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Executive summary
Performance measurement is one of the first steps in process improvement, and involves the
choice, designation and use of specific performance indicators as metrics for the effectiveness
and success of methods being examined in the most various contexts. Organizations typically
analyse performance information at a particular point in time and can track their progress and
external indicators in subsequent periods. The evaluation of performance of industrial parks,
specifically, is an important issue. Indeed, as industrial organization, the industrial park
develops interactions with resources and business environments.
Within this conceptual context, the aim of this deliverable is to develop a methodological
framework that allows the assessment and monitoring of the performance of proposed
solutions and instruments in the Lighthouse Parks of S-PARCS project.
The methodology is outlined considering the following key principles:
► easily available and simple input data – to facilitate the implementation of the full
methodology for industrial parks;
► synthetic and immediate representation of results – to condense information and
allow sound decision-making;
► multi-criteria approach – to consider performance from various perspectives;
► focus on industrial parks’ intrinsic features – to include peculiar features of
industrial parks that involve multiple actors and synergies;
► quantitative method – to facilitate direct and objective comparison between solutions.
Furthermore, the methodology is structured to be flexible, in terms of both solutions that can
be assessed and KPIs that can be used for the assessment. It is also highlighted that the
methodology is intended to provide a quantitative output. Nevertheless, some of the aspects
that influence the performance of a solution are qualitative. When converting qualitative values
into quantitative ones through scales, a certain degree of arbitrariness is necessarily
introduced.
In parallel, quantitative and qualitative KPIs are selected according to relevance,
interpretability, timeliness, reliability, validity and materiality criteria and cover
organizational, financial and economic, legal and regulatory, social, environmental and
technical impact categories. For each KPI, clear definition, scale, unit of measure, instruments
to measure, monitoring protocol and additional details are given.
Afterwards, calculation rules are developed. Specifically, different calculations rules are
associated with park level KPIs – related to the overall performance of the park – and to
solution-specific KPIs – related to the features of a specific solution installed within a selected
park. Rules are differentiated also to take into account that some KPIs are qualitative, while
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others are quantitative. Thus, according to the type of KPI, a certain specific calculation rule
shall be used. Following the calculation rules provided, the assessment of performance shall
be repeated for each impact category.
As shown below, results can be effectively represented in a radar chart, having axes
corresponding to each impact categories. This type of graph allows an immediate and synthetic
representation of results. The impact categories with high rates of performance for the given
solution are clearly visible, as well as those with low rates.
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Figure 1-1: Radar chart for representation of results - Example

In addition to the aforementioned calculation rules, the possibilities of weighting and of
assessing performance of multiple solutions have been described in order to enlarge the field
of application of the methodology itself and to include specific needs of end-users.
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1 INTRODUCTION
The aim of this deliverable is to develop a methodological framework that allows the
assessment of the performance of the proposed solutions and instruments in the Lighthouse
Parks.
The methodology proposed is tailored to evaluate the effects related to the implementation and
functioning of one or more solutions and to obtain generalized results that can support a
broader community of industrial parks for replication in further contexts. The approach
identified to develop the methodology provides common monitoring for the assessment of the
performance the solutions and instruments.
The methodology is built upon a selection of Key Performance Indicators (KPIs), which capture
a wide variety of potential impacts of the solutions on the parks and allow a comprehensive
assessment of performance. With this perspective, KPIs are clustered into six macrocategories (organizational, financial and economic, legal and regulatory, social, environmental,
technical). Common conventions for the calculation of KPIs are defined, along with the set of
data necessary to perform the assessment. Furthermore, the methodology relies on
measurements and monitoring protocols developed specifically for each KPI.
The output of the methodology consists in a quantitative evaluation of the performance of a
solution within a specific industrial park. The output can support parks during either decision
making process – when evaluating the implementation of different solutions – or after the
implementation of a solution – when monitoring its effects.
It is highlighted that the methodology is intentionally kept wide and detailed, in order to cover
an exhaustive range of solutions and impacts. Nevertheless, criteria and guidance to apply the
methodology at a simple level are introduced, in order to limit the burden for end-users and to
assess only the most significant KPIs for the solutions actually implemented.

1.1

STATE OF THE ART IN PERFORMANCE ASSESSMENT

This section includes a review of already existing methodology for performance evaluation. It
must be pointed out that not all the methodologies here mentioned satisfy the needs of the
methodology to be developed within the S-PARCS project, nevertheless they are useful to
extract general considerations deriving from the state of the art in the field and they represent
a starting point for the development of a new methodology specifically tailored to the needs of
the project.
The review covers initially performance evaluation in general, and then focuses on
performance evaluation specifically for industrial parks.
The assessment of performance through the definition of KPIs is a consolidated matter in
industrial practice and at organization management level. Indeed, performance measurement
is one of the first steps in process improvement, and involves the choice, designation and use
of specific performance indicators to put a number on the effectiveness and success of
methods being examined in the most various contexts. Organizations typically analyse
performance information at a particular point in time and can track their progress and external
indicators in subsequent periods.
Project Start: 01/03/2018 | Duration: 36 Months
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The Global Reporting Initiative (GRI) developed a credible framework for performance
evaluation and reporting, focused on sustainability-related factors, that can be used by
organizations of any sector, size or location. The GRI Reporting Framework [1] is thus intended
to report on an organization’s economic, environmental, and social performance. The GRI
Reporting Framework contains general and sector-specific content that has been agreed by a
wide range of stakeholders around the world to be generally applicable for reporting an
organization’s sustainability performance. The methodology for assessment is based on the
definition of several KPIs, both qualitative and quantitative. For each indicator, a protocol
containing definition, compilation guidance and any other additional information is given, in
order to ensure consistency in the interpretation of the indicators. Within this Framework, the
level of aggregation of the KPIs has to be established by the organization performing the
evaluation, depending on the desired result and balancing the needs of avoiding reporting of
meaningless information and avoid loss of significant amount of meaning. Furthermore, the
framework accurately describes a selection of reporting principles to help achieve the
appropriate level of quality for the reported information.
In addition, various frameworks and schemes have been recently developed to evaluate
environmental performance at various scales [2], [3]. Among them, the Eco-Management and
Audit Scheme (EMAS) has acquired great relevance within the European area. EMAS is a
premium management instrument developed by the European Commission for companies and
other organisations to evaluate, report, and improve their environmental performance1. Criteria
and standard for the implementation of EMAS are established by a regulation of the European
Commission published in 2009 [4] and partially amended in 2017 [5]. While the main body of
the regulation focuses on key definitions, necessary steps for the implementation of the
scheme within the company, audit programmes, involved parties and bodies, connection with
similar activities within the EU and reporting activities, the Annexes focus on specific
environmental aspects related to the EMAS.
Specifically, Annex I includes a description of direct and indirect environmental aspects that
must be considered by the organizations during their activity; Annex II includes requirements
that organizations implementing EMAS shall fulfil with respect to environmental awareness,
knowledge of the management system, roles identification, planning and monitoring activities
and auditing, among other more specific issues; Annex III describes the internal audit phase
in detail, stating its objectives, its frequency, and activities; Annex IV provides guidelines for
environmental reporting, including a list of core indicators of environmental performance
evaluation. The following Annexes cover aspects outside the scope of this work.
The evaluation of performance of industrial parks, specifically, is an important issue. Indeed,
as industrial organization, the industrial park develops interactions with resources and
business environments. From the perspective of business management, it can be divided into
the processes of promotion, facilitating production, and generating tax for government.
Measuring the efficiencies of these divisions has become critical. Potential can be located
effectively in the improvement of overall performance, enabling management in the areas from
strategic planning to organizational learning, and eventually improving the competitive
advantage of the organization [6].

1

http://ec.europa.eu/environment/emas/index_en.htm
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In [7], a benchmarking study is carried out in order to evaluate the operational performance of
industrial park infrastructures in Germany to find first indications for cost saving potentials with
respect to maintenance of buildings, communication infrastructures and traffic infrastructures
within the park. An overview of performance measurement and the relationship between
benchmarking as well as the underlying metrics is given. KPIs are defined through discussion
among involved actors and then calculated after a data-gathering phase. In this study, only
quantitative indicators are included.
In [8], the economic and environmental performance of eco-industrial parks is assessed, based
on the selection of ten metrics including resource consumption, economic development, and
waste emissions. The assessment consists in comparing the value of different metrics between
two different years. The method applied for the evaluation of performance consists in a
simplified quasi-grey box model that addresses both economic and environmental
performance. The inputs for the method are land, employees, fresh water and energy and are
associated directly with the park entity as a whole. The outputs are subdivided into economic
and environmental outputs, represented by selection of quantitative metrics.
In [9], KPIs for science/technological parks are studied in order to explore the implementation
of a performance management practice in an Indonesian park. The findings of the study show
that there are some standard KPIs that are commonly and widely used for the assessment of
such type of parks and these are selected as core KPIs for the performance assessment.
Within the study, all the KPIs presented are quantitative and are all directly defined at park
level.
In [10], the authors performed a comprehensive review aimed at the selection of available
indicators for economic, environmental and social aspects of eco-industrial parks. The KPIs
are then scanned and sorted in order to define a subset of indicators according to criteria of
understanding, pragmatism, relevance and partial representation of sustainability.

1.2

KEY MESSAGES
► This document describes a methodology for the quantitative evaluation of
performance of solutions in the Lighthouse Industrial Parks. The performance is
intended from multiple perspectives, namely organizational, financial and economic,
legal and regulatory, social, environmental and technical.
► In order to allow such a broad assessment on one hand, and to make the
implementation of the methodology as easiest as possible, a balance has been sought.
An extensive list of Key Performance Indicators is proposed, but – according to the
type of solution implemented - only some of them may be identified as most relevant
for the evaluation.
► The methodology is structured to be flexible, in order to remain valid even in case of
future modifications. Specifically, it is flexible because performance can be assessed
also for solutions that are not included in D1.1 [11] – given that they can be classified
into the categories of D1.1 – and because additional KPIs can be introduced – given
that they are selected according to the described criteria and that they can be grouped
into the KPI’s categories introduced in this document.
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► The methodology is intended to provide a quantitative output. Nevertheless, some of
the aspects that influence the performance of a solution are qualitative. When
converting qualitative values into quantitative ones through scales, a certain degree of
arbitrariness is necessarily introduced.
► Annexes are thought to summarize the main contents of this document and to support
a straightforward application of the performance assessment methodology.
► Considering that at this stage of S-PARCS project the Lighthouse Industrial Parks have
not clearly decided which solution(s) they will investigate/implement, in order to
respond to future specific needs that may arise at the time of implementation, further
refinements may be integrated to this deliverable.
► Deliverable 4.2 describes a comprehensive data collection framework for the KPIs
assessed in D4.1. It ensures that necessary data to feed the methodology are
calculated coherently and homogeneously by all the end-users. D4.2 shall thus be
considered as the natural prosecution of D4.1 and should be referred to for obtaining
more detailed information about KPIs calculation.
► The generalist nature of the methodology developed in task 4.1 well fit the objective of
“Initial Assessment Tool (IAT)” to be developed in S-PARCS, which will be able to
serve industrial park managers and companies within different countries. Moreover, a
preliminary list of necessary input data to deploy this methodology is presented in this
document and summarised in Annex I “Overview of KPIs”.

2 METHODOLOGY
This section focuses on the development of the methodology for the monitoring and
assessment of the parks, objective of this deliverable. Firstly, the main principles followed to
structure the methodology are described, and they will function as guidelines through the rest
of the section. Afterwards, Key Performance Indicators (KPIs) are introduced and they express
the core data needed within the methodology. KPIs are subdivided according to the sectors
they address, to their scale and to their type (i.e. qualitative/quantitative). Calculation rules are
then defined on the basis of the classification of KPIs and diagrams for results representation
are illustrated. To conclude, minimum requirements for the application of the methodology and
variants to consider weights in the calculation and the assessment of performance of multiple
solutions are explained.

2.1

MAIN PRINCIPLES

This section explores the principles that the methodology shall satisfy in order to be consistent
with the overall aim of the project and of the task, useful and easily implementable by its users.
In detail, the following principles are identified:
1. Easily available and simple input data. A defined and limited set of input data allows
the majority of industrial parks to have all the necessary information for the full
implementation of the methodology. On one hand, basing the methodology on complex
inputs would lead to a difficult or only partial implementation of the methodology. On
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2.

3.

4.

5.

the other hand, input data should be enough to provide a complete picture of the status
of the park;
Synthetic and immediate representation of results. An industrial park is a complex
and articulated reality, which includes a broad range of aspects and for this reason it is
essential to condense aggregate results in order to allow sound decision making;
Multi-criteria approach. The performance of an industrial park can be assessed by
several perspectives and many factors, often complementary, contribute to the status
of the industrial park. In order to provide a complete and non-misleading assessment,
the methodology must cover different spheres, such as the organisational, the financial,
the legal, the social, the technical and the environmental sphere;
Focus on industrial parks’ intrinsic features. Due to the peculiar features of
industrial parks, which are composed of more entities and managed by multiple actors,
all the synergies and components of a park must be precisely addressed by the
methodology;
Quantitative method. The methodology shall assess the performance of industrial
parks quantitatively, to allow direct and objective comparison of the results obtained
from its application. Nevertheless, also qualitative aspects may be assessed, given that
they are properly converted in quantitative form.

In addition, the scheme chosen for the entire methodology is flexible, in order to allow
adjustments depending on data availability and specific needs.
As previously mentioned, the methodology identifies the baseline situation of the park and also
the effects of the solutions selected or implemented. In order to guarantee that the
methodology is able to assess the main effects of the solutions and to account for their benefits
and impacts, it is crucial to have a general idea about possible solutions of interest for the
industrial parks. For this reason, the methodology is developed taking into account the
preliminary list of solutions proposed in D1.1 [11]. In detail, the S-PARCS solution inventory
includes energy cooperation/services solutions qualified for mutualized procurement and
utilisation. Within the inventory, solutions are clustered into five categories, namely new
physical installations, information and communication technologies, logistics and mobility,
managerial actions and contractual instruments. Most of the solutions addresses issues
directly related to energy efficiency opportunities.
Finally, as a general approach, whenever possible, direct KPIs (i.e.: the KPIs directly available
as raw data) are preferred to indirect KPIs (i.e.: KPIs that have to be calculated through
collection of multiple raw data, from different sources). Even though this kind of KPIs can be
effective in capturing the performance of a solution, their evaluation can turn quite resourceful
and it can lead to a potential increase of inconsistencies in case of comparison of results
generated through different assumptions for system boundaries (both in time and space) or
other restraints for KPIs calculation. This approach is also consistent with the need of
evaluating the performance from the perspective of different categories, as it makes more
linear the process of associating KPIs to different categories.
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2.2

DEFINITION OF KEY PERFORMANCE INDICATORS

The methodology for the assessment of the performance of the Lighthouse Industrial Parks is
based on the definition of a set of Key Performance Indicators (KPIs).
This approach enables to enclose and summarize data and information available to the park
manager or the single plants into a restricted number of key indicators.
According to [12], appropriate KPIs shall present the following features:
1. Relevance. Include data that are essential to provide a basis for understanding the
accomplishments of goals and objectives of the park;
2. Interpretability. Communicate in a readily understandable manner that is concise, yet
comprehensive. Indeed, information should be easily accessible and understandable
without unreasonable effort;
3. Timeliness. Report in a timely manner so that the information will be available to users
before it loses its value in making decisions;
4. Reliability. Report consistency from period to period;
5. Validity. The measure should determine the intended quality indicator (performance
indicator in this case).
It is reasonable that the concepts underlying the characteristics of the KPIs recall the
requirements that the methodology shall satisfy, as they represent the core of the methodology
itself. For example, relevant KPIs are capable of capturing intrinsic features of industrial parks
and the effects of the solutions proposed within the project; interpretable KPIs are suitable to
collect accurate data as inputs.
Specifically, in order to identify the indicators that are relevant and appropriate to be evaluated
the materiality principle is introduced. Materiality is the criteria according to which an indicator
becomes sufficiently important for reflecting the asset’s (i.e. the industrial park) economic,
environmental and social impacts, or influencing the decision of stakeholders and thus
deserves to be accounted for in the performance assessment. Nevertheless, material metrics
do not necessarily have the same level of importance and the same priority within the
assessment. Thus, materials KPIs:
► reflect the organization’s significant economic, environmental, and social impacts. A
significant impact is interpreted as a matter of established concern according to the aim
of the methodology that uses the indicator. Within the context of this deliverable,
significant impacts cover a wide range of impacts: organizational, financial and
economic, legal, social, environmental and technical. In such way, the performance
of a solution is assessed in a comprehensive and holistic framework. It is highlighted
that the environmental impacts were not explicitly foreseen in the preliminary concepts
of the document, but general considerations from the project contents and focuses and
issues encountered during the literature review, led to the choice of considering
environmental impacts explicitly in the methodology.
► influence the assessments and decisions of stakeholders substantially.

Project Start: 01/03/2018 | Duration: 36 Months

12

Timeliness is a crucial aspect to produce results representative of the current status of the
industrial park. Indeed, the usefulness of information is closely tied to whether the timing of its
disclosure to stakeholders enables them to effectively integrate it into their decision-making.
According to the timeliness principle, a monitoring protocol is provided for each indicator.
The monitoring protocol suggests the parks timing and schedule to assess the KPIs, in order
to guarantee that main changes in the performance of the solution are captured on one hand
and to minimize the burden of monitoring activities on the other. The monitoring protocol is
developed also considering that some kind of data are commonly available to the industrial
parks and companies and their collection does not represent an excessive extra-effort for the
parks.
Monitoring can be associated with the evaluation of a KPI prior to the implementation of the
solution, which aims at providing either a forecast of the effects of the solution that can be
useful in the decision making process or a baseline status of the industrial park without the
solution that will be used as reference status. Furthermore, the monitoring protocol also
indicates optimal frequencies to repeat the assessment of the KPIs and thus the evaluation of
performance. With the purpose of limiting the burden of the application of the methodology for
the parks, frequencies are always proportional (i.e.: every year, every three years, every six
years). Besides, along the entire duration of the project, it is desirable that all the KPIs are
often monitored (ideally every year) in order to depict a more accurate measure of performance
that allows to evaluate also the results of the S-PARCS project.
Reliability guarantees that assessments performed at different times, typically at the time of
the baseline status and then after the implementation of the solution, results are coherent and
homogeneous.
The set of KPIs includes both qualitative and quantitative indicators. This assumption is
related to the variety of aspects that influence the performance of an industrial park, which are
not always directly quantifiable or measurable. Qualitative indicators are expressed by mean
of a qualitative scale and are then converted into quantitative terms to obtain a more objective
representation of results; quantitative indicators may be either directly measured or calculated
starting from available measures.
The Likert scale is used to measure qualitative KPIs. The Likert scale is commonly used to
understand and investigate the opinions opinions/perceptions of participants related with a
phenomenon of interest [14]. Scales can indicate, for example, agreement, value, relevance,
frequency, importance, quality or likelihood.
A key issue for the development of the methodology is the scale and level of aggregation of
the information included in the KPIs. Indeed, as noticed during the preliminary literature review,
there are no consolidated methods for aggregation of information even for performance
assessment tailored on industrial parks.
Within this methodology, KPIs are all defined at industrial park scale and cover the effects of
the solution on the entire park. Nevertheless, most of data for calculation of KPIs are retrievable
at company scale and are then summed up at park scale. In addition, when possible
information is aggregated in synthetic indicators in order to keep the methodology as simple
as possible and to facilitate its application.
Project Start: 01/03/2018 | Duration: 36 Months
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In order to catch the effects of a specific solution on the smaller scale of the companies
involved, it is suggested to evaluate time by time, if a specific KPI could and/or should be
evaluated also only at company level.
For the selection of the specific KPIs, the following approach is followed:
► understanding and analysis of the solutions proposed in D1.1 mainly at category level;
► identification of main KPIs, according to information available in literature and
professional judgement based on the materiality principle;
► final set of KPIs.

The following sections list, for each impact category, the identified KPIs. For each KPI, clear
definition, scale, unit of measure, instruments to measure, monitoring protocol and additional
details are given. Details for each KPI are summarized in Annex I.
2.2.1

Organizational KPIs

O1. Staff involvement [%]: percentage of staff (n° of staff involved/n° of total staff) involved
in the implementation of the solution.
A high percentage of staff involvement is a proxy for employee engagement. When employees
are effectively engaged with the company, they tend to be more productive and to develop
passion to deliver beyond expectations [13].
Staff involvement can be calculated either at company level, for example through
questionnaires or studies promoted by human resources departments, and then aggregated
at park level or directly at park level if aggregated information is already available to the park
managers.
This indicator is evaluated depending on factors such as internal questionnaires, information
from similar experience in other parks/companies, information from the manufacturers of the
solution (when relevant), expert judgement.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► annually, after the solution is implemented.
O2. Stakeholder involvement [%]: percentage of companies (n° of companies involved/total
n° of companies within the park) involved (actively participating in terms of economic or human
resources contribution) in the implementation or maintaining of the solution.
A high grade of involvement represents a consolidated commitment and is a basis for further
future development of the solution or of other solutions.
Data about stakeholder involvement are retrievable from the park managers, who are in
constant contact with all the companies of the park.
This KPI shall be evaluated prior to the installation of the solution in order to evaluate its
potential effects and – after the solution is implemented – a scheduled monitoring is not needed
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if all the changes in the number of companies involved in the implementation and functioning
of the solution are registered time by time.
O3. Energy efficiency awareness [very high – high – medium – low – very low or none]:
this indicator qualitatively measures the effects of the solution on the energy efficiency
awareness level of the industrial park and its companies.
This indicator is related also to the necessary training for the solution, as it may be a crucial
factor in increasing awareness in the field of energy efficiency.
The change in the awareness level for the staff of the park may be investigated through
questionnaires developed for this purpose, including questions about expected changes under
a defined scenario (i.e. implementation of a solution). In addition, more technical and specific
questionnaires should be developed to investigate potential changes in energy efficiency
awareness at company level. These questionnaires should be filled by appointed reference
people within each company and then results are to be collected and homogenised by park
managers.
The following scheme should be used to establish the value of this indicator:
Scale value

Very high

High

Medium

Low

Very low or none

Definition of scale value
The solution implies a significant increase in the energy efficiency
awareness of the park. The increase is registered both in the daily
behaviour of the personnel at work and work-related activities and in the
organization of the park and its companies, which show an active
commitment in pursuing energy efficiency objectives.
The solution implies an increase in the energy efficiency awareness of
the park. The increase is registered either in the daily behaviour of the
personnel at work and work-related activities or in the organization of the
park and its companies, which show a positive attitude towards energy
efficiency policies.
The solution implies a slight increase in the energy efficiency awareness
of the park. Staff and managers are aware of issues related to energy
efficiency, but only occasionally, behave according to best practices.
The solution leads to minor improvements in the level of energy
efficiency awareness and only a few among the staff beneficiate from
the improvements. Companies logistic and organization with respect to
energy efficiency strategies is rarely affected by the implementation of
the solution.
The solution does not imply any changes in the awareness level of the
park, including its staff and companies.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate the current level of
energy efficiency awareness and to preliminary assess potential effects of the
implementation of the solution;
► annually, after the solution is implemented.
2.2.2

Financial and Economic KPIs

FE1. Normalized capital expenditure (CAPEX) [%]: the normalized capital expenditure is
defined as the ratio between CAPEX dedicated to solutions regarding energy cooperation
issues and CAPEX dedicated to all forms of solutions implemented in the park (including also
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energy cooperation solutions). These terms should be calculated considering CAPEX
expenditure foreseen/registered in the year of the evaluation.
CAPEX is an essential parameter for the evaluation of the economic feasibility of the solution.
If solutions for energy cooperation foreseen a minor economic effort, they will be more likely
engaged by companies and park managers.
CAPEX should be estimated directly on the basis of the solution selected, but it may also be
calculated by summing the contributions of the single companies for the implementation of the
solution.
Estimation of CAPEX shall be made considering all the costs related to the solution, including
materials, person hours, management and costs for auxiliary works and activities. CAPEX
estimations are commonly provided by manufactures and installers to the clients.
This KPI shall be evaluated prior to the installation of the solution and does not have to be
monitored in time.
FE2. Normalized net annual balance [%]: ratio between annual economic balance related to
the implementation of the solution for energy cooperation and annual economic balance
related to the all the solutions (including also energy cooperation solutions) implemented within
the park and its companies.
Specifically, the annual economic balance is calculated by subtracting annual costs to the sum
annual savings and annual direct income.
Annual costs correspond to OPEX costs, which are the annual expenses for the operation and
maintenance of a system or component. OPEX should be estimated directly on the basis of
the solution selected, but it may also be calculated by summing the contributions of the single
companies for the implementation of the solution. Estimation of OPEX costs shall be carried
out based on information given by the system’s manufacturer, by suppliers or consulting
companies and should possibly take into account site-specific features.
Annual savings correspond to the savings gained by the park from the implementation of the
solution. Savings can be calculated either directly at park level or by summing up savings
gained by the single companies and may be associated, for example, with avoided purchase
of energy from the grid, reduction of staff costs, increase in process efficiency, reduction of
fares for energy.
Annual direct income corresponds to the income generated by the implementation of the
solution. Indeed, a number of energy efficiency options allow the industrial parks to become
service providers to other companies in the park or even outside the park. This leads to the
opportunity of generating new sources of direct income for the park and its companies. Most
common sources would include selling of electric and thermal energy available in surplus. The
indicator shall be evaluated on an annual basis, as the amount of income may not be uniform
throughout the different seasons. With reference to direct income related to energy selling,
evaluation must be carried out considering: foreseen amount of energy produced by the
solution, foreseen energy surplus, considering the demand of the park, foreseen sale costs
per unit and calculation of final costs.
The normalized net annual balance indicator can assume either positive or negative value.
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Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to assess the economic feasibility of
the solution;
► annually, in order to check that initial estimations are reliable.
FE3. Normalized Payback Period (PBP) [-]: ratio between the payback period (i.e. number
of years necessary to recover the total amount of the CAPEX investment) for the implemented
energy cooperation solution and the average payback period for all implemented solutions in
the industrial park.
Calculation of payback periods shall be carried out on the basis of estimated annual savings
and direct income generated by the implementation of the solution itself. CAPEX, annual
savings and direct income are referred to the entire park.
High values of payback period may not be compatible with the park and companies’ business
development and plans and, consequently, it is desirable that the normalized payback period
assumes low values – meaning that investments for solutions for energy cooperation are
recovered quickly in comparison with the investments dedicated to the other solutions.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to assess the economic feasibility of
the solution;
► annually, in order to check that initial estimations are reliable.
FE4. Normalized internal rate of return (IRR) [-]: ratio between the internal rate of return for
the implemented energy cooperation solution and average internal rate of return for all
implemented solutions in the industrial park.
The internal rate of return is the interest rate at which the net present value of all the cash flows
(positive and negative) for the CAPEX investment is equal to zero. Similarly, it is the profitability
of an investment. The internal rate of return is commonly used to assess the attractiveness of
a project or investment.
It is thus desirable that the normalized internal rate of return is higher than one – meaning that
the energy cooperation solution is more profitable than an average solution.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to assess the economic feasibility of
the solution;
► annually, in order to check that initial estimations are reliable.
FE5. Financial assistance from public entities [%]: percentage of financial assistance from
public entities, calculated with respect to the correspondent costs and expenses that the park
bears for the implementation and functioning of the solution.
The indicator can be calculated considering financial assistance in form of either CAPEX,
through funding opportunities (e.g. subsidies) and fiscal incentives or OPEX, in form for
example of discounted rates. When necessary, it can be calculated for both CAPEX and OPEX
forms of public assistance. It is highlighted that the percentage shall be calculated with respect
to the corresponding expense of the park, avoiding merging CAPEX and OPEX values.
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Financial assistance is interpreted as an incentive or compensation for actions taken (in this
case, the implementation of one or more solutions), the cost of an asset or expenses incurred.
This indicator may strongly influence the decision making process as public funding decreases
the amount of the investment of the park and its companies. It is highlighted that also forms of
fiscal incentives such as VAT reduction, low interest financing, shall be accounted as forms of
financial assistance.
This datum is to be evaluated according to existing and potentially available funding
opportunities at either local, regional, national or community level. Opportunities can be
identified internally, by the companies or by the park managers. Companies providing
consulting services can be engaged to support the park and its companies in exploiting public
assistance.
Monitoring of this KPI should be carried out before the implementation of the solution, in order
to be able to benefit from available financial assistance from public entities when implementing
the solution. The indicator does not have to be monitored in time.
FE6. Marketing communication and opportunities [very high – high - medium – low –
very low or none]: level of expectation about potential marketing communication and
opportunities deriving from the implementation of the solution.
Forms of marketing communication and opportunities in the sector of industrial parks include
the instauration of new collaborations and allies, the increase of popularity on social networks
and advertising activities and social engagement. These activities can be carried out either at
park level, whenever this approach is able to generate return, wither at company level, in order
to facilitate involvement of customers and consumers making it more direct.
It is possible to exploit a solution also for marketing purposes, to generate indirect benefits and
returns for the park and its companies.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high

High

Medium

Low
Very low or none

Definition of scale value
The solution generates significant and valuable marketing
communication and opportunities. It is used to support advertising and
promotion activities and to develop green marketing initiatives. Benefits
from the initiatives are expected both in the short and long term horizon.
The solution generates significant and valuable marketing
communication and opportunities. It is used to support advertising and
promotion activities and to develop green marketing initiatives. Benefits
from the initiatives are expected both in the medium/short term horizon.
The solution generates small-scale marketing and communication
opportunities. It may be used to support advertising and promotion
activities and to develop green marketing initiatives. Benefits of these
activities are still unknown/unforeseeable.
The solution generates minor marketing and communication
opportunities. Benefits of these activities are still
unknown/unforeseeable.
The solution does not generate marketing communication and
opportunities.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
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► every 3 years, after the solution is implemented.
2.2.3

Legal and Regulatory KPIs

LR1. Simplicity of bureaucratic steps [very high – high – medium – low – very low]: level
of the simplicity of steps requiring bureaucracy related to the implementation of the solution.
The assessment shall include considerations with respect to the number, costs and complexity
of permits, authorizations and certifications needed.
Administrative departments shall be consulted in the evaluation of this KPI.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high

High

Medium

Low

Very low or none

Definition of scale value
Only a few minor and common bureaucratic steps are necessary and
procedures are already known to the administrative offices of the park or
its companies. Costs and time constraints are sustainable by the park
with minimum effort.
A few bureaucratic steps are necessary and procedures are already
known to the administrative offices of the park or its companies. Costs
or/and time constraints can be sustained with suitable planning, but
obstacles are not foreseen.
Some bureaucratic steps are necessary and a few of them are not
known by the administrative offices of the park or its companies.
Nevertheless, no major obstacles in terms of costs and time are
foreseen for the implementation of the installation.
Some bureaucratic steps are necessary and most of them are not known
by the administrative offices of the park or its companies. Obstacles in
terms of costs and/or time may arise during the procedures.
A significant number of bureaucratic steps is necessary and most of
them are not known by the administrative offices of the park or its
offices. Likely, obstacles in terms of costs and/or time will arise during
the procedures.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► every three years, after the solution is implemented.
LR2. Legal and regulatory feasibility [very high – high – medium – low – very low or
none]: level of expectation about the feasibility of the implementation of the solution from a
legal and regulatory perspective.
Often, legal and regulatory requirements stand as significant obstacles to the realization of
new technologies, initiatives or solutions, in terms of both costs and time.
The assessment of this indicator shall account for the number and type of agreements to be
tied between the park companies for the implementation of the solution and their
interdependency. These types of agreements are needed, for example, for a shared use of
park area, partitions of benefits and costs of the solution, actors involved and their roles and
responsibilities. In addition, it shall account for the number of formal agreements that link the
companies within the park (or the entire park directly) to external entities. External entities
include for example service providers and companies outside the park.
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The value of this indicator is established by park managers or other appointed people having
a clear framework of the interactions that the solution will create within the park.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high

High

Medium

Low

Very low or none

Definition of scale value
No further contract or agreement is stipulated for the solution. Existing
agreements and contracts may be updated.
A limited number of contracts and agreements is stipulated for the
solution, and mainly between the companies within the park. Contracts
and agreements with external entities are ordinary types of contracts,
which do not require effort from the park or its companies.
Few contracts and agreements are stipulated, both between the
companies of the park and between the companies of the park and
external entities. No major obstacle is foreseen for the stipulation.
A relevant number of contracts and agreements is stipulated, both
between the companies of the park and between the companies of the
park and external entities. Significant restrictions may be imposed and
obstacles may arise during stipulation and during the duration of the
contract.
A relevant number of contracts and agreements is stipulated, both
between the companies of the park and between the companies of the
park and external entities. Significant restrictions are imposed and
obstacles will likely arise during stipulation and during the duration of the
contracts.

Monitoring of this KPI should be carried out before the implementation of the solution.
2.2.4

Social KPIs

S1. Replication potential [very high – high – medium – low – very low or none]: level of
expectation about the replication potential of the solution in other industrial parks.
The assessment of the replication potential shall be based on various factors, including, social
context of the park and the area where it is located, economical profitability of the related
business model, specific technical/site requirements for the solution, and feasibility of
implementation and can influence the decision making process. Replication potential
evaluation should be carried out based on expert judgement.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high

High

Medium

Definition of scale value
The solution is highly replicable from an overall perspective, including
social context, affordability/business model and technical feasibility. It is
able to adapt to other parks’ features and needs without complications.
The solution is easily replicable in other parks, from an overall
perspective, including social context, affordability/business model and
technical feasibility. Minor adjustments may be needed to accomplish
the necessity of each park.
The solution can be replicated in other parks, but mainly in terms of
“concept”. Adjustments and modifications are likely needed, as the
solution is commonly designed to fit a specific park’s constraints in terms
of social context, affordability/business model and technical feasibility of
a park and is not available in a standard layout directly replicable.
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Scale value
Low

Very low or none

Definition of scale value
The solution is designed to satisfy specific requirements in terms of
social context, affordability/business model and technical feasibility of a
park. It is not conceived for replication, even though replication
opportunities may arise in specific conditions.
The solution is highly specific and it is designed to satisfy specific
requirements in terms of social context, affordability/business model and
technical feasibility of a park. It is unlikely that it will be replicated in
other parks.

Monitoring of this KPI should be carried out before the implementation of the solution.
S2. Job creation [%]: ratio between the net number of full-time job places created by the
implementation of the solution within the park and its companies and the total number of staff
of the park and its companies.
An initiative that requires the creation of job places is beneficial for the local community. Job
places created can be estimated taking into account the size and complexity of the solution
implemented and the necessary expertise or specific skills to use it.
Job places created are intended as the difference between the number of additional staff
members that shall be hired and the number of staff members that are fired if the solution is
realized. If the indicator scores a negative value, it shall be assumed as 0.
The number of job created can be retrieved from companies and then aggregated at park level
or, possibly, park managers can estimate it.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► annually, after the implementation of the solution.
S3. Impact on local development [very positive - positive – no impact – negative – very
negative]: level of the impact of the implementation of the solution within the industrial park.
A solution may be effective not only in the day-to-day routine inside the park, but it may also
influence local development and activities.
For the assessment of this indicator, factors such as creation of local jobs, involvement of local
suppliers and manpower, involvement of local authorities, that may be willing to replicate the
solution in the future in the local area, demonstration activities, services offered.
The following scheme should be used to establish the value of this indicator:
Scale value

Very positive

Definition of scale value
The solution has a sensible positive impact on local development. It
involves local communities’ manpower (directly or indirectly) and exploits
local products and services. In addition, it offers services that are also
available for non-staff members (i.e. mobility, energy services). Local
municipalities may be involved and it is expected that it will carry
medium/long term benefits.
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Scale value

Positive

Slightly positive

Neutral
Negative

Definition of scale value
The solution has a positive impact on local development. It involves local
communities’ manpower (directly or indirectly) and exploits local
products and services. It may offer services that are also available for
non-staff members (i.e. mobility, energy services). Local municipalities
may be involved and duration of positive effects in time is not
foreseeable.
The solution has a slightly positive impact on local development.
Punctual involvement of local manpower, or products and services,
municipalities is registered or foreseen. Services available for non-staff
members may be offered, but positive effects are mainly expected in the
short term.
The solution has no impact on local development and its effects are
confined to the park activities.
The solution has a negative impact on local development, for example in
terms of mobility, local job opportunities and services to the local
community.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► every year after the solution is implemented.
S4. Impacts on human health and safety [very positive – positive – slightly positive –
neutral – negative]: level of human health and safety impacts associated with the
implementation of the solution.
This indicator is essential to address health and safety concerns, which are recognized
conditions of many national and international regulations. Health and safety at work is indeed
one of the area where the EU and related entities have had the biggest impact – with a solid
legal framework covering the maximum number of risks with the minimum number of
regulations, dissemination and information activities and guidance2.
Potential risks for human health and safety scanned should include risks for both the staff,
local community and end-users of products manufactured within the park. Evaluation of this
KPI shall take into account also: presence of hazardous or toxic substances, harmful
emissions, impacts on air quality and water quality, land use and deployment, probability of
incidents during use, number of people affected (considering both staff members and local
communities), number and type of reported incidents.
Information to evaluate the indicators can also be retrieved from safety audits and inspections.
The companies of the park, targeting at the specific solution, can carry out these activities
jointly or the park managers may play as leading parts in the evaluation.
The following scheme should be used to establish the value of this indicator:
Scale value
Very positive

2

Definition of scale value
Potential risks for health and safety caused by the solution are negligible
and risks related to baseline status of the park are significantly mitigated
in terms of consequences and people affected thanks to the
implementation of the solution.

http://ec.europa.eu/social/main.jsp?catId=148
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Scale value
Positive

Slightly positive
Neutral
Negative

Definition of scale value
Potential risks for health and safety caused by the solution are
negligible, and there is an overall beneficial effect on the baseline health
and safety status of the park.
Potential risks for health and safety caused by the solution are negligible
and there are overall slight beneficial effects on the baseline health and
safety status of the park.
Potential risks for health and safety caused by the solution are
negligible.
There are risks associated with the implementation of the solution, in
terms of severity of consequences or number of people affected.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► every year after the solution is implemented.
S5. Benefits for sustainable mobility [very high - high – medium – low – very low or
none]: level of the beneficial effects of the measure on sustainable mobility.
A competitive, sustainable and resource-efficient mobility is among the objectives of the EC
[15] and this aspect may be addressed by the application of solutions within the industrial park.
The assessment of the impact on mobility shall rely also on considerations about benefits from
joint mobility and public transport, accessibility to the park area, use of electric H2 or hybrid
vehicles, decrease of time spent for transferring to the work-place, decrease of expenses for
transportation, and about possible side benefits/impacts for the local community.
In addition, factors such as comfort of mobility, security, space usage and public finance may
be taken into account.
In order to assess this indicator, from the employees’ perspective, it is possible to set up
questionnaires to collect opinions directly. Suitable questions may include: “How much time do
you spend on average to reach your work-place?”, “Which transport(s) do you use to go to
work?”. “Do/Would you use any form of joint mobility?”, etc.
As far as possible effects of the measure may affect the local mobility, local authorities and
municipalities shall be involved whenever possible.
The following scheme should be used to establish the value of this indicator:
Scale value

Very high

Definition of scale value
The solution produces visible benefits for a sustainable mobility, both for
the park staff members and non-members. A high percentage of the
park staff is positively affected by the solution. Moreover, at least two of
the following facts are registered/foreseen in the daily mobility:
- increase in the number of people using shared mobility or “green”
vehicles;
- decrease of time spent in transportations to/from the work place;
- decrease of transportation costs;
- improved accessibility to the park facilities.
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Scale value

High

Medium

Low
Very low or none

Definition of scale value
The solution produces visible benefits for a sustainable mobility,
especially for park staff members. A high percentage of the staff is
positively affected by the solution.
Moreover, at least one of the following facts is registered/foreseen in the
daily mobility:
- increase in the number of people using shared mobility or “green”
vehicles;
- decrease of time spent in transportations to/from the work place;
- decrease of transportation costs;
- improved accessibility to the park facilities.
The solution produces benefits for a sustainable mobility, mainly for staff
members and only rarely for local population. A limited percentage of the
park staff benefits from the solution in its daily mobility, but only
occasionally positive effects affect a high percentage of staff members.
The solution produces limited benefits for a sustainable mobility of staff
members. Only a very limited percentage of staff members benefits from
the solution and most of it only occasionally.
The solution does not produce benefits for a sustainable mobility, for
neither staff members or local population.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► every three years after the solution is implemented.
2.2.5

Environmental KPIs

E1. Total annual water consumption [l/year], [m3/year]: total amount of water consumed at
park level.
The volume of water withdrawn provides an evidence of the site of the industrial park and
strictly influences the environmental performance. An increased efficiency with respect to
water use is a desirable result both from an economic and environmental perspective.
This indicator is able to capture also the effects of changes in the rates of internal water recycle
and reuse.
Data on water consumption can be retrieved from water bills received from water suppliers, if
all the water consumed comes from the distribution network or from installed metering systems
if other sources are present. Useful information may also be retrievable from audits concerning
energy and resource efficiency. It is highlighted that also waste water amount, if present, shall
be included in this indicator. According to data availability, the consumption can be calculated
also per each end use (i.e. sanitary, process) and the indicator can be replicated for each end
use.
It is expected that data necessary for the calculation of this KPI are commonly available at
company levels. For a correct implementation of the methodology, data at company level must
be summed to calculate the overall consumption at park level. It is important that the entire
amount of water consumed within the park is included. For this task, it may be useful to produce
an inventory of water sources not included within water bills of the companies – for any reason
– that are to be accounted in this indicator, in order to avoid neglecting them.
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Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgment and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E2. Total annual waste generation [kg/year]: total mass of solid waste annually generated
at park level.
Issues related to waste generation and management have acquired growing importance in the
EU framework3. A low amount of waste generated corresponds to a more effective exploitation
of natural resources, to a reduction of environmental impacts, and to a decrease of waste
management costs. Series of data on the amount of waste generated indicate the level of
development achieved by the organization in its effort to reduce waste. They can indicate also
the potential improvement in the process of effectiveness and productivity. From an economic
perspective, reduction of waste contributes to direct reduction on the cost of materials and
waste treatment.
This indicator is able to capture also the effects of changes in the rates of internal waste
recovery, recycle and reuse.
Information about the mass of waste annually generated can be retrieved from waste
traceability systems, waste records, waste shipping documents, resource efficiencies audits or
calculations based on mass flows and balances performed at company level. This indicator
may be sub-divided, depending on data availability, into more specific indicators, such as
waste generation per material type or disposal method.
Data should be commonly available at company level and shall be aggregated at park level for
a correct implementation of the methodology.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgment and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E3. Annual by-products internal use [kg/year]: mass of by-products both produced and
exploited within the park’s activities over the total mass of by-products generated within the
park.
This indicator has a similar meaning to the one of the previous indicator. Indeed, by-products
are substances or objects resulting from a production process whose primary aim is not the
production of that item. For this reason, by-products do not belong to the category of waste,
3

http://ec.europa.eu/environment/waste/framework/
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but their exploitation within the park can be considered as a form of implementation of circular
economy principles.
Data about internal use of by-products can be obtained from resource efficiency audits, or
calculations based on mass flows and balances performed a company level.
In addition, questionnaires may be used as a support for data collection. They should be
addressed to each company and, specifically, to the employees responsible for by-products
management. The questionnaires should address information regarding the use of by-products
within the company on one hand, and regarding the final destination of by-products generated
by the company (i.e. internal/external with respect to the park’s boundaries). An appointed
person, possibly belonging to the park managers’ staff, shall perform final merging of data
collected. Particular attention shall be paid to track all the by-products flows within the park
correctly, avoiding double-counting. The cross-match of data from multiple companies is a
helpful instrument of control.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E4. Total annual energy consumption [MWh/year]: annual overall energy consumption,
including both purchased and self-produced energy.
Energetic performance is an important factor for the overall performance of a company/park,
as it strongly influences directly economic and environmental performance. Energy
consumption is a key parameter to investigate the effect of energy efficiency measure.
The indicator can be split and calculated per energy vector type (i.e. electricity, gas, fuel).
The energy consumption shall be diminished of the amount of surplus self-produced energy
that is sold in one year (if any) and shall take into account consumption of self-produced
renewable energy.
Data for estimation of annual energy consumption are commonly retrievable from bills from
retailer companies for the amount of energy purchased, or for metering systems especially for
the amounts of self-produced consumed and sold energy. Useful information are also available
from energy and resource efficiency audits.
These type of data are usually available at company level, and for a correct implementation of
the methodology must be aggregated at park level. Attention must be paid to include all the
sources of consumptions of common use (i.e. external lighting) properly, without double
counting. An inventory of shared consumptions may be useful to facilitate data aggregation
from company to park level.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgement and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
In order to assure a coherent approach in measuring and monitoring the performance of the
solution, a good practice is to calculate GHG and air emissions coherently with the overall
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energy consumption. For this purpose, boundaries set for the two indicators shall be the same.
This approach allows also relying on a single block flow diagram – for both emissions and
energy consumption - illustrating all the relevant processes and sub-processes, including mass
and energy flows and exchanges between them. Furthermore, these boundaries should be the
same used for costs and savings evaluations.
The scale considered for relevant processes and sub-processes shall allow to limit the level of
detailing of the data necessary for the calculation on one hand and to capture the most
significant contributions to emissions and energy consumption on the other.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E5. Total annual greenhouse gases emissions [kgCO2e/year]: total mass of greenhouse
gases emitted at park level in a year.
Greenhouse gases (GHGs) emissions, are responsible for the phenomenon of global warming,
which is one of the major concerns in modern society and often a significant criterion during
the decision making process.
At least emissions of CO2, CH4, N2O, HFCs, PFCs and SF6 shall be included.
GHGs emissions can be calculated (as for baseline status and as for different scenario) based
on resources consumption values and on emission factors available from literature or from
several software commercially available. Emissions factors shall take into account the specific
energy mix of the region.
In order to obtain consistent results, able to capture the effects of the solution relevant for the
park, it is important that – according to the definitions given by the Greenhouse Gas Protocol4
- both Scope 1 and Scope 2 emissions are included. Specifically, Scope 1 emissions are direct
emissions associated with the parks’ facilities and vehicles and they are associated with
sources that are owned and controlled by the park and its companies. Scope 2 emissions are
indirect emissions, which means that are a consequence of the activity of the park but occur
at sources owned and controlled by another entity, and are associated with the generation of
purchased or acquired electricity, steam, heating, or cooling consumed.
In the calculation of emissions related to transportation, in order to limit uncertainties and to
allow a simpler assessment, only emissions related to the vehicles owned by the companies
of the park shall be accounted for. The annual consumption for the vehicles of the fleet of each
company within the park shall be assumed, or calculated based on available data from fuel
cards, employees expenses reports; from the consumption, according to the fuel type, it is
possible to estimate the emissions.
This KPI can be seen as an indirect KPI, in the sense that its evaluation is quite straightforward,
but only provided that data concerning material and energy flows are available.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgment and opinion. Defined scenarios

4

http://ghgprotocol.org/
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shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
In order to assure a coherent approach in measuring and monitoring the performance of the
solution, a good practice is to calculate GHG emissions coherently with the overall energy
consumption. For this purpose, boundaries set for the two indicators shall be the same. This
approach allows also relying on a single block flow diagram – for both GHG emissions and
energy consumption - illustrating all the relevant processes and sub-processes, including mass
and energy flows and exchanges between them. Furthermore, these boundaries should be the
same used for costs and savings evaluations.
The scale considered for relevant processes and sub-processes shall allow to limit the level of
detailing of the data necessary for the calculation on one hand and to capture the most
significant contributions to emissions and energy consumption on the other.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E6. Renewable energy sources share [%]: ratio between the consumption of energy
(electricity and heat) produced from renewable energy sources onsite and total energy
consumption (electricity and heat) calculated considering a suitable time period, typically a
year.
Consumptions are referred to the entire park. Renewable energy forms include namely wind,
solar, aerothermal, geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill
gas, sewage treatment plant gas and biogases [16].
This KPI is often used in statistics to investigate trends concerning the use of renewable energy
and is a key element in energy policy and in the reduction of dependence on fuel imported
from extra-EU countries.
Calculation of the amount of energy from renewable sources can be carried out based on the
characteristics of the site and the features of the equipment for renewable energy production
can be estimated through sensors or metering instruments or can be established as the
difference between total energy used and purchased energy.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgment and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E7. Total annual air emissions [kg/year]: total mass of air pollutant emitted at park level in
a year.
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Main air pollutants in Europe include SO2, NOX, NH3, NMVOCs, PM2.55, and they all shall be
included in the calculation of this indicator. It is preferable if the indicator is calculated singularly
per each substance.
Air pollution is among the main concerns of global framework and its reduction is a key
objective of EU strategies.
Emissions can be either be measured or estimated for the different sources and should include
emissions related to both industrial processes realized within the park and transports
associated with the fleet of the park and its companies.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgment and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
In order to assure a coherent approach in measuring and monitoring the performance of the
solution, a good practice is to calculate GHG and air emissions coherently with the overall
energy consumption. For this purpose, boundaries set for the two indicators shall be the same.
This approach allows also relying on a single block flow diagram – for both emissions and
energy consumption - illustrating all the relevant processes and sub-processes, including mass
and energy flows and exchanges between them. Furthermore, these boundaries should be the
same used for costs and savings evaluations.
The scale considered for relevant processes and sub-processes shall allow to limit the level of
detailing of the data necessary for the calculation on one hand and to capture the most
significant contributions to emissions and energy consumption on the other.
Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
E8. Reduction of indirect (Scope 3) greenhouse gases emissions [very high – high –
medium – low – very low or none]: level of reduction of indirect (Scope 3) GHG emissions
caused by the implementation and functioning of the solution.
According to the GHG Protocol6, Scope 3 indirect GHG emissions are the emissions resulting
from value chain activities, excluding those related to the generation of purchased energy
consumed. The evaluation of this type of emissions helps the parks and companies to
understand their full value chain emissions impact in order to focus efforts on the greatest GHG
reduction opportunities, leading to more sustainable decisions about parks’ activities and the
products they buy, sell, and produce [17].
Examples of activities causing Scope 3 emissions include those related to leased assets,
employee commuting, business travel, transportation and distribution, capital goods, use and

5
6

https://www.eea.europa.eu/airs/2017/environment-and-health/air-pollutant-emissions
http://ghgprotocol.org/
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processing of sold products, etc. Activities can be associated either with the upstream or
downstream value chain.
The assessment of this KPI shall be carried out considering both companies’ and park
managers’ perspectives. For some activities (e.g. employee commuting), investigations for
evaluating the KPI can include consultation with staff members, through questionnaires or
through representative appointed people. For other activities (e.g. capital goods), companies
and park managers are expected to provide significant and valuable information, as they are
aware of the entire value-chain. Expert judgement or forms of external consulting may support
the evaluation.
The following scheme should be used to establish the value of this indicator:
Scale value

Very high

High

Medium

Low
Very low or none

Definition of scale value
Two or more types of Scope 3 GHG emissions are reduced by the
implementation and functioning of the solution. Reductions are expected
to be significant as, for example, emissions due to activities of high
percentages of staff/assets are reduced or emissions related to notably
highly GHG-emitting activities are reduced.
Two or more types of Scope 3 GHG emissions are reduced by the
implementation and functioning of the solution.
One type of Scope 3 GHG emission is reduced by the implementation
and functioning of the solution. Reduction is expected to be significant
as, for example, emissions due to activities of high percentages of
staff/assets are reduced or emissions related to notably highly GHGemitting activities are reduced.
One type of Scope 3 GHG emission is reduced by the implementation
and functioning of the solution.
Scope 3 GHG emissions are not reduced by the implementation and
functioning of the solution.

Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to investigate its potential effects;
► every three years after the solution is implemented.
2.2.6

Technical KPIs

T1. Thermal energy recovery [%/year]: percentage of thermal energy annually recovered
divided by the total amount of thermal energy annually consumed at park level.
This KPI measures the results of energy efficiency strategies implemented to increase thermal
energy recovery within a process/plant/park. Indeed, these strategies may turn particularly
effective in a complex system such as the industrial park, where the simultaneous presence of
different industries increases the opportunities of recovery, when technically efficient and
convenient.
Data for estimation of thermal energy annually recovered shall be retrieved from audits,
measures, design assumptions or calculations. Double counting shall be avoided.
Projections for scenarios different from the baseline/current status can be obtained by
technical studies, own estimation, based on expert judgement and opinion. Defined scenarios
shall be realistic and representative of all the changes expected in the selected time-frame or
configuration.
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Monitoring of this KPI should be carried out:
► before the implementation of the solution, in order to have a reference baseline value;
► annually, after the solution is implemented.
T2. Technical feasibility [very high – high – medium – low – very low or none]: level of
expectation about the feasibility of the implementation of the solution from a technical and
technological perspective.
The realization of solutions for energy efficiency improvements in industrial parks often
requires complex systems and grids and demanding installation works.
The assessment of this indicator shall take into account factors such as deployment time, from
the beginning of installation works to their end, including time for auxiliary and preliminary
works. As a matter of fact, during this time span, the functionality of the park may be altered or
reduced. Another crucial aspect for the technical feasibility of a solution is the adequacy of
available infrastructures and lines, in terms of both performance and number. Information
about these aspects may be provided by suppliers and installers and can be estimated based
on expert judgment.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high

High

Medium

Low

Very low or none

Definition of scale value
The present network of infrastructures and lines is compatible with the
solution or requires only minor and quick adjustments, without any
reduction of the park functionality. In addition, no major obstacles are
foreseen in case of future changes in the layout of the solution.
The present network of infrastructures and lines is generally compatible,
but it requires only minor and quick adjustments that can reduce the
functionality of a limited area of the park for a short period. In addition,
no major obstacles are foreseen in case of future changes in the layout
of the solution.
The present network of infrastructures and lines requires some
modifications and minor additional components for the implementation
and functioning of the solution. The functionality of some areas of the
park is reduced or compromised during the deployment time.
The present network of infrastructures and lines requires considerable
modifications or additional components for the implementation and
functioning of the solution. The functionality of some areas of the park is
reduced or compromised during the deployment time.
The present network of infrastructures and lines is not adequate to
integrate the solution. Heavy modifications must be carried out or
several additional components must be installed. The functionality of
considerable areas of the park is reduced or compromised during the
deployment time.

Monitoring of this KPI should be carried out before the implementation of the solution.
T3. Annual uniformity [very high – high – medium – low – very low or none]: level of
expectation about the performance of the solution in time and its seasonality.
In some cases, a solution may significantly improve the performance of the park in a certain
period of the year but may not be reliable or efficient enough during another season. This
aspect is strongly related, for example, to the introduction of some kinds of renewable energy
sources. A good uniformity in time may help in increasing the efficiency and in facilitating the
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management of the park. Moreover, a non-annual uniform solution could be preferably
implemented in pre-determined time period in order to boost its impact. When evaluating this
indicator, local climate conditions and seasonality of production processes within the park shall
be considered. Nevertheless, it is not always possible to predict the factors that contribute to
vary the performance of the solution and some uncertainties remain in most of the situations.
Assessment should be carried out by park managers, companies’ appointed people or base
don expert judgement.
The following scheme should be used to establish the value of this indicator:
Scale value
Very high
High

Medium

Low

Very low or none

Definition of scale value
The solution has a uniform performance over the entire year and it is not
affected by external climate conditions or rate of production activities.
The solution has an overall uniform performance over the entire year.
Fluctuations related to external climate conditions or rate of production
activities are expected/registered in less than 2 months per year.
The solution performance varies over the entire year. Fluctuations
related to external climate conditions or rate of production activities are
expected/registered in less than 4 months per year.
The solution performance varies significantly over the entire year.
Fluctuations related to external climate conditions or rate of production
activities are expected/registered during most of the year.
The solution performance is not uniform along the year and it is in some
cases unpredictable, making it complicated to plan the activities within
the park.

Monitoring of this KPI should be carried out:
► before the implementation of the solution;
► annually, after the solution is implemented.

2.3

CALCULATION RULES

In this section, rules for the calculation of the performance of a solution within the industrial
park are given.
Firstly, a general overview of the calculation scheme adopted is given, while in the following
sections all the rules are explained in detail. To conclude, methods for results representation
and interpretations are introduced, conditions for proper application of the methodology are
explained and some variants to meet specific needs and make the methodology more flexible
are proposed.
Furthermore, Annex II provides a schematic guideline for the application of the methodology.
2.3.1

Overview

This section provides a complete overview on the methodology developed for the evaluation
of performance of a solution within an industrial park.
Before developing rules for calculation, an additional clusterization of KPIs is necessary. This
need arises from the fact that among the indicators previously introduced:
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► some indicators are related directly to the overall performance of the park. These
indicators can be evaluated even if solutions are not implemented and are also able to
capture the baseline status of the park. Nevertheless, their calculation can be carried
out considering the implementation of one or more solutions and related effects on the
park;
► some indicators are related to the specific solution to be implemented. They describe
and measure the features of the solution and directly assess its performance, which
however depends on the specific industrial park the solution is implemented in. These
indicators are fundamental to evaluate the performance of the park when a solution is
implemented.
In order to reflect the above described properties of the indicators, two KPI’s categories are
introduced:
► Park level KPIs, which assess directly the overall performance of the park;
► Solution-specific KPIs, which refer to the specific solution to be implemented.
Within the two classes introduced, KPIs may be either of quantitative type or qualitative type.
Table 2-1 indicates for each KPI the correspondent class and type.
Table 2-1: KPIs’ class and type
Impact category

Organizational
KPIs

Financial and
Economic KPIs

Legal and
Regulatory KPIs

Social KPIs

KPI
Staff involvement
Stakeholder
involvement
Energy efficiency
awareness
Normalized CAPEX
Normalized net annual
balance
Normalized PBP (pay
back period)
Normalized IRR
(internal rate of return)
Financial assistance
from public entities
Marketing
communication and
opportunities
Simplicity of
bureaucratic steps
Legal and regulatory
feasibility
Replication potential
Job creation
Impact on local
development
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Park level
KPIs
Quantitative

Solution-specific KPIs
Qualitative

Quantitative
x
x

x
x
x
x
x
x
x
x
x
x
x
x
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Impact category

Environmental
KPIs

Technical KPIs

KPI
Impacts on human
health and safety
Benefits for sustainable
mobility
Total annual water
consumption
Total annual waste
generation
Annual by-products
internal use
Annual energy
consumption
Total annual
greenhouse gases
emissions
Renewable energy
source share
Total annual air
emissions
Reduction of indirect
(scope 3) greenhouse
gases emissions
Thermal energy
recovery
Technical feasibility
Annual uniformity

Park level
KPIs
Quantitative

Solution-specific KPIs
Qualitative

Quantitative

x
x
x
x
x
x
x
x
x
x
x
x
x

The different characteristics of the KPIs selected highlight the importance of developing
different rules for performance calculation, depending on the class and type of KPI used.
The entire methodology is based on the assumption that the performance is assessed
independently and in parallel for each impact category, in order to avoid an excessive
compression of results, which would lead to a difficult and potentially misleading interpretation
and to loss of valuable information. Thus, when the assessment is carried out for a specific
impact category, only the KPIs belonging to that specific impact category must be considered.
For each impact category, the performance of a solution within a specific park results from the
following three terms:
𝑝1 : performance term associated with quantitative KPIs for performance assessment at park
level;
𝑝2 : performance term associated with qualitative KPIs for performance assessment through
solution-specific KPIs;
𝑝3 : performance term associated with quantitative KPIs for performance assessment through
solution-specific KPIs.
It is thus highlighted that each KPI contributes to only one of the terms above, according to its
class and its type.
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Subsequently, an approach to aggregate and compress the results obtained for 𝑝1 , 𝑝2 , 𝑝3 and
harmonize them into the overall indicator of performance for the studied impact category is
developed, considering the general principles outlined both for the methodology and the KPIs
definition.
2.3.2

Rules for park level quantitative KPIs

Calculation rules defined within this section apply to all the quantitative KPIs defined at park
level.
The performance assessment of a solution at park level consists in calculating the term 𝑝1 for
the available KPIs and for each impact category.
The performance term 𝑝1 associated with a generic KPI is conceived in relative terms, by
comparing the baseline status in terms of the given KPI, usually representative of the current
condition of the park, with the status of the same park after the solution is implemented in terms
of the given KPI.
Specifically, the following equation shall be used to calculate the variation ∆𝑖 associated with
the i-th KPI:

∆𝑖 =

𝐾𝑃𝐼𝑖,𝑝𝑜𝑠𝑡−𝑠𝑜𝑙 − 𝐾𝑃𝐼𝑖,𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
∙ 100 [%]
𝐾𝑃𝐼𝑖,𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒

where:
∆𝑖 : percentage variation with respect to the i-th KPI;
𝐾𝑃𝐼𝑖,𝑝𝑜𝑠𝑡−𝑠𝑜𝑙 : value of the i-th KPI – selected among those belonging to the park level class –
calculated considering the status of the park after the solution is implemented and
expressed in the unit of measure indicated for the i-th KPI itself;
𝐾𝑃𝐼𝑖,𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 : value of the i-th KPI – selected among those belonging to the park level class –
calculated considering the baseline status of the park and expressed in the unit of
measure indicated for the i-th KPI itself.
Based on the percentage variation calculated for the i-th, the performance term 𝑝1,𝑖 is obtained
according to the following table (Table 2-2). Specifically, two different rules are outlined
because, depending on the meaning of the specific KPI, a positive Δ may correspond to either
a positive or a negative performance.
KPIs for which a positive Δ corresponds to a positive performance (positive Δ-positive
performance) are: annual by-products internal use, renewable energy source share, thermal
energy recovery.
KPIs for which a positive Δ corresponds to a negative performance (positive Δ-negative
performance) are: total annual water consumption, total annual waste generation, annual
energy consumption, total annual emissions of GHGs, total annual air emissions.
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Table 2-2: p1 calculation
KPIs

Positive Δ-positive performance

Positive Δ-negative performance

Δ value

p1

> 25%
< 25%
> 15%
< 15%
> 10%
< 10%
> 5%
< 5%
> - 5%
< - 5%
> - 10%
< - 10%
> - 15%
< - 15%
> - 25%
< - 25%
< -25%
> -25%
< -15%
> -15%
< -10%
> -10%
< -5%
> -5%
< 5%
> 5%
< 10%
> 10%
< 15%
> 15%
< 25%
> 25%

100%
75%
50%
25%
0%
- 25%
- 50%
- 75%
-100%
100%
75%
50%
25%
0%
- 25%
- 50%
- 75%
-100%

The calculation of 𝑝1,𝑖 is to be repeated for all the KPIs relevant for the solution and available
within the park.
Having evaluated an appropriate number 𝑁1 of 𝑝1,𝑖 terms, the performance term 𝑝1 can be
calculated as follows:
𝑝1 =

𝑝1,1 + 𝑝1,𝑖 + ⋯ + 𝑝1,𝑁1
𝑁1

It is important to recall that this procedure shall be applied for each impact category assessed
and using only the KPIs belonging to that impact category.
2.3.3

Rules for solution-specific KPIs

Calculation rules defined within this section apply to all the solution-specific KPIs defined.
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Rules for the calculation of performance are defined separately for qualitative and quantitative
KPIs, corresponding respectively to the contributions 𝑝2 and 𝑝3 , previously introduced.
Calculations shall be carried out separately for each impact category.
2.3.3.1 Rules for solution-specific KPIs – Qualitative KPIs
In this section, rules for calculation of performance term 𝑝2 are given.
Rules are developed considering that all the qualitative KPIs are measured and expressed
through a Likert scale with five grades. Likert scales can differ from one indicator to another,
specifically, in the case of the defined KPIs, a value scale and an impact scale are introduced.
In order to homogenize the qualitative measure of performance to the quantitative one, for
each Likert scale type a conversion scheme is proposed in Table 2-3. Schemes are developed
based on expert judgement. In addition, they are set in order to allow a fair, balanced and
coherent aggregation of performance levels. To this aim, considering the European context
and the type of solutions considered in the boundaries of this project, the possibility of
experiencing negative impacts on human health and safety and local development (i.e.: the
two KPIs for which the scale is applicable) is considered rare and thus, the detailing of the
negative side of the Likert scale is not carried out, and a sole score is proposed. On the other
hand, the extension of positive impacts may present great variations.
For example, performance values for high/positive grades of the Likert scale are pushed
towards 100% as – according to the definition of the scales given for each specific KPI – it is
recognized that criteria to score a high/positive grades may be quite demanding for industrial
parks.
In these scales, the performance – being associated directly with the solution - acquires
meaning in absolute sense. High level of performance, close to 100%, indicate an effective
solution, while low level of performance corresponds to an ineffective or limitedly effective
solution.
Table 2-3: Conversion table for Likert scales
Likert Scale

Value

Impact

Scale Grade
Very high
High
Medium
Low
Very low or none
Very positive
Positive
Slightly positive
Neutral
Negative

p2
100%
85%
50%
15%
0%
100%
85%
50%
0%
- 50%

It results that given a generic KPI 𝐾𝑃𝐼𝑖 , Table 2-3 allows to establish the correspondent term
of performance 𝑝2,𝑖 .
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The calculation of 𝑝2,𝑖 is to be repeated for all the KPIs relevant for the solution and available
within the park.
Having evaluated an appropriate number of 𝑝2,𝑖 terms, the performance term 𝑝2 is calculated
as the average value of performance between all the KPIs. Specifically, considering a set of
𝑁2 KPIs, the performance term 𝑝2 is calculated as follows:

𝑝2 =

𝑝2,1 + 𝑝2,𝑖 + ⋯ + 𝑝2,𝑁2
𝑁2

It is important to recall that this procedure shall be applied for each impact category assessed
and using only the KPIs belonging to that impact category.
2.3.3.2 Rules for solution-specific KPIs – Quantitative KPIs
In this section, rules for calculation of the previously introduced term 𝑝3 are given.
Quantitative solution-specific KPIs express quantifiable aspects strictly connected to the
solution. In order to associate with each value of the KPI an adequate term of performance,
multiple conversion scales are introduced. In particular, a scale is tailored for each KPI.
Scales are developed based on expert judgement. In addition, they are set in order to allow a
fair, balanced and coherent aggregation of performance levels. Table 2-4 shows - for each
relevant KPI – the conversion scale from its value to a value of performance.
In these scales, the performance – being associated directly with the solution - acquires
meaning in absolute sense. High level of performance, close to 100%, indicate an effective
solution, while low level of performance corresponds to an ineffective or limitedly effective
solution.
It is highlighted that setting performance criteria is to some extent a subjective task, which is
often performed internally at company level. For this reason, the following scale may be
adjusted to take into account specific needs and features of each park and on the basis of
companies consultation. Nevertheless, the above mentioned criteria for the definition of the
scales shall be respected.
Table 2-4: Conversion scales for quantitative solution-specific KPIs
KPI

Staff involvement

Stakeholder
involvement

KPI value
>80%
<80%
>50%
<50%
>30%
<30%
>10%
<10%
>80%
<80%
>50%
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p3
100%
75%
50%
25%
0%
100%
75%
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KPI

Normalized capital
expenditure

Normalized net
annual balance

Normalized Payback
Period

Normalized internal
rate of return (IRR)

Job creation

KPI value
<50%
>30%
<30%
>5%
<5%
<10%
>10%<20%
>20%
<30%
>30%
<50%
>50%
>80%
<80%
>50%
<50%
>30%<30%
>10%
<10%
<0.5
>0.5
<0.75
>0.75
<1.25
>1.25
<1.5
>1.5
>1.5
<1.5
>1.25
<1.25
>0.75
<0.75
>0.5
<0.5
>15%
<15%
>10%
<5%
>-5%
<-5%
>-15%
<-15%

p3
50%
25%
0%
100%
75%
50%
25%
0%
100%
75%
50%
25%
0%
100%
50%
0%
-50%
-100%
100%
50%
0%
-50%
-100%
100%
50%
0%
-50%
-100%

It results that given a generic KPI 𝐾𝑃𝐼𝑖 , Table 2-4 allows to establish the correspondent term
of performance 𝑝3,𝑖 .
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The calculation of 𝑝3,𝑖 is to be repeated for all the KPIs relevant for the solution and available
within the park.
Having evaluated an appropriate number of 𝑝3,𝑖 terms, the performance term 𝑝2 is calculated
as the average value of performance between all the KPIs. Specifically, considering a set of
𝑁3 KPIs, the performance term 𝑝3 is calculated as follows:

𝑝3 =

𝑝3,1 + 𝑝3,𝑖 + ⋯ + 𝑝3,𝑁3
𝑁3

It is important to recall that this procedure shall be applied for each impact category assessed
and using only the KPIs belonging to that impact category.
2.3.4

Overall performance assessment

Having provided calculation rules to assess the three performance terms 𝑝1 , 𝑝2 and 𝑝3 , this
section focuses on developing rules for their aggregation and for the calculation of the overall
indicator of performance 𝑃. The aggregation procedure shall be repeated for each impact
category.
In detail, the overall performance 𝑃 can be calculated as the average of the terms 𝑝1 , 𝑝2 and
𝑝3 weighted on the number of KPIs used for the assessment of each performance term,
indicated as 𝑁1 , 𝑁2 and 𝑁3 respectively. Specifically, the following equation shall be applied:

𝑃=

𝑁1 𝑝1 + 𝑁2 𝑝2 + 𝑁3 𝑝3
𝑁1 + 𝑁2 + 𝑁3

Weights are introduced in order to guarantee that robust performance terms, calculated from
a significant number of indicators, become more significant in the final assessment. On the
other hand, if the same number of indicators is used for the calculation of each of the three
performance terms, the weighted average corresponds to a normal average, where all the
contributions share the same importance.
2.3.5

Results representation and interpretation

This section provides information about the final representation of results, in order to guarantee
their interpretability.
When the methodology is fully and completely applied, for each impact category a quantitative
measure of performance 𝑃 is assessed. The value of 𝑃 ranges from -100% - corresponding to
a low performance of the solution - to 100% - corresponding to a very good performance of the
solution.
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As commonly done for the representation of multivariate variables, a radar chart - having axes
correspondent to the impact categories - is used to show the results. Figure 2-1 illustrates an
invented example.
Organizational
100
50
Technical

0

Financial and
Economic

-50
-100

Environmental

Legal and Regulatory

Social

Figure 2-1: Radar chart for representation of results - Example

This type of graph allows an immediate and synthetic representation of results. The impact
categories with high rates of performance for the given solution are clearly visible, as well as
those with low rates.
It is then part of the decision making process to assess whether the performance of the solution
for a specific impact category is acceptable from a quantitative point of view and then to
assess, from a qualitative perspective, if the overall performance of the solution within the
specific industrial park is satisfying. In general terms, the area enclosed within the graph is a
measure of the overall performance of the solution.
This type of representation is also suitable to carry out comparisons between the performances
of different solutions within the same park, as shown for example in Figure 2-2. In the same
way, in order to monitor the performance of the solution within the park, the comparison may
concern the same solution in two different moments in time.
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Solution 1

Solution 2

Organizational
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Figure 2-2: Radar chart for comparison of two solutions – Example

In a complementary view, the methodology in theory allows also the comparison of the
performance of the implementation of a solution in two different parks/companies. In this case,
the performance of the solution is strongly driven by national factors and local features (e.g.:
size, existing energy systems, etc.).
Nevertheless, within the scope of this work and within the IAT tool, the main purpose of the
assessment is to evaluate the performance of a solution and to compare different solutions
within a park/company. Those solutions selected or with highly satisfactory performance levels
will represent “success stories”, to be publicly shared for dissemination purposes and
benchmarking of good practices.
2.3.6

Minimum requirements for application

The application of the full methodology presented may turn to be a demanding task, especially
because of the large amount of information necessary to the calculation of all the KPIs.
In addition, due to the variety of solution covered within the project and of the impact category
assessed, it is possible that some KPIs are not relevant for the evaluation of the performance
of a certain solution.
For this reason, this section describes the criteria that shall be followed to apply the
methodology only partially, reducing the burden of the data-gathering phase without
threatening the quality and validity of the results. Specifically, one among the following two
options can be followed:
► Option A:
For each impact category identified, the performance evaluation shall include at least
a number of KPIs higher than one third of the total number of KPIs for that impact
category.
The user is free to select which KPIs to include and which ones not. Of course, it is
desirable that in the choice of KPIs to be included within the assessment the materiality
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principle is applied and the most relevant indicators for the studied solution within the
specific park are not neglected.
Table 2-5 below shows the minimum number of KPIs to evaluate for each impact
category if option A is followed:
Table 2-5: Minimum n° of KPIs for each impact category
Impact category
Organizational
Financial and Economic
Legal and Regulatory
Social
Environmental
Technical

Minimum n° of KPIs
2
3
1
2
3
2

► Option B:
The performance evaluation of a solution shall be carried out through core indicators.
Core indicators are indicators generally applicable, as they are relevant and respect
the materiality principle for most of the solutions. In order to guarantee a
comprehensive and significant application of the methodology, one or more core KPIs
are identified for each impact category.
In order to select an adequate panel of core KPIs, the steps below have been followed:
1. Matching between each of the solution proposed in D1.1 with correspondent relevant
KPIs (Annex III);
2. Identification of KPIs that are relevant and respect the materiality principle for all the
categories of solutions (D1.1 classification);
3. Selection of core KPIs, among the KPIs identified in Step 2. The selection is based on
considerations about data accessibility, possibility of evaluation for the industrial park
and expert judgement.
Nevertheless, not all the impact categories include a KPI that is relevant for all the
categories of solutions. In such cases, a core KPI is identified among the KPIs that are
relevant and respect the materiality principle for most of the categories and the
categories for which the core KPI is not applicable or relevant are exempted from the
evaluation.
Table 2-6 shows for each impact category, the correspondent core KPIs and the
solution categories that are exempted from their calculation. If the solution for which
the performance is being evaluated, belongs to one of the exempted categories, the
correspondent core KPI must not be calculated.
Table 2-6: Core KPIs and categories exempted
Impact category
Organizational

Core KPIs
O2. Stakeholder
involvement
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Impact category
Financial and Economic

Legal and Regulatory
Social

Environmental
Technical

Core KPIs
FE1. Normalized
CAPEX
FE3. Normalized
Payback period
LR2. Legal and
Regulatory feasibility
S4. Benefits for human
health and safety
E4. Annual energy
consumption
E5. Total annual GHG
emissions
T2. Technical feasibility

Categories exempted
Managerial actions (for KPI FE3
only)
Contractual instruments and
managerial actions
Managerial actions

It is highlighted that having defined core indicators based on the classification of
solution used in D1.1 does not limit the applicability of these minimum requirements for
solutions that were not introduced in D1.1, as it can be reasonably assumed that each
unforeseen solution can be easily classified according to the scheme proposed in D1.1.
2.3.7

Variants

This section explores two basic variants for the application of the proposed methodology.
Variants may be useful when specific needs arise during the evaluation of the performance of
a solution.
2.3.7.1 Weighting
This section introduces calculation rules to take into account that some KPIs may be
considered more significant and valuable than others during the performance assessment.
For this purpose, weights shall be introduced and assigned to each KPI. In such situation, the
previously introduced equations for the calculation of the terms 𝑝1 , 𝑝2 and 𝑝3 are modified.
Below, the modified equation for the term 𝑝1 is reported, and equations for 𝑝2 and 𝑝3 can be
adjusted in the same way.

𝑝1 =

𝑤1 𝑝1,1 + 𝑤𝑖 𝑝1,𝑖 + ⋯ + 𝑤𝑁1 𝑝1,𝑁1
𝑤1 + 𝑤𝑖 + ⋯ + 𝑤𝑁1

where:
𝑝1 : performance terms associated with quantitative KPIs at park level;
𝑝1,𝑖 : performance of the solution at park level with respect to the i-th KPI;
𝑤𝑖 : weight associated with the i-th indicator.

The other steps of the methodology can be applied as already defined in the previous sections,
without any further modification.
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A delicate phase of the performance evaluation process with weighting is indeed the definition
of weights.
Weights definition should be under the responsibility of park managers and should be the result
of a consultation process with appointed people of the companies of the industrial park and
other relevant stakeholder and actors, such as municipalities, employees’ representatives, etc.
Some general criteria for weights definition are, for example:
► Uncertainty: high weights shall be assigned to those KPIs that are confidently estimated
and with a good level of approximation; low weights shall be assigned to those KPIs
that are estimated with significant uncertainty and approximation;
► Priority: high weights shall be assigned to those KPIs that are representative of the
priorities and the strategies of the park; low weights shall be assigned to those KPIs
that are less relevant for the development strategy of the park. The policy framework
in force can also influence the aforementioned priorities.
It is of paramount importance to avoid weighting when final results are to be used for
comparison purposes. Indeed, this can lead to misleading conclusions generated by different
weighting approaches and values. It is suggested that also when weights are applied, a parallel
correspondent application of the methodology is carried out without weighting, in order to have
a clear understanding of the effects of this variant and to rely on results suitable for
comparability in case of future needs.
2.3.7.2 Multiple solutions
The presented methodology is defined in order to evaluate, if necessary, the performance
related to the implementation of more than one solution simultaneously.
This opportunity may be very useful as often strategies for improving energy efficiency and
sustainability of an asset (i.e. the industrial park) foresee the implementation of more than one
solution at the time, in order to cover as many aspects as possible, from industrial processes,
to waste management, staff mobility, etc.
When the user is willing to implement the methodology to evaluate the performance of multiple
solutions, the following criteria shall be followed:
► With reference to calculation rules for the performance term 𝑝1 (Section 2.3.2), the
index 𝑝𝑜𝑠𝑡 − 𝑠𝑜𝑙 must be referred to the scenario in which multiple solutions are
implemented;
► With reference to calculation rules for the performance term 𝑝2 (Section 2.3.3.1), the
grade of each indicator must be assigned taking into account all the solutions that affect
the indicator itself. Due to the fact that the KPIs belonging to this class are solutionspecific, it may happen that conflicting grade are associated with each KPI,
nevertheless, it is responsibility of the user to figure the final situation of the park after
the implementation of multiple solutions and the grade should be assigned
consequently;
► With reference to calculation rules for the performance term 𝑝3 (Section 2.3.3.2), the
value of each KPI must be calculated in the scenario where multiple solutions are
implemented;
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► With reference to minimum requirements for the application of the methodology
(Section 2.3.6), in case of implementation of multiple solutions, it shall be guaranteed
that the minimum requirements for each single solution are covered;
It is reasonably expected that the installation of multiple solutions simultaneously generates
better performances compared to the installation of a single solution. This aspect can be
captured by the developed methodology only under the condition that the same KPIs are used
when applying the methodology to the single solution scenario and to the multiple solutions
scenario.
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3 CONCLUSIONS
A monitoring methodology for the quantitative assessment of the performance of solutions and
instruments applicable in all S-PARCS Lighthouse Parks - potentially replicable in other
contexts - has been developed.
The methodology has been built upon a group of KPIs, which capture a wide variety of potential
effects of the solutions on the parks and allow a comprehensive assessment of performance.
KPIs have been selected following an extensive desk analysis according to criteria of
relevance, interpretability, timeliness, reliability, validity and materiality. Nevertheless, it is
acknowledged that the selected KPIs shall be carefully validated by the end-users of the
methodology and for this reason they may be subject to possible refinements in the near future.
Along with the calculation methodology, instructions for results representation and basic
interpretation are given. In addition, possibilities of weighting and of assessing performance of
multiple solutions have been described in order to enlarge the field of application of the
methodology itself.
The generalist nature of the methodology developed in task 4.1 well fit the objective of “Initial
Assessment Tool (IAT)” to be developed in S-PARCS, which will be able to serve industrial
park managers and companies within different countries. Moreover, a preliminary list of
necessary input data to deploy this methodology is presented in this document and
summarised in Annex I “Overview of KPIs”.
Furthermore, it is highlighted that the contents of this deliverable regarding the description of
KPIs are further expended and explored in task 4.2, which aims at providing a comprehensive
data collection framework for the KPIs. D4.2 shall thus be considered as the natural
prosecution of D4.1 and should be referred to for obtaining more detailed information about
KPIs calculation.
Finally, even if the suitable KPIs to evaluate the effects of the solutions proposed by S-PARCS
project have been presented according to different impact categories, as the Lighthouse Parks
have not yet identified the solution(s) to be investigated/implemented, the possibility of furtherly
tailoring the selection of KPIs based on the coupling solution-park is not excluded.
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5 ANNEX I – OVERVIEW OF KPIs
Impact Category

Organizational KPIs

KPI

Unit of
Measure

Staff involvement

%

Stakeholder involvement

%

Energy efficiency awareness

Normalized CAPEX

Likert scale

%

Financial and Economic
KPIs
Normalized net annual balance
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%

Data needs

Main data sources

Monitoring protocol

N° of employees
involved in the
implementation of the
solution
N° of stakeholders
involved in the
implementation of the
solution
Effects of the solution
on the energy
efficiency awareness
level
CAPEX dedicated to
solutions regarding
energy cooperation
issues and to all the
other solutions
implemented
Annual economic
balance related to the
implementation of the
solution for energy
cooperation and all
the other solutions

Questionnaires, HR
studies for the
employees, at company
level
Questionnaires for
reference people of the
companies, park
managers studies
Questionnaires,
interviews for appointed
people (park or company
level)

Before
implementation and
every year after
implementation
Before
implementation and
when changes are
registered
Before
implementation and
every year after
implementation

Price quotations from
manufacturers, installers
and suppliers

Before
implementation

Price quotations from
manufacturers, installers
and suppliers, energy
bills, personnel costs
analysis, income analysis

Before
implementation and
every year after
implementation
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Impact Category

KPI

Normalized PBP (payback period)

Unit of
Measure

-

Normalized IRR (internal rate of
return)

-

Financial assistance from public
entities

%

Marketing communication and
opportunities

Likert scale

Simplicity of bureaucratic steps

Likert scale

Legal and regulatory feasibility

Likert scale

Legal and Regulatory
KPIs
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Data needs
CAPEX and annual
economic balance
dedicated to
solutions regarding
energy cooperation
and to all the other
solutions
implemented
IRR of return for the
implemented energy
cooperation solution
and for all the other
implemented
solutions
Available funding
opportunities
Forms of marketing
communication and
opportunities
Number, simplicity of
steps requiring
bureaucracy (i.e.
permits)
Number, type of
agreements and
contracts (within and
outside park
boundaries)
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Main data sources

Monitoring protocol

See sources for
normalized CAPEX and
normalized net annual
balance

Before
implementation and
every year after
implementation

See sources for
normalized CAPEX and
normalized net annual
balance

Before
implementation and
every year after
implementation

Tenders, reports of
consulting entities
Analysis of
communication/marketing
departments at company
or park level

Before
implementation
Before
implementation and
every 3 years after
implementation
Before
implementation and
every 3 years after
implementation

Analysis of administrative
departments at company
or park level
Analysis of administrative
departments at company
or park level

Before
implementation

Impact Category

KPI

Data needs

Main data sources

Monitoring protocol

Likert scale

Assessment of
replication potential
in other industrial
parks

Experts consultation

Before
implementation

%

N° of job places
created/canceled by
the solution

HR studies

Likert scale

Assessment of the
impact of the solution
outside the parks

Experts consultation,
municipalities and local
authorities consultation

Benefits for human health and
safety

Likert scale

Human health and
safety benefits
generated by the
solution

Health and Safety
experts consultation

Benefits for sustainable mobility

Likert scale

Beneficial effects of
the solution towards
sustainable mobility

Experts consultation,
municipalities and local
authorities consultation

liters/year or
m3/year

Annual water
consumption of the
entire park

kg/year

Mass of solid waste
generated by the
entire park

Replication potential

Job creation

Social KPIs

Unit of
Measure

Impact on local development

Total annual water consumption
Environmental KPIs
Total annual waste generation
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Water bills and resource
efficiency audits
(company or park level),
monitoring systems,
specific studies
Waste registers, waste
traceability systems,
resource efficiency
audits, specific studies
(company or park level)

Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation
Before
implementation and
every 3 years after
implementation
Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation

Impact Category

KPI

Annual by-products internal use

Total annual energy consumption

Total annual GHG emissions

Renewable energy source share

Total annual air emissions

Reduction of indirect (Scope 3)
GHG emissions
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Unit of
Measure

Data needs

Main data sources

kg/year

Mass of by-products
both produced and
exploited within the
park

Resource efficiency
audits, specific studies
(company level)

MWh/year

Total annual energy
consumption

kgCO2e/year

Mass of GHGs
emitted by the park’s
activities

%

Renewable energy
produced within the
park and total energy
consumption

kg/year

Likert scale

Mass of pollutants
emitted
Basic identification of
indirect (Scope 3)
GHG emissions
sources and
information about
their area of influence
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Energy bills, monitoring
systems, energy audits,
specific studies
(company and park level)
Resource efficiency
audits and energy audits,
bills, fuel cards, specific
studies, literature
analysis, commercial
software
Specifications of
renewable energy
production systems,
monitoring systems,
specific studies (park
level)
Metering systems,
specific studies, fuel
cards (company or park
level)
Questionnaires and
interviews to staff
members, information
from companies’ and
parks’ managers on
value chain activities,
expert judgement

Monitoring protocol
Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation

Before
implementation and
every year after
implementation
Before
implementation and
every year after
implementation
Before
implementation and
every 3 years after
implementation

Impact Category

KPI

Thermal energy recovery

Technical KPIs

Technical feasibility

Annual uniformity
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Unit of
Measure

%/year

Likert scale

Likert scale

Data needs
Amount of thermal
energy recovered
and total amount of
thermal energy
consumed
Assessment of
technical feasibility
Uniformity of
performance of the
solution in time
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Main data sources

Monitoring protocol

Energy bills, monitoring
systems, energy audits,
specific studies
(company and park level)

Before
implementation and
every year after
implementation

Indications from suppliers
and installers,
Assessment from
appointed people within
the park and companies,
based on expert
judgement

Before
implementation
Before
implementation and
every year after
implementation

6 ANNEX II – GUIDELINE FOR APPLICATION
Selection
of impact
category

•Impact categories' list - section 2.2

Selection
of KPIs

•KPIs' list - section 2.2
•Definition of class and type of each KPI section 2.3.1
•Minimum requirements - section 2.3.6

Data
collection

•Data collection at company and park level section 2.2

Calculation
of KPIs

•Assumptions and guidelines section 2.1

Calculation of
performance
terms

•Different equations according
to class and type of each KPI sections 2.3.2, 2.3.3

Overall
performance
assessment

•Equations - section 2.3.4
•Minimum requirements - section 2.3.6
•Weighting and muliple solutions - section 2.3.7

To be repeated for each impact category.
Overall representation of results after having assessed the performance for all the impact categories.
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7 ANNEX III – CROSS-MATCHING BETWEEN SOLUTIONS AND KPIs

Normalized net annual balance

Normalized PBP

Normalized IRR

Assistance PA

Simplicity of bureaucratic steps

Legal and regulatory feasibility

O2

O3

FE1

FE2

FE3

FE4

FE5

FE6

LR1

LR2

Installation of RES plants

x

x

x

x

x

x

x

x

x

x

Joint biomass based CHP

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

District heating linking to
existing network serving local
community

x

x

x

x

x

x

x

x

x

x

New district heating network

x

x

x

x

x

x

x

x

x

x

Stakeholder involvement

Staff involvement
O1

District heating between the
park premises

x

Energy efficiency awareness

Normalized CAPEX

Marketing and communication
opportunities

The following cross-matching exercise consists in associating to each solution the KPIs that are relevant and respect the materiality principle for that
solution.
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Normalized net annual balance

Normalized PBP

Normalized IRR

Assistance PA

Simplicity of bureaucratic steps

Legal and regulatory feasibility

Marketing and communication
opportunities

Normalized CAPEX

O2

O3

FE1

FE2

FE3

FE4

FE5

FE6

LR1

LR2

x

x

x

x

x

x

x

x

x

x

x

Electricity production from WH

x

x

x

x

x

x

x

x

x

x

Electrical storage installations

x

x

x

x

x

x

x

x

x

x

Thermal storage installations

x

x

x

x

x

x

x

x

x

x

Joint
reactive
compensation

x

x

x

x

x

x

x

x

x

Stakeholder involvement

Staff involvement
Joint investment
efficiency

in

energy

power

Joint sustainable/self-produced
fuel
Joint heat pumps for district
heating purposes via power-toheat

x

Energy efficiency awareness

O1

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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Normalized net annual balance

Normalized PBP

Normalized IRR

Assistance PA

Simplicity of bureaucratic steps

Legal and regulatory feasibility

Waste heat recovery via heat
pumps and/or heat exchanger
Realisation of a Smart Grid
within the park premises

x

Joint purchase of monitoring
equipment

Marketing and communication
opportunities

Normalized CAPEX

O3

FE1

FE2

FE3

FE4

FE5

FE6

LR1

LR2

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Stakeholder involvement

Energy efficiency awareness

O2

Staff involvement
O1

Demand response schemes

x

x

x

x

x

x

x

x

x

x

x

Energy management System at
industry/park level

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Shared central servers
Joint fleet for employees to
reach the park

x
x

x
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Simplicity of bureaucratic steps

Legal and regulatory feasibility

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

FE3

FE4

FE5

O2

O3

Joint car pooling

x

x

x

Joint electic vehicles / H2 based
fleet

x

x

x

x

x

x

x

Shared charging points
electric H2 vehicles

x

x

x

x

x

x

x

x

x

x

x

Joint logistics

x

x

x

x

Common energy audits

x

x

x

Joint use of CHP

x

x

x

Joint energy manager

x

x

Shared office buildings

for
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x
x

Marketing and communication
opportunities

x

Assistance PA

x

Normalized IRR

x

Normalized PBP

x

Normalized net annual balance

LR2

Normalized CAPEX

LR1

FE2

Energy efficiency awareness

Stakeholder involvement

Staff involvement

FE6

FE1

O1

x

x

x

58

Normalized net annual balance

Normalized PBP

Normalized IRR

Assistance PA

Simplicity of bureaucratic steps

Legal and regulatory feasibility

Marketing and communication
opportunities

Normalized CAPEX

O2

O3

FE1

FE2

FE3

FE4

FE5

FE6

LR1

LR2

x

x

x

x

x

x

x

x

x

x

x

Common buildings design

x

x

x

x

x

x

x

x

x

x

Matching companies according
to energy/material demand and
production

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Stakeholder involvement

Staff involvement
Clustering
processes

of

common

Joint emergency plan of the
area

x

Exploitation of one plant's byproducts in other plant(s) Industrial symbiosis
Joint waste management and
disposal

x

x

x

Energy efficiency awareness

O1

x
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x

x

x

x

x

x

x
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Normalized net annual balance

Normalized PBP

Normalized IRR

Assistance PA

Simplicity of bureaucratic steps

Legal and regulatory feasibility

O3

Marketing and communication
opportunities

Normalized CAPEX

O2

FE1

FE2

FE3

FE4

FE5

FE6

LR1

LR2

x

x

x

Energy efficiency awareness

Stakeholder involvement

Staff involvement
O1
Joint organic waste treatment
energy valorisation

x

x

x

x

x

x

Joint sewage water treatment
and valorisation

x

x

x

x

x

x

x

x

Biogas
production
in
wastewater treatment plants

x

x

x

x

x

x

x

x

Joint purchase of electricity

x

x

x

x

x

x

x

Joint purchase of energy
carriers (gas/fuel/wood)

x

x

x

x

x

x

x

Joint purchase of raw materials

x

x

x

x

x

x

x

x

x

x

x

x

x

Joint insurance provider

x

x

Project Start: 01/03/2018 | Duration: 36 Months

x
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Joint
ancillary
providers
services

Creation of a park ESCO
O1
O2

x
x

x
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Normalized IRR

Assistance PA

FE1
FE2
FE3
FE4
FE5

x
x
x

x
x
x
x

Simplicity of bureaucratic steps

Legal and regulatory feasibility

x

Marketing and communication
opportunities

Normalized PBP

Energy efficiency awareness

Stakeholder involvement

Staff involvement

Normalized net annual balance

x

Normalized CAPEX

O3
FE6
LR1
LR2

x
x
x

x
x
x
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S2

S3

S4

Installation of RES plants

x

x

x

x

Joint biomass based CHP

x

x

x

x

x

District heating between the park
premises

x

x

x

x

District heating linking to existing
network serving local community

x

x

x

New district heating network

x

x

Joint investment
efficiency

x

x

in

energy

Electricity production from WH

E1

E2

E6

E7

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Annual uniformity
T3

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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x

T1

Technical feasibility
T2

x

E8

Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions
E5

x

E3

Annual energy consumption

Annual by-product internal use

Total annual waste generation

E4
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S5

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential
S1

S2

S3

S4

Electrical storage installations

x

x

x

Thermal storage installations

x

x

x

Joint
reactive
compensation

power

x

x

Joint sustainable/self-produced
fuel

x

x

-

x

Joint heat pumps for district
heating purposes via power-toheat

x

x

x

Waste heat recovery via heat
pumps and/or heat exchanger

x

x
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S5

E2

E3

E5

E6

E7

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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E8

T1

T2

x

x

x

x

x

x

x

Annual uniformity

Technical feasibility

Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions

Annual energy consumption

Annual by-product internal use

E4

x

E1

Total annual waste generation

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential
S1

T3

x

x

x

x

x

x

x

x

x

x

S2

S3

S4

S5

E1

Realisation of a Smart Grid
within the park premises

x

x

x

x

x

Joint purchase of monitoring
equipment

x

x

x

Demand response schemes

x

x

x

Energy management System at
industry/park level

x

x

x

Shared central servers

x

x

Joint fleet for employees to
reach the park

x

x

Joint car pooling

x

Project Start: 01/03/2018 | Duration: 36 Months

E2

E3

Annual uniformity

Technical feasibility

Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions

Annual energy consumption

Annual by-product internal use

Total annual waste generation

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential
S1

E4

E5

E6

E7

E8

T1

T2

T3

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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S1

Joint electic vehicles / H2 based
fleet
x

Shared charging points
electric H2 vehicles
x
x

Shared office buildings
x
x
x

Joint logistics
x
x
x

Common energy audits
x
x

Joint use of CHP
x
x
x

Joint energy manager
x
x
x

Clustering of common
processes
x
x
x

for
S2
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S3
S4
S5

x
x

x
x

E4
E5
E6
E7
E8

x
x
x
x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x

x
x
x
x

x

E1

x

E2

x
x
x

x
x
x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

x
x

x

E3

x
x
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x
x
x

T1
T2

x

T3

Annual uniformity

Technical feasibility

Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions

Annual energy consumption

Annual by-product internal use

Total annual waste generation

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential

Common buildings design

x

Matching companies according
to energy/material demand and
production

x

S2

S3

S4

S5

E1

E2

E3

E4

E5

E6

E7

x
x

x

Joint emergency plan of the area

x

x

E8

T1

T2

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Exploitation of one plant's byproducts in other plant(s) Industrial symbiosis

x

x

Joint waste management and
disposal

x

x

x

x

x

x

Joint organic waste treatment
energy valorisation

x

x

x

x

x

x
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x

x
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x

x

x

x

Annual uniformity

Technical feasibility

Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions

Annual energy consumption

Annual by-product internal use

Total annual waste generation

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential
S1

T3

S2

S3

S4

Joint sewage water treatment
and valorisation

x

x

Biogas production in wastewater
treatment plants

x

x

S5

E1

E2

x

x

x

x

x

x

E3

E4

E5

E6

E7

E8

T1

x

x

x

x

x

Joint purchase of energy carriers
(gas/fuel/wood)

x

x

x

Joint purchase of raw materials

x

x

x

Joint insurance provider

x

x

Joint ancillary services providers

x

x

Creation of a park ESCO

x

x

x
x

x

x
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x

x

x

x

x

Annual uniformity

Technical feasibility
T2
x

Joint purchase of electricity
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Thermal energy recovery

Reduction of indirect (Scope 3)
GHG emissions

Total annual air emissions

RES share

Total annual GHG emissions

Annual energy consumption

Annual by-product internal use

Total annual waste generation

Total annual water
consumption

Benefits for sustainable
mobility

Human HS

Impact on local development

Job creation

Replication potential
S1

T3
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