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5.2 Introduction 
Climate protection has always been an important topic and has become increasingly relevant in recent times. 

As a field of action, in which concrete measures and technologies are implemented in order to achieve climate 

protection goals, energy efficiency comes to the fore, both in politics and society. Therefore, this topic is 

equally relevant for clusters as well as for companies. This is why the ARPAF project “CAESAR” 

(CApacitating Energy efficiency in Small Alpine enteRprises) aims to implement an energy efficiency network 

consisting of various interest groups (clusters, other intermediaries and politicians) with the objective of jointly 

promoting energy efficiency and the exchange in this field. 

The CAESAR project aims to support SMEs particularly in energy efficiency measures and innovation 

processes with various instruments.  

One of the activities foreseen in the project is to identify a comprehensive set of KPIs (Key Performance 

Indicators) and benchmarks for different economic sectors combined with a list of possible interventions and 

linked economic performance with the aim of highlighting opportunities for improving energy efficiency.  

This report is the output of this activity. 
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5.2.1 Economic Sectors – KPIs and 
Benchmarks 
Indicators are critical, synthetic, significant and priority information that allow you to measure company 

performance in its most varied aspects. They are: 

● critical, because management makes its own choices on them; 

● synthetic, because they are expressed by a simple or compound variable; 

● significant, as they well represent the business phenomena to which they refer; 

● a priority, due to their indispensable nature in the planning and control cycles at all company levels 

(strategic, managerial, operational); 

● needful to measure company performance as they are represented by quantitative or qualitative 

variables that are however comparable). 

There are different types of indicators that can be traced back to as many models, among these we want to 

focus attention on KPIs (Key Performance Indicators), which are essential for identifying the critical 

performance of business processes. The KPIs are aimed at measuring the entire range of performance of a 

process and as a whole they must quantify the value of the process output for the customer. 

The goal of KPIs is to identify and measure the full range of performance of a process. Therefore, by 

measuring the KPIs of a production cycle, it is possible to exactly define the quality and quantity of each 

individual activity performed in the entire production process. Defining and measuring the KPIs of a business 

process allows you to compare data about your performance with those recorded by other plants or with 

industry benchmarks. Moreover, thanks to the KPIs it is possible to define a business strategy starting from 

certain and real data. Given the importance of KPIs, it is essential to adopt innovative measurement and 

control tools capable of returning correct data. 

Starting from the definition of KPIs and benchmarks, the opportunities for improving energy efficiency are 

indicated, through a list of possible interventions and their economic performance. 
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5.2.1.1 Economic Sectors Analyzed 
 

CLUSTER NAME DESCRIPTION 
FURTHER 
INFORMATION 

CATEGORY 
CLASSIFICATION 
ACCORDING 
EUROSTAT 

LP: CasaClima     

Apple cooperatives 

South Tyrol produces over 1M tons 
of apples/year, supplying around 
40% of Italian and 10% of European 
production. 

  FOOD / AGRO 01 

Dairy processing 

Livestock products are the 2nd most 
important sector of agriculture. 
Annual milk production: 372 M kg. 
Approx. 50% of yoghurts sold in Italy 
are produced in dairy plants in the 
region. 

  FOOD / AGRO 10 

PP: e-zavod     

SRIP FOOD 
National research & innovation 
cluster connecting food sector 

  FOOD / AGRO 01 

SRIP Smart home & 

timber-based value 
chain 

National cluster on smart home 
technologies and wood industry 

  
INNOVATION 
(WOOD) 

16 

PP: CABW     

INNONET 
Plastics® 

The INNONET Kunststoff business 
network is a platform which links 
companies in the plastics industry of 
Baden-Württemberg. More than 100 
companies are involved in this 
network, covering almost the entire 
value chain in the plastics industry. 
From mold and tool construction, to 
injection molding machine 
construction to diversified plastics 
processing to a number of 
downstream processes, such as 
laser processing, measurement and 
testing. Competence in plastics is 
complemented by membership in the 
network of universities and research 
institutes. 

https://www.inno
net-kunststoff.de   

MANUFACTURI
NG 

22 

https://www.innonet-kunststoff.de/
https://www.innonet-kunststoff.de/
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proHolz BW GmbH 

ProHolzBW GmbH promotes the use 
of wood in Baden-Württemberg. It 
informs and supports sectors along 
the value chain, from forestry 
operations to final consumers. 
Through intense communication, he 
reports to society the problems of the 
forestry and wood industry and unites 
the interests of public and private 
clients, architects and designers with 
the sustainable action of the forestry 
and wood industry. 

http://www.proho
lzbw.de/home/ 

WOOD 16 

innoEFF 

innoEFF supports the innovation 
activities of companies in the area of 
energy and efficient technologies, 
with the aim of transferring new 
technologies and innovative 
approaches into marketable products 
and services. 

https://www.inno
eff.de 

INNOVATION 72 

Modell Hohenlohe 

Modell Hohenlohe is a non-profit 
corporate network founded in 1991. 
The themes of the association are 
the promotion of sustainability and 
the advancement of environmental 
awareness in the company. The 
Hohenlohe model takes on a 
multiplier role and offers companies 
help to help themselves. 

https://modell-
hohenlohe.de/ 

INNOVATION 72 

PP: APE FVG     

Cluster Forniture / 
Home FVG 

Cluster Legno Arredo e Sistema 
Casa FVG is the regional Cluster of 
Friuli. Venezia Giulia region (north-
est of Italy) representing the furniture 
industry of the region itself. With 
more than 3000 companies operating 
in the wood, furniture and home-
system industry. The Cluster is 
involved in circular economy 
initiatives, promoting energy 
efficiency, green transition and use of 
renewable materials. 

http://www.cluste
rarredo.com/   

WOOD 16 

Food Industry 

The Agri-Food and Bioeconomy 
Cluster of Friuli Venezia Giulia is 
characterized by extreme diverse 
value chains and several different 
company types in the region. 

http://www.agrifo
odfvg.it/ 

FOOD / AGRO 01 

http://www.proholzbw.de/home/
http://www.proholzbw.de/home/
https://www.innoeff.de/
https://www.innoeff.de/
https://modell-hohenlohe.de/
https://modell-hohenlohe.de/
http://www.clusterarredo.com/
http://www.clusterarredo.com/
http://www.agrifoodfvg.it/
http://www.agrifoodfvg.it/
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The unaltered high rurality of the 
land, combined with its orography, 
has favored the development and the 
maintenance of small production and 
distribution activities, which are 
scattered in a unique and still 
uncontaminated natural environment. 
The low population density and the 
following respect for the environment 
represent today assets that few 
national realities can claim to have. 

Engineering 
Industry 

COMET is the cluster representing 
the mechanical and metalworking 
sector in Friuli Venezia Giulia, Italy’s 
northeasternmost region. The cluster 
is the outcome of a process driven by 
the regional administration in 2015 
and is now recognized by regional 
law as a point of reference for all the 
3,850 enterprises operating in 
mechanics and metal components 
production. Representing a high 
energy-consuming industry, energy 
efficiency - together with the use of 
renewable energy sources - is topical 
for COMET, which support its 
companies in planning and launching 
energy efficiency intervention, often 
carried out together with RTOs and 
other local stakeholders 

https://clustercom
et.it/it/ 

MANUFACTURI
NG 

24 

PP: Energie Tirol     

Cluster für 
erneuerbare 
Energien 

Good contacts are established with 
this cluster; time resources are 
available within the cluster 

  
INNOVATION 
(ENERGY) 

72 

Cluster ProHolz 
Will be involved if available; at the 
time of writing, no resources are 
available in the cluster 

  WOOD 16 

 
First, a summary table is shown which highlights all the sectors relating to the categories of interest within 

which it was possible to find energy performance indicators (KPIs) in documentation, studies, articles relating 

to efficiency issues. energy. In this way we want to provide a first indication of the direction that has been 

undertaken by the research carried out later in this document. 

 

 

 

https://clustercomet.it/it/
https://clustercomet.it/it/
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Table 1 - Summary of the categories covered by the study for energy efficiency indicators 

Category Sector Partners 

Manufacturing Paper Engineering Industry, INNONET 
Plastics®, Plastic 

Ceramic 

Food/Agro Diary Sector Food Industry, SRIP FOOD, Dairy 
processing, Apple cooperatives Pasta Production 

Sweets Production 

Agricultural and breeding 

Fruit juices and tomato concentrates 
production  

Wood Furniture 

Cluster ProHolz, Cluster 
Forniture/Home FVG, ProHolz BW 
GmbH, SRIP Smart home & timber-
based value chain,  
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5.2.1.2 KPIs and Benchmarks 
Within this paragraph, some detailed sectoral benchmarks will be reported, relating to the sectors of interest 

for this article, shown in the previous table. These benchmarks perform the function of an objective reference 

parameter for the evaluation and provide a yardstick for comparison with the market average for the sector 

to which they belong. Benchmarks related to the manufacturing, agro-food and wood sectors will be reported. 

The Energy Diagnosis is the tool available to companies which allows the definition of performance KPIs 

regarding the entire perimeter of the plant and the production activities, which can be compared with sectoral 

benchmarks in order to define critical issues and possible improvement interventions. 

Energy audit means a systematic procedure aimed at providing adequate knowledge of the energy 

consumption profile of a building or group of buildings, of an industrial activity or plant or of public or private 

services, aimed at identifying and quantifying saving opportunities. energy from a cost-benefit point of view. 

The energy diagnosis must allow to acquire knowledge 

thorough and reliable on the uses and energy consumption of the plant in question.  

The measurement and monitoring plan must be appropriate to the needs of the organization taking into 

account: 

● The benefits, generally assessable in terms of energy savings achievable with a more in-depth 

monitoring and control system; 

● The costs of first installation and operation due to the measurement and monitoring system, 

determined by the number and type of meters installed and by the presence of any automatic systems 

for recording and processing data. 

Progressive development can be expected over time, starting with the areas that present the best savings 

opportunities. 

The positioning of the meters should comply whenever possible with 3 fundamental criteria essential for the 

effectiveness of the control: 

● distinction of the generation / conversion and distribution phases from those of use of energy; 

● distinction between individual energy carriers and between different uses; 

● distinction between areas with different consumption activities and behaviour. 

The logic of the energy consumption monitoring is to: 

● allow the organization to define reliable and repeatable KPIs and baselines; 

● monitor and compare consumption over time in order to identify any malfunctions or non-virtuous 

behaviour; 

● allow you to carry out a reliable cost / benefit analysis of possible interventions energy efficiency. 
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The drafting of the Energy Diagnosis represents the starting point necessary to create a path to reduce energy 

consumption in end uses with the same production and other established quality parameters. This path leads 

to the identification and technological / managerial modification of the less efficient activities, also through the 

assessment of possible economic savings margins. To do this, it is necessary that on the basis of the analysis 

of the collected data, appropriate energy indicators are identified. The indicators must be used to compare 

the energy performance, obtained by the company being analysed, with the reference energy performances. 

A fundamental aspect in performing an energy audit therefore concerns the evaluation of energy performance 

indices and their comparison with industry benchmarks.  

The energy efficiency benchmarking methodology is defined in the UNI CEI EN 16231: 2012 standard, which 

defines the requirements and provides recommendations. The standard provides for the definition of key data 

and indicators of energy consumption. The benchmarking of energy consumption, both internal (through 

historical / trend analysis) and external (comparison with other companies in the sector), is a powerful tool for 

evaluating performance and improving energy efficiency through the analysis of trends in the energy 

consumption, energy costs and specific energy consumption. 

Among the most used tools for performance benchmarking, we find the Energy Performance Indicators 

(EnPIs) or IPE (Energy Performance Indices). The purpose of defining the energy performance indices is to 

identify reference values that allow companies to plan their energy policy appropriately. These values can be 

related to the entire production site, to a single production process, to a company area / department, to a 

single phase of the production process. 

Comparing the value of corporate IPEs with industry standards allows for a comparison called industry 

benchmarking. Energy performance benchmarking allows you to: 

● Quantify trends in energy consumption (fixed and variable) with respect to production levels 

● Compare the energy performance of the sector against various levels of production 

● Identify the best practices in the sector 

● Quantify the available margins for reducing consumption and therefore energy costs 

It also forms the basis for setting the monitoring plan and the energy targets to be achieved. Benchmarks can 

be for example related to: 

●  Gross production 

●  Equipment / services 
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Manufacturing 

Plastic sector 

As for the plastic production sector, it was treated as an example in a 2019 ENEA report called “Il 

benchmarking di settore e le opportunità degli auditi obbligatori secondo il D.Lgs. 102/2014”. This report 

highlights the methodology for defining what are the energy performance benchmarks, defined starting from 

the sectoral energy audits received by ENEA, representative of the energy consumption profile of a plant. For 

the characterization of appropriate sectoral benchmarks, an aggregation of data by type of plant and a 

detailed statistical analysis is carried out in order to highlight the correlation between the quantities of interest. 

The model for determining the energy performance indicators (IPE) is obtained at the end of the statistical 

analysis and is usually represented by a function of the type “y = a + b/x”; subsequently this model which is 

compared with real values of the indicator obtained from specific diagnoses to verify the goodness. In the 

event that it is not possible, starting from the acquired data, to create a reliable analytical model, as illustrated 

above, the performance indicator is simply indicated as “average value ± standard deviation”. 

As already highlighted, within the ENEA report attention is focused on the plastic production industry and two 

tables (present below) are shown in which the average values of energy performance indices are highlighted 

relating both to the entire production site (global) and to production activities only, for groups of activities 

made both on the type of outgoing products and on the process used within the plant. By doing so, it is 

possible to accurately characterize the indicators of interest as regards energy performance, which constitute 

a precise reference benchmark for all companies in the same production sector. It should be noted that in the 

following tables the abbreviation G indicates that the indicator refers to the overall consumption of the plant, 

while the abbreviation PA refers only to the consumption of productive activities. 

Table 2 - Energy performance indices by type of activity 

Cluster KPIG KPIG EE/EG EEPA/EEG KPIPA KPIPA 

  [toe/t] [kgCO2/t] [%] [%] [kWh/kg] [kgCO2/t] 

Manufacture of plates, 
sheets and tubes 

0,2000 380 87,33 69,04 0,6617 235 

Manufacture of 
packaging 0,3095 588 92,78 69,65 0,8659 307 

Manufacture of doors 
and windows 

0,1111 211 99,75 82,93 0,4963 176 

Manufacture of other 
building articles 

0,3110 590 73,10 48,43 0,4856 172 
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Manufacture of objects 
for schools and offices 

0,3624 688 81,95 70,52 0,9378 333 

Manufacture of other 
plastic articles 

0,4234 804 90,75 67,57 1,3824 491 

 

Table 3 - Energy performance indices by type of process 

Type of processing 
KPIG KPIG EE/EG EEPA/EEG KPIPA 

[toe/t] [kgCO2/t] [%] [%] [kgCO2/t] 

Injection molding 0,3920 702 94,55 68,91 484 

Granulation 0,1301 233 98,90 80,27 187 

Bubble film 0,1476 264 93,83 75,79 200 

Cast film 0,2013 361 91,98 72,16 260 

Profiling 0,1987 356 92,32 73,13 260 

Thermoforming 0,2983 534 94,05 64,35 344 

Blowing 0,3300 591 98,35 55,73 329 

Paper sector 

With regard to performance indicators relating to the paper sector, reference is made to the document 

published by ENEA (ENEA (2016), “Dalla diagnosi alla caratterizzazione energetica di processi industriali: 

metodi per la valutazione e la promozione degli interventi di riqualificazione energetica”), used to provide the 

first evaluations deriving from the evaluation of the energy audits received by ENEA as part of the 

implementation of art. 8 of Legislative Decree 102/2014. This document describes the most significant energy 

indicators of these sectors which have been obtained from the energy audits and from the summary sheets 

attached to the energy audits. The energy performance indices obtained refer to the main aspects of the 

production process of each individual site; in particular, the general energy performance indices have been 

identified for each energy carrier and, where possible, the energy performance indices for the main activities, 

for the auxiliary services and for the general services. The study focused on paper mills. 

The image below shows an indication of the variation in the energy performance index (IPE) as the variation 

in the tons produced within the plants, in relation to electrical and thermal consumption. 
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Figure 1 - Correlation between electric energy performance index (IPE EE) and plant production 
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Figure 2 - Correlation between thermal energy performance index (IPE TH) and plant production 

 

The values are very variable due to the different types of paper produced and the different production 

processes (different both for process technology and for the different processing phases present), this is a 

peculiarity of the specific sector. It should be noted that the consumption of the main activities represents, 

except for a few cases in which special paper is produced, a variable share from 80% to 98% of plant 

consumption. Below is a summary of the average values for the paper sector. 

    Average Range 

IPE EE [kWh/t] 637 191 - 1.287 

  [kgCO2/t] 226 68 - 457 

IPE TH [toe/t] 0,143 0,053 - 0,286 

  [kgCO2/t] 271 101 – 543 

Ceramic sector 

With reference to the same document mentioned in the previous paragraph, published by ENEA (ENEA 

(2016), “Dalla diagnosi alla caratterizzazione energetica di processi industriali: metodi per la valutazione e la 

promozione degli interventi di riqualificazione energetica”), we wanted to focus on the ceramic sector. The 

diagnoses analyzed refer to production sites and not to processing sites for third parties of semi-finished 

products or to sites of surface treatments. 
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The diagnoses analyzed refer to production sites and not to processing sites for third parties of semi-finished 

products or to sites of surface treatments. In the same way as previously reported, the analysis carried out 

led to the identification of parameters to characterize the energy behavior of the sites. These parameters are: 

● the specific consumption of the site referred to electricity [kWh/t] 

● the specific consumption of the site referred to the thermal energy used (mainly natural gas) [toe/t] 

The irregular trend of the specific consumption graph is determined by the peculiarities of the production sites, 

they are not influenced by environmental or climatic factors as these are mainly concentrated in the ceramic 

sectors of the provinces of Modena and Reggio Emilia. The irregular trend of the specific consumption graph 

is determined by the peculiarities of the production sites, they are not influenced by environmental or climatic 

factors as these are mainly concentrated in the ceramic sectors of the provinces of Modena and Reggio 

Emilia. The aforementioned peculiarities are represented by the different type of processing of the raw 

materials that make up the mixture of the bodies, by the diversity of productions (single-fired, porcelain 

stoneware, technical stoneware, technical porcelain stoneware, etc.), by the state of the systems (new or fine 

ovens life, greater or lesser automation of the internal handling logistics of semi-finished or finished products), 

the size of the finished products storage warehouses, the presence of sales halls. These characteristics affect 

the consumption of both electricity and natural gas. 

The graphs of the specific consumption of the two main energy vectors used that characterize the energy 

performance of each production site are shown below. 



  

_______________________________________________________________________________________

15 

        
  

Figure 3 - Correlation between electric energy performance index (IPE EE) and plant production 

 

Figure 4 - Correlation between thermal energy performance index (IPE TH) and plant production 

 

It should be noted that the consumption of the main activities represents a variable share from 80% to 98% 

of plant consumption. Below is a summary of the average values for the ceramic sector. 
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    Average Range 

IPE EE [kWh/t] 211 46,5 - 535 

  [kgCO2/t] 75 17 - 190 

IPE TH [toe/t] 0,084 0,02 - 0,14 

  [kgCO2/t] 159 38 - 266 

Food/Agro 

Dairy sector 

As it can be seen in the first chapter of this article, the agricultural/food sector is widely represented within 

CAESAR. It is therefore considered useful to report below some specific indicators relating to this sector. 

The global cheese-making industry processes approximately one quarter of total raw milk production to create 

a variety of consumer cheeses, and cheese processing can be very energy-intensive. Characterizing energy 

usage in existing cheese markets and plants can provide baseline information to allow comparisons of energy 

performance of individual plants and systems. In this paper, we analysed energy data compiled through 

extensive literature reviews on cheese-making across various countries and regions. The study has found 

that the magnitudes of average final energy intensity exhibited significant variations, ranging from 4,9 to 8,9 

MJ per kg cheese across a few countries. In addition, the final energy intensity of individual plants exhibited 

even more significant variations, ranging from 1,8 to 68,2 MJ per kg of cheese from the countries in this study. 

These significant differences have indicated large potential energy savings' opportunities in the sector. The 

paper also indicates that there are positive association between implementation of energy measures and the 

decreasing trends of specific energy consumption over time, and suggests that developing and promulgating 

an energy-benchmarking framework including a process step approach and efficiency measures should be 

recommended for evaluating energy performance and improving energy efficiency in cheese-making industry. 

The dairy sector, with more than 15 billion in global turnover, 1.500 companies and about 25.000 employees, 

is one of the main ones within the Italian industry and has recorded a significant increase in production on 

the third-party market in recent years, with promising prospects for consolidation and further development of 

the supply chain in the national, but above all international, context. However, the ability of companies to 

withstand competition from not only national but European competitors, whose commercial scope has grown 

significantly in recent years, is decisive in this regard. 

The multiplicity of production processes in the dairy sector makes the identification of reference values in 

terms of primary energy somewhat complex. Milk can be made into butter, cheese, yogurt, etc. Each of these 

products requires different and typical manufacturing processes of that product. It follows that, if on the one 

https://www.sciencedirect.com/topics/engineering/energy-engineering
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hand it is possible to define adequate indices to evaluate the energy consumption of a production process, 

on the other hand it is extremely complex to define reference values, with respect to which to evaluate the 

level of energy efficiency of one's company in production of a product. 

As regards the production of milk and derivatives, one of the most detailed studies on national energy 

consumption in the sector is written by ENEA (National Agency for New Technologies, Energy and 

Sustainable Economic Development) in 1996 (ENEA, “Uso Razionale dell’energia nel settore Lattiero-

Caseario”). More recent publications present more up-to-date reference values, but only for some specific 

production processes and especially for European countries characterized by industrial fabrics other than the 

Italian one (for example T. Xu, KJ Kramer (2009), "Characterization of energy use and performance of global 

cheese processing "). In this extremely fragmented landscape, it was decided to take the values proposed by 

ENEA as a reference, deciding to keep these values updated, through an annual factor of decrease in 

consumption proposed in the literature (-2.1% per year). This value allows us to take into account the 

progressive improvement of the technology in the period from 1996 to today, thus updating the reference 

values proposed by ENEA. 

Table 4 -  Energy performance index for electrical, thermal and general consumption of the plant 

    Energy consumption (1996) 

    Electrical  Thermal Total 

    [kJ/kg] [kgCO2/t] [kJ/kg] [kgCO2/t] [kJ/kg] [kgCO2/t] 

Pasteurized milk 691 68 389 38 1.148 107 

UHT milk 783 77 1.218 120 2.078 197 

Yogurt   3.160 312 2.021 199 5.493 511 

Mozzarella cheese 3.978 392 4.249 419 8.619 811 

Crescenza 5.641 556 5.571 549 11.768 1.106 

Robiola 515 51 7.490 739 8.056 789 

Fresh creamy cheeses 6.338 625 7.583 748 14.546 1.373 

Camembert 13.276 1.309 19.189 1.892 33.774 3.201 

Gorgonzola 7.159 706 6.570 648 14.435 1.354 

Processed cheeses 3.639 359 2.294 226 6.292 585 

Whey powder 14.307 1.411 63.283 6.240 79.001 7.651 

Milk powder 2.746 271 13.723 1.353 16.740 1.624 

Following the first cycle of energy audits completed at the end of 2015, three different groups of plants were 

identified, differentiated by product type: Milk and Derivatives, Cheeses and Soft Cheeses. In particular, the 

first group includes establishments that produce milk, UHT milk, cream, butter and yogurt; that relating to 

cheese includes factories that produce different types of cheese, fresh or seasoned; finally, the factories that 

produce cheeses such as gorgonzola, taleggio and goats belong to the Soft Cheeses category. 
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The following energy performance indicators have been identified for each group: 

● General energy performance index relating to electricity consumption (kWh/t) 

● General energy performance index relating to thermal energy consumption (toe/t) 

The results obtained, referring to the Italian production context, are shown in the table below. 

Table 5 - Energy performance index for electrical and thermal consumption of the plant included in the cluster 

Cluster Electrical Thermal 

  [kWh/t] [kgCO2/t] [toe/t] [kgCO2/t] 

Milk and Derivatives 125,8 ± 48,90 44,7 ± 17,3 0,019 ± 0,010 36,1 ± 19,0 

Cheeses  406,9 ± 207,5 144,4 ± 73,7 0,072 ± 0,045 136,7 ± 85,4 

Soft Cheeses  1.625,1 ± 661,1 576,9 ± 234,7 0,230 ± 0,090 436,6 ± 170,9 

 

At the end of this section, an indicator relating to the average consumption of water per liter of milk produced 

within a dairy process, an indicator defined by ENEA in the " Rapporto Annuale sull’Efficienza Energetica ", 

a document published in 2019. This indicator was estimated to be equal to 2 L H2O/L milk. 

Pasta production sector 

With regard to performance indicators relating to the paper sector, reference is made to the document 

published by ENEA (ENEA (2018), “Dalla diagnosi alla caratterizzazione energetica di processi industriali: 

metodi per la valutazione e la promozione degli interventi di riqualificazione energetica”), used to provide the 

first evaluations deriving from the evaluation of the energy audits received by ENEA as part of the 

implementation of art. 8 of Legislative Decree 102/2014. This document describes the most significant energy 

indicators of these sectors which have been obtained from the energy audits and from the summary sheets 

attached to the energy audits.  

Focusing on the pasta production sector, represented by 46 different energy diagnoses, the analysis led to 

the identification of the following parameters to characterize the energy performance of the various sites: 

● the specific consumption of the site referred to electricity [kWh/t] (IPE EE) 

● the specific consumption of the site referred to the thermal energy used (mainly natural gas and 

steam) [toe/t] (IPE TH) 
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Figure 5 - Correlation between electric energy performance index (IPE EE) and plant production 

 

Figure 6 - Correlation between thermal energy performance index (IPE TH) and plant production 
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The average values of the energy performance indicators are shown in the following table. 

    Average Range 

IPE EE [kWh/t] 304 132,3 - 475,3 

  [kgCO2/t] 108 47,0 - 168,7 

IPE TH [toe/t] 0,051 0,024 - 0,078 

  [kgCO2/t] 97 45,6 - 148,1 

The values are very variable due to the different types of pasta produced and the different production 

processes. For the purpose of a more detailed analysis, three types of plants have been defined, 

characterized by similar technologies but differentiated by product type: 

1. Plant for the production of dry pasta; 

2. Plant for the production of gluten-free pasta; 

3. Plant for the production of fresh pasta. 

The type "Dry pasta plant" includes plants that produce only dried semolina pasta, in long pasta, short pasta 

and special formats. The type "Gluten-free pasta plant" includes plants that produce not only dry pasta, but 

also gluten-free pasta. Finally, the establishments that produce fresh pasta, stuffed or not and gnocchi (also 

stuffed) belong to the type "Fresh pasta factory". 

For each type, therefore, a reference KPI was identified according to the methodology defined by ENEA, 

which led to the definition, according to the data, of an analytical or interval model, starting from a linear 

regression analysis and on the basis of appropriate reliability criteria. The three models for determining the 

energy performance indexes are reported below. 

 

Sweets and confectionery sector 

With regard to performance indicators relating to the paper sector, reference is made to the document 

published by ENEA (ENEA (2018), “Dalla diagnosi alla caratterizzazione energetica di processi industriali: 

metodi per la valutazione e la promozione degli interventi di riqualificazione energetica”), used to provide the 

first evaluations deriving from the evaluation of the energy audits received by ENEA as part of the 

implementation of art. 8 of Legislative Decree 102/2014. This document describes the most significant energy 

indicators of these sectors which have been obtained from the energy audits and from the summary sheets 

attached to the energy audits. 
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Focusing on the sweets production sector, represented by 33 different energy diagnoses, the analysis led to 

the identification of the following parameters to characterize the energy performance of the various sites: 

● the specific consumption of the site referred to electricity [kWh/t] (IPE EE) 

● the specific consumption of the site referred to the thermal energy used [toe/t] (IPE TH) 

Figure 7 - Correlation between electric energy performance index (IPE EE) and plant production 

 

Figure 8 - Correlation between thermal energy performance index (IPE TH) and plant production 
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The average values of the energy performance indicators are shown in the following table. 

 

    Average Range 

IPE EE [kWh/t] 405 211,6 - 598,8 

  [kgCO2/t] 144 75,1 - 212,6 

IPE TH [toe/t] 0,059 0,030 - 0,087 

  [kgCO2/t] 112 57,0 - 165,2 

The sector has a wide variety of production and, consequently, is characterized by a high degree of 

inhomogeneity in the production phases. The evaluation led to the definition of five types of establishment: 

1. Plant "biscuits/crackers": including the plants that produce mainly biscuits and crackers; 

2. Plant "recurrent/continuous": including the plants that produce leavened products recurring and 

ongoing; 

3. Plant "bakery": including the plants that produce the various confectionery products baked; 

4. Plant "frozen": including the plants that it does not order in its own production process the cooking 

phase in the oven; 

5. Plant "bakery/frozen foods": including the plants with mixed production of baked confectionery 

products and frozen products. 

For each type, therefore, a reference KPI was identified according to the methodology defined by ENEA, 

which led to the definition, according to the data, of an analytical or interval model, starting from a linear 

regression analysis and on the basis of appropriate reliability criteria. The five models for determining the 

energy performance indexes are reported below. 

 

Agricultural and breeding sector 

In Italy, the agricultural-food sector, which includes agriculture, processing industry, distribution and services, 

has a final energy consumption of 13,30 Mtoe and it accounts for about 11.18% of total consumption. The 

2016 publication "Efficienza energetica: la strada per innovare il sistema agricolo-alimentare" in the ENEA 
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Energy, Environment and Innovation magazine, allows to identify some energy performance indicators (IPE) 

for the agricultural-food sector.  

In the last decade, the large-scale retail trade (GDO) has been established by playing a fundamental role in 

the current model of energy intensive agroindustry, supporting both the spread of goods and food that improve 

food safety. However, GDO has also contributed to increasing associated energy costs to the primary sector 

and industry food. Particular attention is paid to the supply chain of IV range products (products that have not 

undergone processing treatments with the use of heat or cold, but are clean, cut, packaged in trays and ready 

to consume) and of V range (products semi-finished products that have undergone a cooking heat treatment, 

then packaged under vacuum or in a controlled atmosphere), as they are among the most energy-intensive 

supply chains.  

A measure of energy efficiency in agro-food chains is represented by the ratio between the amount of energy 

obtained (for example the energy contained in the plant product) and the input energy (i.e. the amount of 

energy that is used for the cultivation process and / or the industrial production process). In this regard, the 

table below shows the strong disproportion between the energy contained in the products and the energy 

used in the production process of the meat, vegetable production, fresh-cut vegetables and frozen food 

sectors. Particularly significant are the high ratios in the meat (5:1) and greenhouse production (20:1) sectors, 

especially when compared with the cultivation of vegetables in the field which present a ratio almost equal to 

1. 

Table 6 - Energy consumed for production and and energy contained in the finished product 

    Energy consumption Energy obtained 

    [kcal/kg] [kgCO2/t] [kcal/kg] [kgCO2/t] 

Fresh meat (stable, slaughter) 4.712 1.945 1.101 454 

Frozen meat (stable, slaughter, 
refrigeration) 

7.008 2.893 1.101 454 

Fresh vegetables (phytosanitary, soil 
tillage) 

187 77 206 85 

Fresh greenhouse vegetables (plant 
protection, fuel) 

5.245 2.165 206 85 

IV range vegetables (production, 
processing, transformation) 

4.213 1.739 189 78 

Frozen vegetables (production, 
processing,  refrigeration) 

5.847 2.414 189 78 

It should be emphasized that indirect energy, in terms of plant protection products and fertilizers for 

agricultural processes, represents a significant share of energy consumption for the agro-industrial sectors. 
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The use of organic farming methods and techniques appears increasingly important which, in addition to 

favouring indirect energy savings due to plant protection products and fertilizers (the energy consumption of 

organic farming is on average one third lower than that of conventional agriculture), also allows a higher 

quality of production in terms of food safety and environmental sustainability (organic farms severely limit the 

use of plant protection products and fertilizers). The introduction in agro-industrial processes of technologies 

capable of improving the energy efficiency of the agricultural-food system is now a priority compared to the 

need to increase the energy and environmental sustainability of the primary sector and the food industry. It 

is added that anaerobic digestion for the production of biogas through the use of agro-food waste is a 

technology that has recently found significant consideration by the operators of agro-food companies. Studies 

by the Emilia-Romagna Region report that industrial processing waste from regional agricultural production 

(especially corn, tomato, potatoes and legumes) is associated with a production potential of 11 million m3 of 

biomethane, which is equivalent to about 9 kWh/m3. 

Fruit juices and tomato concentrates production sector 

The data relating to this specific sector of the agro-food sector are reported in the 2016 ENEA document 

"Extended Value Stream Maps of NACE 10.3: Fruit juice and pures and tomato concentrates'', belonging to 

the project called SCOoPE "Saving COOperative Energy ". This project involved directly energy-intense agro-

food industries to implement cross-cutting and collaborative energy management systems addressed to 

reduce their energy consumption, and spread the gained knowledge to technicians, businesses managers, 

and energy and agro-food institutions. The document, taking as a first starting point the Current Value Stream 

Mapping of the industrial agro-food sector of fruit processed production contains the description of the whole 

industrial process, step-by-step, including the associated equipment. In this document, the most relevant 

processes from the energy point of view have been highlighted in order to serve as a basis for the further 

tasks of the project, as the setting up of benchmarking baselines in thermal energy and electricity 

consumption.  

Fruit juice is the fermentable but unfermented product obtained from the edible part of fruit which is sound 

and ripe, fresh or preserved by chilling or freezing of one or more kinds mixed together having the 

characteristic colour, flavour and taste typical of the juice of the fruit from which it comes. The juice is prepared 

by suitable processes, which maintain the essential physical, chemical, organoleptic and nutritional 

characteristics of the juices of fruit from which it comes.  

Fruit juices are intended as a product for direct consumption and are obtained by the extraction of the cellular 

juice from fruits. The juice extraction operation can be performed by pressing or by diffusion. For classification, 

fruit juices do not present pulp and can be clarified or not clarified. Natural juice products are obtained from 

one fruit, while mixed juice products are obtained from the mixing of two or three juices from different fruit 

species or by adding sugar. Juices obtained through the removal of the major part of their water content by 

vacuum evaporation or fractional freezing are defined as concentrated juices. Fruits are composed of water 
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up to the 75–90%, which is mainly found in plant cell vacuoles and confer turgidity to the fruit tissue. Juice is 

the liquid extracted from the cells of mature fruits. Fruit cell wall is made of cellulose, hemicellulose, peptic 

substances, and proteins. 

A fruit juice plant can vary from a simple facility performing a single juice extraction and canning, to a complex 

manufacturing facility, provided with ultrafiltration and reverse osmosis equipment, cold storage, and a waste 

treatment plant. Production of fruit juices can be divided into four basic principal stages: 

1. Front-end operations, including those operations related with the reception and classification of fruits. 

2. Juice extraction, which is the separation of water and soluble solids depending on the fruit variety. 

3. Juice clarification and fining. The conventional route to concentration is to strip aroma, then take out 

the pectin with enzymes, centrifuge to remove heavy sediments and filter through pressure pre-coat 

and polish filters. 

4. Juice pasteurization and concentration. 

In the following table the process energy consumption is represented, in terms of steam, hot water and 

electricity, in fruit juice canning. 

 

Table 7 - Specific consumption by energy carrier (electricity, steam, hot water) regarding the type of process 

PROCESS 
PROCESS ENERGY INTENSITY [kWh/t] 

STEAM HOT WATER ELECTRICITY TOTAL % 

Inspecting and Grading   4 4 0,89 

Washing  139 4 143 28,69 

Pulping/Extraction   8 8 1,56 

Vacuum Deaeration   8 8 1,67 

Pasteurization 85   85 17,05 

Can Washing  139  139 27,80 

Hot Can Filling   4 4 0,89 

Can Sealing 21  5 26 5,23 

Heat Sterilization 64   64 12,81 

Cooling   4 4 0,89 

Packaging   8 8 1,67 

Auxiliary Processes   4 4 0,84 

Total 170 277 51 499 100,00 

Taking into consideration the identification of the inputs and outputs of the main processes regarding energy 

issues, the most relevant key points for setting up the Key Performance Indicators are below reported. 
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Thermal processes:  

Pasteurization. Due to the use of steam and water in this process, the energy and water consumptions are 

very relevant, so it should be recommendable setting up a Key Performance Indicator correspondent to the 

pasteurization process. Improvements are possible but there are operative limits to obtain an effective 

treatment without affecting the quality of the juice. For example, it could be possible to recover the heat 

content of processed juice in a counter current heat exchanger. Innovative techniques to avoid pasteurization 

are still under evaluation from industry. These include processes of irradiation, hydrostatic pressure, 

ultrasound, high intensity pulsed electric fields, and oscillating magnetic fields. 

Electricity consumption: 

Extraction, Aseptic Filling and Packaging. These represent the processes in which more electricity is 

consumed, in particular in large-scale production. Energy savings can be attained adopting equipment with 

high mechanical and electrical efficiency and making attention to maintenance. The filling of orange juice 

tetra pack should be carried in a refrigerated environment, with the aim of avoiding electrical consumption to 

maintain temperature. 

Talking about the production process of tomato concentrate, first of all it must be said that it shows a relevant 

energy consumption that depends on the specific final product. On average, for preserved tomatoes, thermal 

energy consumption is 1200-1500 kJ/kg and electricity is 0,009-0,0012 kWh/kg; for tomato concentrates, 

thermal energy consumption is 8.500-12.000 kJ/kg and electricity is 0,05-0,085 kWh/kg. Production of 

concentrate tomato products can be carried out at a range of scales – from small scale (kilograms per hour) 

to large industrial scale (up to 200-300 t/hour), in which the unit energy consumption is greatly reduced. In 

medium and medium-large industries, the capacity of the whole tomato paste processing line in cold-break 

(but also in hot-break) system may be from 0,5 to 80 tons/hour, meaning from 0,5 up to 80 ton of tomato fresh 

fruits (input capacity) may be processed per hour. From the raw material supplier in the field/greenhouse 

cultivation to the entry of the manufacturing lane, there is a strong need of input/output balancing in order to 

reduce as much as possible both raw material waste and energy consumption. The processes more energy-

consuming are the cold or hot break, the evaporation and the sterilization.  

In the following table, thermal and electrical energy consumption during triple concentrated tomato paste 

processing is represented. 
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Table 8 - Energy performance index for electrical and thermal consumption regarding to the type of process 

PROCESS 

THERMAL ENERGY 
CONSUMPTION 

ELECTRICITY 
CONSUMPTION 

[kWh/t] [kWh/t] 

Receiving  3,40 

Washing and Sorting  1,10 

Chopping  8,60 

Cold Break 500,00 2,50 

Juice Extraction  9,00 

Collection   

Evaporation 2.500,00 19,00 

Sterilization 280,00 4,20 

Cooling and Aseptic Filling  3,50 

Storing  0,40 

Auxiliary Processes  5,10 

Total 3.280,00 56,80 

Taking into consideration the identification of the inputs and outputs of the main processes regarding energy 

issues, the most relevant key points for setting up the Key Performance Indicators are below described. 

Thermal processes: 

Cold or Hot Break. After crushing, tomatoes are heated to form a pulp, which is further heated to a HB or CB, 

giving a more or less viscous paste respectively. This process requires a substantial energy input. 

Evaporation. Need of technologies that enable tomato paste processors to use less heat than conventional 

evaporation processes, resulted in reduced energy consumption and improved end-product quality. 

Sterilization. Due to the use of steam and water in this process, the energy and water consumption is very 

relevant so it should be recommendable setting up the correspondent Key Performance Indicator. 

Finally, in the production process, wastage is often dried and used to feed dairy cattle, for pet food or it is 

sent to landfill. In this case, there is also the potential for this waste to feed decentralised combined heat and 

power plants (CHPs) to generate energy locally. 

Electricity consumption: 

Large-scale tomato paste processing plants work intensively, fist sorting and washing tomatoes, which 

generally arrive at the reception after a mechanical harvest. Electricity is required for mechanical collection 
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(process not included in ENEA study) and transportation processes, and for treating and pumping water for 

washing tomatoes. Energy requirements in some of the above processes are reduced in small-scale and 

artisanal production lines where some of the processes are done by hand. 

Wood 

Furniture production 

The "Wood-Furniture System" constitutes together with the Fashion, one of the cornerstones of Made in Italy 

with an overall volume of production that accounts for 6% of the total of the Italian manufacturing industry. 

The sector is made up of two sectors: that of furniture which accounts for 60% and that of wood which absorbs 

the remaining 40% of total production. Analysing the wood sector in detail, the Italian market (given by the 

sum of domestic production and imports, minus exports) represents 2,1% of the entire turnover of the 

industrial sector. The wood furniture system is characterized by the prevalence of small and medium-sized 

family-owned companies operating in industrial districts and by the high degree of de-verticalization that 

makes specialized sub-supply an important link in the production chain. The production of the Italian furniture 

wood system is mainly carried out by integrated systems of companies operating in the industrial districts. 

As for the consumption of electricity, with 30 tons of oil equivalent (toe) per million euros of output produced, 

the Italian wood furniture sector has the best performance in Europe both in comparison with the average 64 

toe of the top ten producing countries. Europe, which with 68,1 toe of the EU average (2013, last year 

available).  
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Figure 9 - Energy consumption for millions of euros of output for European countries in 2013 

 

As regards the production of wood, one of the most detailed studies on national energy consumption in the 

sector is part of the collection “Energia & Industria” by ENEL in 1992 and it’s named “La gestione 

energetica nell'industria del legno”. It was decided to report below the energy performance indicators 

present within the Enel study in which they are defined for certain product categories, referring to furniture 

for certain quality levels. 

Table 9 - Energy consumption, production and energy performance indicators by type of wood produced 

  Specific energy consumption by quality range 

  Consumption Production Specific Consumption 

  
[toe/employee per 

year] 
[kg/employee per 

year] 
[toe/kg] [kgCO2/t] 

LEVEL A: High quality furniture 1.800 16.000 0,1125 213,57 

LEVEL B: Good quality furniture 2.200 14.000 0,1571 298,24 
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LEVEL C: Medium quality furniture 2.700 19.000 0,1421 269,76 

 

 

5.2.2 Useful reference for the evaluation of 
the potential of intervention to increase the 
final energy performance of SMEs 
Within this paragraph, some areas of intervention will be reported among which it is possible to evaluate the 

implementation of energy efficiency interventions. For some of these areas, examples of interventions will 

also be highlighted, in order to provide a numerical indication of the savings and the possibility of accessing 

the incentive mechanism of the White Certificates. A brief summary will be inserted at the beginning of the 

paragraph, ordering the interventions reported in terms of economic savings, pay-back period and CO2 

avoided. The table below is shown which lists all the examples of interventions highlighted, in order to allow 

a more immediate comparison, comparing them through the indicators relating to the savings obtained (the 

specific details of the interventions shown as an example are shown in the following paragraph and in the 

excel files attached to this document). 

Table 10 - Recap of main indicators for possible energy efficiency activities 

 Investment Saving 
Pay-back 

Period 

Avoided 
CO2 

emissions 

CO2/ 
investment 

White 
Certificates 

 [€] [€/year] [year] [tCO2/year] [kgCO2/€] [Italy] 

LED Lighting 30.000 8.385 3,58 29,77 0,99 yes 

Compressed air leaks 5.000 7.476 0,67 26,54 5,31 no 

Compressor 
replacement 

60.000 27.560 2,18 97,84 1,63 yes 

Heat recovery from 
compressor 

10.000 5.752 1,74 68,44 6,84 yes 

Boiler burner 
replacement 

18.000 9.150 1,97 56,98 3,17 no 

Inverter installation on 
industrial motor 

15.000 6.075 2,47 21,57 1,44 no 

Photovoltaic system 
installation 

72.000 7.800 9,23 27,69 0,38 no 

Now we will proceed in detail for each possible area of intervention, describing precisely the possibilities of 

bringing the energy efficiency activities to an end. It should be noted that for each intervention the share of 
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CO2 emissions avoided is highlighted. In this way we want to pay attention to an energy efficiency policy 

which, in addition to generating monetary savings, also takes into account the benefit in terms of climate-

altering gas emissions, and which therefore also has an impact on the health of citizens. As an example, it is 

reported that in Germany, the specific net CO2 emissions from electricity generation from general supply 

power plants fell, according to BDEW’s calculations, in 2019 compared to the previous year by 17 per cent 

to 0,35 kg CO2 per kWh. The reduction has been driven primarily by the expansion of renewable energies 

and the reduction in consumption together with a simultaneous reduction of electricity generated from hard 

coal and lignite. 

1. Boiler / Thermal energy storage / Pump 

The thermal energy production plants can be used for the air conditioning of environments (residential, 

tertiary, etc.), for the production of domestic hot water or for process requirements (industrial sector). It is 

possible to distinguish between: 

● combustion systems, i.e. heat generators 

● systems based on the principle of reverse refrigeration cycles, i.e. heat pumps 

Energy efficiency interventions concerning thermal energy production plants can consist of new installation 

of systems or revamping of pre-existing systems. 

For heat generators, the fuels used can be gaseous (methane, LPG, hydrogen, biogas, biomethane, etc.), 

liquids (diesel, BTZ, LPG, bioliquids, etc.) and solid (coke, coal, biomass, biodegradable waste, partially 

biodegradable or non-biodegradable, etc.), while the heat transfer fluids can be hot water, superheated water, 

steam, air or diathermic oil. Energy efficiency interventions concerning thermal energy production plants can 

be linked to new plant installations or their revamping. 

In particular, the revamping projects that generate additional energy savings are: 

● installation of economizers on the flue gas line 

● installation of water treatment systems: softening systems for small power generators, reverse 

osmosis systems for medium-low power generators 

● installation of pressurized degassers 

Further revamping interventions that do not generate additional energy savings are: 

● installation of new burners (modulated flame, premixed) 

● installation of inverters on the smoke expulsion system 

● installation of heat recovery systems from boiler purges 

● installation of control systems 

● installation of heat recovery systems from the condensate tank 
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Regardless of the cases, for the purposes of presenting interventions regarding these plants, it is necessary 

to provide measurement programs that account for the entire thermal energy produced, taking into account 

the yields of the standard plants currently available on the market, as well as those relating to the ex - ante 

situation. 

As an example, an intervention, defined at the end of an analysis carried out through an energy diagnosis, of 

replacing a burner of 1.600 kW size, oversized, with a smaller burner, equal to 1.200 kW, equipped with an 

inverter on the combustion air fan and O2 regulator probe which allows constant optimization of combustion 

efficiency. The investment cost for the purchase of this burner is estimated at about 18.000 € and the 

simulation conducted allows us to hypothesize savings on natural gas and electrical energy equal to: 

Table 11 - Annual saving of electricity and methane gas 

Saving EE 10.500 [kWh/year] 

Saving CH4 27.000 [Smc/year] 

 

So, assuming the electricity cost of the company equals to 100 €/MWh and the cost for the purchase of natural 

gas equals to 0,30 €/Smc: 

Table 12 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2  56,98 [tCO2/year]   

Saving 9.150 [€/year]   

PB Period 1,97 [year]   

VAN (5 years)  22.734 [€]  (i=4%) 

The heat pump is a machine based on a refrigeration cycle capable of transferring heat from a low 

temperature source to a well at a higher temperature and has the same technological characteristics 

described in the previous paragraphs. The heat pumps, therefore, can be gifted by a compression system, 

with mechanical activation of the compressor by means of an electric motor (hereinafter, electric heat pumps) 

or by an internal combustion engine (hereinafter, gas heat pumps), or by an absorption system. The latter 

require thermal activation through the direct flame of a fuel or the heat recovered from a cogeneration system 

or another industrial process. For both compression and absorption machines there are electric multi-purpose 

models (for example a heat pump that during the winter is able to recover thermal energy from the steam 

compression circuit and during the summer is able to produce refrigeration energy from the steam 

compression circuit. It should be noted that the multipurpose heat pumps with internal combustion engines 

fueled by gas are possibly eligible for incentives pursuant to the high-efficiency cogeneration legislation) 

capable of simultaneously satisfying the request for thermal and cooling energy, under form of water or air. 
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The main thermal sources of heat pumps are typically air, water (surface, subsoil, process, discharge water) 

or subsoil (the use of vertical or horizontal geothermal probes is envisaged). This qualifies heat pumps as 

aerothermal, hydrothermal and geothermal respectively. When the heat produced by solar panels is used as 

a thermal source, we speak of helium-assisted heat pumps. The heat transfer fluids used on the "user side" 

of heat pumps are commonly water, air or the refrigerant fluid itself. 

Among the most efficient solutions, the following heat pumps are worth mentioning: 

● gas 

● multipurpose 

● CO2 

2. Lighting - LED 

In the context of energy efficiency interventions, the lighting systems are of great interest as their 

redevelopment guarantees an important reduction in energy consumption and, therefore, important benefits 

from both an environmental and economic point of view. Energy efficiency interventions in the context of 

lighting systems concern the installation of efficient lamps, both inside buildings and in external areas (e.g. 

yards, loading / unloading areas, access areas). Furthermore, it is possible to provide automation and control 

systems that allow the regulation of the luminous flux for the exploitation of natural light coming from the 

outside (brightness sensors), or to interrupt the power supply of the lamps when it is not necessary (presence 

sensors). In such cases, the system is equipped with a system for measuring illuminance levels such as to 

allow the correct adjustment of the luminous flux in order to ensure the minimum requirements provided for 

by the legislation. The best technology available, which allows to obtain the best results in terms of reducing 

energy consumption, is LED technology. The savings that can be generated by this technology derive from 

the better luminous efficiency of the lamps which, with the same luminous flux, require the absorption of less 

power. 

In addition, energy efficiency interventions in the context of lighting systems allow you to participate in the 

incentive mechanism of White Certificates or Energy Efficiency Titles. The White Certificates are aimed at 

certifying the energy savings achieved following an intervention. Energy saving is assessed in toe, in 

comparison to a reference configuration defined as baseline, which represents the market average or an 

established technology, provided that the savings achieved are measured by dedicated meters. The aim is 

to encourage the development of new technologies that are not yet widespread and whose costs could be 

high despite the benefits they can give. 

Below is an estimate of the potential savings generated by carrying out interventions on lighting systems, 

using the best available technology. The company in the example, with a production activity of 120 hours a 

week, needs to replace a certain number of lamps in a warehouse inside the plant, according to the following 

assumptions: 
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● the lightening system in the pre-intervention configuration guarantees compliance with the minimum 

levels of illumination provided for by the UNI EN 12464 standard and consists of 60 metal halide lamps 

with a power of 400 W; 

● the lightening system in the post-intervention configuration consists of 60 LED lamps with a power of 

185 W and ensures a level of illumination equal to or higher than that defined in the pre-intervention 

configuration. 

The amount of the investment to purchase the lamps can be estimated at around 30.000 € and according to 

the table below, the net energy saving in a year is quantified as 83.850 kWh. 

 

  

Nr. lamps Single Lamp Power Total 
power 

Hours per 
year 

Total 
Consumption 

  [-] [kW] [kW] [h] [kWh] 

PRE 60 0,400 24,000 6.500 156.000,00 

POST 60 0,185 11,100 6.500 72.150,00 

 

So, assuming an energy cost for this company equal to 100 €/MWh: 

Table 13 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 29,77 [tCO2/year]   

Saving 8.385 [€/year]   

PB Period 3,58 [year]   

VAN (5 years)  7.329 [€]  (i=4%) 
 

In addition, the company could submit this project to the GSE and it could obtain an amount of White 

Certificates equal to 16 per year for five years, for a further saving of 4.000 € per year. 

Table 14 - Enhancement of the incentive mechanism of White Certificates 

White Certificates 16 [-] 

Strike Price 250,00 [€/WC] 

Saving 4.000 [€/year] 

3. Compressor 

Compressed air is used as an energy carrier as it has significant advantages even in the face of a 

considerable cost for its operation. Air is practically present in nature in unlimited quantities, however to be 
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used as an energy carrier it must be first filtered, then compressed at pressures higher than atmospheric and 

finally cooled and treated before being introduced into the pipelines and destined for final users. The 

compression process is accomplished through the resulting mechanical work mainly supplied by an electric 

motor. However, despite being significant, the energy commitment to produce compressed air is 

compensated by the good characteristics that this carrier offers, that are: 

● Transport ease 

●  Possibility of being stored in reservoirs 

●  Safety use 

● High purity degree 

A compressed air system is commonly composed of five macro-elements: 

● Compressor 

● Tanks 

● Air treatment system consisting of the dryer and filters 

● Network 

● Users 

The most used in the industrial sectors are the volumetric, rotary screw compressors that are divided into two 

other categories, oil lubricated and oil free.  

Figure 10 - Layout compressor room 

 

When a compressor reaches the upper pressure setting value, the control unit control does not stop it 

immediately, as a sudden reduction may occur of the pressure that would result in an instant restart. The 

suction valve and the compressor operates under vacuum pumping conditions. This situation is energetically 

wasteful, however a series of starts and stops, which perhaps they would reduce consumption, jeopardize 
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the life of the compressor system. In the presence of a significantly variable air demand, a possible solution 

could be the adoption of a frequency-regulated compressor. The inverter adjusts the engine operation, by 

varying the number of revolutions, by changing the frequency power supply, and modulating the air supplied. 

They are mainly used in screw compressors, up to powers of hundreds kW.  

Below is an estimate of the potential savings generated by the replacement of a 130 kW fixed-speed 

compressor with a 110 kW variable-speed drive (VSD) compressor. This is a solution proposed following an 

audit carried out by a supplier, which made it possible to measure the specific consumption of the compressor 

through a specific monitoring campaign. The specific consumption of the machine before the intervention was 

equal to 0,180 kWh/Nmc, while following the replacement of the machine the specific consumption estimated 

is equal to 0,116 kWh/Nmc. The amount of the investment can be estimated at around 60.000 €, the 

company's annual compressed air requirement is defined equal to 4.300.000 Nmc at a pressure of 7 bar and 

the energy cost for this company is assumed equal to 100 €/MWh. So, the net energy saving in a year is 

quantified as 275.597 kWh. 

Table 15 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 97,84 [tCO2/year]   

Saving 27.560 [€/year]   

PB Period 2,18 [year]   

VAN (5 years)  62.691 [€]  (i=4%) 

In addition, the company could submit this project to the GSE and it could obtain an amount of White 

Certificates equal to 33 per year for five years, for a further saving of 8.250 € per year. 

Table 16 - Enhancement of the incentive mechanism of White Certificates 

White Certificates 33 [-] 

Strike Price 250,00 [€/WC] 

Saving 8.250 [€/year] 

Roughly speaking, 10% of all electricity consumption in industry is used in compressed air systems. More or 

less 95% of this energy is converted into heat and dispersed into the atmosphere through the heat dissipated 

by electric motors and systems cooling, losing most of it through the oil cooler. Redirecting the hot oil to one 

high efficiency oil-water heat exchanger, it is possible to transfer the heat to the water, increasing its 

temperature to the level necessary for a series of applications. Instead of simply eliminating the heat, it is 

possible using it to get hot water, in systems heating and application processes in other areas of the company. 

The idea is based on the possibility of transferring heat to an intermediate fluid, through which transport it to 

the point of use. A soundproofed air compressor equipped with a single cooling air outlet can transfer to the 
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air itself the entire heat generated, which can be used to heat an environment. Instead, if we choose to heat 

water through the heat of the oil, it is possible to recover approximately 72% of energy consumption total, 

using it for heating the water itself. This upgrade not only allows the recovery of heat for sanitary use, but 

also, if placed in parallel with the boiler, allows to greatly reduce the consumption of methane or diesel. In 

practice, it provides a sensitive amount of heat through water as a carrier fluid, at a temperature that can be 

close to 75°C, without affecting the volumetric yield of the compressor. So, this heat is totally recovered and 

not dissipated in the cooling air.  

In the image below diagrams of the air and water cooling circuits of the compressors. 

 

Figure 11 - Layout of the compressor heat recovery 

 

So, summarizing the benefits of upgrading the compressor: 

● Not complex intervention 

● Low investment 

● Significant energy saving 

● Lower carbon dioxide emissions 

Below is an intervention hypothesis relating to the installation of a plate exchanger that transfers the heat 

recovered from the compressor, with a nominal power of 130 kW, to a fluid and from it to one or more users. 



  

_______________________________________________________________________________________

38 

        
  

In this specific case we intend to provide for winter heating of a shed using hot air. The intervention therefore 

consists in the installation of an air-to-air exchanger that preheats the atmospheric air (or the air drawn from 

inside the shed) which is in turn introduced into the production areas. In fact, it is not possible to directly enter 

the hot air of the compressor in areas occupied by personnel for reasons of hygiene, given the oil content of 

the air itself. The cost of installing a heat recovery system can be quantified in the first instance in 10.000 € 

including installation. 

Assuming an average operation of the compressor at 70% of the load, the thermal power available in the 

form of hot air is approximately 80 kW and that this power is used to supply hot air to the shed for 2.400 

h/year, this translates into an annual saving of 192.780 kWh/year, or 19.174 Smc/year. Assuming a cost of 

gas equal to 0,30 €/Smc, the following result will be obtained. 

Table 17 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 68,44 [tCO2/year]   

Saving 5.752 [€/year]   

PB Period 1,74 [year]   

VAN (5 years)  15.608 [€]  (i=4%) 

Regarding the distribution networks, there are energy losses mainly linked to pressure losses and air leaks 

from the system through holes. First, pressure losses are evaluated: they can be divided into distributed and 

concentrated losses. The distributed losses are due in particular to the friction between the fluid and the 

material that constitutes the pipes and to the velocity of the fluid itself which determines the laminar or 

turbulent regime. For this reason, when sizing the pipes, it is advisable to keep the fluid velocity below 20 

m/s. Concerning the concentrated losses, these refer to the introduced pressure drops from the individual 

components to well-defined points of the system. So, pressure drops originating from the curves of the 

network, from the bottlenecks, from the various types of valves that may be present are considered 

concentrated losses. The other major source of losses in a distribution system is typically quantities of air 

escaping from the network in the presence of holes due to unsealed connections or holes. 

Air compressor leaks can easily cause a significant amount of energy wasted in industrial plants and can 

draw 20-30% of the power of an air compressor. It is emphasized that the GSE, within an energy efficiency 

project relating to the efficiency of a compressor room, requires the detection of the room's leakage coefficient 

and, if not available, defines a target value of 35%. In addition to financial disadvantages, air compressor 

leaks can affect business operations due to: 

● Productivity losses 

● Higher downtime 

● Addition of unnecessary air capacity 
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To evaluate the effect of a loss in a plant, the losses of the plant can be measured. To do this, run the 

compressor and record the time required to load and unload the compressor. This will charge or discharge 

according to the air demand generated by the leaks in the system.  

Percentage of total loss = [(T1 * 100)] / [(T1 + T2)] 

To define the leakage coefficient more accurately, it is preferable to use an ultrasonic detector. Ultrasonic 

Leak Detectors are sophisticated tools that accurately detect leaks, whether or not they produce human-

audible noise within noisy manufacturing environments. A combination of directional microphones, amplifiers 

and audio filters allow them to identify the high-frequency hissing sounds produced by air leaks. In addition, 

with advances in technology, these units have become extremely compact and portable. Investing in one of 

these tools can help in detecting air compressor leaks or you can, for example, hire the compressor supplier 

to do the analysis. 

An example is given below regarding a leak detection intervention for the compressor room to which reference 

was made in the previous example, in the configuration following the installation of the VSD compressor. The 

specific consumption of the machine is equal to 0,116 kWh/Nmc, the company's annual compressed air 

requirement is defined equal to 4.300.000 Nmc at a pressure of 7 bar and the energy cost for this company 

is assumed equal to 100 €/MWh. It assumes an investment cost of research and repair of existing losses of 

5.000 € and a loss rate that is reduced from 25% to 10%. So, the net energy saving in a year is quantified as 

74.760 kWh. 

Table 18 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 26,54 [tCO2/year]   

Saving 7.476 [€/year]   

PB Period 0,67 [year]  

VAN (5 years)  28.282 [€]  (i=4%) 

4. Industrial Motors – Fan 

Electric motors are by far the largest consumers of electricity: about 75% of the energy withdrawn by industrial 

end users is consumed by electric motors, compared to about 5% for lighting and 20% for other consumption. 

The first classification of the efficiency of electric motors in Europe was established through a voluntary 

agreement based on the test methods indicated by the IEC 60034-2: 1996 standard which defines the classes 

on the basis of a nominal efficiency index achieved according to power and number of poles. The classes 

identified are: EFF3 (low efficiency motors), EFF2 (standard efficiency motors) and EFF1 (high efficiency 

motors). 

 In 2008, IEC updated the standard, identifying three new classes: 

● IE1 - Standard efficiency (comparable to EFF2), now exceeded; 
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● IE2 - High efficiency (comparable to EFF1), with values between 75% and 90%; 

● IE3 - Premium yield, with values between about 80% and 96%. 

In high efficiency motors, losses have been reduced by intervening on the materials or by modifying some 

construction elements such as: 

● The core, made with laminations with low losses because they are thinner and with a smaller air gap 

which reduces the no-load losses; 

● By increasing the section of the stator and rotor conductors to reduce losses due to the Joule effect; 

● By making a careful choice of the number of slots and their geometry.  

All these changes also lead to less heat production and consequently the use of smaller cooling fans and 

therefore less mechanical losses. It should be borne in mind that a low-efficiency motor heats up more 

because part of its energy is dispersed in the form of heat rather than being used for mechanical movement 

and that the purchase cost of a motor constitutes only 1,3% of the total cost of the motor. its life, while energy 

costs make up 98,4%. 

The energy savings achievable with the adoption of high-performance motors are characterized by: 

● Savings rates up to 10%; 

● Investments limited and divisible over time; 

● Payback times for investments from 12 to 36 months; 

● Greater robustness of EFF1 motors. 

In order to have greater energy savings, in addition to the use of high-efficiency motors, we can use frequency 

converters (also called inverters) which have the purpose of varying the speed of an electric motor when it is 

not necessary for it to work at rated speed. By using an inverter we can reduce normal consumption by up to 

60%. 

The main applications of a frequency converter are found at industrial level in the use of pumps, fans and 

compressors where it is often essential to regulate the speed of these devices. 

A three-phase asynchronous motor connected directly to the network, by its nature, will run constantly at 

rated speed. In the event that it was used to operate a pump or a fan and the needs of the system required 

to operate at a variable flow rate, it would be necessary to provide a mechanical adjustment system to control 

the flow rate of the fluid; fluid flow regulation is normally obtained through the aid of mechanical / hydraulic 

pressure loss devices such as throttling valves, shutters, bypass systems, etc. Using an inverter to control 

the motor, it is possible to adjust the flow rate of the fluid by acting directly on the motor speed by varying the 

frequency. If we consider a production cycle that requires the pump or fan to halve the flow rate, the inverter 

will automatically halve the motor speed and, remembering that the power required by the load varies with 

the speed cube, the energy absorption would drop from 100% to only one eighth of the nominal. 
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In Italy, there are over 2 million pumps and fans below 90 kW, of which today only 8% are regulated by 

inverters. Inverters are technically and economically applicable to at least an additional 52%. The advantages 

derived from the use of inverters can be summarized as follows: 

● Saving up to 60%; 

● Limited investments; 

● Interventions that can be divided over time; 

● Payback times of investments from 6 to 18 months; 

● Plant maintenance cost reduction; 

● Better regulation and life of the system. 

Below is an example of an intervention related to an inverter adoption on an industrial motor, quantifying the 

resulting savings.  The motor is characterized by a power of 90 kW and the inverted adoption guarantees a 

saving of 9%; so the net energy saving in a year is quantified as 60.750 kWh. The energy cost for this 

company is assumed equal to 100 €/MWh and the investment is estimated equal to 15.000 €. The installation 

of an inverter on an industrial motor is not one of the types entitled to obtain White Certificates. 

Table 19 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 21,57 [tCO2/year]   

Saving 6.075 [€/year]   

PB Period 2,47 [year]  

VAN (5 years)  12.045 [€]  (i=4%) 

5. Chiller – Compressor  

This paragraph lists possible energy efficiency interventions referring to the production of cooling energy, 

both for process purposes and for ambient air conditioning and production of domestic hot water.  

Specifically, the following systems are analysed: 

● Compression refrigeration units 

● Absorption refrigeration unit 

● Free cooling 

A refrigeration unit or chiller is a thermal machine of the operating machine type, which exploiting the 

compression and expansion of an aeriform, this refrigerant fluid (ammonia or freon, and other alkyl halides, 

also improperly called chlorofluorocarbons, CFCs), allows to remove heat from a heat transfer fluid, often 

water or air. A compression refrigeration unit consists of several thermal machines placed next to the heat 

exchanger, used to supply or subtract heat in the different phases of a refrigeration cycle, namely: 

● Compressor 



  

_______________________________________________________________________________________

42 

        
  

● Evaporator 

● Capacitor 

● Lamination valve 

In a first phase, the vapour-state refrigerant is compressed and brought to a higher temperature and pressure 

level. In the condenser, it then passes from the gaseous to the liquid state, releasing heat to the outside. In 

a third phase it passes through the lamination valve, where both its pressure and its temperature decrease 

and partially transforms into steam; finally, in the evaporator, the fluid absorbs heat from the outside and 

evaporates completely. The efficiency of refrigeration cycle machines varies according to: 

1. the type of condensing system, i.e. air or water 

2. the type of refrigerant fluid, including the main R134a, R410A and R407C 

3. the type of compressors, the main ones being vane, reciprocating, scroll, screw and centrifugal 

4. the type of exchangers 

5. the type of engine 

6. the presence of economizers 

7. the presence of inverters 

8. the condensation and evaporation temperature 

Energy efficiency interventions concerning refrigeration energy production plants may consist of new 

installation of systems or revamping of pre-existing systems. In particular, the revamping projects concern: 

● installation of high efficiency motors 

● replacement of the type of compressors 

Further revamping interventions that do not generate additional energy savings are: 

● replacement of the type of refrigerant fluid, including the main R134a, R410A and R407C 

● replacement of exchangers 

● installation of inverters on the motors 

In absorption refrigeration units, the refrigeration cycle is similar to the compression one, with the exception 

of the compression phase replaced by the generator and absorber group. The absorption system exploits the 

solubility and high affinity of two substances, one of which acts as a refrigerant and the other as an absorbent. 

The available configurations on the market are: 

● lithium bromide and water (H2O - LiBr), where water is the refrigerant 

● ammonia and water (NH3 - H2O), where ammonia is the refrigerant 

The cycle consists of: 

1. an evaporator, where there is a solution rich in refrigerant, which evaporates by removing heat from 

the cold source; 

2. an absorber, where there is a solution rich in absorbent substance which absorbs the evaporated 

refrigerant; 
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3. a pump, which has the task of raising the pressure of the solution present in the absorber by sending 

it to the generator; 

4. a generator, where the heat necessary to evaporate the refrigerant present in the solution is supplied; 

5. a condenser that allows the transfer of heat to the hot source; 

6. a lamination valve. 

The refrigeration units on the market can provide, depending on the temperature of the fluid made available 

by the generator, a single cycle or two cycles. Generators can be: 

● direct power supply, in which the heat is generated by a burner present directly in the refrigeration 

unit. The burner can be fueled with methane, LPG or biomass; 

● indirectly powered, i.e. through solar energy (solar cooling) or thermal recovery from industrial 

processes. 

Free cooling systems are systems that exploit the free thermal input of an ambient fluid (air, or water) when 

the thermodynamic conditions of the process allow it, or when the ambient temperature, or the groundwater, 

is lower than that of the refrigerant fluid or the air to be cooled. These systems are widely used both in the 

civil / tertiary sector and in the industrial sector. The free coolers are almost always inserted in parallel or 

directly integrated with traditional refrigeration units that guarantee coverage of the refrigeration needs in 

peak conditions. However, when it is necessary to cool a fluid bringing it to a temperature that is always 

higher than the ambient temperature, the free coolers can also work to cover the total load. 

The possible technological solutions are: 

● direct air free cooling, or systems that provide for the direct introduction of air into the rooms when the 

external air is colder than the internal one. Direct free cooling takes place through direct expansion 

units (roof-top) equipped with shutters that are activated according to the external air temperature; it 

can also be envisaged in the case of AHU with water-fed batteries; 

● indirect free cooling with dry cooler, i.e. unit heaters that directly exploit the external air as a secondary 

fluid, but there are also solutions equipped with an adiabatic device, or a nebulization system that 

takes advantage of the further thermal jump due to the evaporation of water; 

● indirect free cooling with groundwater, or systems that involve the use of groundwater to cool the 

coolant when it is at higher temperatures; 

● indirect free cooling with evaporative towers in which the fluid to be cooled passes through the tower 

by gravity, inside which water is nebulized which releases both latent and sensible heat by direct 

exchange with the air. 

Free cooling systems represent an exploitation of a free heat input and are widely used. 
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6. Mobility – Vehicle 

In Italy, the transport sector represents a significant portion of the national energy consumption, covering 

more than 30% of the total final energy consumption, as can be seen from the percentages shown in the 

following table. The table below shows the trend in final energy consumption in recent years: as can be 

observed, between 2010 and 2017 there was a reduction of approximately 9% in total final energy 

consumption (total ktoe), without reduction, however, to the incidence of the transport sector, which has 

remained over the years between 32% and 35% of the total. 

Table 20 - Energy consumption by sector with detail of the transport sector 

  2010 2012 2013 2014 2015 2016 2017 

  [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] 

Transport 41.734 39.449 38.702 40.085 39.541 39.110 37.945 

Road transport 35.747 33.581 32.855 34.273 33.609 32.964 31.654 

International Aviation 3.167 3.101 3.001 3.076 3.166 3.296 3.419 

Navigation 1.128 977 985 969 932 959 869 

Internal Aviation 715 686 683 646 697 710 780 

Rail transport 458 467 471 446 461 484 508 

Others 477 469 451 430 454 452 465 

Pipeline 41 168 256 246 221 246 250 

Industry 31.253 29.058 26.817 26.133 25.810 26.169 24.925 

Residential 35.393 34.348 64.231 29.546 32.494 32.185 32.899 

Services 16.979 15.931 15.847 14.667 15.391 15.440 18.242 

Agriculture 3.100 2.983 2.922 2.887 2.994 3.026 3.019 

Total 128.459 121.769 118.519 113.319 116.231 115.931 117.030 

% Transport 32,50% 32,40% 32,70% 35,40% 34,00% 33,70% 32,40% 

The number of vehicles registered in 2018 is mainly composed of cars (about 75% of vehicles), of which 

about 35% are below the EURO 4 class. Despite their lower numerical impact on the total amount, freight 

trucks and buses are particularly old, presenting respectively 55% and 59% of vehicles below the EURO 4 

class 

Based on the data reported, the final energy consumption of the transport sector constitutes a significant 

share of the total final energy consumption in Italy. Therefore, it is considered extremely important to adopt 

interventions in the transport sector that allow the renewal of the vehicle fleet currently registered in Italy, in 

order to obtain a significant contribution to the achievement of energy efficiency objectives. At the moment, 
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as can be seen on the basis of the data in the table below, the transport sector is still highly dependent on 

the use of fossil fuels. 

Table 21 - Consumption breakdown by type of transport in 2017 

2017 Road 
transport 

International 
Aviation 

Navigation Internal 
Aviation 

Rail 
transport 

Others Pipeline Total 

  [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] [ktoe] 

Oil 
derivatives 29.738 3.419 780 869 34     34.840 

Gas 847           217 1.064 

Biofuels 1.062             1.062 

Electricity 7       474 465 33 979 

renewables 2       162 159 11 334 

non 
renewables 5       312 306 22 645 

Total 31.654 3.419 780 869 508 465 250   

Sustainable mobility means a principle that is the basis of an ideal transport system, of people and goods, 

which satisfies the needs of moving or handling, guaranteeing a good quality of life and allowing the reduction 

of consumption and environmental impact. associated with them. 

Comparing the different modes of transport in terms of energy efficiency, a descriptive parameter can be the 

amount of energy consumed to transport the unit (one passenger or one ton of goods) for a distance of 1 km. 

This parameter is influenced not only by the vehicle efficiency, but also by the transport capacity per weight 

unit and by the relative occupancy coefficient. From this perspective, it is clear that collective means of 

transport are more efficient than private ones; moreover, rail transport emerges because, in addition to 

guaranteeing a high transport capacity, takes place almost completely through electric traction. 

The national energy efficiency objectives can also be achieved thanks to the contribution of interventions in 

the transport sector. An approach particularly appreciated in recent years is represented by the ASI approach 

(Avoid - Shift - Improve) developed in Germany, which summarizes the intervention strategies in three macro-

categories of action: 

● AVOIDING - reducing the need for transport and the length of the path to be taken, optimizing the 

transport demand and favouring the use of communication systems: 

➢ encourage smart working, including through the implementation of broadband throughout the 

national territory; 

➢ stimulate the creation of online services by all PAs; 

➢ optimize the logistics of goods and services. 
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● SHIFTING - orienting users towards more efficient and sustainable travel arrangements: 

➢ stimulate the use of local public transport; 

➢ promote car-sharing and car-pooling; 

➢ favour the modal shift in transport of people and goods; 

➢ promote sharing solutions also for urban logistics. 

● IMPROVING - increase the performance of transport, also intervening on vehicle technology 

➢ encourage the replacement of old vehicles with new Euro 6 or alternative fuels; 

➢ encourage the development of electric, gas (CNG / LPG) and hydrogen mobility for individual 

and collective transport; 

➢ encourage the adoption of alternative fuels for goods transport. 

In Germany the expansion of the charging infrastructure is continuing at a fast pace. The BDEW charging 

station register listed 27 730 publicly available charging points in April 2020 of which 2 480 are rapid charging 

points. As such, the number of publicly available charging stations had grown by 60 per cent since April 2019. 

In the city rankings, Munich (1.185 charging points), Hamburg (1.096) and Berlin (1.052 charging points) 

occupy the top spots.As far as a ranking of the Laender is concerned, Bavaria (6.353 charging points), Baden-

Württemberg (4.950 charging points) and North Rhine- Westphalia (4.476 charging points) are in the first 

three positions. Hamburg has the highest number of charging points per million residents (595), followed by 

Bavaria (486 charging points) and Baden-Württemberg (447 charging points). 

According to the German Federal Motor Transport Authority, as of 1 January 2019, there were 136.617 purely 

battery-powered electric vehicles and 102.175 plug-in-hybrid vehicles registered in Germany (total: 238.792). 

This represents a year-on-year increase of 64% and 53% cent respectively. 

7. Renewable – Photovoltaic 

The commitments linked to the national plans to combat climate change provide for a decisive growth in the 

use of energy production from renewable sources, in particular from wind and photovoltaic. Italy, one of the 

countries that in recent years has distinguished itself for photovoltaic production, should more than triple the 

installation along the entire territory based on the scenarios of the National Plan Integrated for Energy and 

Climate (PNIEC) approved in January 2020 by the Italian government. On the one hand, this acceleration 

goes in the direction of decoupling the country's growth from dependence on fossil fuels, on the other hand 

the massive use of raw materials in the production of panels will pose a significant challenge for the 4Rs 

model of the circular economy, Reduce-Reuse-Recycle-Recover, which is based on the most efficient use of 

resources, from the phase of production to the end of life of the product. 

The development of the photovoltaic sector in Italy has been characterized by an uneven trend over the years 

both in terms of growth and territorial diffusion, as can be seen from the following image. 
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Figure 12 - Indicators for photovoltaic installations in Italy between 2008 and 2019 

 

Among the characteristics of the Italian photovoltaic (PV) it is worth noting the great prevalence of small-sized 

plants, which have a power lower than or equal to 20 kW; these represent 90% of the total plants, but 21% 

of the total power. The distribution of the number of plants sees the prevalence of the regions of northern Italy 

with approximately 55% of the total, while approximately 17% is installed in the center and the remaining 28% 

in the South. If we look at the overall power, the distribution is 45% in the north, 22% in center-north and 33% 

in the south. This effect is due to the large plants that are found mainly in the southern-central regions.  
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Figure 13 - Indicators for photovoltaic installations in Italy in 2019 

 

In Italy, 72.5% of the installed photovoltaic power is made of polycrystalline silicon, 21.5% of monocrystalline 

silicon and 6% of thin film or other materials; in general, polycrystalline silicon panels are largely prevalent in 

all regions, followed by monocrystalline panels, while the diffusion of thin film panels and other types is still 

limited. 42% of the 20.8865 MW installed in Italy at the end of 2019 is located on the ground, while the 

remaining 58% is distributed on non-ground surfaces (buildings, warehouses, rooftops, etc.).  For example, 

in the northern regions it is possible to observe a large penetration of the capacity of non-ground plants, with 

maximum observable well over 90% in Liguria, Valle d'Aosta and in the provinces of Trento and Bolzano. 

In 2019, the over 880,000 photovoltaic plants in operation in Italy produced a total of 23,689 GWh of electricity; 

compared to the previous year there is an increase of 4.6%, mainly linked to better irradiation conditions. 

Observing the production trend of the plants during 2019, the production primacy of the central months 

emerges; June, in particular, is the month characterized by the highest production (just under 3 TWh), as you 

can see in the image below. 
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Figure 14 - Indicator for photovoltaic production in Italy between 2009 and 2019 

 

In Italy, self-consumption (electricity produced used directly on the place of production) in 2019 amounted to 

4,718 GWh, equal to 19.9% of the total production of photovoltaic systems and to 38.6% of the production of 

only self-consuming systems. The highest level of self-consumption is recorded in July, while the highest self-

consumption rates are recorded in winter months. 
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Figure 15 - Indicators for photovoltaic self-consumption in Italy in 2019 

 

With regard to business sectors, at the end of 2019, approximately 82% of the 880,090 plants in operation in 

Italy relate to the domestic sector; the greater quote of the total installed power (49%) is concentrated in the 

industrial sector. In terms of number, 88% of the systems installed in the course of 2019 alone are 

concentrated in the domestic sector; in terms of power, on the other hand, 48% is concentrated in the 

industrial sector. 

Table 22 - Photovoltaic installation indicators in italy by sector in 2019 

2019 Business sector Total amount of 
systems installed 

Total amount of 
power installed 

Average power of 
installed systems 

    [-] [MW] [MW] 

 Agriculture 29.421 2.548 86,6 

 Domestic 721.112 3.434 4,8 

 Industry 35.838 10.274 286,7 

 Service 93.719 4.610 49,2 

 Total 880.090 20.865 23,7 
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An example is given below regarding the installation of a photovoltaic system. The plant consists of 170 

panels for a total peak power of 60,00 kWp, the total investment amount of 72.000 € and the energy cost of 

this company is assumed equal to 100 €/MWh.  

Characteristic Value Notes 

Peak power [kWp] 60,00 170 panels 

Photovoltaic productivity [kWh] 78.000   

Specific plant cost [€/kWp] 1.200 estimation 

Investment [€] 72.000 estimation 

Self-consumption [kWh] 78.000 100% 

 

Table 23 - Annual savings, payback time and net present value (VAN) indicators 

Avoided CO2 27,69 [tCO2/year]   

Saving 7.800 [€/year]   

PB Period 9,23 [year]   

VAN (15 years) 14.723 [€] (i=4%) 

8. Renewable - Waste heat 

Industrial processes inevitably generate "low quality" thermal energy, i.e. heat conveyed by gaseous masses 

(fumes, steam at atmospheric pressure, etc ...) or liquids (purges, condensates, secondary process fluids, 

etc ...) at temperatures below 120° C. An accurate assessment of the production processes often makes it 

possible to identify these masses of heat and verify the possible technological methods of recovery and their 

effective economic sustainability. The main heat sources that lend themselves to their recovery are: 

● heat recovery from fumes; 

● heat recovery from thermal waste; 

● heat recovery, purges and condensates; 

● heat recovery from production lines. 

Among the plant services, the thermal production plant discharges the combustion fumes to the atmosphere 

at temperatures that average between 110°C and 130°C. The heat conveyed by the fumes is recovered 

through a simple, mature and inexpensive technology: the heat exchanger. Over 95% of operators prefer this 

technology. In some cases, the heat recovery is pushed up to the cooling of the fumes to temperatures around 
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50°C. In these cases, however, the technology becomes more expensive due to the need to use materials, 

such as stainless steel, which are more resistant to the acid corrosion of fumes. 

A valid alternative is the recovery of residual heat for its conversion into electricity through ORC (Organic 

Rankine Cycle) technology. Thanks to this application, the recovered heat can be exploited to satisfy internal 

users such as electricity for plant self-consumption. In other cases, the waste heat can be used for civil use 

(i.e. heat conveyed to the local district heating network) or for other industrial uses. In recent years, the first 

plants have been developed in Italy in the steel, glass, cement and non-ferrous materials sectors which have 

made it possible to highlight the benefits in terms of energy efficiency, greater environmental sustainability 

and industrial competitiveness, also opening scenarios of interest for the 'export of technology to European 

and non-European countries where today there are some achievements for leading multinational industrial 

groups. However, in the face of a technology not yet fully mature, characterized by an initial capital-intensive 

investment, further development of ORC applications for thermal recovery from industrial processes is 

possible only by eliminating the current barriers that hinder their diffusion, through adequate mechanisms of 

support, such as White Certificates. A technology penetration rate of 10% is expected by 2030, corresponding 

to an installed capacity of approximately 50 MWe (source: Energy & Strategy Group - Sectoral Focus Report 

2015) corresponding to a few dozen plants. The powers of these plants are in fact generally included from a 

few hundred kW to 2-3 MW of electricity. 

In industrial plants there are often process fluids that convey heat that must be removed from the fluid (by 

means of evaporative towers or heat exchangers) or that in some way is dispersed because it is discharged 

(waste). These are thermal waste which, following a careful evaluation of the processes, can become a 

convenient source of heat for those phases that require thermal energy. Heat recovery is typically achieved 

by means of heat exchangers. 

Furthermore, in the thermal plants of the plants where steam and electricity are produced there are often 

boilers that produce high temperature purges to reduce the phenomena of encrustation and corrosion and 

condensation from heat exchangers. The heat of these flows is recovered by installing heat exchangers or, 

alternatively, by significantly reducing their flow rate with the installation of purification systems for the heat 

transfer fluid. 

9. Renewable – CHP 

The term cogeneration refers to the combined production of electrical / mechanical and thermal energy (heat) 

obtained in special plants using the same primary energy. If a user requires electrical and thermal energy at 

the same time, instead of installing a boiler and buying electricity from the grid, you can analyze the creation 

of a thermodynamic cycle to produce electricity by exploiting more thermal high levels, releasing the residual 

heat at a lower temperature. Combined production can increase the efficiency of fossil fuel use by up to over 

80% and, compared to the separate production of the same quantities of electricity and heat, the production 

combined, if effective, involves: 
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● economic savings resulting from lower fuel consumption; 

● a reduction in the environmental impact, resulting from both the reduction of emissions and the lower 

release of residual heat into the environment (less air pollution and less pollution thermal); 

● lower transmission and distribution losses for the national electricity system, consequent to the 

location of the plants in the proximity of the catchment areas or self-consumption of energy produced; 

● the replacement of less efficient and more polluting modes of heat supply (boilers, both for civil and 

industrial uses, characterized by lower levels of efficiency, high environmental impact e lack of 

flexibility regarding the use of fuels). 

The combined production of electricity and heat finds application both in the industrial, especially in self-

production, both in the civil field. Heat is used in the form of steam or other heat transfer fluids (hot / 

superheated water, diathermic oil, ...) or in the form of hot air, for uses of industrial or civil processes for urban 

heating via district heating networks, as well for cooling through absorption systems. Electricity, which can 

count on an extensive distribution network, is self-consumed or fed into the network. The privileged users for 

the cogeneration are those characterized by a rather constant demand for thermal energy and electricity. It 

should be noted that the exploitation of the useful heat produced by the cogeneration plant also for cooling 

(trigeneration) allows to maximize the use of energy thermal, making it convenient for a greater number of 

hours per year. 

Figure 16 - Example of CHP layout 

 

The cogeneration systems are classified according to the types of engines adopted. From this point of view, 

the most common cogeneration systems use: 

● industrial-derived internal combustion engines; 

● internal combustion engines of automotive origin; 

● steam turbines; 

● gas turbines; 
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● mini and micro gas turbines. 

A criterion based on the PES index (Primary Energy Saving) is used to define High Efficiency Cogeneration 

(HEC) which represents the primary energy savings that cogeneration allows obtain with respect to the 

separate production of the same quantities of electricity and thermal energy. For the purposes of recognition 

of operation in High Efficiency Cogeneration, a cogeneration unit must necessarily achieve a primary energy 

saving (PES) higher than values pre-established illustrated below: 

● PES> 0 for units with generation capacity of less than 1 MWe (small and micro-cogeneration) 

● PES ≥ 0,1 (10%) for cogeneration units with generation capacity at least equal to 1 MWe 

The choice to use a cogeneration system is dictated by some characteristic functional parameters, such as: 

● size of the plant, generally expressed in terms of electrical power Pe  produced 

● qt / Pe ratio between heat flow and electrical power required by users 

● Pe / (mc*Hi) ratio between electrical power produced and primary energy supplied 

● first principle efficiency of the plant η 

Table 24 - CHP indicators regarding power installed, ratio between heat and power produced,  ratio between 
power produced and fuel calorific value and plant yield 

Cogeneration Systems 
Pe qt/Pe Pe/(mcHi) ηI 

[MW] [-] [%] [%] 

Industrial engine 0,1-10 1,0-1,5 30-50 60-90 

Automotive engine 0,02-0,1 1,5-2,0 20-30 60-90 

Steam turbine 0,5-300 1,5-6,0 13.058 75-85 

Gas turbine 0,2-100 1,5-3,0 25-40 60-90 

Mini and micro gas turbines 0,03-0,2 1,5-2,0 25-30 60-80 

Below there is a series of tables that highlight the current situation of cogeneration plants in Italy. 
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Figure 17 - CHP indicators in Italy by type of system of production 

 

Looking to other European countries, in Germany in 2019, electricity generation from CHP plants in 

Germany amounted to around 104,6 bn kWh. That meant that the volume of electricity from CHP fell 

slightly, by 1.4%, in comparison to 2018.CHP thus accounted for an 18.2 per cent share of net electricity 

generation.  

Moreover, there are already 36 larger PtH plants with a total electrical capacity of around 555 MW across 

Germany today. The majority of those plants are integrated into CHP/heating network systems. Through the 

PtH module, they are then able to generate heating, for example from excess electricity from renewable 

energy sources. Shutting down the CHP plant whilst simultaneously starting up the PtH plant relieves the 

electricity grid and can avoid wind energy plants having to be disconnected. Excess heating can be “held” in 

heating storage facilities and used later to supply district heating customers. These types of sector coupling 
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make an important contribution to the integration of electricity from renewables into the heating sector and 

thus to the environmentally friendly heating of buildings. 

Below, a case study is reported about the installation of a cogeneration plant fueled by methane gas at the 

clinic “City of Udine” by the distribution company AcegasApsAmga with the parameters relating to the plant. 

The clinic “City of Udine”, founded in 1964, represents an important point of reference for regional 

healthcare. The main structure has 100 beds divided between the medical area and the surgical 

department. It is equipped with four operating rooms. Given the constant need for electricity and heat 

throughout the year, it is a typical example of advantageous application of cogeneration. The main 

advantages of this solution are: 

● The self-production of electrical and thermal energy necessary to satisfy, albeit partially, their energy 

needs; 

● The optimization of energy costs by receiving only part of the necessary electricity load from the 

network; 

● Reduction of CO2 emissions and carbon footprint compared to separate production; 

● Improvement of service continuity. 

The annual electricity requirement was approximately 1.680 MWh/year and the annual consumption of 

methane gas before the intervention was approximately 230,700 m3/year which was used in four heat 

generators. The project carried out by AcegasApsAmga is a 170 kWe gas cogeneration plant. The 

cogeneration plant consists of: 

● Otto cycle endothermic engine coupled to a three-phase synchronous alternator directly connected 

to the motor shaft; 

● Heat recovery unit; 

● Control panel. 

Table 25 - Characteristics of the system highlighted in the example 

Electrical power 170 [kWe] 

Thermal power 270 [kWt] 

Methane gas consumption 47 [mc/h] 

Average electrical efficiency 34 [%] 

Electrical energy produced  690 [MWh/year] 

Percentage of electricity requirement 
covered 

36 [%] 

Thermal energy produced 990 [MWh/year] 

Percentage of heat requirement covered 63 [%] 

Hours of operation 5.000 [h/year] 
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In conclusion, it can be stated that the cogeneration plant fueled by natural gas produces electrical and 

thermal energy capable of ensuring, in combination with the integration boilers present and with the mains 

integration electricity, the energy needs of the clinic. The electricity produced by the cogeneration plant is 

fully absorbed by the end user. 

 

5.2.3 How to develop sectoral strategies and 
policies to support and accelerate the 
adoption of energy efficiency measures in 
SMEs 
The fourth industrial revolution, more commonly known as Industry 4.0, is characterized by the growing 

integration of "cyber-physical systems" in industrial processes, by the digitization and computerization of the 

production chain that leads to the final product. In the new “smart factory”, physical objects are perfectly 

integrated into the information network and the Internet is increasingly combined with intelligent machines, 

transforming production processes into a huge information system. 

Thanks to technologies such as Big Data (managing and analyzing huge amounts of data), the Cloud 

(storing such data on the Net at relatively low costs) and the Internet of Things (every machine that 

produces and every product made are connected to each other, produce and exchange data) it will be 

increasingly possible to combine the "physical", real industrial system, made up of real machines that make 

products that can be touched (perhaps with innovative materials, suitable for new 3D printing technologies), 

with its virtual representation guaranteed by technologies known under the name of augmented reality that 

can be managed more efficiently and quickly and, above all, from anywhere in the world. The time has 

therefore come to rethink and re-engineer the production processes of our companies. We need a new 
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business culture that once again puts man at the center of the factory because he will be - with different and 

superior skills to the current ones - the true flexible element in a production in which the key word is 

flexibility. 

One of the main assumptions is that the connection between computers, actuators and sensors can allow 

the intelligent management of production systems and the logistics chain, in a such as to react quickly to 

the specific requests of the global market. Which, more and more often, requires customized and extremely 

specific productions processes in short time and in extremely variable stock. Industry 4.0 allows, for 

example, to carry out predictive maintenance capable of reducing stops to production processes to a 

minimum. Data generated by the monitoring of machines and products can enable new value-added 

services, useful for avoiding commodity risk. 

The optimization of energy management, especially in the industrial field, can represent an extremely 

significant item of the company budget. It should be considered that the technological heart of Industry 4.0 

is represented by the Industrial IoT, i.e. the connection to the network of industrial machines and plants, 

enabled by modern sensors. This connection allows you to constantly collect data on the operation of the 

various parameters, including that relating to energy consumption. Data collected must be analyzed to 

understand how to optimize energy management strategies, identifying any waste and anomalous peaks, 

which can also be seen as one of the indicators of the operation of the machines: excessive energy 

consumption can be the indicator of problems of various nature, to be brought to the attention of the 

maintenance team.  

Another possibility is represented by the introduction of dynamic systems for the management of 

information flows, including energy loads. Finally, greater energy efficiency can be achieved through 

investment in technological advancement of equipment and greater energy yield. In fact, in recent years the 

funding provided under Industry 4.0 has allowed the purchase of more efficient systems, machinery and 

equipment even for micro, small and medium-sized enterprises. In particular, among the efficiency 

measures admitted to the incentive of the Industry 4.0 Plan there are: 

● energy consumption management systems of production plants; 

● reactive energy management systems; 

● consumption control and management systems for the production of compressed air. 

Basically, for an industrial company that decides to evolve with a view to Industry 4.0, energy management 

means exploiting technological innovation to collect a large quantity of data in order to optimize production 

processes and business management. This can result in greater energy savings and better energy 

management which becomes a core business factor of the company. Furthermore, the transition to Industry 

4.0 often means the application of the principles of the circular economy, recycling and district synergies: 

the use of thermal energy produced in surplus by companies to power businesses bordering on district 

heating networks or vice versa, the production and use of biogas, biomethane or vegetable fuels from 

production waste, etc. It is therefore possible to define Sustainable Manufacturing, to which specific 
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Confindustria realities expressly address, including the Lombardy Cleantech energy Cluster. Among the 

challenges of Sustainable manufacturing are: 

● increased operational efficiency by reducing costs and waste; 

● integration of sustainability between company functions; 

● greater focus on the long term and increase in the duration of the product life cycle (Extended Life 

Time); 

● protection and strengthening of the brand and reputation and establishment of a bond of trust with 

external stakeholders; 

● enhancing the profitability and long-term success of businesses; 

● response to regulatory constraints and exploiting the opportunities offered by regulation. 

The transformation undergone by the manufacturing companies is the answer to the change in the market. 

Compared to the past, new needs are emerging today: 

1. Increase productivity 

2. Interconnect installations (founding paradigm of Industry 4.0) 

3. Identify and monitor costs 

Another of the key issues within the energy transition that we want to pursue concerns the integration 

between the concepts of Lean Thinking and energy efficiency. Lean Thinking means a management style 

that aims to reduce waste to create excellent standardized processes at low cost with the contribution of 

people. It is adaptable to all sectors and contexts and applies to all business areas. 

The centrality of the customer is at the basis of the Lean Thinking philosophy: it is attentive and focused on 

customer needs, it is an obsessive search for waste (MUDA) and empowerment of company resources to 

create added value, it is continuous improvement. 

Lean Thinking includes a set of operational tools and methods for applying lean principles in the company; 

however, the Lean Thinking approach must be interpreted as an opportunity for radical change that affects 

not only the operational aspect but also the set of rules and values, the corporate culture. 

It is possible to define the objective of this methodology as continuously improving the skills in the fields of 

Energy and Organizational Efficiency as a contribution to Sustainable Development, safeguarding the 

environment and the growth of the country. The main points of contact between energy efficiency and 

organizational efficiency (Lean Thinking) are summarized below: 

Energy efficiency 

● Uses - Energy Consumption 

● Plants - Processes - Environments 

● Energy audits and improvement interventions 

● SGE - Energy Management System and ISO 50001 
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● Incentive mechanisms 

Organizational Efficiency 

● Just in Time 

● Value added 

● Smooth and level production 

● Pull - Kanban system 

● Kaizen - PDCA - KPI 

Industry 5.0 = Energy Efficiency + Lean Transformation 
The challenge at the heart of this further industrial revolution is to provide support to enterprises in general, 

and SMEs in particular, towards climate neutrality and the energy transition considered as strategic factors 

to increase their competitiveness. The proposed approach foresees the monitoring of both the energy 

stream (energy efficiency) and the value stream (Lean Transformation). In particular, reference markets are 

quite sensitive to the achievement of environmental targets. Therefore, it is important how energy efficiency 

interventions, the improvement of production flows and the integration of renewables are assessed and 

communicated. 

 

 

5.2.4 Optimization of the use of public 
resources channeled to those sectors with 
higher potential of improvement 
With regard to the issue to be dealt with in this paragraph, reference is made to the document called " 

Guida all’uso delle risorse per incentivare rinnovabili ed efficienza energetica ", drawn up in 2013 by the 

Italian Federation for the Rational Use of Energy (FIRE). 

The economic resources of the Public Administration (P.A.) must be destined both to the achievement of 

the objectives defined at European and national level and to its specific priorities, always in the energy 

sector, and of a social nature in favor of specific sectors or individuals not able to access the '' purchase of 

energy, both of territorial development in favor of businesses and local employment. Below are some 

specific priorities of the locals Public Administrations: 

1. respond to well-highlighted needs in the area, in order to have a positive return assessment on 

issues such as employment, fuel poverty and the qualification of public spending; 

2. verify that correct procedures are followed in order to ensure easier access to funds and that these 

are effectively used (avoiding appeals, blockages or delays linked to overly complex procedures); 
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3. respond to problems of relevance at the moment, there is also an improvement and growth in the 

ability of the territory to deal with similar situations in the future, in a medium-long term perspective; 

4. certify that there is a positive return within the P.A. and that the methods of disbursement of 

resources facilitate access to other funds, available in European, national or regional programs; 

5. verify that the resources committed can become available over time, either directly through revolving 

funds, or indirectly through the repercussions generated by their use. 

The interventions that a P.A. can activate in the energy sector can be grouped into three types: 

1. Mainly welfare, aimed at alleviating temporary situations of strong social relevance. They require 

additional resources, although even limited amounts can sometimes be useful. Generally without 

positive repercussions in subsequent times and without guaranteeing that the phenomena do not 

recur with equal gravity. 

2. Redevelopment of the public park. They typically concern the expenditure that the P.A. supports for 

buildings it owns, both directly occupied such as offices and institutional headquarters, and occupied 

by third parties such as public schools. What we propose is not to increase consumption costs, but 

to create a virtuous mechanism by which the lower energy consumption achieved generates 

sufficient resources to repay over time the performance of a third-party company that financed the 

intervention, or to maintain virtuous behavior. of the occupants, such as to reduce consumption. 

3. To stimulate businesses and families in the area. The aim in this case is to help families and 

businesses to finalize their investments in the energy sector, both in residences and in service and 

production activities, with positive repercussions in the local context. To favor these processes, ad 

hoc resources are needed, providing direct incentives in the forms presented below, supplementing 

or additional to the national ones, possibly integrated by reductions in local taxation. In this context, 

the effect of information and training campaigns should not be underestimated, which in particular in 

the complex and technical sector of energy efficiency, can play a greater role than direct incentives, 

at a much lower cost. 

The administrations can have funds of various origins destined to incentivize private initiatives of energy 

interest in their territory, in synergy with national support programs or as an alternative to them. The various 

possible incentive mechanisms are presented below, mentioning the problems of evaluating effectiveness, 

priority in assignment and control in management. 

The tools available include the following: 

● capital grants; 

● operating grants; 

● interest rate or subsidized rate contributions; 

● guarantee funds; 

● technical assistance programs; 
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● information actions; 

● regulatory benefits. 

The different mechanisms have different effectiveness and different complexity of use. It is essential to 

choose the procedures in such a way that the financing makes the projects bankable, eliminating all the 

potential causes of uncertainty about the constancy and regularity of the disbursement of funds. 

Considering that in the last decade energy expenditure has been increasing due to the increase in the price 

of fossil fuels and electricity, the energy expenditure of public administrations has grown over time. A 

methodology to incentivize energy efficiency interventions within the Public Administration is that of Third 

Party Financing, a typical form of public - private partnership in which an Energy Saving Company (ESCo) 

anticipates the resources necessary to carry out the project and recovers costs thanks to the savings 

achieved. By ESCo we mean a company that offers a guarantee on the performance of the intervention (i.e. 

an energy and therefore economic saving is guaranteed compared to the historical trend of energy 

consumption) and is able to finance the intervention through its own resources or to bank credit. 

At the end of the contractually envisaged period, the P.A. will regain possession of its plant which has 

become more efficient, will reduce its expenditure for future years, will have contributed to national 

objectives and to create new jobs (energy efficiency from a service perspective always includes a non-

negligible part of management and maintenance, which usually has repercussions on the territory), and will 

have promoted innovation in the territory with positive effects and the possibility of replication. This 

procedure was facilitated, in its contractual construction, when you wanted to intervene in structures with 

high energy demand, especially if fairly regular and required for many hours a year, a demand for which 

tested technologies were available. This was the case of large hospitals with steam requests not only for 

winter heating, but also for sterilization, laundries and absorbers for summer air conditioning; the latter were 

well suited to cogeneration with engines and gas turbines, interventions with economic payback times of the 

order of 5-6 years. 

Over the years, notable examples of financing through third parties have been achieved in the hospital 

sector, in medium and large structures, using contracts with mutual guarantee clauses that have made it 

possible to achieve satisfactory results for the client and executor. The hospitals did not have to invest their 

own money and once the contract period was over, they were able to directly enjoy the lower expense 

allowed by the lower fuel consumption, with the same internal demand for heat and electricity. 

Another crucial figure is the Energy Manager, who has the task of managing what concerns energy within 

the institution, verifying consumption, optimizing it and promoting interventions aimed at energy efficiency 

and the use of sources. renewable. The Energy Manager, therefore, verifies consumption, through ad hoc 

audits or, if available, through the reports produced by remote management, remote control and automation 

systems. It is therefore concerned with optimizing consumption through the correct management of the 

systems and their appropriate use from an energy point of view, but also by promoting energy – conscious 

behaviors among employees and / or occupants of the structure and proposing investments for 
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improvements, possibly capable of improving production processes or the performance of related services. 

Another function that often concerns the Energy Manager is that of purchasing electricity and other energy 

carriers. Clearly in this case it is a question of reducing purchase costs, possibly promoting the correct 

management of electrical loads in order to avoid power peaks that involve higher costs. Among the less 

common, but useful options, there is the possibility of collaborating with the purchasing department to 

promote procedures that promote so-called green procurement and the purchase of machinery 

characterized by low energy consumption and therefore low operating costs (life cycle cost analysis - 

LCCA). 

In medium and large organizations, the Energy Manager can be responsible for the corporate energy 

management system, as defined by the international standard ISO 50001 published in 2011. An energy 

management system (SGE) expands the role of the Energy Manager and increases its effectiveness, as it 

includes it in a defined corporate energy policy, with explicit quantitative objectives, and extends its area of 

activity to all corporate functions, through specific procedures. 

An SGE works like this, according to the so-called PDCA (Plan-Do-Check-Act) or Deming cycle: 

● an in-depth energy diagnosis is carried out and the possibilities for energy efficiency of the company 

are verified; 

● management draws up a corporate energy policy, setting quantitative savings targets to be achieved 

over a certain period of time (these targets can be freely chosen by the organization and do not 

necessarily depend on achievable potentials); 

● a company management system is developed, with the help of external consultants, which indicates 

the detailed procedures to achieve the set objectives, and an SGE manager is appointed (generally 

the Energy Manager); 

● a monitoring system is developed, preferably based on a remote management, remote control or 

automation system, which will be used to collect and analyse consumption data (and more) in order 

to ensure the achievement of the targets; 

● the planned efficiency interventions are carried out; 

● the outcome of the actions taken is checked; 

● if necessary, the company policy or internal procedures are corrected if the results are not in line 

with expectations 

In summary, the operations are planned, actions are implemented, the results are verified and then it is 

decided whether to change the objectives or the organization to achieve the maximum result. From the 

point of view of a company, the ideal situation to ensure the correct management of energy with a view to 

competitiveness, as well as reducing costs and emissions, is to obtain an ISO 50001 certification, placing at 

the head of the SGE a valid Energy Manager. In this way, in fact, action aimed at continuous improvement 

is guaranteed, with the entity that can decide whether to follow an ambitious or a milder path. 
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▪ https://ec.europa.eu/transport/modes/road_en 

▪ https://ec.europa.eu/energy/topics/energy-efficiency/financing-energy-efficiency_en?redir=1 

▪ https://ec.europa.eu/transport/themes/sustainable_en 

▪ https://www.bee-ev.de/english/ 

▪ https://ec.europa.eu/energy/topics/renewable-energy/national-renewable-energy-action-plans-2020_en 

▪ http://www.res-legal.eu/search-by-country/germany/summary/c/germany/s/res-e/sum/136/lpid/135/ 

▪ https://www.europarl.europa.eu/factsheets/it/sheet/70/energie-rinnovabili 

▪ https://www.europarl.europa.eu/factsheets/it/sheet/63/piccole-e-medie-imprese 

▪ https://www.europarl.europa.eu/factsheets/it/sheet/68/politica-energetica-principi-generali 

▪ https://www.europarl.europa.eu/factsheets/it/sheet/67/politica-dell-innovazione 

▪ Energy efficiency scenarios AC.xlsx – Attached to this document 

▪ Energy efficiency scenarios COGE.xlsx – Attached to this document 

▪ Energy efficiency scenarios FV.xlsx – Attached to this document 

▪ Energy efficiency scenarios LED.xlsx – Attached to this document 

▪ Energy efficiency scenarios MOTOR.xlsx – Attached to this document 

▪ Energy efficiency scenarios TH.xlsx – Attached to this document 

▪ Energy efficiency scenarios Mobility.xlsx – Attached to this document  

 

 

https://ec.europa.eu/transport/modes/road_en
https://ec.europa.eu/energy/topics/energy-efficiency/financing-energy-efficiency_en?redir=1
https://ec.europa.eu/transport/themes/sustainable_en
https://www.bee-ev.de/english/
https://ec.europa.eu/energy/topics/renewable-energy/national-renewable-energy-action-plans-2020_en
http://www.res-legal.eu/search-by-country/germany/summary/c/germany/s/res-e/sum/136/lpid/135/
https://www.europarl.europa.eu/factsheets/it/sheet/70/energie-rinnovabili
https://www.europarl.europa.eu/factsheets/it/sheet/63/piccole-e-medie-imprese
https://www.europarl.europa.eu/factsheets/it/sheet/68/politica-energetica-principi-generali

