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Abstract
Energy management is becoming a priority as organizations strive to reduce energy costs, conform
to regulatory requirements, and improve their corporate image. Despite the upsurge of interest in
energy management standards, a gap persists between energy management literature and current
implementation practices. This gap can be traced to the lack of an incremental improvement roadmap.
In order to close this gap, we propose an Energy Management Maturity Model that can be used
to guide organizations in their energy management implementation efforts and to incrementally
achieve compliance with energy management standards, such as ISO 50001. The proposed maturity
model is inspired on the Plan-Do-Check-Act cycle approach for continual improvement, and covers
well-understood fundamental energy management activities common across several energy management
texts. We evaluate our proposal by combining the following methods: (i) the use of a questionnaire
in energy management related groups to assess the model’s utility, according to industry experts;
(ii) mapping between ISO 50001 and our maturity model, in order to assess whether it can be used to
help ISO 50001 implementation; (iii) evaluate the achieved mapping using Wand and Weber’s method
to identify ontological deficiencies. Our proposal helps organizations gradually implement energy
management efforts with a well known set of activities and helps them achieve compliance with ISO
50001, the latest energy management systems standard, providing them financial and consumer image
benefits.
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1. Introduction

show that real-world implementations of energy
management programs fail to cover the breadth
of energy management activities defined in these
guides [13, 8]. In summary, there is a gap between
theory and real-world implementation practices of
energy management that needs to be closed.

Energy management has been defined as the systematic use of management and technology to improve an organization’s energy performance [6] or,
in academic research, as the control, monitoring and
improvement activities for energy efficiency [5]. Regardless of definition, the topic has become of utmost importance for organizations worldwide, many
of which are currently deploying energy management solutions to improve their energy use, to comply with legislation, energy standards and their requirements, and to enhance the organization’s reputation among customers. By implementing energy
management programs, organizations can save up
to 20% on their energy bill, and can also achieve
savings up to 5%-10% with minimal investment, effectively cutting operational costs [6].

This thesis proposes and conducts a preliminary evaluation of an Energy Management Maturity Model, meant for energy managers in all kinds
of organizations, that organizes the essential energy
management activities across five maturity levels,
therefore contributing to bridge the gap between
theory and real-world practice.

Overall, for an organization, an Energy Management Maturity Model will: (i) structure and
improve the understanding of energy management
practices, (ii) provide a roadmap towards continEnergy management and its associated prac- uous improvement, (iii) provide an understandtices vary greatly mainly because there is no well- ing of the steps required towards successful energy
understood energy management model, as evi- management, (iv) enable benchmarking the current
denced by the disparity in the reviewed literature. energy practices against other organizations, and
As will be clear later, despite the existence of sev- (v) guide investment efforts.
eral guides to assist companies in implementing
This translates into benefits according to three
energy management activities [6, 27], case-studies pillars, as shown in Figure 1:
(i) environmen1
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• CO2 emissions
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reviewing implemented measures by management,
or metering of energy use.
In an analysis of the Swedish industrial energy efficiency programs [28], energy audits allow a potential energy performance increase between 16-40%
and an electricity savings potential between 2060%, and have been identified as very important
for the identification and implementation of costeffective energy-efficiency opportunities [26].
The approaches taken to implement such activities can vary greatly in terms of practices and technological sophistication: an organization might use
energy-saving practices based on the experience of
the facility manager and/or users, while another
may employ a computerized Energy Management
System, which is by definition a management system that provides a framework for managing and
continually improving organizational policies, processes and procedures [14]. However, the use of
these energy management systems isn’t a very commonly adopted practice [19].
On one hand, the recently published ISO 50001
standard [16] enables organizations to establish energy management systems and processes necessary
for energy performance improvement to reduce energy costs, greenhouse emissions and other environmental impacts. However, standards such as
IS393 [24], ANSI/MSE 2000 [1], BS EN 16001 [4],
and more recently ISO 50001, only define the requirements for organizations to establish, maintain,
implement and improve energy management systems. These standards do not provide organizations with a model to assess their current situation
against other organizations, except for a final certification, or allow them to plan their energy management implementation in an incremental way along
an established improvement roadmap.
On the other hand, maturity models have been
extensively studied and utilized in multiple engineering domains as an instrument for continuous
improvement [32]. Following the success of the Capability Maturity Model (CMM) for Software [21],
there has been significant interest in this field across
multiple areas, both from an academic and professional point of view. CMM has evolved into the
Capability Maturity Model Integration (CMMI),
which has been adopted by thousands of organizations worldwide.
Maturity models can be used as a tool to assess the as-is situation of a company, derive and
rank improvement measures, and control implementation progress [10]. They consist of a sequence of
maturity levels that represent a desired organizational evolution path, in which the initial maturity
level represents a state that can be characterized by
an organization having few capabilities in the chosen domain, while the highest maturity level repre-

Societal aspect
• Customer and
workforce awareness
• Image in society

Figure 1: Energy management maturity model
main benefits
tal benefits, such as reduced CO2 emissions due to
lower energy consumption; (ii) economic benefits,
translated into lower energy costs and increased resource productivity; and (iii) societal benefits, such
as customer and workforce awareness and organizational image in society.
1.1. Problem
According to the International Organization for
Standardization (ISO), Energy Management stands
out as one of the top five areas that require the
development and promotion of international standards. The adoption of a standard, such as ISO
50001, increases energy efficiency by more than
20% in industrial facilities [22]. To further emphasize the relevance of this topic, a study made by
Lawrence Berkeley National Labs about energy efficiency projects in the United States concluded that
the total project spending in energy service companies, from 1990 to 2000, increased from US$500
million to US$2 billion [29].
Another study has identified that, out of the
3,749 respondents, 85% state that energy management was very important to their organizations
and 63% have actually invested in energy efficiency
projects [15]. Regarding legislation, for example,
the EU has also established an energy improvement
target of 20% by 2020 [33].
Energy efficiency can be improved through investments in energy technologies and promoting energy management practices [2]. While energy management shares some common practices across the
literature, there is still a great diversity in these
practices: some activities are neglected while others
are more common. For example, existing solutions
for measurement, analysis and control of energy do
not address all the requirements of energy management at the organization or process level because
they do not adequately develop workforce awareness
of the energy used in their business [30]. Some common energy management activities include ensuring management commitment, appointing individuals or teams responsible for energy management,
defining energy policies and action plans, as well as
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sents a stage of total maturity [3]. Maturity, in this
case, can be defined as a metric to evaluate capabilities of an organization regarding a certain discipline [11]. Advancing through this evolution path
indicates that organizations are improving their capabilities step by step [17].
According to a recent survey on maturity models, out of the 237 studied articles, only 3 efforts
focused on the topic of sustainability [32], showing that research regarding maturity models in the
energy field is still at its inception. Up to now, no
maturity model has been created specifically for energy management. However, maturity models have
been created for Smart Grid implementation [25],
for data center efficiency [9], and initial efforts have
been reported regarding energy management maturity models [20].
Furthermore, the approach taken by international standards is different from the approach
taken by maturity models. In order to reach compliance with a standard such as ISO 50001, organizations need to show evidence about every single
defined requirement, in the form of a final certification. Maturity models have the same ultimate goal
of process improvement but they establish several
levels of organizational maturity as organizations
increase their improvement efforts and implement
the required processes at their own pace, providing them with an implementation roadmap not included in ISO standards.
In view of the arguments presented above, we
may say that “organizations do not have a systematic approach, e.g., maturity models, to energy
management implementation.” Developing a Maturity Model is a significant research problem related
with the importance of guidelines and best practices, e.g., maturity models and frameworks. Indeed, the solution for the presented problem will
provide a set of best practices, providing organizations with a systematic means of improving their
energy usage.

state of energy management in organizations,
obtained from the reviewed case studies, energy management guides and other energy
management articles.
• Identification of a set of energy management
activities that will be the basis for the proposed
maturity model based on the previous analysis.
• Evaluation of the proposal for completeness
by performing an ontology mapping to the requirements of ISO 50001.
• Evaluation of the achieved mapping using
Wand and Weber’s method to identify ontological deficiencies.
• Evaluation of the utility and difficulty of implementation of the proposed activities, and
overall utility of the proposed maturity model
through questionnaires.
1.3. Document structure
This document is organized as follows: Section 2
presents the related work associated with this thesis, namely energy management guides, energy
management systems, energy management standards, energy management scientific articles, and
maturity models. Section 3 details the proposed
maturity model and Section 4 describes the evaluation method performed to validate this work and
the results obtained. Finally, Section 5 presents the
conclusions of this work, along with its limitations,
lessons learned, and future work.

2. Related Work
Energy management activities are somewhat similar across energy management literature. Although
there are no authoritative sources defining what are
the essential energy management activities, all the
analysed literature points to the idea of performing
initial reviews to understand how energy is being
used and to establish a baseline of organizational
energy performance. The creation of an energy policy and strategy is mostly established in good prac1.2. Methodology
The aim of this work is the design of an energy tice guides, and most texts also establish an action
management maturity model that will further drive plan.
The commitment of senior management appears
improvements in energy management in organizaas
a cross-cutting aspect required to ensure retions. In order to assess the current state of energy
sources
for promoting energy programs, and backmanagement practices, design the proposed matuing
the
creation
of energy management roles. The
rity model and perform its evaluation, we conducted
communication
of
energy improvement results inour research as follows:
side the organization as well as staff training is also
• Review of several sources related to energy considered relevant across most texts.
Metering, monitoring and analysis is relevant
management (such as energy management systems, energy management guides, energy man- across virtually all texts, and must be backed up by
agement standards and case studies), and also energy management systems. Overall, the functionalities of Energy Management Systems support acof sources related to maturity models.
tivities of metering, monitoring and analysis, bench• Comparative analysis contrasting the current marking, understanding energy usage, and assist in
3
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Management commitment
Create energy management roles
Understand energy usage
Benchmark current performance
Identify opportunities
Establish policy
Define energy performance indicators
Set objectives and targets
Create action plan
Assign responsibilities
Prioritise investments
Procurement
Training
Documentation
Communicate results
Allocate resources
Regulatory compliance
Metering, monitoring and analysis
Management review
Audit process
Plan continuous improvement

CarbonTrust

Activities

SEI

communicating the results of improvement actions,
which can be framed into the Energy Strategy and
Review steps prescribed by energy guides.
The completeness and level of detail also varies
across energy management texts, with some offering a more complete description of what are considered good energy management practices, such as
the CarbonTrust guide. However, analysis of case
studies and scientific papers shows that organizations often do not follow the same activities as good
practice guides in their implementation of energy efficiency programs, as evidenced by Table 1. Most
importantly, no guide or paper explores how to implement energy management in an incremental way
for all the activities.
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tation, which is supported by scientific literature.
The energy efficiency gap, referring to the fact that
energy improvement measures are not always implemented despite the need for increasing energy
efficiency, is due to three categories of barriers:
economic, behavioral and organizational [23]. The
first category (economic) describes barriers such as
(i) hidden costs, which translates to collecting and
analyzing information costs, (ii) limited access to
capital, representing tight energy budgets that may
affect the ability to invest in energy efficiency measures, and (iii) risk aversion, caused by fear of production disruption. Behavioral barriers refer to the
lack of credibility and trust of information, therefore impeding improvement efforts. Finally, factors
such as organizational culture can be described as
organizational barriers.
Regarding energy management maturity models,
there have been recent developments in this area.
The Sustainable Energy Authority of Ireland has reported some preliminary work on the Energy Management Maturity Model [20]. Their research follows a different approach from our proposed maturity model, as each process is assessed individually, following a continuous representation, while
our model is based on a staged representation that
provides a global vision of the main processes that
an organization should implement for managing energy more efficiently. Finally, the fact that national
energy authorities are developing a maturity model
further underscores the relevance of our work.
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3. An Energy Management Maturity Model
Our Maturity Model is based on a representative set of well-defined and well-understood energy
management activities. As discussed previously
in Section 2, existing energy management guides
share common activities but the implementation
of energy management programs and efforts varies
greatly.
To obtain such a set of energy management activities, as illustrated in Figure 2, we refer not only to
the energy management literature previously analysed as our basis, but have also taken inspiration
in CMMI, taking into account other activities that
are deemed as good management practices. For example, CMMI process areas Work Planning, Supplier Agreement Management, Configuration Management, Measurement and Analysis and Organizational Training can be coarsely mapped to our ‘Create action plan’, ‘Procurement’, ‘Documentation’,
‘Metering, monitoring and analysis’ and ‘Training’
activities.
The energy management activities derived from
the literature were organized into five maturity levels following the Plan-Do-Check-Act cycle framework on which most maturity models and standards
are based.

•
•

Table 1: Comparison table of the energy management activities in all of the analysed energy management texts, from good practice guides to case
studies and other scientific articles [27, 6, 29, 12,
13, 8]
Despite the fact that a large number of organizations are motivated to pursue energy efficiency
and are informed in this matter, very few have the
capabilities to actually implement energy efficiency
measures or can actually demonstrate the results of
their improvement actions [7]. Energy management
efforts are frequently hindered by a number of factors [18] such as (i) lack of information, (ii) limited
awareness of the benefits of energy efficiency measures, (iii) inadequate skills, (iv) cultural or financial constraints leading to investment in production
capacity instead of energy efficiency measures, and
(v) larger importance on addressing upfront costs
instead of overhead energy costs.
As previously mentioned, we can clearly see a gap
between energy management theory and implemen4

In the five-level Energy Management Maturity
Model, shown in Figure 2, the first maturity level,
Initial, depicts the stage that organizations start at
and is characterized mostly by ad-hoc processes and
efforts. Energy usage is not being monitored, organizations don’t have defined policies or established
improvement goals, roles are not defined and energy
efficiency efforts are not being regularly reviewed.
In this initial stage, the success of energy management efforts in organizations depends on certain individuals and on their previous experience.
The second maturity level, Planning, represents
a point where organizations are undertaking the
first organizational efforts to understand energy usage: how is energy being consumed, how is it related to the core business, and how and what kind
of external constraints, such as legislation, apply
to energy efficiency. This is done by gathering and
analysing data to understand current energy performance in the organization, and creating a baseline
for future comparison that will assist the identification of problematic areas where improvements can
be made. This maturity level is defined by activities
such as:

The third maturity level, Implementation, is
characterised by organizations where intentional action is being taken to overcome detected inefficiencies. This maturity level defines activities required
for the implementation of energy improvement measures, with procurement and investment also playing an important role. Without ensuring financial
backing, projects and teams are unable to implement defined measures. Energy procurement will
invest these financial funds with suppliers that will
ensure the achievement of energy policy goals.
Training and communication are also important
inside an organization at this point. Staff must be
trained to understand energy management and acquire the required skills to understand the subject
and work with energy management systems. Everyone inside the organization must also be aware
of the benefits and goals of the proposed energy efficiency measures to promote user cooperation.
In the fourth maturity level, Monitoring, organizations actively and routinely collect, process and
analyse energy data and energy performance indicators, achieved with the help of identified functionalities of energy management systems, to ensure that
the defined goals are met and to identify further
An initial review, that uses measurement and mon- improvement opportunities, providing management
itoring data to (i) identify energy sources and with reports on the success of energy management
assess past and present energy use, (ii) iden- efforts. This assessment of the effectiveness of taken
tify major areas of energy use by reviewing measures is verified by the organizational program
facilities, equipment, systems, processes and audit activity.
other factors that will play a part in energy
The final maturity level, Improvement, is where
use, (iii) create forecasts on future energy use organizations ensure that implemented measures
and consumption, and (iv) identify opportuni- are reviewed by senior management, to correct posties for improvement.
sible identified flaws and introduce adjustments in
the previously defined energy policy, action plans,
A commitment activity, where top management and objectives.
helps in (i) defining an energy policy, (ii) assigning an energy manager role or team, 4. Evaluation
(iii) promoting energy management inside the The evaluation method consisted in the following
organization, (iv) regularly reviewing objec- steps:
tives and project status, and (v) providing the
essential resources (human, financial, techno• ISO 50001 mapping: mapping of proposed
logical and others) to improve energy perforactivities to latest energy management systems
mance.
standard, which enables us to validate the set
of proposed energy management activities.
Laying out an energy policy, detailing the commitment to energy performance, availability of
• Wand and Weber method: assess mapping
the necessary resources, compliance with legisbetween proposed maturity model and energy
lation, as well as regular and formal reviews.
management standard ISO 50001 in terms of
The energy policy will also help define goals,
ontological deficiencies.
objectives, and performance indicators. An ac• Questionnaire: gather proposal feedback
tion plan is then created to establish how the
from industry experts to (i) address the validaorganization will achieve the proposed goals,
tion and relevance of the research problem and
and what actions are prioritised and assigned
the proposed work, and (ii) evaluate proposed
to individuals, with clear responsibilities, budkey activities in terms of utility, difficulty of
gets and time. This policy will also guide the
implementation and overall utility of this maorganization in the procurement of energy returity model.
lated services, equipment and resources.
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Maturity

Maturity Level

Activities

1 - Initial stage
2 - Planning stage

No defined activities
Energy review
Benchmark current performance
Identify improvement opportunities
Ensure management commitment
Establish energy management roles
Establish energy policy
Set objectives and targets
Establish energy performance indicators
Create action plan
Check regulatory compliance
3 - Implementation
Investment
stage
Procurement
Training
Communication
Documentation
4 - Monitoring stage
Metering, monitoring and analysis
Program audit
5 - Improvement stage Management review

Energy Management Maturity Model

Level 5
IMPROVEMENT

Level 4
MONITORING

Level 3
IMPLEMENTATION

Level 2
PLANNING

Level 1
INITIAL

Time

Figure 2: Proposed maturity model, with five levels of increasing maturity, representing the initial,
planning, implementation, monitoring and improvement levels as depicted on the left side of the figure
and an overview of the five levels of energy management, and their corresponding activities, as seen on
the right side of the figure.
Excess Is every element from the second set
mapped to a first set element? The mapping is
considered excessive if there are elements without a relationship.

4.1. ISO 50001 mapping and evaluation using Wand
& Weber method
The mapping between our proposed maturity model
and ISO 50001 aims at validating if the proposed
model supports ISO standard activities. Every defined activity in our model can be mapped to an
ISO requirement, as shown in Table 2.
To evaluate the achieved mapping between our
model and ISO 50001, we will perform an analysis according to the Wand and Weber method [31].
Wand and Weber define an ontological evaluation
of grammars method, where two sets of concepts
are compared in order to identify four ontological
deficiencies, as shown in Figure 3:

Overload Is every element of the second set
mapped only to one element in the first set?
The mapping is considered overloaded if any
element in the second set has more than one
mapping to the first one.

The ontological evaluation of the mapping of our
proposal to ISO 50001 is presented in Table 2. A
first observation is that the mapping is complete,
since every proposed activity in our model can be
mapped to an ISO 50001 requirement. For the next
defined attribute, redundancy, there is one activity in our maturity first model that is mapped to
more than one activity in ISO 50001. As for excess, we have identified several ISO 50001 requirements that couldn’t be mapped to our proposal.
Regarding overload, there are two ISO 50001 reIncompleteness
Redundancy
Excess
Overload
quirements that are mapped to more than one activity in our model.
Figure 3: Illustration of ontological deficiencies as
In terms of the four analysed ontological deficienproposed by Wand and Weber
cies, using this method, our model can indeed be
considered as complete, since every activity can be
mapped to a requirement established in the stanIncompleteness Can every first set element be dard. This evaluation however, clashes with the
mapped to an element in the second set? If knowledge that our model does not fully cover ISO
there isn’t a total mapping, it is considered in- 50001.
Regarding excess, despite the assessment of this
complete.
mapping as complete, there are a few ISO requireRedundancy Are there elements in the first set ments which could not be mapped to our promapped to more than one element in the sec- posal. Requirement Operational control in ISO
ond set? If so, the mapping is considered re- 50001 states that the organization needs to identify and plan all operations related to energy use
dundant.
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Maturity model activities

ISO 50001 requirements

Wand and Weber ontological deficiencies

Planning
Energy review
Benchmark current performance
Identify improvement opportunities
Ensure management commitment
Establish energy management roles
Establish energy policy
Set objectives and targets
Establish energy performance indicators
Create action plan
Check regulatory compliance

Energy review
Energy baseline
Energy review
Top management
Management representative
Energy policy
Energy objectives, energy targets and energy management action plans
Energy performance indicators
Energy objectives, energy targets and energy management action plans
Legal and other requirements

Overload
Complete
Overload
Complete
Complete
Complete
Overload
Complete
Overload
Complete
Complete
Complete
Overload
Redundant/Overload

Documentation
N/A

Design
Procurement of energy services, products, equipment and energy
Competence, training and awareness
Communication
Competence, training and awareness
Documentation
Operational control

Complete
Excess

Monitoring
Metering, monitoring and analysis
Program audit
N/A
N/A
N/A

Monitoring, measurement and analysis
Internal audit of the EnMS
Evaluation of legal requirements and other requirements
Nonconformities, correction, corrective, and preventive action
Control of records

Complete
Complete
Excess
Excess
Excess

Improvement
Management review

Management review

Complete

Implementation
Investment
Procurement
Training
Communication

Table 2: Mapping of the activities in the proposed maturity model and ISO 50001 requirements, and the
corresponding evaluation according to the Wand and Weber method, regarding ontological deficiencies
to guarantee that they are carried out according
to policy, and is a missing activity from the proposed model but nevertheless is a valuable process
in energy management and should be object of further study. Other requirements such as Control
of Records (which establishes the need to maintain documentation that expresses conformity to
the ISO standard), Evaluation of legal requirements
and other requirements and other general ISO requirements are not mapped to our model explicitly.
Through our analysis of energy management texts,
we did not find any explicit mention to these activities since a few are specific to the ISO standard,
so they were not included in our model, but further
development of this model can accommodate other
relevant missing activities.

proving the proposed model is fairly complete. As
a result, organizations can use our maturity model
and rise through the maturity levels by implementing the proposed activities and, as they do so, they
will be automatically working towards ISO 50001
compliance.

4.2. Questionnaire
In this section we will detail how the questionnaires
were performed, and present and discuss the results.
We divulged a questionnaire for the evaluation of
our work through several Linkedin groups, related
to energy management or ISO 50001, and obtained
31 responses.
In this questionnaire, we have evaluated several
parameters, such as:
(i) utility and difficulty
of implementation of each proposed activity; and
For redundancy, there is only one activity in (ii) overall utility of the proposed maturity model.
our model that is mapped to two different requireRegarding the assesment of utility and difficulty
ments. In our model, Communication establishes of implementation, the proposed scale is shown in
internal communication of energy management ef- Table 3.
forts and promotion of their awareness, which is
coarsely split between two ISO requirements. FiValue
Utility
Difficulty of implementation
nally, we do not consider overload a problem since
1
Lowest utility
Lowest difficulty
our model establishes several ‘finer-grained’ activi2
Low utility
Low difficulty
ties in comparison with ISO’s approach of grouping
3
High utility
High difficulty
4
Highest utility
Highest difficulty
some requirements.
Our model was established through the analysis
of several energy management texts, and therefore,
is not an all-encompassing model, i.e., it does not
feature every conceivable energy management activity. However, we learned that, despite our model
being based on energy management texts, it is possible to achieve an almost complete mapping to ISO
50001, with the exception of three requirements,

Table 3: Scale used to assess utility and difficulty
of implementation in the questionnaire
Regarding the utility and difficulty of implementation of each proposed activity, the obtained results reveal an overall positive evaluation
of the utility of the proposed activities, as seen in
7

Maturity model activities

Utility
1

2

3

Energy review
Activity1
Benchmark current performance
Activity2
Identify improvement opportunities
Activity3
Ensure management commitment
Activity4
Establish energy management
roles
Activity5
Establish energy policy
Activity6
Set objectives and targets Activity7
Establish energy performance
indicators
Activity8
Create action plan
Activity9
Check regulatory compliance
Activity10
Activity11
Investment
Activity12
Procurement
Activity13
Training
Activity14
Communication
Activity15
Documentation
Metering, monitoring and Activity16
analysis
Activity17
Program audit
Activity18
Management review

4

1

Difficulty of implementation
2
3
4

Activity1
Activity2
Activity3
Activity4
Activity5
Activity6
Activity7
Activity8
Activity9
Activity10
Activity11
Activity12
Activity13
Activity14
Activity15
Activity16
Activity17
Activity18
1

2

3

4

1

2

3

4

Table 4: Illustration of maturity model activities and questionnaire results, showing the maximum,
minimum and average values for both evaluated parameters, utility and difficulty of implementation
Table 4. Results show that the utility of most activities averages between 3 and 4, with an overall
average of 3,3 between all activities, with the only
three activities with an average value of utility below 3 being Establish energy policy, Check regulatory compliance and Documentation. The utilized
scale represented 3 as high utility and 4 as highest
utility, and as such, the obtained results represent
a positive opinion to our proposal in terms of utility, further underscoring the importance of the proposed activities.
Regarding difficulty of implementation, activities
settle between low difficulty and high difficulty of
implementation. The activity with the highest average, management commitment, matches respondents opinion as one of the biggest challenges to ISO
50001 implementation and identified barriers to energy management, according to studied research.
We also asked participants if they would consider implementing an energy management maturity model in their organizations. Out of the 31 respondents, only six responded they would not consider implementing it, representing a positive response of approximately 81%.
In terms of overall utility of the proposal, the results obtained are very positive. Regarding scores,
we did not obtain any result classified as lowest utility, eight people classified it as low utility, 19 classified it as high utility and four people classified it as
highest utility. Despite obtaining an average slightly
lower than three, the vast majority of respondents
classified our proposal as positive, with the obtained
results shown in Figure 4.

Frequency of responses

20

Mean = 2,87
Std. Dev. = ,619
N = 31

15

10

5

0
1

2

3

4

Overal utility of the maturity model

Figure 4: Histogram and distribution curve of the
questionnaire results regarding the overall utility of
the proposed maturity model as assessed by the 31
respondents, with the middle line representing an
average utility value of 2,9
Page 1

tions need to improve their energy management
practices. Yet, despite the creation of energy management guides and standards by several entities,
the gap between theory and real world implementation still persists. International standards, like ISO
50001, opt for an improvement strategy of defining
a set of necessary requirements to achieve a final
stage of compliance.
As such, in order to achieve certification, organisations must comply with every single defined practice. Maturity models, in contrast, also define a
set of activities but establish several levels of maturity, grouping these activities into specific levels.
This approach is not only compatible with the final
goal in the mentioned standards, but also alleviates
the implementation of said practices by providing
organisations with a defined incremental path and
systematic approach for energy management.

5. Conclusions
In order to cope with the rising energy costs and
comply with environmental regulations, organisa8

To address these concerns and to help to close this
gap, this thesis proposes an Energy Management
Maturity Model. The proposed model consists of
several energy management activities, derived from
energy management guides, case studies and scientific articles and is organized into five maturity
levels. Its completeness is then evaluated against
ISO 50001, demonstrating that virtually every requirement of this industry standard is covered, and
the perceived utility of this work was also evaluated
through questionnaires aimed at industry experts.

• The proposed model can be further developed
in order to achieve complete compliance with
ISO 50001 requirements. By achieving full
compliance with this standard, the proposed
maturity model can further improve energy
management in organizations.
• The scope of this research only includes which
activities must be performed but does not describe how to perform them. As such, each
proposed activity can be studied with more detail in order to offer a more detailed description, along with a description of relationship
between activities and the definition of roles.

5.1. Impact
The impact of our proposal is manifold. An Energy Management Maturity Model will enable or• The maturity model can also be further develganizations to pursue an incremental improvement
oped by establishing capability levels for each
path, providing them with a roadmap for achievactivity, therefore creating a continuous repreing higher energy efficiency. Indeed, the proposed
sentation of the maturity model, alongside the
maturity model aims at streamlining the approach
staged representation already present in this
of energy management, making it easily understood
work, as identified by some questionnaire reand able to be implemented in a staged and gradual
sponses.
approach. This work will also guide further research
as we believe the analysis of several topics regard• This work can also be further evaluated by pering energy management and the achieved results
forming interviews and through a demonstracan guide further efforts in this field.
tion of its application in organizations, further
Maturity models have been used in distinct doassessing the utility and real life application of
mains and are prevalent in the IT industry, enthis work.
abling organizations to continually improve their
• Regarding academic research, the work reprocesses. Expectably, energy management will
peated herein, together with the evaluation
benefit, as did other fields, from the adoption of
method and results, can be used in the pubmaturity models to achieve continuous process imlication of a scientific article.
provement and enabling organizations to better
manage their energy management practice.
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