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Abstract:  

Under an Energy Performance Contract an external company (Energy Service COmpany) designs and installs efficiency measures and 
uses the stream of income from the cost savings to repay the upfront investment and costs for the initiatives. Nevertheless the 
identification of the most appropriate energy efficiency intervention among all the existing energy services is often not easy. Aim of 
present paper is to develop a general framework which aims to provide a first indication for selecting the best fit efficiency measure 
basing on the different energy characteristics of industrial plants.  
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1 Introduction 

During the last decades, the energy sector has experienced 
significant changes.  
The main trends and drivers of this evolution are: 

 Power to Power Competition: the  global demand for 
renewable energy was steadily on the rise in the years 
2011 and 2012, unlike the conventional non-renewable 
energy which showed a decline. In fact, in 2011, 19% of 
the world’s global consumption was supplied by 
renewable energy. That number grew to 21.7 percent by 
2012 (REN 21).  

 Energy Market Volatility  
Electricity spot prices are characterized by high volatility 
and occasional spikes (Cesarotti et al., 2007). This is 
mainly due to the increasing use of renewable energy 
sources – especially wind power – since the current 
energy demand and energy generation becomes a 
consequence of weather conditions (Mitra et al., 
2012)(Simonsen, 2005). 

 Conventional generation flexibility/ Grid instability   
As the share of renewable on power grids increases, this 
variable nature becomes one of the main technical 
challenges for electric utilities. 
According to technical and regulatory tolerances is 
necessary maintain overall grid balance and stability by 
increasing the flexibility of conventional generation.  
Peaking and non-peaking gas turbines, as well as other 
conventional plants, from coal to nuclear, offer 
possibilities to balance variability of renewable by 
ramping and cycling (Benini et al., 2002) (Eurelectric, 
2011).   

 Reduction in energy demand: Thanks to the 
investment in more efficient equipment and processes, by 
2020, in Europe is estimated a reduction in annual energy 
consumption by approximately 250 megatonnes of oil 
equivalent (Mtoe), which represents about  16 percent of 
Europe’s total demand. In the U.S., the potential annual 
energy savings amount to approximately 200 Mtoe, or 20 
percent of demand (BCG, 2014). 
 

In this context, the implementation of cost-effective energy 
efficiency interventions is capital for firms’ competitiveness. 
 

 

2 Energy Performance Contracts 
It is a general practice for organizations wishing to reduce 
energy-related costs to engage specialized company for the 
provisions of energy services (Energy Service 
Company)(2006/32/EC, 2006).  
The ESCOs typically offer a comprehensive contract called 
Energy Performance Contract (EPC). The EPC is a turnkey 
service, sometimes compared to design/build construction 
contracting which provides energy information and control 
systems, energy audits, installation, operation and maintenance 
of equipment, competitive finance and often is accompanied 
with guarantees that the savings produced by a project will be 
sufficient to finance the full cost of the project. 
This contract allows the client to reduce energy costs, transfer 
risk and concentrate attention on core activities. 
In relation to risk allocation between the ESCO and the 
customer we can identify two major performance contracting 
models: shared savings and guaranteed savings (Sorrell, 2007). 
With the guaranteed savings model, the customer will finance 
the project (either through own funds or through loans) and 
the ESCO will in return guarantee a minimum energy savings 
level (percentage). Savings exceeding the guaranteed level will 
be split between the ESCO and customer. With shared savings 
the ESCO finances the project and the savings are then split 
between the customer and ESCO according to a 
predetermined agreement.  
Since an energy performance contract, generally, binds a 
customer to one supplier for a consistent period of time it is 
important to critically evaluate it basing on the energy 
efficiency interventions proposed. 
 

3 State of the art 

The large number of prescriptive, economic and supportive 
policies focused on increasing energy efficiency in the 
industrial sector as well as the barriers to its implementation 
have been analyzed in several recent studies (Tanaka, 
2011)(Trianni & Cagno, 2012).   
The literature has focused mainly on large energy-intensive 
industries, particularly process-specific sectors. Among others, 
(Oda et al., 2012) compared energy-efficient technologies by 
using cross-sector international analyses (power, steel, and 
cement industries). (Zhang & Wang, 2008) investigated on the 
impact of energy saving measures in the iron and steel sector 
and on the gain from the economies of agglomeration while 
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(Worrell, 1995) concentrated its effort on the iron and steel 
industry in China.   

Much of the research efforts have also concentrated to the 
energy use and energy saving measures in the cement industry 
(Madlool et al., 2011). 

By looking at the pulp and paper industry, (Kilponene et al., 
2000) explored the energy efficiency opportunities in a Finnish 
case study, while (Thollander & Ottosson, 2008) and (Del Rio 
Gonzalez, 2005) analyzed the factors influencing the adoption 
of clean technologies in the Swedish and Spanish pulp and 
paper industries, respectively.  

Nevertheless, while the world of benefits and barriers has 
been widely explored and in a very process-specific way, a 
general guidelines into the drivers in the choice among 
different energy efficiency interventions seems to have lagged 
behind. 
According to this consideration, purpose of the paper is 
twofold:  

 to cluster both energy industrial site and energy 
efficiency interventions;  

 to develop a general framework, useful to provide a 
first indication of the best fit energy efficiency 
intervention for the site.  

 

4 Preliminary discussion 

4.1 Industrial Plant Analysis from energy point of view 

The Standard Industrial Classification (SIC) code is used to 
categorize products based on the primary final output (SIC, 
1998). This code does not discriminate plants by the energy 
use profile such as energy load, thermal to electric ratio, 
energy intensity, electric and thermal load factor, etc. In fact, 
to date there is no such classification of manufacturing plants 
by their energy use to collectively address similarly energy 
intensive plants for heat recovery, efficiency, peak shedding, 
incentives, demand management, and other energy related 
purposes (Beyene & Moman, 2006). 
We have also analyzed the drivers according to firm size, since 
previous research had identified this factor as relevant when 
addressing, for example, barriers to energy efficiency (Trianni 
et al. 2013). 
According to these considerations we decided to introduce an 
autonomous classification in order to limit the perimeter of 
present work analysis (for example an industrial site where 
energy cost are very limited if compared to the total cost and 
which does not care environmental issue hardly can be 
considered a candidate for implementing an energy 
performance contract or for developing autonomously an 
energy efficiency intervention, since it is not one of its 
priority). 
In first instance, we clustered energy sites in three segments 
basing on annual energy consumption (electric and gas, 
converted in ton of oil equivalent (TOE), impact of energy 
cost on the total cost and belonging to market classes sensitive 
to environmental issues (i.e. GDO, food, paper and 
pharmaceutical industries): 
1) Extra Small Energy Sensitive: annual energy 

consumption < 100 TOE, energy expenditure > 4% of 
total cost or  energy expenditure < 4% but high 
sensitivity to environmental issues 

2) Small-Medium Energy Intensive: annual energy 
consumption between 100 and 800 TOE, energy 
expenditure > 4% of total cost or  energy expenditure < 
4% but high sensitivity to environmental issues 

3) Large-Very Large Energy Intensive: annual energy 
consumption > 800 TOE,  energy expenditure > 4% of 

total cost or  energy expenditure < 4% but high 
sensitivity to environmental issues 

 
Afterwards, we decided to introduce an additional 
classification (table 1) based on electrical and thermal load 
profile by considering the annual load factors. 
It is important to note that, in approximation, present 
framework concentrates on annual load factors but also 
monthly and daily load factors may be fundamental for final 
analysis. 
The load factor (expressed in terms of percentage or decimal 
number) is the measure of the uniformity and efficiency with 
which electrical or thermal energy is being used. It is defined 
as the average energy consumption rate for a facility divided 
by the peak energy consumption rate over a given period of 
data: 

             
                                           

                            
 

A high load factor implies a constant rate of energy use, 
because energy demand is held to a minimum relative to total 
overall use, differently the considered site shows a high 
variable energy profile (Authority, 2010). 

 
Constant thermal 
loading 

Variable thermal 
loading 

Constant electrical 
loading 

Profile A Profile B 

Variable electrical 
loading Profile C Profile D 

Table 1: classification based on energy load profile 

 
The relationship between energy consumption and energy 
load profile is important because major policies, funding 
opportunities, utility activities, etc., depend on it as will be 
further showed in detail. 
 
4.2 Energy Efficiency Interventions 
Energy efficiency improvements can be achieved through 
passive and active levers. 
We define active levers the interventions aiming to energy self 
production in an industrial site. The technologies include 
renewable-based equipment (PV, Solar Thermal, mini wind 
etc.) and non renewable-based equipment (engines, turbines, 
cogeneration system etc.). 
Active energy efficiency interventions should be evaluated 
taking into account the differential of the cost of purchase 
energy from the national grid and the generation cost of self-
production receiving discount on the system charges. 
In case of cogeneration should be also analyzed the delta cost 
between the heat produced by the CHP unit and the 
generation cost through standard devices (i.e. boilers). 
On the contrary passive levers concern all the other savings 
achievable by non self production systems. 
They include peak shaving (smoothing of profile by load 
shedding) and generic energy efficiency interventions (i.e. 
lighting, HVAC, building automation, power factor correction, 
etc.). 
Peak shaving interventions can be evaluated by comparing the 
delta between the AS-IS cost for energy supplies and the cost 
deriving from the optimal timing of energy loads with respect 
to the price curve. 
The feasibility of the other energy efficiency interventions can 
be easily estimated by comparing the expected saving with the 
implementation cost. 
As we will see further in details, the introduction of passive 
levers is strongly influenced by the maturity level of the site 
energy management systems and the typology of audit. 
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5 Discussion 
Reported below (and, graphically, in the appendix) there is a 
general framework useful to identify the appropriate energy 
efficiency interventions based on the characteristic of the 
industrial site. It has to be considered just as a first indication, 
since the effective implementation of proposed measures 
requires a more thorough and critical analysis. 
Present framework consist of two principal components:  (i) 
active levers decision tree (appendix 1), (ii) passive levers 
analysis (appendix 2). 
Taking a look both to (i) and (ii), it becomes immediately 
evident that, our hypothesis, when we consider the 
implementation of an active lever, is to use as main distinction 
the site’s energy load profile while its energy consumption is a 
discriminating factor just for the equipment size. We decided 
to use this assumption by observing the decline of the costs of 
smaller scale technologies. As a matter of fact, during the last 
years, cost is largely reduced due to technology improvements 
and savings from large-scale production of equipment 
(Electricity Authority, 2013). In addition, some countries, 
government subsidies have been used to promote the uptake 
of active levers, focusing in particular on high-efficiency 
cogeneration  and solar projects. 
On the contrary, as far as it concerns passive levers analysis we 
supposed that the major difference is related to energy 
consumption and, thus, to the organization’s energy 
management maturity. In fact, in most of cases, the energy 
maturity level of companies varies according to energy 
demand (Accenture, 2013). 
 
5.1 Active levers tool 
As stated beforehand, in case of active levers both thermal and 
electrical load factors can be justifiable for synthesizing the 
choice of the best fit energy efficiency intervention (Basulto 
Ernst, 2006).  
As a consequence, our decision tree starts by the analysis of 
the energy site classification by thermal and electrical profile. 
 
5.1.1 Profile A 
The Profile A has a constant thermal and electrical profile: this 
is an ideal situation which indicates that a properly sized 
cogeneration plant would efficiently utilize most of its output: 
a necessary condition to provide a favorable return on 
investment (Thumann & Mehta, 2008).  

While selecting cogeneration systems, there are important 
technical parameters which help in selecting the type and 
operating scheme (Efficiency, 2010). 

One of the most vital technical parameters influencing the 
selection of cogeneration system is the heat to power (or heat 
to electricity) ratio T/E (Horlock, 1997): 

    
  

  
  

 

This is the ratio of thermal energy to electricity required by the 
energy consuming facility (it can be expressed in different 
units such as Btu/kWh, kcal/kWh, etc.). 
Since the proportion of heat and power needed vary from site 
to site, the type of cogeneration must be selected carefully and 
appropriate operating schemes must be established to match 
demands as closely as possible. As a consequence, the heat to 
power ratio (see Table 2) has to match with the characteristics 
of the cogeneration system being installed (Raghu, 
2010)(Polimeros, 1981). 

Table 2: Heat to power ratio of CHP systems 

 
The plant may therefore be set up to supply part or all of the 
site heat and electricity loads, or an excess of either may be 
exported if a suitable customer is available. The following 
table (Table 3) shows typical heat to power ratios for certain 
energy intensive industries: 
 

Table 3: Typical Heat to power ratio of industries 

 

As far as it concerns the operating schemes to be adopted, 
there are mainly two strategies: the electrical load tracking 
(ELT) mode (also called electric load following or electricity 
tracking mode) and the Thermal Load Tracking (TLT) mode 
(also called thermal load following  or heat tracking mode). 

Under TLT mode the CHP generator is sized to meet facility’s 
annual peak Btu/hour demand and electricity is produced 
accordingly (regardless of the actual local load), as resulting 
from the characteristics cogeneration ratio λy. 

This is assumed to be the classical strategy for CHP, which 
maximizes the environmental effectiveness of cogeneration 
with no heat waste, whereas positive or negative electricity 
local generation/load imbalances are made up through grid 
connection.  
For this mode of operation to be successful, the heat to power 
ratio should be consistent (O’Brien & Bansal, 2000). 
In addition, for maximum savings on electric energy, 
maximum thermal loads should occur during the summertime 
electric peak periods when electric generation should be near 
its maximum capacity (Thumann & Mehta, 2008).  
On the contrary, under a ELT mode the CHP generator 
supplies electrical load demand requirement as a first priority 
and heat is produced regardless of the actual thermal load but 
accordingly to the characteristic cogeneration ratio.  
Such a strategy may typically be used to minimize the energy 
to be sold back to the grid when this is not economically 
convenient, or to minimize the network impact from 
“uncontrolled” generation in TLT mode. As a consequence it 

Heat-to-Power ratios and other parameters of CHP systems 

Cogeneration 
System 

Heat to Power 
Ratio 
(kWth/kWe) 

Power 
output (% 
of fuel 
input) 

Overall 
Efficiency    
(%) 

Back-pressure 
steam turbine 

4.0-14.3 14-28 84-92 

Extraction-
condensing steam 
turbine 

2.0-10.0 22-40 60-80 

Gas Turbine 1.3-2.0 24-35 70-85 

Combined Cycle 1.0-1.7 34-40 69-83 

Reciprocating 
Engine 

1.1-2.5 33-53 75-85 

Typical Heat-to-Power ratios for certain industries 

Industry Minimum Maximum Average 

Breweries 1.1 4.5 3.1 

Pharmaceuticals 1.5 2.5 2.0 

Fertilizer 0.8 3.0 2.0 

Food 0.8 2.5 1.2 

Paper 1.5 2.5 1.9 
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is more likely to adopt a ELT strategy in case of low heat to 
power ratio (Jones, 1999). In this case an Auxiliary Boiler is 
assumed to be put in operation to supply the thermal load if 
the thermal production is not sufficient. On the other hand, if 
the cogenerated heat is higher than the actual local thermal 
demand, heat is wasted. Therefore, either because additional 
boiler production is needed, or because heat production is 
wasted, the ELT strategy brings smaller environmental 
benefits relative to thermal load following.  
In addition, other important consideration when choosing a 
cogeneration system is the type of fuel to use since it 
influences operating costs and equipment life duration. 
Generally, the selection of the fuel is determinate by the type 
of industry and thereby cogeneration system to be used. The 
paper industry, which generates a great deal of biomass and 
chemical by-product fuel, generally opt for a Rankine cycle 
system to utilize the readily available fuel source (Rettig, 2011). 
Similarly, the petroleum industry most often relies on fuel oil 
as a heat source. Because of the available supply and low cost 
associated with using their own fuel oil, it makes excellent 
economic sense to do so. However, for those industries which 
do not generate a fuel source in their production process, 
natural gas is often the best choice, due to low cost, high 
efficiency, ease of transport, and low capital cost of the 
storage and distribution equipment. 
Some general guidelines have been developed through 
experience with regard to selecting a prime mover related to 
the organization size (Dyer & Maples, 1991)(Sanaye et al., 
2008). Specifically, reciprocating engines tend to prosper in 
smaller systems or systems which a peak shaving operational 
strategy is used (because of the relatively short operational 
time). Gas turbines perform best in moderately larger 
applications. Steam turbines are ideal for the largest 
applications or applications where solid fuel is used, because 
the large boilers which use this type of fuel produce enough 
steam to allow for huge extraction turbines to produce sizable 
amounts of electricity. Steam turbines will also perform well in 
any situation in which steam is required at different pressures.  
 

5.1.2 Profile B 

In case of non constant thermal load, since electrical an 
thermal demand should overlap most of the time to make 
cogeneration attractive, it is possible to consider if the 
presence of cooling requirements paves the way to adopt 
trigeneration (Ziher & Poredos, 2006)(Sanchez-Cifuentes & 
Hernandez-Santoyo, 2003): it may be feasible if the conversion 
of cooling demand into heating demand provides a relatively 
constant heating demand throughout the year (Samuelsen & 
Margalef, 2010) (Chicco & Mancarella, 2007). 
Furthermore, the literature indicates that, due to the important 
economic and environmental benefits of trigeneration 
systems, a wide range of application (including classical 
compression electric refrigerator group, electric heat pump, 
engine-driven chiller, engine-driven heat pump, and gas 
absorption heat pump) have been designed (Bassols et al., 
2002) and successfully integrated in a number of industrial and 
commercial site (Alalzadeh-Aza et al., 2002). 
On the contrary, when there are no cooling requirements it 
could be possible to consider for large industrial application 
also the recourse to a cogeneration plant sized on the 
minimum thermal load to partially supply the energy demand 
or the recourse to solar-based renewable energy (PV). 
In fact, not only does PV have a larger technical potential than 
any other renewable energy technology, it also is not as 
geographically constrained as other renewable (Denholm & 
Margolis, 2007). Furthermore, the cost of PV has dropped 
dramatically as the industry has scaled up manufacturing and 

incrementally improved the technology with new materials: 
since the beginning of 2011 the average price of completed 
PV system has decreased by 33% (IEA, 2013) reaching out the 
2 $/W. Obviously, in consideration of available surface and 
economical constraints, for large industrial application we can 
recommend PV application just to supply a part of the total 
energy consume.  
Even in this case can be useful to analyze the heat to power 
ratio to test the feasibility of photovoltaic (PV) modules or 
hybrid Photovoltaic/Thermal (PV/T) solar systems. 
A photovoltaic panel may convert typically 10%-15% of the 
incident insolation to electricity. 
The rest of the solar energy absorbed heats the panel reducing 
photovoltaic electrical energy conversion efficiency. 
When there is a consistent demand for heat it could be 
achieved an economic viability to use the absorbed solar 
radiation that is not converted into electricity for 
multigeneration purposes of electricity and heat by a PV/T 
system (Ratlamwala et al., 2011). 
Combined photovoltaic-thermal collectors have been 
developed with either water (Li et al., 2006) or air as the heat 
transfer fluid. Hot water produced by such combined systems 
can be used for space heating or hot water. 
 

5.1.3 Profile C 

In case of a low electric load factor the cogeneration 
equipment will be oversized  for the electrical load most of the 
time. This will reduce efficiency, increase maintenance costs 
and lower the return on investment. 
In this situation, a cogeneration plant may be still feasible 
(refer to Profile A) but  it would be necessary a preliminary 
use of passive levers to smooth the energy load profile during 
the peak period. 
In fact, it is possible to use a cogeneration system set to the 
electrical base load, so it can run for a large amount of time. 
During the peak period a peak shaving strategy can be applied 
(Orlando, 1997). Peak shaving is the practice of selectively 
dropping electric loads or generating on-site electricity during 
periods of peak electric demand by using on-site diesel 
generators or gas turbines. 
During off peak period can be evaluated the feasibility of 
battery energy storage systems (Oudalov, 2007) or the 
opportunity of net metering.  
This last possibility to sell electricity back to the grid can be 
fundamental in the economical evaluation of the investment 
and is strictly related to the feed-in-tariff (fixed income for 
every kilowatt hour of electricity sold back to the grid). 
 
5.1.4 Profile D 

The conventional energy systems have limited ability to reduce 
output of ‘‘must-run’’ base load generators thus are not energy 
efficient in case of non constant thermal and electrical load 
profile. In this situation is then not favorable the use a 
cogeneration plant but a renewable distributed generation may 
be an alternative solution to cut energy cost. 
As stated beforehand, PV has a larger potential compared to 
other renewable energy technology and do not suffer for 
geography constraints. Nevertheless, the opportunity to 
implement a PV systems must be compared to the grid-parity 
price. The Grid parity (or socket parity) occurs when an 
alternative energy source can generate electricity at a levelized 
cost (LCoE) that is less than or equal to the price of 
purchasing power from the electricity grid.  
In that case, it may be an interesting opportunity the 
evaluation of implement a photovoltaic power systems, 
alternatively it should be better optimize existent equipment 
and processes through passive levers. 
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As far as it concerns the operating scheme, photovoltaic 
power systems are generally classified according to their 
functional and operational requirements, component 
configurations, and how the equipment is connected to other 
power sources and electrical loads.  
The two principal classifications are grid-connected or utility-
interactive systems and stand-alone systems. 
Grid-connected or utility-interactive PV systems are designed 
to operate in parallel with and interconnected with the electric 
utility grid (Kurokawa & Wakamatsu, 1994). 
This allows the power produced by the PV system to either 
supply on-site electrical loads, or to back-feed the grid when 
the PV system output is greater than the on-site load demand. 
At night and during other periods when the electrical loads are 
greater than the PV system output, the balance of power 
required by the loads is received from the electric utility. This 
safety feature is required in all grid-connected PV systems, and 
ensures that the PV system will not continue to operate and 
feed back into the utility grid when the grid is down for 
service or repair. 
Stand-alone PV systems are designed to operate independent 
of the electric utility grid, and are generally designed and sized 
to supply certain electrical loads. These types of systems may 
be powered by a PV array only, or may use wind, an engine-
generator or utility power as an auxiliary power source in what 
is called a PV-hybrid system. In many stand-alone PV systems, 
batteries are used for energy storage. 
 
5.2 Passive levers tool 
While active levers deal with distributed generation,  passive 
levers concern the promotion of energy efficiency through 
measurement, monitoring and control of energy usage, 
installation of countermeasures against energy losses, use of 
low consumption equipment and so forth. 

As initially introduced, in case of passive levers the 
discriminating factor among different organizations should be 
the site’s energy consumption rather than the energy load 
profile. In fact, several case studies (Golusin et al., 2012) 
confirm that, in most of cases,  the energy management 
maturity level is proportional to site’s energy consumption: 
this is quite logical since the more the energy cost has an 
impact on the organization the more there is a focus on it. In 
this framework (see Appendix 2) we concentrate on the main 
differences among extra small energy sensitive, small/medium 
energy intensive and large/very large energy intensive related 
to energy management systems and, consequently, to the 
different energy audits (ASHRAE, 2004) and approaches to 
implementing generic passive levers. As far as it concerns the 
energy management system, the complexity of calculations, 
the effort and the level of economic evaluation are all issues 
that may be handled differently basing on the organizational 
structure. It is possible to identify different methodological 
approaches which influence the adoption of energy efficiency 
passive levers (Piper, 1999), here reported in order of 
increasing complexity : 

 Quick Fixes- XS energy sensitive 
The organization performs an uncoordinated series of 
energy saving activities that usually require little planning 
or capital to implement. These occasional energy saving 
are evaluated separately,  without identifying priorities, 
and often are a consequence of a technical issue (i.e. 
equipment substitution for breakdown with a more 
energy efficient one) or one-spot interventions. Generally 
quick fixes can produce significant saving but limited 
compared to more structured energy conservation 
measures. Nevertheless, in some cases, the lack of 
understanding and unintended consequences of these 

application make the energy saving process not work 
properly. 

 Energy Projects –S/M energy intensive  
The organization typically adopts a systematic approach 
to reduce energy consumption. In order to identify all the 
opportunities of savings, a comprehensive analysis of 
energy needs is conducted and all the hypothesis of 
energy efficiency measures are evaluated both from a 
technical and economical point of view. 
In a second stage, the organization sets the priorities and 
approve an intervention plan that results in one or more 
efficiency improvement projects.  
Unfortunately, in many cases the implemented activities 
provides limited benefit if compared to the provisions of 
the plan. This is often due to the fact that the 
organization, once having implemented the most urgent 
activities, loses confidence in the real usefulness of 
further planned work, with respect to the constant 
changes in production volume, machinery and equipment 
it is subject to (Benedetti et al., 2014). In addition, in most 
cases the absence of a monitoring and controlling system 
makes difficult to identify the energy saving produced, 
even by performing a subsequent energy audit: this 
prevents the evolution towards greater maturity. 

 Comprehensive Energy Management –L/VL Energy 
Intensive 
The energy savings produced by quick fixed and energy 
projects surely help during the period of energy shortage 
and price increases. However, in spite of these savings, 
when energy is a primary component of the total cost a 
more systematic and comprehensive approach in order to 
reduce the energy consumption is required. Large 
organizations went on develop a supporting staff of 
technical and managerial personnel to support the energy 
management function. The step that mark the transition 
from quick fixes and hit-or-miss energy projects is the put 
in place of monitoring and control system to provide 
ongoing feedback, the deep exam of all aspects of energy 
use in facilities and the definition of short, medium and 
long term goals (Introna et al., 2011). The trend is to head 
towards the definition of standards describing Energy 
Management Systems models (ISO 50001:2011): these 
standards constitute a guide for organizations and at the 
same time offer the opportunity to further enhance the 
corporate image through the achievement of a 
certification from a third party. Finally, an important  
feature of this approach is the value of maintenance.  As a 
matter of fact, comprehensive maintenance programs 
demonstrated that preventive maintenance cost were 
rapidly offset through energy savings, increased system 
performance and extended equipment life providing an 
increase in energy efficiency compared to the traditional 
breakdown maintenance mode.  

 
As stated beforehand the maturity level influences the audit, 
which are (Ganji & Gilleland, 2002):  
 

Walk through audit: is a tour of the site to visually inspect 
each of the energy using systems. It will typically include an 
evaluation of energy consumption data to analyze energy use 
quantities and patterns as well as provide comparisons to 
industry averages or benchmarks for similar facilities. It takes a 
relatively short time and provide simple analysis of energy use 
and performance of the plant, yielding a preliminary estimate 
low-cost savings opportunities. 

Standard audit: for the standard audit more detailed data and 
information of equipment, systems and operational 
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characteristics are required. This analysis may also include 
some on-site measurement and testing to quantify energy use 
and efficiency of various systems. Standard energy engineering 
calculations are used to analyze efficiencies and calculate 
energy and cost savings based on improvements and changes 
to each system. The standard audit will also include an 
economic analysis for the efficiency measures recommended. 

Investment grade energy efficiency audit:  is a 
comprehensive audit which includes a diagnostic analysis of 
energy use by function and a recurring  evaluation of energy 
use patterns, accomplished through a continuous monitoring 
and control system. Because of time involved in collecting 
detailed equipment information, operational data and audit 
equipment required, this is the most expensive level of energy 
audit. In some cases can be used a computer simulation 
software that will account for weather and other variables and 
predict year-round energy use.  

 

6 Conclusion 

The paper presents a framework to select the best fit energy 
efficiency measure basing on the energy characteristics of an 
industrial site. 
Through our approach, we first clustered the industrial plants 
by their energy consumption and profile. 
Afterwards, we classified the interventions of energy saving in 
active (profiling optimization as cogeneration, renewable 
generation or energy storage) and passive actions (efficiency 
optimization as intervention on utilities or core processes 
deriving by energy audits and energy maturity models). 
Eventually, the evidences of this investigation provided the 
metrics and key factors to choose the best fit energy measures 
for each kind of industrial plant. 
This work gives an introduction which results can be used 
both for the assessment of potential market interested in 
energy efficiency interventions and for conducting further 
complex analysis of feasibility and cost implication in 
implementing energy saving measures. 
Since it is built upon inductive research approach through 
literature review and retrospective cases, it has to be tested 
using the conventional hypothesis testing methodology (i.e. a 
large scale survey) in different industries. 
Future research in this direction will be needed in order to 
advance and validate the results. 
However, present framework is just the first part of a more 
extended study which aims to provide general guidelines to 
associate industrial site characteristic, energy efficiency and the 
best fit energy performance contract.    
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