increased productivity Environmental benefits through

(Multiple Benefits)

[ ] Work environment/Health/Safety reduction of CO, emissions by reducing

[ ]Increased competitiveness the electricity demand.

[ ] Maintenance

Replicability

Medium

Related measures

e PUMP-01: Reduction of running time for pumps - Switch off motors when not
needed

e PUMP-02: Adapt the offer to real needs

e PUMP-03: Optimised control of pumps

e PUMP-04: Motor replacement

e PUMP-06: Pump replacement

References

Habasit AG

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

PUMP REPLACEMENT PUMP-06

Application

Optimisation of Pumping Systems

SME sector

Industrial

SME subsector

All subsectors

Technical
description

In many pumping systems, the pumps are not working in an optimal operating point
which leads to a low efficiency. The reasons for that are:

e Very approximate estimate of network pressure drops.
» Addition of safety margins (oversizing effect).
e Evolution of the user needs or network over time.

The problem is that the efficiency of pumps is very sensitive to the operating point.
Unlike motors, efficiency drops very quickly when moving away from the nominal
point. Operating at mid flow can reduce the pump efficiency of 20 or 30%.

Recommendation
for optimisation

As can be seen from the example in Fig. 1, efficiency in the real operating point is
about 64% instead of 80% for the nominal point.

60%

Ap r 70%

75% esti matej network
Bp1 80%/pressure rop
Ap2

® realoperatingpoint

real network
pressure drop

al Q2

nominal operating
point

Figure 1. Example of a real situation.

When the demand is constant (Q1 value), a new pump can be scaled for this flow rate.

Depending on the actual pressure required, the new pump will be designed to
operate with flow values of Q1 and Ap1 or Q1 and Ap2, not changing the actual
operating point.
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In Fig. 2, the actual operating point has not changed. In this case, the energy savings,
22 %, comes from a better pump efficiency. An additional gain would have been
achieved if the needed pressure had been Ap2.

60%
70%

A
Ap Specification of 76%| 81%
the new pump

Apl ’

real network
pressure drop

Q1

Figure 2. Operating configuration of the new pump.

The average cost to replace a pump is 500-1,500 EUR, depending on the type of pump,

Economics
power, manufacturer, and system.

Energy savings | Up to 30%

Economic savings | Savings in maintenance costs and energy savings (30%).

Average Payback | | ess than 3 years

Time
Emissions This measure does not lead to any additional emissions beyond the emissions due to
the consumption of electricity to operate the system.
X] Environmental benefits
Main NEBs [JIncreased productivity Environmental benefits through

[ ] Work environment/Health/Safety reduction of CO2 emissions by reducing

(Multiple Benefits) the electricity demand.

[ ] Increased competitiveness

D Maintenance

Replicability Medium
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Related measures

e PUMP-01: Reduction of running time for pumps - Switch off motors when not
needed

o PUMP-02: Adapt the offer to real needs

e PUMP-03: Optimised control of pumps

e PUMP-04: Motor replacement

e PUMP-06: Pump replacement

Case study

Pump replacement, industrial dairy plant (Switzerland, 2018)

o Initial Situation: process cooling water in an industrial dairy plant. Due to a real
network pressure drop much lower than calculated, the real operating point is
located far to the right of the nominal point. To avoid a much too high flow rate,
the pump speed is lowered. The efficiency is nevertheless very poor (30% global
efficiency).

e Description of the optimisation: a new pump with a correct design has been
implemented as well as an IE4 motor. Due to constant need, the converter has
been replaced by a soft start. The global efficiency reaches now 75%.

e Implementation costs: 12,000 EUR
e Payback Time: 2.9 years

References

Swiss Federal Office of Energy (SFOE)

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

PHOTOVOLTAIC PLANT RENE-01

Application

Use of renewable energy production technologies

SME sector

All sectors

SME subsector

All subsectors

Recommendation
for optimisation

The use of photovoltaic (PV) systems, which has seen a strong expansion thanks to
feed-in tariffs, are most cost-effective and efficient when implemented in conjunction
with storage systems, thanks to which not only the instantaneous consumption of
grid electricity during daylight hours can be reduced, but also the consumption
associated with the base load during the night. Energy storage, which can also be
connected to and recharged through the grid, also makes it possible to reduce the
total installed power of the PV system, which can be designed to produce less energy
than the company's average energy needs.

As the battery prices rapidly decreases, energy storage associated with PV is
becoming more and more affordable.

Schemes and
diagrams

PV modules Utility grid

R R vai

1 =

—gaanes—qaannn > | «— | panel
A a <

AC
loads

Grid-connected PV system.




Gear@SME

Saving energy together

This project has received funding from the European
Union’s H2020 Coordination Support Action under
Grant Agreement No. 894356.

PV SYSTEM

: B T PR T TS
: E

' 6 FVarray [V L Power vy & i Load
' o conditioner -
s 5
o H
s N
............... =] =] V
: by Pt

Back-up sources |+ Vs ls -— Utility grid

P‘U 1 P- L}

............................

I 1
- Py

Energy storage '

Th, .
By =2

Fs

Grid-tied PV plant with storage

Economics

e Average cost of PV panels (including installation): 900-2,500 EUR/kW
e Average cost of PV panels (with storage system): 3,000-5,000 EUR/kW

Energy savings

Maximum reduction of electricity requirements: up to 80-90%

Economic savings | Up to 90%
Average Payback
g‘ y 6-10 years
Time
Emissions The measure does not involve any emission.
The environmental benefits are
[X] Environmental benefits increased through reduction of CO,
D Increased productivity emissions. The measure can increase the
. competitiveness of the organization
[ ] Work environment/Health/Safety P g.
through a better company image, a
[X] Increased competitiveness reduction of energy costs and a
Main NEBs [ ] Maintenance reduction of the risk associated to PV

(Multiple Benefits)

production component failures.

MBenefits pilot case study:

Rooftop solar, heat exchanger to deliver on Supermarket chain’s sustainability ambitions

https://www.mbenefits.eu/static/media/uploads/site-
6/library/Cases%20and%20examples/mbenefits_pilot_case_study_401_alfa-

beta_solar.pdf

Replicability

Medium
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e RENE-02: Solar thermal plant

Related measures
e RENE-03: Others: biomass - geothermal energy

Installation of photovoltaic system (Italy, 2020)

e [Initial Situation: a factory with annual requirements of 160.000 kWh, with stable
monthly load throughout the year, except for August where consumption drops
by about 2/3.

Case study - . . |
o Description of the optimisation: the installation of the PV system allows to meet
the energy needs of the structure.
e Implementation costs: 80,000 EUR
e Payback Time: 6 years
Photovoltaics Report Frauenhofer ISE, 2019
References

https://www.impiantisticaar.it/ritorno-sull-investimento-per-impianti-fotovoltaici/

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

SOLAR THERMAL PLANT RENE-02

Application

Use of renewable energy production technologies

SME sector

Industrial

SME subsector

All subsectors

Technical
description

A solar thermal installation transforms solar light directly into heat.

The thermal energy obtained from this transformation is used to heat the water
required for the uses of the building like DHW (Domestic Hot Water), for space heating
or directly for use in the production cycle.

As a renewable energy source, low-temperature solar thermal technology has
enormous untapped potential. Solar thermal can be supported by other heat sources
and combined with storage systems for a guaranteed supply.

The integration of solar thermal systems in the industrial process heat can be done
in the following ways:

e Direct heating of a circulating fluid (e.g., feed water, return of closed circuits,
air preheating).

e In processes with low temperature requirements.

e As an additional source for preheating the feed water of steam boilers.

e Directintegration of solar heating in fossil fuel industrial steam boilers.
There are three groups of solar thermal technologies:

e Solar air collectors, suitable for the food-processing industry to replace gas
and oil-based drying.

e Solar water systems, installed on rooftops of any industrial building, can be of
two types:

- Evacuated tube solar collectors
- Flat plate collectors

e Solar concentrators (CSP), suitable for electricity generation or high
temperature steam for industrial processes.

Recommendation
for optimisation

The average yield range production of Solar Thermal System can vary from 350 kWh
to 400 kWh/year/m? installed, depending on the efficiency rate, weather conditions
and orientation of solar thermal collectors.
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Factors to be evaluated to optimize the installation of a solar thermal system are:

e The availability of spaces for the installation of panels, on the roof or on the
appurtenant areas.

e The correct size of the storage system.
e The value of heat demand during the day and seasons.

e The value of tilt angle depending on the use of solar thermal energy (DHW
production, integration of heating system, industrial processes, etc.).

Industrial heating needs can be divided into three main temperature ranges. All
these can be achieved with solar.

e The lowest temperature range consists of everything below 80°C. Solar
collectors can meet these temperatures and are commercially available today.

e The intermediate temperature range is between 80°C and 250°C. While
Relevant technical collectors serving this level of heat demand are relatively limited, they do exist
considerations and are on the verge of emerging in competitive commercial production.

e The highest range includes anything above 250°C and requires concentrated
solar energy (CSP) to reach those temperatures. With advanced solar heating
technologies, temperatures of around 400°C can be produced. Systems such
as flat plate collectors (FPC) and evacuated tube collectors (ETC) can produce
heat up to 120°C. FPCs and ETCs can produce extremely high temperatures of
up to 200°C.

Solar collectors parallel and series arrangement

£27 337 £

Parallel with each 5 units in Cascade with each series 5
series units

nly 5 units in series

(a) Parallel with series of 5 units (b) Cascade with series of 5 units  (c) Series units

Schemes and

Different configurations of a solar thermal system: direct or buffer (Glembin et al. 2016).
diagrams

Byffersystery Direct system
Solar collector Solar collector

Space heating
(radiators, floor heating
or thermal activation)

Fresh water station
Aux e S

Heater

Fresh water station

Space heating 5 2
N (radiators, floor heating Buffer storage

Buffer storage or thermal activation)
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Solar collector

System Rad + TA }

Thermal activation

E o

Fresh water station

Buffer storage Radiators

Economics

Europe.

kw.

o for conventional EPCs and ETCs the costs range between 250-1,000 EUR/kW in

e concentrated systems include Parabolic Dish Collectors with costs ranging from
350-1,600 EUR /kW, Parabolic Trough Collectors with costs ranging from 5,500-
18,000 EUR /kW, and Linear Fresnel collectors in the range of EUR 1,100-1,700/

Energy savings

needs of an average system.

Process solar-powered heating system scan meet up to 20-30 % of the heating

Economic savings

Economic savings of up to 20-30% on energy costs.

Average Payback

3-6 years

The payback time is influenced by several factors that affect the performance of the
system, including the efficiency of the solar collectors, proper maintenance and

Time
cleaning, and the possible presence of feed-in tariffs for the installation of solar
thermal systems.
Emissions Depending on the location, a 1.4 MW system (2,000 m2) could generate the
equivalent of 1.1 MWhg/year, a saving of about 175 Mt of CO,.
The environmental benefits are increased
through reduction of CO; emissions
<] Environmental benefits resulting fror.n less use of conventlona.I
heat production systems, such as fossil
_ [[]1Increased productivity fuel boilers. The measure can increase
Main NEBs

(Multiple Benefits)

[ ] Work environment/ Health/Safety
X Increased competitiveness

D Maintenance

the competitiveness of the organization
through a better corporate image, a
reduction in energy costs and an increase
in independence from non-renewable
energy.
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MBenefits pilot case study:
Furniture maker improves reputation and reduces costs by upgrading to solar thermal

https://www.mbenefits.eu/static/media/uploads/site-6/library/Cases and
examples/mbenefits_pilot case study a4l 501 dekormeble .pdf

Replicability

Medium

e In the industrial sector, solar thermal technology is mainly used for drying
processes in the agri-food sector, in washing processes and in dairy plants.

e Inthe tertiary sector it is possible to apply for hotels, laundries, shopping centres,
swimming pools.

Related measures

e RENE-01: Photovoltaic plant
e RENE-03: Others: biomass - geothermal energy

Case study

Implementation of the solar thermal system. Dairy industry in Sardinia (Italy, 2015)
e Initial Situation: use of fuel oil systems to produce heat for industrial processes.

e Description of the optimisation: the plant consists of 992 m? (gross area) of Fresnel
collector and an installed thermal power of 470 kW. The solar collectors can
produce steam at 200°C and 12 bar, fed directly into the steam system of dairy
production without storage, replacing a part of the oil burned in traditional boilers.

e Implementation costs: 140,000 EUR

e Payback Time: approx. 5 years

References

Glembin et al. 2016

Web link: http://ship-plants.info/solar-thermal-plants/194-nuova-sarda-industria-
casearia-italy?country=Italy

ESTIF - European Solar Thermal Industry Federation
http://solarheateurope.eu/welcome-to-solar-heat-europe/

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

OTHERS: BIOMASS - GEOTHERMAL ENERGY RENE-03

Application

Use of renewable energy production technologies

SME sector

Industrial

SME subsector

All subsectors

Technical
description

Biomass - organic material of non-fossil origin, such as organic waste - can be
converted into bioenergy through various processes (combustion, anaerobic
digestion, gasification, etc.), directly or through derivative products.

Around 64% of the total primary energy production of renewable energy in the EU-28
in 2016 is generated in this way.

Technologies to produce heat and electricity from biomass are well developed in
many applications.

Biomass heating systems range from small stoves for households with capacities
ranging from 5 kilowatts (kW) to 100 kW (often powered by wood and wooden
pallets), to large boilers for farms, commercial buildings or in industry, which reach a
capacity of 100 kW to 500 kW (powered by a variety of raw materials such as wood
chips and miscanthus).

Large heating systems for district heating or industrial use have a capacity of 1 MW
to 500 MW and can use various biomass raw materials, including wood chips, straw
and miscanthus.

Biomass can also be converted into cogeneration plants that produce both electricity
and heat (Combined Heat and Power, CHP) with a typical ratio of 1:2 to 1:3, with a
possible overall efficiency of 70-90%. Cogeneration plants have substantially higher
capital costs than thermal energy-only plants of the same scale, and on a smaller scale
(less than 10 MW) the electrical efficiency of the plant is typically lower. It is therefore
important to find a constant heat demand to ensure the economic profitability of the
investment.

Recommendation
for optimisation

The factors to be evaluated to optimize and promote the installation of biomass
plants are closely linked to:

e The strengthening of the local supply chain.

e The simplification of legislation relating to the installation of biomass-based
technologies.
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It is important to underline that the European Commission has issued non-binding
recommendations on sustainability criteria for biomass.
These recommendations are meant to apply to energy installations of at least 1MW
thermal heat or electrical power. They:
e Forbid the use of biomass from land converted from forest, and other high
Technical carbon stock areas, as well as highly biodiverse areas.

considerations

e Ensure that biofuels emit at least 35% less greenhouse gases over their
lifecycle (cultivation, processing, transport, etc.) when compared to fossil
fuels. For new installations this amount rises to 50% in 2017 and 60% in 2018.

e Favour national biofuels support schemes for highly efficient installations.

e Encourage the monitoring of the origin of all biomasses consumed in the EU
to ensure their sustainability.

Schemes and

Petrolio greggio
%98 %

ro
19%

Mucleare
287 %

Gas naturala’
142 %

diagrams
175 %
Combustibili
solidi
279 %
Energia rinnovabile
Primary energy production, EU-28, 2016 (% of total based on tonnes of oil equivalent).
e Average cost of a biogas plant: 4,000-8,000 EUR/kW
e Average cost of a solid biomass plant for heat generation: 2,200-2,800 EUR/kW
e Average cost of a biomass cogeneration plant: 2,200-6,000 EUR/kWel
The average costs depend on the size of the plant.
Economics Unit prices of the raw material:

e Bulk firewood M20-25: approx. 50 EUR/MWh

e Pellet A1 Enplus in bags (15kg): approx. 60 EUR/MWh
e Methane: 65 EUR/MWh

e Heating oil: 109-146 EUR/MWh
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Energy savings

Annual savings (biomass plant): from 45% up to 65%.

Economic savings

Several factors affect investment costs, and a case-by-case assessment is necessary.

Average Payback

6-10 years. The payback time is influenced by several factors affecting the
performance of the plant, including the efficiency of the installed technology, the

Time . ) . .

quality of the biomass feedstock and by eventual presence of feeding tariffs.

Ermissions The use of woody biomass for heat production makes it possible to reduce COyeq
emissions by between 89% and 94% compared to traditional fossil fuels.

The environmental benefits are increased

[X] Environmental benefits through reduction of CO, emissions. The
|:| Increased productivity measure can increase the

Main NEBs

(Multiple Benefits)

competitiveness of the organization

Work environment/ Health/Safet
L] / / Y through a better corporate image, a

[X] Increased competitiveness reduction in energy costs and an increase
[ ] Maintenance in independence from non-renewable
energies.
Replicability Medium

Related measures

e RENE-01: Photovoltaic plant
e RENE-02: Solar thermal plant

Case study

Cogeneration from solid biomass of local supply chain - Calenzano, Province of
Florence, Italy (2010)

e Initial Situation: raw material used: virgin wood chips produced locally. Average
consumption of raw materials: 13,000 t/year.

Origin of the biomass:

- Pruning of vineyards and olive groves (about 2,000 t/year).

- Maintenance interventions in riverbeds (about 1,500 t/year).
- Forest care and thinning (about 8,000 t/year).

- Residues of the first wood processing (about 1,500 t / year).

e Description of the optimisation: there are three storage points: external square
for medium/large size biomass and logs; undercover storage for wood chips; plant
feed silos. The thermal cycle consists of a mobile grid boiler of BONO Sistemi
(Italian company) of 5.9 MW thermal power, a diathermic oil recovery boiler with
a yield of 4.5 MW and an economizer on the oil circuit for further heat recovery.
The electrical production is guaranteed by an ORC turbo generator of TURBODEN
(Italian company) with a nominal power of 800 kW, that uses diathermic oil as a
heat transfer fluid.
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e Implementation costs: the cogeneration plant and the district heating network
were realized exclusively thanks to investments of a public nature since Biogenera
Srlis a company entirely with public capital. Through the funding line 3.2 of the
DocUp 2005 call of the Tuscany Region (with EU funds) a capital loan of 739,000
EUR was obtained, equal to about 10% of the admitted costs.

e Payback Time: 7-8 years

Eltrop, Ludger, 2018
References AIEL

https://www.progettobiomasse.it/it/pdf/casidistudio/CS17.pdf

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

REDUCTION OF ENERGY DEMAND STEA-01

Application

Steam systems

SME sector

Processing and manufacturing industries

SME Sub-sector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

Heat is essential for many industrial processes and steam is often one of the
preferred means of heat transfer. Steam can provide heat at different temperature
levels that are physically coupled to a pressure level (an important design parameter).

Recommendation
for optimisation

e Reduction of steam consumers: an essential energy saving method is the

reduction of potential steam consumers and substituting their process with more
efficient alternatives (when possible).

Reduce required heat by mass and temperature difference reduction: Reducing
the mass or the temperature difference of the material to be heated the most
influencing parameters to reduce the required energy.

Increase precision of heat application: in some applications, heat is required at
specific spots at a specific time. Therefore, alternative technologies such as
microwave heating, lasers or infrared radiant heat might be a way for a more
accurate targeting, timing, and control of the heat application.

Optimisation of load and production: depending on the size of the process (plant)
the management of steam using- and steam producing-equipment can be a
challenging task where several factors such as load-efficiency curves of boilers,
load flexibility, required load over time, standby losses and more need to be
considered. However, when optimised, a significant amount of energy (and
operating costs) can be saved.

Examples with significant saving potential are:

- Turn steam production off if not needed, or at least reduce pressure set-point
for off-production periods.

- Plan production and reduce standby time of hot steam process, or group those
production steps with same temperature level (if possible).

- Efficient combination of multiple steam generators (load shifting).
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- Reduce the number of operating hours, especially for energy intensive
operation modes with high temperatures or pressures.

- Reduce the number of heating and cooling-off cycles of the boiler

e Heat recovery and heat integration: In terms of energy efficiency, heat recovery
and therefore heat integration is of high importance. To maximise the overall
efficiency, the heat of outlet streams should always be recovered. Methods like a
pinch analysis are helpful tools to identify heat sources and heat sinks that might
be interesting to connect. This heat recovery is rather simple in terms of steam
production (e.g., economiser), but can be challenging for whole process plants.
However, often the energy saving potential is significant

e Reduction of exchange with environment: Heat exchange with the environment is
mostly seen as heat loss. To reduce it, proper insulation (of boiler and piping) is
required. Identifying and fixing insufficiencies and so called “cold-bridges” is of
high importance to reduce the overall heat losses. Steam systems often deliver
their heat-to-heat surfaces, where the steam is condensed. If not contaminated,
the condensate is recovered and returned to the boiler. Most of the times (90%)
this is done in open systems where 5-15% of the condensate is lost to the
environment (evaporation). This condensate loss (which is very pure and
therefore high-quality water) requires an energy intensive reproduction.
Moreover, in open systems the condensates adsorb oxygen and other gases from
the air. Especially this additional oxygen leads to corrosion in the condensate
return circle. A closed system can reduce the condensate energy losses by up to
12%. An additional energy loss is via radiation. This increases with the surface
temperature level. In general, the surface temperature should not be higher than
15°C above the environmental temperature. Well-insulated boilers have a
radiation heat loss in the range of 0.5-1%, depending on the load.

e Pressure reduction: in general, higher temperatures and pressures increase the
strain on the system and consequently also increase costs and energy use.
Furthermore, in terms of energy efficiency, pressure and temperature should be
set as low as possible for the specific application. A minimum pressure above 5
bar is recommended as a limit. To achieve higher energy efficiency, equipment
should be sized according to the desired purpose.

e Reduction of process steps: Every process step such as pressure decrease, or
temperature decrease comes with the cost of losses. Therefore, their number
should be reduced if they are not increasing the overall efficiency such as heat
recovery steps often do.
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Approx.15 EUR/m per insulation
Economics

Cost of heat recovery from approx. 1,400 EUR

Energy savings

Up to 10 to 20% in energy supply

Economic savings

Up to 20% savings on energy bills

Average Payback

No average payback time can be given.

Time The replacement or optimisation of steam users must be evaluated case-by-case
70 mg NOy/Nm?
Emissions
Emissions are due to exhaust gases from steam generation systems.
Depending on the measures selected,
overall efficiency increases, which leads
[X] Environmental benefits to increased competitiveness. Energy
X] Increased productivity savings (e.g., reducing the heat content
Main NEBs

(Multiple Benefits)

of wastewater) often lead to reduced

X] Work environment/Health/Safety o
emissions of pollutants such as CO;, as

X Increased competitiveness less fuel is required. If this is the case,
[ ] Maintenance sustainability marketing can be
increased. This may lead to increased
sales.
Replicability Medium
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Related measures

e STEA-05: Finding and repairing leaks
e STEA-08: Air economiser and pre-heaters

Pressure reduction intervention, company Obersteirische Molkerei (Austria, 2015)

Link:https://www.klimaaktiv.at/dam/jcr:0e550ac1-8e4b-4766-b3d0-c1f2dcadc18d/
NP _BestPracticeBeispiel ObersteirischeMolkereieGen FREIGEG 1611 barrierefrei.pdf

e Initial Situation: an energy audit revealed a higher than needed pressure in the
steam system. Apart from that, losses of condensate through failed steam traps
were identified.

o Description of the optimisation: the steam pressure level was reduced by 1.5 bar,
resulting in fewer losses at the production, distribution and end-use of the steam.

Case study Furthermore, the production control was optimized in a way that the steam
production suits the demand. These measures yielded energy savings of 1,165
MWh per year.
Apart from that, the steam traps were checked and optimized. Therefore, the
amount of recovered condensate was increased significantly, resulting in less
energy needed for water treatment and heating. The annual savings of this
measure are 470.9 MWh.
e Implementation costs: not available
e Payback Time: approx. 2 years
Blessl and Kessler, 2017, Energieeffizienz in der Industrie, Springer Vieweg, DOI:
10.1007/978-3-662-55999-4
Bosch, 2018, Planungshandbuch fiir Dampfkesselanlagen,
TT/MKTCH_de_Planungshandbuch_Dampf_01
Cres and Isnova, 2019, SteamUp - WP4 Training Material prepared by CRES
References

Kulterer, K.: klimaaktiv Leitfaden fur Energieaudits in Dampfsystemen,
Osterreichische Energieagentur im Rahmen des Programms des
Lebensministeriums, Wien, 2017

Statistik Austria, 2019, Nutzenergieanalyse fur 2017

Wunning, 2007, Handbuch der Brennertechnik fir Industrie6fen: Grundlagen,
Brennertechniken, Anwendungen, Vulkan-Verlag GmbH, ISBN: 3802729382

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

BLOW-DOWN LOSSES STEA-02

Application

Steam systems

SME sector

Processing and manufacturing industries

SME subsector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

In common boilers, a certain amount of fresh water is required. In case it is not pure
(H20), this means impurities like dissolved salts and other substances are added to
the system. During the operation these impurities accumulate in the boiler and
reduce the heat transfer which leads to an efficiency decrease.

In case any kind of impurities are added to the system, they need to be removed
periodically, which is done in a blow-down step. The removed stream must be further
replaced by fresh (cold) water. These two steps reduce the overall efficiency.
However, when part of the blow-down heat is recovered, the losses can be reduced.

In conclusion this leads to an optimisation problem, where on one hand the
impurities need to be removed (to avoid a decrease of efficiency over time because
of impurities accumulation) and on the other hand it should be done as seldom as
possible to avoid energy losses. The optimum blow-down frequency and duration is
depending on the specific system and especially the water quality.

Recommendation
for optimisation

Blow-downs are required from time to time to remove the accumulating impurities
of the system. In order to optimise the system, a high-water quality is of great
importance as it reduces the frequency of periodic blow-downs and decreases the
energy losses. In addition to high water quality, the implementation of a heat
recovery system reduces the energetic losses by up to 90 % (of the blow-down-
stream) and is therefore highly recommended to increase the overall efficiency

Blow-down controller: Blowdowns are performed at the bottom (remove sludge and
deposits) and at the top (remove salts that are collected at the surface of the boiler).
Common strategies to control the blow-down process are by a fixed time interval
(including duration) and, often, using a conductivity sensor. While the first system is
cheaper, the second one measures the changes in conductivity and therefore only
activates the blow-down valves when necessary. This saves energy as less heat is lost
during the blow-down and less fresh water is required.
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The detailed determination of the saving potential for steam systems is challenging
and depends on several factors such as pre-water treatment, heat losses, dosing of
appropriate chemicals, clean steal surfaces and interpretation of collected data. With
a diligent approach to up-concentrate the boiler water, which is directly influenced by
the conductivity of the feed water, saving potential can be further realised. Therefore,
dosing of boiler water chemicals should be chosen in consultation of a water
treatment specialist so that the maximum up-concentration factor (= boiler water
conductivity / feed water conductivity) can be achieved.
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Economics About 200 EUR for a blow-down valve

Energy savings

Depending on the average operating pressure and the blow-down rate about 2% of

the boilers heat output can be saved when implementing a blow-down heat recovery
system (Bosch, 2018).

Economic savings

Up to 10% savings on energy bills

Average Payback
Time

No average payback time can be given.

The replacement or optimisation of steam users must be evaluated case-by-case

Emissions

70 mg NOx/Nm? - Exhaust-related emissions from steam generation systems.
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Main NEBs
(Multiple Benefits)

X] Environmental benefits

X Increased productivity

[ ] Work environment/Health/Safety
D Increased competitiveness

X] Maintenance

The energy savings further lead to a
reduction of the CO; emissions.
Approximately 20% reduction in CO;
emissions. In addition to reduced energy
consumption the measures lead to non-
energy benefits such as an improved
global performance and therefore an
increase of competitiveness. Reasons can
be reduced maintenance costs (and time)
as well as an easier operation or reduced
freshwater costs as the consumed water
for steam generation can be reduced.

Replicability

Medium

Related measures

e STEA-01: Reduction of energy demand

e STEA-08: Air economiser and pre-heaters

References

Blessl and Kessler, 2017, Energieeffizienz in der Industrie, Springer Vieweg, DOI:

10.1007/978-3-662-55999-4

Bosch, 2018, Planungshandbuch fur Dampfkesselanlagen, TT/MKT-

CH_de_Planungshandbuch_Dampf_01

Statistik Austria, 2019, Nutzenergieanalyse fur 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice BURNER OPTIMISATION STEA-03
Application Steam systems
SME sector Processing and manufacturing industries

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,

SME subsector . L
chemicals, distilleries, etc.

Heat is essential for many industrial processes, where steam can provide it. Steam as
heat source can be delivered at many different temperature levels. Always related to
Technical a temperature level is the pressure, which is an important design parameter and is
description commonly elevated for steam systems. To produce steam, water is heated by burning
fuels such as natural gas, natural gas, oil, biomass, or othersin a burner. The required
oxygen is commonly provided via air which is supplied via a burner.

e Air/Oxygen pre-heating: the temperature of the oxygen feed (e.qg., air) influences
the exhaust gas temperature. In case the temperature level is low (not pre-heated)
a part of the produced heat is used internally to heat up the oxygen (and other air
components if air is used). This reduces the efficiency. Therefore, a pre-heated
oxygen/air flow increases the overall system efficiency. The required heat can be
retrieved via heat exchangers (e.g., from the exhaust gas) or by a smart design
where, for example, the air of higher levels of the boiler plant is used, as it has an
increased temperature.

e Increased oxygen levels: the required oxygen can be supplied and used in pure
oxygen burners, which have the highest combustion efficiency. In terms of total
efficiency, it is necessary to analyse case by case since the production of oxygen
requires a certain amount of energy. In addition, oxygen-enriched air can be an
alternative to pure oxygen.

Recommendation
for optimisation

e Burner replacement: sometimes replacing the current system with state-of-the-
art equipment is the most interesting option from an economic and energy-saving
point of view.

Several typologies of burners are known:

- Cold air burner (40% efficiency)

- Hot air burner (efficiency of 50%)

- Central recovery burner (65% efficiency)
- Recovery burner (65% efficiency)

- Regeneration burner (80% efficiency)
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- Rotary regenerator (80% efficiency)
- Oxygen burner (oxygen content of at least 90%, efficiency of 90%)

Thanks to the reduction in the volume of exhaust gases, their dimensions are
smaller. They can be used with any type of fuel and are very suitable if used with
fuels that have a low calorific value.

o Alternative fuels: fuel switch (e.g., from coal to natural gas) can significantly
reduce the CO; footprint and maintenance needs. Sometimes, the energy
efficiency can be increased.

e Speed-controlled fan: to ensure the correct amount of oxygen/air for several
loadings, the implementation of a speed-controlled fan could reduce up the
electricity consumption (of the fan) by up to 75 %. The measure is also strongly
related to “minimise excess air” measure, described in a different factsheet.

e Stepless burner-control: with the implementation of a step-less burner control,
instead of turning it on an off, the annual consumption index can be improved by
1+2 %. However, the fuel efficiency stays the same.

Schemes and
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Economics The application of pure oxygen costs approx. 80 EUR/kW

Energy savings

Pre-air heater: 3%

With air/oxygen preheating, up to 2% of fuel consumption can be saved

Economic savings

Up to 20% in cost of fuels
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Less than 3 years

Average Payback | The average payback time highly depends on the taken measure and must be
Time evaluated on a case-by-case basis.

When using an oxygen burner, the payback time is 2.5-3 years

Emissions Reduction of NOy emissions.

When switching to a nitrogen-free fuel
(e.g., methane) in combination with an
oxygen burner, the complexity of the
process decreases since there is no
longer a need for the removal/treatment
[X] Environmental benefits of NOx Depending on the measures

& Increased productivity chosen, the overall performance

Main NEBs , increases and this leads to an increase in
[ ] Work environment/Health/Safety N .
(Multiple Benefits) competitiveness. Energy savings (e.q.,

[ Increased competitiveness reducing the temperature of exhaust

[ ] Maintenance gases) often lead to a reduction in
emissions of contaminants such as CO;
from the moment less fuel is required. If
so, the spread of sustainability can be
increased. This can lead to increased
sales.

Replicability Medium

Related measures | e STEA-04: Minimise air excess

Blessl and Kessler, 2017, Energieeffizienz in der Industrie, Springer Vieweg, DOI:
10.1007/978-3-662-55999-4

Bosch, 2018, Planungshandbuch fir Dampfkesselanlagen, TT/MKT-

CH_de_Planungshandbuch_Dampf_01
References
Kulterer, K.: klimaaktiv Leitfaden fur Energieaudits in Dampfsystemen,

Osterreichische Energieagentur im Rahmen des Programms des
Lebensministeriums, Wien, 2017

Statistik Austria, 2019, Nutzenergieanalyse fur 2017

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

MINIMISE AIR EXCESS STEA-04

Application

Steam systems

SME sector

Processing and manufacturing industries

SME subsector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

In combustion a fuel is converted chemically to generate heat. This conversion
requires a certain amount of oxygen, commonly provided via air. When fuel and
oxygen are in perfect balance, the combustion is called stoichiometric. The minimum
required oxygen is depending on fuel and composition.

For an ideal combustion the theoretical minimum amount of oxygen can be
determined. However, as the combustion is commonly not ideal (varying fuel
composition, mixing problems, issues with residence time of fuel in combustion
chambers, etc.) additional oxygen is provided to completely burn the fuel. This
increases the fuel usage and flue gas stream which results in heat losses, lowering
the overall boiler efficiency.

Recommendation
for optimisation

The required oxygen amount needs to be adapted to the currently used fuel. The
exact fuel composition is often unknown and sometimes changes over time (e.g.
different supplier, variation within known concentration borders). Additionally,
seasonal effects like differences in humidity and temperature affect gas related
properties like density and composition. This results in differences in the actual
provided amount of oxygen (in case environmental air is used).

To determine the optimal excess oxygen (O;) content, the flue gas oxygen and carbon
monoxide (CO) content needs to be analysed. A high carbon monoxide (CO) content
indicate that more oxygen is required, as the fuel is not fully converted to carbon
dioxide (CO,). Otherwise, if the CO content is very small and the O is high, too much
air is provided. In this case the overall efficiency is reduced due to heat losses
(increased flue gas flow). When high O, and high CO contents are detected the boiler
design needs to be investigated. Jet streams or air leakage (air is sucked into the
system) might be an explanation.

Typically used excess air levels are:

- Natural gas: 1.5-10%
- Fuel oil: 2-20%
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- Biomass: 6-10%
- Coal: 15-60%

For an efficient implementation a flue gas analysing system (lambda sensor/probe)
should be installed and integrated into the process control system to provide the
optimal amount of oxygen for the currently used fuel. The gas sensors should be
installed close to the combustion chamber to avoid contamination with
environmental air (e.g., leakage, reverse flow through chimney, etc.).
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Depending on the size of the boiler, the price of an integrated oxygen control system
Economics varies between 6,000-10,000 EUR and is currently most cost-effective for installations

above 200 kW.

Energy savings

By applying a gas flow analysis system to the existing control system, efficiency can
be increased by reducing fuel demand by up to 0.5%

Economic savings

The average annual saving depends mainly on: increased efficiency, fuel
consumption, reduced maintenance costs of the gas analyser. A simple formula for
calculating average annual savings is as follows:

old ef ficiency

— ) — maintenance costs
new ef ficiency

Annual savings = fuel consumption - fuel costs (1 -

Average Payback
Time

The payback time depends to a large extent on fuel economy and the price of fuel.

Therefore, no average payback time can be given.

Emissions

To be assessed on a case-by-case basis.
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Main NEBs
(Multiple Benefits)

Energy savings (e.g., reducing exhaust
gas temperature) often lead to a

[X] Environmental benefits reduction in emissions of pollutants such
|E Increased productivity as COz. Depending on the chosen
measures the global performance
increases which leads to an increase of
[X] Increased competitiveness competitiveness. Sustainability marketing
[ ] Maintenance can be increased by energy savings
through reduced emissions. This might
lead to increases in sales.

[ ] Work environment/Health/Safety

Replicability

To be assessed on a case-by-case basis.

Related measures

e STEA-03: Burner optimisation

References

Blessl and Kessler, 2017, Energieeffizienz in der Industrie, Springer Vieweg, DOL:
10.1007/978-3-662-55999-4

Bosch, 2018, Planungshandbuch fir Dampfkesselanlagen, TT/MKT-
CH_de_Planungshandbuch_Dampf_01

Cres and Isnova, 2019, SteamUp - WP4 Training Material prepared by CRES

Kulterer, K.: klimaaktiv Leitfaden flr Energieaudits in Dampfsystemen,
Osterreichische Energieagentur im Rahmen des Programms des
Lebensministeriums, Wien, 2017

Statistik Austria, 2019, Nutzenergieanalyse fur 2017

Wunning, 2007, Handbuch der Brennertechnik fur Industriedfen: Grundlagen,
Brennertechniken, Anwendungen, Vulkan-Verlag GmbH, ISBN: 3802729382

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

FINDING AND REPAIRING LEAKS STEA-05

Application

Steam systems

SME sector

Processing and manufacturing industries

SME subsector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

Steam is an expensive utility. Steam losses due to leakage might lead to a significant
economic loss and can be as high as 19% of the total steam energy production costs
(Swagelok Energy, 2014).

Apart from that leak can also present a safety hazard. Steam leaks occur everywhere
but most common in places such as flanges and joints, pipe fittings, valves, steam
traps and pipe failures. The losses caused by even a small leak can be significant.

Recommendation
for optimisation

A continuous maintenance program based on finding and eliminating steam leaks is
essential to the efficient operation of a steam system. This can be done, for example,
by metering the steam as it leaves the boiler and when it arrives at its destination.

A sudden increase in the difference between the measured values may indicate a leak.
Apart from that leak can also be identified by the means of ultrasonic technology.

Ultrasonic leak detectors translate the high frequency sound which is emitted by small
leaks to a sound at lower frequencies which can be heard through headphones.

Leaked steam flow can also be identified at the steam meter right after the boiler,
during a period without steam identified consumers.

Typically, the steam loss magnitude through a leak is difficult to determine.

A gross estimate of the steam loss through an orifice can be provided by the Napier’s
choked flow equation:

Msteam = 0,695 X Aorifice X Psteam
where:
Misteam IS the steam leakage flow rate (in kg/h),

Acrifice is the area of the orifice through which the steam is leaking (in mm2)

Psteam iS the header pressure (in bars absolute)
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Diagram rate of steam loss through a hole (source: CRES, ISNOVA).

The figure shows the leakage rate calculated for holes of different diameters
depending on the pressure in the head.

Most leakages can be corrected without high costs.
Economics
Equipment for detecting steam leaks: from 500 EUR

Energy savings | Lower consumption of fuels for steam production.

Economic savings | UP t0 20% of the total costs of energy used for steam production

Average Payback
g y Less than 3 years

Time
L Approx. 3,100 tCO/tonne of steam (the amount of CO; refers to the amount of steam
Emissions
produced).
Environmental benefits through
[X] Environmental benefits reduction of CO, emissions and
D Increased productivity emissions of other substances such as
Main NEBs SO, and NOx. In addition to the

X] Work environment/Health/Safety . , )
environmental benefits, resulting from

[ Increased competitiveness the reduced energy required, repairing
[ ] Maintenance steam leaks also increases the safety of
the staff working there.

(Multiple Benefits)
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Replicability

High

Related measures

STEA-01: Reduction of energy demand

Case study

Gas leakage detection, food consortium (Italy, 2011)

Initial Situation: the leakage research, which was conducted for a consortium
specialized in the direct production of tomatoes, had as its objective the technical-
economic deepening of the site's steam service to improve the efficiency of the
plant and reduce the natural gas consumption of the plant. To produce steam,
natural gas consumption amounted to 9,478,780 Sm?/year and dense oil of 56,830
kg/year, for a total cost of 2,495,600 EUR/year, which is equivalent to a steam
production estimated at 112,000 t/year.

Description of the optimisation: 125 steam traps were inspected, and vapor leaks
were detected on 38 of them (30%). In this case the steam traps work 1,400
hours/year (in the parts of the plant operating only during the campaign period)
and 7,000 hours/year (for the other areas).

Implementation costs: not available

Payback Time: not available

References
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X3Enerqgy - Case history - More efficiency for the steam plant

This Best Practice was developed by the IMPAWATT Project (GA No. 785041) and adapted
for the GEAR@SME Project (GA No. 894356)
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Best Practice

CHECK AND REPAIR STEAM TRAPS; IMPLEMENT AN STEA 06
EFFECTIVE STEAM TRAP MAINTENANCE PROGRAMME

Application

Steam systems

SME sector

Processing and manufacturing industries

SME subsector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

If steam traps work correctly, they remove unwanted condensate from the system
without significant losses of steam. However, steam trap failure is often the cause of
significant steam system heat losses.

They can generally fail in two ways: failed open and failed closed.

A failed open steam trap constantly releases steam from the system, resulting in an
increased boiler load and energy costs.

Failed closed steam traps do not remove the condensate from the system, leading to
multiple problems: Water collected at heat exchangers will lower the heat transfer,
water droplets entrained in the steam can damage the equipment, and a failed closed
trap serving a steam distribution header can result in a water hammer that can cause
extreme damage to the system.

It is common that in steam systems, which have not been maintained for several
years, that 15% to 30% of the installed steam traps are defective.

Leaks and failed steam traps can imply costs of multiple thousand euros per year and
steam trap.

Recommendation
for optimisation

There are three different types of steam traps that are suitable for different
applications, as shown in Table. However, consulting an expert on the most suitable
steam trap choice for the certain application is recommended.
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Types and applications of steam traps.

Type of L
Application areas
steam trap
) e Heat exchanger, regulated air heater, process water heater
Mechanical

steam traps

Boilers, drying chambers, heating coils, drying cylinders
Air heater, pasteurising plants, and heating of CIP units in food industry
Air humidification, regulated storage tanks

Thermostatic
steam traps

Steam pipes, steam radiators, unregulated air heaters, sterilization,
disinfection, sterile steam pipes, steam filters and washing systems in
pharmaceutical plants

Hot plates in kitchens, industrial dishwashers

Filling systems in food industry

Tire presses in rubber industry

Trace heating (chemical plants, refineries), unregulated heating coils,
unregulated storage tanks

Thermodynamic
steam traps

Hot steam pipes, unregulated heating coils and air heaters,
uncontrolled storage tanks, ironing presses in industrial laundries

To avoid large energy losses, a steam trap management programme should be putin

P

lace that:

e Trains site staff or uses the services of a specialist provider.

Inspects every steam trap on a regular basis (frequency depending on the
pressure level: above 10 bars monthly, up to 10 bars quarterly and up to 2 bars

yearly).

Assesses its operating condition.

Maintains a database of all steam traps, both operational and faulty.

Identifies the suitability of traps and ancillaries.

Determines the cost of energy loss from failed traps.

Acts on the assessment findings.

In systems with a regularly scheduled maintenance program, leaking traps should
account for less than 5% of the trap population.

To calculate the energy loss from faulty steam traps can be difficult. Losses from
steam traps can be estimated based on the condition of each trap tested and the
calculated steam flow that may result if it has failed, as determined from trap orifice
size and steam pressure.
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Schemes and
diagrams

Scheme of a steam trap.

Economics

Approx. 300 EUR for steam traps

Energy savings

Up to 10% energy savings

Economic savings

Steam trap leaks and failures can result in costs of thousands of EUR/years

Average Payback

Less than 3 years

The payback time of the application of an effective steam trap maintenance

Time
programme is about a year.
70 mg NO,/Nm?
Emissions
Exhaust-related emissions from steam generation systems.
X] Environmental benefits
[ ]Increased productivity Reduction of CO, and NO for lower
Main NEBs

(Multiple Benefits)

X] Work environment/Health/Safety
[ ]Increased competitiveness

[ ] Maintenance

energy needs for steam production.
Faulty steam traps can leak steam
which could present a safety hazard.

Replicability

High

Related measures

e STEA-01: Reduction of energy demand
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Steam trap management programme, Sandoz GmbH (Austria, 2016)

e Initial Situation: Sandoz is one of the world's leading generic drug companies,
encompassing a wide range of high-quality and affordable medicines. The
Schaftenau plant is home to one of the most modern cell culture plants in Europe.
The main energy-consuming units within the production processes are a)
ventilation systems that are necessary to maintain optimal conditions within the
premises and b) pure water and steam generators.

These units are fundamental in the production of biopharmaceutical substances

Case study of the highest quality. Prior to the successful implementation of the initiatives, the
total energy needs of cell culture in 2008 amounted to 20.77 GWh/year (heat: 15.01
GWh - electricity: 5.76 GWh).

o Description of the optimisation: a steam trap management programme has been
installed, involving a periodic review of all steam traps through ultrasonic
measuring equipment. During the initial review in 2009, 9% of faulty traps were
identified. This measure has led to energy savings of 500 MWh/year.

e Implementation costs: not available

e Payback Time: 1 year

Blessl and Kessler, 2017, Energieeffizienz in der Industrie, Springer Vieweg, DOI:

10.1007/978-3-662-55999-4

US Department of Energy. Energy Efficiency and Renewable Energy. Advanced

Manufacturing Office: Energy Tips: Steam. Steam-tip Sheet #1, “Inspect and Repair

Steam Traps”

CRES, ISNOVA: STEAM UP WP4: TRAINING MATERIAL PREPARED BY CRES

Steam Up, WP 3: The Steam Audit Methodology, 2016

Kulterer, K.: klimaaktiv Leitfaden flr Energieaudits in Dampfsystemen,
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Best Practice

OPTIMISED CONDENSATE RECOVERY STEA-07

Application

Steam systems

SME sector

Processing and manufacturing industries

SME subsector

Food processing, paper, and cardboard manufacturing sectors, pharmaceutical,
chemicals, distilleries, etc.

Technical
description

Condensate is produced after the steam has transferred part of its thermal energy,
the latent heat, and condensed to water. The condensate still has a significant amount
of thermal energy (typical temperature range: 75°C - 100°C) which can be put to
further use by a condensate recovery.

The recovered condensate therefore has economic value because it:
¢ Reduces the energy required in the deaerator.
e Reduces make-up water.
e Reduces chemicals for water treatment.
e Reduces quenching water needed for sewers.

e Can be used as flash steam resulting in less produced steam needed.

Recommendation
for optimisation

e Recover as much condensate as possible: optimizing condensate recovery starts
by evaluating the current amount of condensate returned based on different
header levels. The amount of available condensate results in the amount of steam
which is used in indirect heat exchange processes and condensing turbines.
Condensate recovery depends on following factors:

- Contamination levels.
- Cost of recovery equipment.
- Cost of condensate piping.

There is commercial technology available that can monitor the contamination
levels in condensate in real time and dumping the condensate if the contamination
exceeds certain levels. The cost of recovery equipment and piping depends on the
physical location of the end-use and the boiler. Condensate receivers can serve as
local collection point and reduce the costs of individually pumping condensate
back. Condensate contains a significant amount of energy that can account for
10% to 30% of the initial energy contained in the steam. Feeding the condensate
back to the boiler can resultin a 10% to 20% decrease in fuel demand.
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e Recover condensate at the highest possible thermal energy: a higher condensate
return temperature implies less heating required in the deaerator, which directly
translates to energy costs savings. The condensate recovery temperature can be
increased by repairing leaks in pipes and steam traps and by insulating the piping.
However, the returning of high temperature condensate could result in
operational problems such as unwanted flashing in the condensate return lines.

e Flash high pressure condensate to make low pressure steam: condensate still
contains a lot of thermal energy and can be flashed to produce low pressure
steam. The typical pressure range for live steam is 4 to 15 bar, whereas low
pressure steam after flashing typically has a gauge pressure of 0.5 bar. Depending
on the location and proximity to the headers or end-users, the low-pressure flash
steam can replace live steam on the low-pressure header. The amount of steam
flashed can be between 5% and 30% of the consumed live steam, resulting in
potential fuel saving of 5% to 30%. This optimization opportunity, however, will
need a solid thermodynamic steam system model to evaluate the true economic
impacts and using.

e Vented vs. pressurized condensate recovery: there are two types of condensate
recovery systems: vented and pressurized systems. Vented systems recover the
condensate in an open-to-atmosphere tank, resulting in a relevant amount of
energy being lost due to flashing to the atmosphere. However, their configuration
is simple and therefore they require much lower investment costs than
pressurized systems. The recovered water can be used as boiler make-up water,
pre-heator in other hot water applications. In pressurized systems the condensate
is kept above atmospheric pressure throughout the recovery process. This allows
condensate recovery at higher temperature than with vented systems, resulting
in more energy that is recovered. Additionally, a larger amount of water can be
reused since no flash steam is vented to the atmosphere. However, these systems
are more complicated and involve more design considerations. For example, the
condensate transport piping must be sized for two-phase flow of steam and
condensate. This results in higher investment costs. The recovered condensate is
typically used for direct feed to boiler and flash steam recovery applications.

Economics

Approx. 15 EUR/m per insulated pipe to bring condensate into the boiler.

Approx. from 300 EUR for steam traps.

Energy savings

Energy savings ranging from 10 to 30%

Economic savings

Savings with a pressurized condensate recovery system: approx. 10-12% of the fuel.
Savings result from:

e Lower fuel costs.
o Lower make-up water treatment costs.
e Lower costs for wastewater treatment.
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Average Payback

Less than 3 years

If no condensate recovery was previously installed the payback time is less than a

Time
year.
70 mg NOx/Nm?
Emissions
Exhaust-related emissions from steam generation systems
Lower fuel demand leads to less air
[X] Environmental benefits pollution (reduction of CO, and NOy). In
D Increased productivity addition, water consumption can be
Main NEBs

(Multiple Benefits)

X] Work environment/Health/Safety
[ ]Increased competitiveness

[ ] Maintenance

lowered through optimized condensate
recovery. Condensate recovery can also
limit steam clouds to reduce atmospheric
condensate discharge noise, improving
the working environment.

Replicability

High

Related measures

e STEA-01: Reduction of energy demand

Case study

Heat recovery system for energy efficiency company Boehringer Ingelheim RCV

GmbH & Co KG (Austria, 2016)

o Initial Situation: the steam production was fully functional and in perfect condition
considering when it was installed. The steam production plant consisted of two
boilers with a maximum capacity of 5 t/h and a feed water treatment plant. Steam
is used in production processes and to humidify the air of the ventilation system.
There was no energy use of condensate, which was collected in open tanks. In
addition, steam was discharged into t