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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.
Keywords: Energy Management, Maturity Model, ISO 50001, Plan-Do-Check-Act

1. Introduction

Energy management has been defined as the sys-
tematic use of management and technology to im-
prove an organization’s energy performance [6] or,
in academic research, as the control, monitoring and
improvement activities for energy efficiency [5]. Re-
gardless of definition, the topic has become of ut-
most importance for organizations worldwide, many
of which are currently deploying energy manage-
ment solutions to improve their energy use, to com-
ply with legislation, energy standards and their re-
quirements, and to enhance the organization’s rep-
utation 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, ef-
fectively cutting operational costs [6].

Energy management and its associated prac-
tices vary greatly mainly because there is no well-
understood energy management model, as evi-
denced by the disparity in the reviewed literature.
As will be clear later, despite the existence of sev-
eral guides to assist companies in implementing
energy management activities [6, 27], case-studies

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.

This thesis proposes and conducts a prelimi-
nary evaluation of an Energy Management Matu-
rity 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 Man-
agement Maturity Model will: (i) structure and
improve the understanding of energy management
practices, (ii) provide a roadmap towards contin-
uous improvement, (iii) provide an understand-
ing of the steps required towards successful energy
management, (iv) enable benchmarking the current
energy practices against other organizations, and
(v) guide investment efforts.

This translates into benefits according to three
pillars, as shown in Figure 1: (i) environmen-
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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 re-
source productivity; and (iii) societal benefits, such
as customer and workforce awareness and organiza-
tional 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 stan-
dards. The adoption of a standard, such as ISO
50001, increases energy efficiency by more than
20% in industrial facilities [22]. To further empha-
size the relevance of this topic, a study made by
Lawrence Berkeley National Labs about energy effi-
ciency projects in the United States concluded that
the total project spending in energy service com-
panies, 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 manage-
ment 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 in-
vestments in energy technologies and promoting en-
ergy management practices [2]. While energy man-
agement 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 manage-
ment at the organization or process level because
they do not adequately develop workforce awareness
of the energy used in their business [30]. Some com-
mon energy management activities include ensur-
ing management commitment, appointing individ-
uals or teams responsible for energy management,
defining energy policies and action plans, as well as

reviewing implemented measures by management,
or metering of energy use.

In an analysis of the Swedish industrial energy ef-
ficiency programs [28], energy audits allow a poten-
tial energy performance increase between 16-40%
and an electricity savings potential between 20-
60%, and have been identified as very important
for the identification and implementation of cost-
effective energy-efficiency opportunities [26].

The approaches taken to implement such activi-
ties can vary greatly in terms of practices and tech-
nological 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 sys-
tem that provides a framework for managing and
continually improving organizational policies, pro-
cesses and procedures [14]. However, the use of
these energy management systems isn’t a very com-
monly adopted practice [19].

On one hand, the recently published ISO 50001
standard [16] enables organizations to establish en-
ergy management systems and processes necessary
for energy performance improvement to reduce en-
ergy costs, greenhouse emissions and other envi-
ronmental impacts. However, standards such as
IS393 [24], ANSI/MSE 2000 [1], BS EN 16001 [4],
and more recently ISO 50001, only define the re-
quirements for organizations to establish, maintain,
implement and improve energy management sys-
tems. These standards do not provide organiza-
tions with a model to assess their current situation
against other organizations, except for a final certi-
fication, or allow them to plan their energy manage-
ment implementation in an incremental way along
an established improvement roadmap.

On the other hand, maturity models have been
extensively studied and utilized in multiple engi-
neering domains as an instrument for continuous
improvement [32]. Following the success of the Ca-
pability Maturity Model (CMM) for Software [21],
there has been significant interest in this field across
multiple areas, both from an academic and profes-
sional point of view. CMM has evolved into the
Capability Maturity Model Integration (CMMI),
which has been adopted by thousands of organi-
zations worldwide.

Maturity models can be used as a tool to as-
sess the as-is situation of a company, derive and
rank improvement measures, and control implemen-
tation progress [10]. They consist of a sequence of
maturity levels that represent a desired organiza-
tional evolution path, in which the initial maturity
level represents a state that can be characterized by
an organization having few capabilities in the cho-
sen domain, while the highest maturity level repre-
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sents a stage of total maturity [3]. Maturity, in this
case, can be defined as a metric to evaluate capa-
bilities of an organization regarding a certain disci-
pline [11]. Advancing through this evolution path
indicates that organizations are improving their ca-
pabilities step by step [17].

According to a recent survey on maturity mod-
els, out of the 237 studied articles, only 3 efforts
focused on the topic of sustainability [32], show-
ing 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 en-
ergy 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 matu-
rity models [20].

Furthermore, the approach taken by interna-
tional standards is different from the approach
taken by maturity models. In order to reach com-
pliance with a standard such as ISO 50001, orga-
nizations need to show evidence about every single
defined requirement, in the form of a final certifica-
tion. 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, provid-
ing them with an implementation roadmap not in-
cluded in ISO standards.

In view of the arguments presented above, we
may say that “organizations do not have a sys-
tematic approach, e.g., maturity models, to energy
management implementation.” Developing a Matu-
rity Model is a significant research problem related
with the importance of guidelines and best prac-
tices, e.g., maturity models and frameworks. In-
deed, the solution for the presented problem will
provide a set of best practices, providing organiza-
tions with a systematic means of improving their
energy usage.

1.2. Methodology
The aim of this work is the design of an energy
management maturity model that will further drive
improvements in energy management in organiza-
tions. In order to assess the current state of energy
management practices, design the proposed matu-
rity model and perform its evaluation, we conducted
our research as follows:

• Review of several sources related to energy
management (such as energy management sys-
tems, energy management guides, energy man-
agement standards and case studies), and also
of sources related to maturity models.

• Comparative analysis contrasting the current

state of energy management in organizations,
obtained from the reviewed case studies, en-
ergy 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 re-
quirements of ISO 50001.

• Evaluation of the achieved mapping using
Wand and Weber’s method to identify onto-
logical deficiencies.

• Evaluation of the utility and difficulty of im-
plementation 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 the-
sis, namely energy management guides, energy
management systems, energy management stan-
dards, energy management scientific articles, and
maturity models. Section 3 details the proposed
maturity model and Section 4 describes the evalu-
ation 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 simi-
lar 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 pol-
icy and strategy is mostly established in good prac-
tice guides, and most texts also establish an action
plan.

The commitment of senior management appears
as a cross-cutting aspect required to ensure re-
sources for promoting energy programs, and back-
ing the creation of energy management roles. The
communication of energy improvement results in-
side the organization as well as staff training is also
considered relevant across most texts.

Metering, monitoring and analysis is relevant
across virtually all texts, and must be backed up by
energy management systems. Overall, the function-
alities of Energy Management Systems support ac-
tivities of metering, monitoring and analysis, bench-
marking, understanding energy usage, and assist in
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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 offer-
ing a more complete description of what are con-
sidered good energy management practices, such as
the CarbonTrust guide. However, analysis of case
studies and scientific papers shows that organiza-
tions often do not follow the same activities as good
practice guides in their implementation of energy ef-
ficiency programs, as evidenced by Table 1. Most
importantly, no guide or paper explores how to im-
plement energy management in an incremental way
for all the activities.
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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 • •

Table 1: Comparison table of the energy manage-
ment activities in all of the analysed energy man-
agement 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 organi-
zations 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 fac-
tors [18] such as (i) lack of information, (ii) limited
awareness of the benefits of energy efficiency mea-
sures, (iii) inadequate skills, (iv) cultural or finan-
cial 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 implemen-

tation, which is supported by scientific literature.
The energy efficiency gap, referring to the fact that
energy improvement measures are not always im-
plemented 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 mea-
sures, and (iii) risk aversion, caused by fear of pro-
duction disruption. Behavioral barriers refer to the
lack of credibility and trust of information, there-
fore 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 re-
ported some preliminary work on the Energy Man-
agement Maturity Model [20]. Their research fol-
lows a different approach from our proposed ma-
turity model, as each process is assessed individ-
ually, 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 en-
ergy more efficiently. Finally, the fact that national
energy authorities are developing a maturity model
further underscores the relevance of our work.

3. An Energy Management Maturity Model
Our Maturity Model is based on a representa-
tive 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 activ-
ities, as illustrated in Figure 2, we refer not only to
the energy management literature previously anal-
ysed as our basis, but have also taken inspiration
in CMMI, taking into account other activities that
are deemed as good management practices. For ex-
ample, CMMI process areas Work Planning, Sup-
plier Agreement Management, Configuration Man-
agement, Measurement and Analysis and Organiza-
tional Training can be coarsely mapped to our ‘Cre-
ate action plan’, ‘Procurement’, ‘Documentation’,
‘Metering, monitoring and analysis’ and ‘Training’
activities.

The energy management activities derived from
the literature were organized into five maturity lev-
els following the Plan-Do-Check-Act cycle frame-
work on which most maturity models and standards
are based.
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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, orga-
nizations 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 manage-
ment efforts in organizations depends on certain in-
dividuals and on their previous experience.

The second maturity level, Planning, represents
a point where organizations are undertaking the
first organizational efforts to understand energy us-
age: how is energy being consumed, how is it re-
lated 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 perfor-
mance in the organization, and creating a baseline
for future comparison that will assist the identifica-
tion of problematic areas where improvements can
be made. This maturity level is defined by activities
such as:

An initial review, that uses measurement and mon-
itoring data to (i) identify energy sources and
assess past and present energy use, (ii) iden-
tify major areas of energy use by reviewing
facilities, equipment, systems, processes and
other factors that will play a part in energy
use, (iii) create forecasts on future energy use
and consumption, and (iv) identify opportuni-
ties for improvement.

A commitment activity, where top management
helps in (i) defining an energy policy, (ii) as-
signing an energy manager role or team,
(iii) promoting energy management inside the
organization, (iv) regularly reviewing objec-
tives and project status, and (v) providing the
essential resources (human, financial, techno-
logical and others) to improve energy perfor-
mance.

Laying out an energy policy, detailing the com-
mitment to energy performance, availability of
the necessary resources, compliance with legis-
lation, as well as regular and formal reviews.
The energy policy will also help define goals,
objectives, and performance indicators. An ac-
tion plan is then created to establish how the
organization will achieve the proposed goals,
and what actions are prioritised and assigned
to individuals, with clear responsibilities, bud-
gets and time. This policy will also guide the
organization in the procurement of energy re-
lated services, equipment and resources.

The third maturity level, Implementation, is
characterised by organizations where intentional ac-
tion is being taken to overcome detected inefficien-
cies. This maturity level defines activities required
for the implementation of energy improvement mea-
sures, with procurement and investment also play-
ing an important role. Without ensuring financial
backing, projects and teams are unable to imple-
ment 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 ac-
quire the required skills to understand the subject
and work with energy management systems. Ev-
eryone inside the organization must also be aware
of the benefits and goals of the proposed energy ef-
ficiency measures to promote user cooperation.

In the fourth maturity level, Monitoring, orga-
nizations actively and routinely collect, process and
analyse energy data and energy performance indica-
tors, achieved with the help of identified functional-
ities of energy management systems, to ensure that
the defined goals are met and to identify further
improvement opportunities, providing management
with reports on the success of energy management
efforts. This assessment of the effectiveness of taken
measures is verified by the organizational program
audit activity.

The final maturity level, Improvement, is where
organizations ensure that implemented measures
are reviewed by senior management, to correct pos-
sible identified flaws and introduce adjustments in
the previously defined energy policy, action plans,
and objectives.

4. Evaluation
The evaluation method consisted in the following
steps:

• ISO 50001 mapping: mapping of proposed
activities to latest energy management systems
standard, which enables us to validate the set
of proposed energy management activities.

• Wand and Weber method: assess mapping
between proposed maturity model and energy
management standard ISO 50001 in terms of
ontological deficiencies.

• Questionnaire: gather proposal feedback
from industry experts to (i) address the valida-
tion and relevance of the research problem and
the proposed work, and (ii) evaluate proposed
key activities in terms of utility, difficulty of
implementation and overall utility of this ma-
turity model.
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Energy Management Maturity Model

Level 1
INITIAL

Level 2
PLANNING

Level 3
IMPLEMENTATION

Level 4
MONITORING

Level 5
IMPROVEMENT

Time

M
at
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Maturity Level Activities

1 - Initial stage No defined activities
2 - Planning stage 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

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.

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 de-
fined 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 analy-
sis 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:

Incompleteness Redundancy Excess Overload

Figure 3: Illustration of ontological deficiencies as
proposed by Wand and Weber

Incompleteness Can every first set element be
mapped to an element in the second set? If
there isn’t a total mapping, it is considered in-
complete.

Redundancy Are there elements in the first set
mapped to more than one element in the sec-
ond set? If so, the mapping is considered re-
dundant.

Excess Is every element from the second set
mapped to a first set element? The mapping is
considered excessive if there are elements with-
out a relationship.

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 activ-
ity in our maturity first model that is mapped to
more than one activity in ISO 50001. As for ex-
cess, we have identified several ISO 50001 require-
ments that couldn’t be mapped to our proposal.
Regarding overload, there are two ISO 50001 re-
quirements that are mapped to more than one ac-
tivity in our model.

In terms of the four analysed ontological deficien-
cies, using this method, our model can indeed be
considered as complete, since every activity can be
mapped to a requirement established in the stan-
dard. This evaluation however, clashes with the
knowledge that our model does not fully cover ISO
50001.

Regarding excess, despite the assessment of this
mapping as complete, there are a few ISO require-
ments which could not be mapped to our pro-
posal. Requirement Operational control in ISO
50001 states that the organization needs to iden-
tify and plan all operations related to energy use
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Maturity model activities ISO 50001 requirements Wand and Weber ontological deficiencies

Planning
Energy review Energy review Overload
Benchmark current performance Energy baseline Complete
Identify improvement opportunities Energy review Overload
Ensure management commitment Top management Complete
Establish energy management roles Management representative Complete
Establish energy policy Energy policy Complete
Set objectives and targets Energy objectives, energy targets and energy management action plans Overload
Establish energy performance indicators Energy performance indicators Complete
Create action plan Energy objectives, energy targets and energy management action plans Overload
Check regulatory compliance Legal and other requirements Complete

Implementation
Investment Design Complete
Procurement Procurement of energy services, products, equipment and energy Complete
Training Competence, training and awareness Overload
Communication Communication Redundant/Overload

Competence, training and awareness
Documentation Documentation Complete
N/A Operational control Excess

Monitoring
Metering, monitoring and analysis Monitoring, measurement and analysis Complete
Program audit Internal audit of the EnMS Complete
N/A Evaluation of legal requirements and other requirements Excess
N/A Nonconformities, correction, corrective, and preventive action Excess
N/A Control of records Excess

Improvement
Management review Management review Complete

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 pro-
posed model but nevertheless is a valuable process
in energy management and should be object of fur-
ther study. Other requirements such as Control
of Records (which establishes the need to main-
tain documentation that expresses conformity to
the ISO standard), Evaluation of legal requirements
and other requirements and other general ISO re-
quirements are not mapped to our model explicitly.
Through our analysis of energy management texts,
we did not find any explicit mention to these activ-
ities 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.

For redundancy, there is only one activity in
our model that is mapped to two different require-
ments. In our model, Communication establishes
internal communication of energy management ef-
forts and promotion of their awareness, which is
coarsely split between two ISO requirements. Fi-
nally, we do not consider overload a problem since
our model establishes several ‘finer-grained’ activi-
ties in comparison with ISO’s approach of grouping
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 ac-
tivity. However, we learned that, despite our model
being based on energy management texts, it is pos-
sible to achieve an almost complete mapping to ISO
50001, with the exception of three requirements,

proving the proposed model is fairly complete. As
a result, organizations can use our maturity model
and rise through the maturity levels by implement-
ing 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
(ii) overall utility of the proposed maturity model.

Regarding the assesment of utility and difficulty
of implementation, the proposed scale is shown in
Table 3.

Value Utility Difficulty of implementation

1 Lowest utility Lowest difficulty

2 Low utility Low difficulty

3 High utility High difficulty

4 Highest utility Highest difficulty

Table 3: Scale used to assess utility and difficulty
of implementation in the questionnaire

Regarding the utility and difficulty of imple-
mentation of each proposed activity, the ob-
tained results reveal an overall positive evaluation
of the utility of the proposed activities, as seen in
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Maturity model activities Utility Difficulty of implementation

1 2 3 4 1 2 3 4

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

Investment

Procurement

Training

Communication

Documentation

Metering, monitoring and analysis

Program audit

Management review

1 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

Activity1

Activity2

Activity3

Activity4

Activity5

Activity6

Activity7

Activity8

Activity9

Activity10

Activity11

Activity12

Activity13

Activity14

Activity15

Activity16

Activity17

Activity18

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 ac-
tivities 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 be-
low 3 being Establish energy policy, Check regula-
tory 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 util-
ity, further underscoring the importance of the pro-
posed activities.

Regarding difficulty of implementation, activities
settle between low difficulty and high difficulty of
implementation. The activity with the highest av-
erage, management commitment, matches respon-
dents opinion as one of the biggest challenges to ISO
50001 implementation and identified barriers to en-
ergy management, according to studied research.

We also asked participants if they would con-
sider implementing an energy management matu-
rity model in their organizations. Out of the 31 re-
spondents, only six responded they would not con-
sider implementing it, representing a positive re-
sponse of approximately 81%.

In terms of overall utility of the proposal, the re-
sults obtained are very positive. Regarding scores,
we did not obtain any result classified as lowest util-
ity, eight people classified it as low utility, 19 classi-
fied 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.

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

Overal utility of the maturity model
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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

tions need to improve their energy management
practices. Yet, despite the creation of energy man-
agement guides and standards by several entities,
the gap between theory and real world implementa-
tion 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, organi-
sations must comply with every single defined prac-
tice. Maturity models, in contrast, also define a
set of activities but establish several levels of ma-
turity, 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.
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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 sci-
entific articles and is organized into five maturity
levels. Its completeness is then evaluated against
ISO 50001, demonstrating that virtually every re-
quirement of this industry standard is covered, and
the perceived utility of this work was also evaluated
through questionnaires aimed at industry experts.

5.1. Impact

The impact of our proposal is manifold. An En-
ergy Management Maturity Model will enable or-
ganizations to pursue an incremental improvement
path, providing them with a roadmap for achiev-
ing higher energy efficiency. Indeed, the proposed
maturity model aims at streamlining the approach
of energy management, making it easily understood
and able to be implemented in a staged and gradual
approach. This work will also guide further research
as we believe the analysis of several topics regard-
ing energy management and the achieved results
can guide further efforts in this field.

Maturity models have been used in distinct do-
mains and are prevalent in the IT industry, en-
abling organizations to continually improve their
processes. Expectably, energy management will
benefit, as did other fields, from the adoption of
maturity models to achieve continuous process im-
provement and enabling organizations to better
manage their energy management practice.

Ultimately, an Energy Management Maturity
Model guides organisations in improving their en-
ergy management performance, leading to further
energy performance improvements, which translate
to economic gains, customer image improvement
and a reduction of ecological footprint.

5.2. Retrospective/Lessons Learned

During the evaluation stage, we received several
comments regarding the utility of the proposed
model. From the gathered feedback, a few respon-
dents highlighted that the proposed model could
benefit from adopting a continuous representation,
assessing the capability level of individual activi-
ties in organizations, instead of only defining what
processes to implement at each stage of improve-
ment. The questionnaire responses have also im-
proved our knowledge of the real world situation
of energy management in organizations, further ce-
menting the barriers identified in scientific litera-
ture as concrete obstacles.

5.3. Future Work

In terms of future work and limitations of this pro-
posal, we have identified the following points:

• 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 de-
scribe how to perform them. As such, each
proposed activity can be studied with more de-
tail in order to offer a more detailed descrip-
tion, along with a description of relationship
between activities and the definition of roles.

• The maturity model can also be further devel-
oped by establishing capability levels for each
activity, therefore creating a continuous repre-
sentation of the maturity model, alongside the
staged representation already present in this
work, as identified by some questionnaire re-
sponses.

• This work can also be further evaluated by per-
forming interviews and through a demonstra-
tion of its application in organizations, further
assessing the utility and real life application of
this work.

• Regarding academic research, the work re-
peated herein, together with the evaluation
method and results, can be used in the pub-
lication of a scientific article.
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