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a b s t r a c t

Sustainability was adopted by many companies through their mission statement and strategy. However,
social and environmental dimensions of sustainability are difficult to incorporate in programs and
projects. The purpose of this work is to develop a framework to help ensure that an organization is
working on the right projects to attain its business strategy and stakeholders demands. The proposal
addresses both the portfolio selection problem and the project tracking phase. The portfolio selection
allows selecting the better mix of projects based on the simultaneous analysis of eco-impacts and
contribution to organizational goals. Once a portfolio is selected, monitoring aims to control project
realization and decide on adjustments arisen from deviations from initial estimations. Both selection and
monitoring are modeled as an optimization problem. The authors believe that this conceptual framework
has a good potential for integrating sustainability and project management in operational terms.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Sustainable development, as defined by the Brundtland Com-
mission’s Report, is the development that meets the needs of the
present without compromising the ability of future generations to
meet their own needs (United Nations, 1987). Elkington developed
the concept of Triple Bottom Line which proposed that business
goals were inseparable from the societies and environments within
which they operate (Elkington, 1997). Sustainability was adopted
by many companies through their mission statement and strategy.
However, the social and environmental dimensions of sustain-
ability are difficult to incorporate in programs and projects e the
vehicles for executing the organization’s strategy. In order to assess
projects with respect to goals defined within an organization, it is
necessary to consider (a) goals and related measures, and (b) eco-
nomic, social and environmental criteria.

The Guide to the ProjectManagement Body of Knowledge defines
a project as a temporary endeavor undertaken to create a unique
product, service, or result (Project Management Institute, 2008). In
addition, projects or deliverables of a project can have social, eco-
nomic and environmental impacts that far outlast the projects
themselves. Then, aligning portfolio selection and monitoring with
the principles of sustainable development requires evaluating and
comparing several alternatives and ranking them based on their
immediate costs, long-term costs and contribution to organizational
goals. Sometimes, these costs and contributions are difficult to

quantify or express in monetary terms. In addition, another of the
hard tasks are tracking if projects are contributing to goals as plan-
ned and re-prioritizing them when organizational goals change.

There are several references and instruments that are regarded as
relevant to environmental, economic and social sustainability evalu-
ations of particular processes, products or activities: International
Policy Frameworks, Codes of Conduct and Principles, Sustainability
Reporting Frameworks, Social Responsibility Implementation
Guidelines, Auditing and Monitoring Frameworks and Financial
Indices (Kolk, 2005). Inorder toaddress sustainable issues intoProject
Management a clear understanding of the various life cycles involved
in a project and their interactions is required. Labuschagne and Brent
(2005) propose to consider the project life cycle, the asset/process life
cycle, and theproduct life cyclewhile assessingsustainability issues in
the manufacturing sector. In fact, many authors have proposed
methods like Life Cycle Assessment (LCA), an analytical tool that im-
plements life cycle thinking, which has been standardized by the In-
ternational Organization for Standardization (International
Organization for Standardization, 1997), for analyzing the environ-
mental impacts of products or services. Hence, LCA may be used to
derive economic, environmental and social impact indicators. From
the management field, the Balanced Scorecard (BSC) tool translates
mission and vision statements into a comprehensive set of objectives
and performance measures that can be quantified and appraised.
Thus it helps in implementation, monitoring, and evaluation of
organizational strategy. The adaptability and the integration capa-
bility of the BSC structure when compared with other management
toolsmake it a stronger tool (Contrada, 2000), and thus it is amenable* Tel.: þ54 291 4595132x2511; fax: þ54 291 4595133.
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to include sustainability aspects. However, with the intention of
aligning Project Management decisions with sustainability concerns
stated in a BSC, it is necessary to consider different methodologies.

The aim of this paper is to address this need to integrate sus-
tainability in Project Management by presenting a theoretical
framework to evaluate projects that takes into account profits and
economic, environmental, and social impacts. Given a set of projects,
in order to perform a simultaneous analysis of multiple costs,
environmental and social impacts to multiple organizational goals
supported by projects, a multi-factor productivity approach is
necessary. We propose to use indicators derived from sustainability
analysis and key performance indicators included in the BSC and
formulate a decision problem using Data Envelopment Analysis
(DEA). DEA uses all the available data to construct a best practice
empirical frontier to which each inefficient unit of analysis is
compared. DEA is attractive because it does not require the speci-
fication of any functional form but available data are those who
determine the efficiency frontier. Additionally, it allows working
with variables expressed using different units. All these character-
istics are relevant in sustainability problems since ideal production
functions are unknown and data belong from different sources.

The author believes that this work can provide a foundation on
how to jointly use management and sustainability evaluation meth-
odologies to assist decision-makers who are required to assess and
monitor projects in terms of monetary and socio-environmental
criteria. The framework will help ensure that an organization is
working on the right projects to attain its business strategy and
stakeholders demands. Conclusions are supported by results from a
case study. The rest of this paper is structured as follows: in Sections 2
and3backgroundconcepts and related researchare reviewed.Section
4 presents the proposed framework. Section 5 contains a demon-
strative example illustrating how such a framework could be used.
Finally, Section6provides someconclusionsandplans for futurework.

2. Background concepts

In what follows, the terminology and concepts used to elaborate
our framework, stakeholder analysis, the BSC and DEA, are reviewed.

2.1. Stakeholder analysis

Stakeholders may be defined as individuals, groups and organi-
zations that are affected by or can affect a decision or action.
Corporate sustainability, that is the capacity of a firm to continue
operating over a long period of time, depends on the sustainability
of its stakeholder relationships (Perrini and Tencati, 2006). Stake-
holder theory recognizes that organizations have obligations not
only to shareholders but also to other interest groups such as cus-
tomers, employees, suppliers and the wider community; amongst
many others (Asif et al., 2013). The authors argue that the devel-
opment of business-specific indicators requires a systematic stake-
holder analysis approach whereby the organizations interact with
stakeholders to identify their key expectations and areas of concern.
However, stakeholder analysis is often done on an ad hoc basis.

The tasks involved inmanaging within a network of stakeholders
include identifying stakeholders and their interests, categorize
stakeholders, and investigate relationships between stakeholders.
Reed et al. (2009) discuss methods for stakeholder analysis that are
common within research on natural resource management. The
author suggests that stakeholders’ identification can be done using
expert opinion, focus groups, semi-structured interviews, snow-ball
sampling, or a combination of these. The level of participation of
stakeholders in analysis can vary considerably from passive consul-
tation to active engagement where there is a two-way exchange of
information between stakeholders and analysts. Categorization

methods follow either top-down analytical categorizations, or
bottom-up reconstructive methods. Finally, there are some methods
that have been developed to investigate the relationships that exist
between stakeholders in the context of the issue of interest. Exam-
ples include actor-linkage matrices and social network analysis.

2.2. The balanced scorecard

More than a decade ago, Kaplan and Norton (1996) introduced
the BSC, a strategy-based measurement system that allows trans-
lating a strategy to operational terms. The BSC organizes its mea-
surement system in four perspectives. In each perspectivewe define
goals for all concerns that should be monitored. For each goal, key
performance indicators (KPIs), appropriate targets, and projects are
defined. The financial perspective includes traditional accounting
measures; the customer perspective groupsmeasures relating to the
identification of target groups for the company’s products in addi-
tion to marketing-focused measures of customer satisfaction,
retention, etc. The internal business process perspective includes all
the processes relating to the realization of products and services.
Finally, the learning and growth perspective includes all metrics
relating to employees and systems available to facilitate learning
and knowledge diffusion. The causal relationships between different
domains of management are represented by the so-called Strategy
Map. The StrategyMap links together several domains and elements
of the strategy in the four key perspectives. These linkages visualize
hypothesis for cause-and effect relationships.

Many authors have discussed the use of BSC to consider nonfi-
nancial issues which characterize many sustainability aspects and
strongly recommend the use of the BSC to help establish and ensure
a proactive environmental strategy (Kaplan and Norton, 2004; Hsu
and Liu, 2010; Epstein and Wisner, 2001; Figge et al., 2002; Cheng
et al., 2010; Länsiluoto and Järvenpää, 2010).

Kaplan and Norton (2004) discuss how to report regulatory and
socialperformanceprocessesalongseveraldimensions (environment,
safety andhealth, employment practices and community investment)
andprovideexamplesofmeasurements.Bymeansof a casestudy they
showhowto integrate sustainable concerns intotheStrategyMap.The
top of the Strategy Map shows commitment to triple bottom-line
performance (create economic value sustainably in the long run,
generatevalue througha systemof corporate social responsibility, and
generate value through environmental management) and there is a
fifth dimension named “environmental and social”.

Epstein andWisner (2001) describe some examples of companies
that have used the BSC approach for implementing sustainability
strategies. They also discuss whether to include a fifth perspective to
capture social and environmental indicators, or to include sustain-
ability indicators in each of the four perspectives, concluding that the
choice is dependent upon the challenges facing the organization.

According to Figge et al. (2002) environmental and social aspects
can be integrated in the BSC in three ways: they can be integrated in
the existing four standard perspectives; an additional perspective
can be added to take environmental and social aspects into account;
or a specific environmental and/or social scorecard can be formu-
lated. The necessity for an additional non-market perspective arises
when environmental or social aspects significantly influence the
firm’s success from outside the market system which at the same
time cannot be reflected according to their strategic relevancewithin
the four standard BSC perspectives. The third approach ensues
developing a derived environmental and social scorecard that is
dependent upon an existing BSC. This variant allows coordinated
control of all sustainable aspects which are spread in the BSC.

Chengetal. (2010)conceptualizeaBSCapproachusingsix logically
linked perspectives including environmental and societal perspec-
tives. It encompasses the environmental and societal perspectives in
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addition to financial, customer, internal process, learning and growth
perspectives that were introduced by Kaplan and Norton (1996).

Länsiluoto and Järvenpää (2010) investigate by means of a case
study how Performance Measuring Systems are changed to reflect
environmental issues. They found that theBSCprovidedstructureand
well-known reporting approach for the implementation of the envi-
ronment measures. The BSC enabled the environmental measures as
part of the everydaymanagerialmeasures. Finally, the company used
as a case study was able to embark on a process of organizational
environmental improvement after highlighting the causal linkage
between the improvement of environmental issues and cost savings.

Hsu and Liu (2010) conducted a survey of performance measures
for automobile industry in Taiwan. They used statistical methods to
identify and verify some relationships among the measures pro-
posed by Kaplan and Norton (1996). The results of this study suggest
that the BSC can be a management tool for environmental perfor-
mance evaluation and environmental strategy control.

2.3. DEA

DEA, first proposed by Charnes et al. (1978), is a non-parametric
technique used to measure the efficiency of Decision Making Units
(DMUs). Each DMU is seen as being engaged in a transformation
process, in which, some inputs (resources) are used to try to pro-
duce some outputs (goods or services). DEA uses all the available
data to construct a best practice empirical frontier to which each
inefficient DMU is compared. This data-driven approach, which is
implemented with mathematical programming algorithms, re-
quires no specification of assumed functional forms of relations
between inputs and outputs. In management contexts, DEA serves
as a tool for control and evaluation of past accomplishments as well
as a tool to aid in planning future activities (Banker et al., 1984). DEA
models are comprehensively treated by Cook and Seiford (2009)
and Cooper and Seiford (2004).

DEA has been used with LCA for efficiency analysis in many in-
dustrial sectors. The reader is referred to Zhou et al. (2008) which
presents a literature survey on the application of DEA to energy and
environmental studies. Recently, Egilmez et al. (2013) used the Eco-
nomic Input-Output Life Cycle Assessment (EIO-LCA) and DEA to
assess the eco-efficiency of U.S. manufacturing sector. The eco-
efficiency is defined as the ratio of total economic output to the over-
all environmental impact. The EIO-LCAmodel tool is used to quantify
greenhouse gas emissions, energy use, water withdrawals, hazardous
waste generation, and toxic releases, and these results are used as
inputs for the DEA model. The output represents economic value
added by each sector. In this work, companies are the unit of analysis.

3. Related work

There are proposals that explore the relationships between
project management and sustainability. Most works focus in
defining a process or sustainable project management methodology.
Gareis et al. (2009) develop amodel to discuss relationships between
sustainable development and project management. The model in-
cludes sustainable development principles (holistic approach, long-
term orientation, large spatial and institutional scale, risk and un-
certainty reduction, values and ethical consideration and participa-
tion) and project management objects (for example, project
objectives, scope, schedule, resources, organization, context and
design of the projectmanagement). As a result, challenges and future
research lines for a sustainable project management are defined.
Note that the focus is project management according to sustainable
principles. A Maturity Model for integrating sustainability in project
management is developed by Silvius and Schipper (2010). Themodel
assesses the level (i.e. resources, business process, business model

and product and services delivered by the project) onwhich different
aspects of sustainability are considered in the project.

Labuschagne and Brent (2003) propose a comprehensive sus-
tainability evaluation framework to assess projects during the early
life cycle phases in terms of sustainability consequences of the
future implemented assets and products. The framework shows the
high level criteria that must be considered and possible indicators.
Labuschagne and Brent (2008) conclude that the three most
important life cycle phases of which impacts should be assessed are
the construct phase of the asset; the operational phase, under
which all impacts of the product life cycle are also grouped and the
decommissioning phase of the asset, and hence they consider these
phases to verify adequacy and completeness of indicators proposed
in earlier research.

The problem of selecting the best portfolio with respect to the
organizational strategy that includes sustainable goals was
considered by Vandaele and Decouttere (2013). The authors
develop a DEAmodel with the aim of supporting strategic Research
and Development portfolio management. By means of two case
studies the authors propose to use development costs, investment
costs, and technical risks as inputs for DEA; and performance in-
dicators such as market size, competition, sales potential, profit-
ability or technical probability of success as outputs for DEA.

Sánchez et al. (2014) define a theoretical framework on how to
assess the strategy value contribution of Information Technology
(IT) investments so as to deliver maximum business value. To see if
IT projects fit strategy the Strategy Map provides a framework for
defining the portfolio value and DEA is used to measure the effi-
ciency of project portfolios. By explicitly linking IT investments
with organizational goals, this approach provides a strategy-based
approach to Project Portfolio Management. The work considers the
portfolio selection and project tracking phase. The portfolio selec-
tion is formulated as a DEA problem where DMUs represent port-
folios; inputs represent development and operational costs;
outputs represent the contribution of portfolios to each goal.
Project monitoring is also formulated as a DEA problem. However,
this work does not describe how to proceed when sustainability
issues are relevant, e.g. how to integrate environmental or social
impact information into project assessment. The work provides a
baseline for the research introduced in this paper, and should be
extended to describe how to include stakeholders’ concerns and
project impacts and combine this information into the selection
and monitoring tasks.

4. Methodology

This section presents a methodology to help ensure that an or-
ganization is working on the right projects to attain its business
strategy and stakeholders demands. The methodology comprises
four steps: (1) cover stakeholders’ concerns by means of stakeholder
analysis; (2) define a Strategy Map; (3) conduct sustainability anal-
ysis; and (4) perform a global optimization of projects.

In carrying out steps 1e3, we rely on key methodological steps
that have been discussed elsewhere. Our focus is on how to
combine approaches to enhance project management. On the other
hand, we give attention to phase 4 that is essential in combining the
models and information produced in previous steps.

4.1. Stakeholder analysis

The tasks involved in stakeholder analysis include identifying
stakeholders and their interests, categorize stakeholders, and
investigate relationships between stakeholders.

As a result of the analysis, we should be able to translate stake-
holders’ interests into goals to be achieved in each stakeholder
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relationship, and a Strategy Map is drawn, defining objectives in
different perspectives. We shall now discuss how to structure the
Strategy Map.

4.2. Strategy Map

Based on the analysis of previous research (see Section 2) that
discusses how to structure a BSC to include aspects of sustainability,
in this paper we suggest using the following perspectives: Triple
Bottom Line, Stakeholders, and the traditional Internal Process and
Learning and Growth. The Triple Bottom Line perspective was first
proposed by Kaplan and Norton (2004) and includes economic,
environmental and social value goals. The traditional Customer
perspective is replaced by a Stakeholder perspective balancing the
interests of all stakeholders. Depending on the objective set, others
derive from them. To meet stakeholders’ expectations, the Internal
Process perspective may include themes such as organizational ef-
ficiency and effectiveness, conformance to industry standards, and
reduction ofmitigation of negative impacts. Finally, the Learning and
Growth perspective includes goals relatedwith the skills, culture and
technology necessary for its employees to do the work required.

Standard goals and measures (i.e. common across all BSC) are
not introduced. The development of the BSC depends on the or-
ganization’s needs.

In order to satisfy goals, project proposals are defined. Then, eco-
nomic,environmentalandsocial impactsofprojects shouldbeassessed.

4.3. Sustainability analysis

The goal of this step is to provide a combined environmental and
social sustainability assessment for project proposals. LCA is
defined (based on ISO 14040) as the compilation and evaluation of
the material and energy flows of the potential environmental
impact of the life cycle of physical product or service.

In this section, we limit to describe the synergies that result
from the use of LCA within the framework proposed in this paper.
LCA studies comprise four phases:

4.3.1. The goal and scope definition
Stakeholder analysis and the BSC can be used to collect and

structure ideas and views from stakeholders. Hence, they provide
information to state some of the reasons for carrying out the study,
the intended audience, and some of the classes representing
environmental issues of concern.

4.3.2. Inventory analysis
Inventory analysis involves data collection and calculation pro-

cedures to quantify relevant inputs and outputs of a product system.

4.3.3. Life cycle impact assessment
The collection of indicator results provides information on the

environmental issuesassociatedwith theflowsof theproduct system.

4.3.4. Interpretation
The findings from the inventory analysis and the impact assess-

ment are considered together to provide conclusions or recommen-
dations todecision-makers. Someof thefindingsmay take the formof
inputs for the optimization problem defined in Section 4.4.

4.4. Global optimization of portfolios and projects

In order to implement strategies, organizations define some
alternative projects. Each project contributes to the realization of
different goals, and some projects may contribute better than others.
At the same time, each project has one-time implementation costs,

future operational and maintenance expenditures, and environ-
mental andsocial impacts. Thepurposeof this section is twofold. First,
it is described how to select the better mix of projects based on the
simultaneous assessment of economic, environmental and social
impacts to goals depicted in a Strategy Map. Second, it is explained
how to proceed to perform monitoring in order to control project
realization and decide on adjustments arisen from deviations in
impact or budget estimations, or updates in organizational goals.

Sánchez et al. (2014) defined a framework on how to assess the
strategic value contribution of IT investments (see Section 3). In this
study, we extend the approach to include sustainability issues.

The framework considers a medium or long-term period of
analysis tb � te for which managers define goals and targets to be
met. At time tb (initial instant of time) the portfolio which will
deliver more value at the time point te (end of the interval) should
be defined. In addition, environmental and social issues may have
impact in the long run.

4.4.1. Portfolio selection
There are twomain pieces of information that should be gathered

(see Fig. 1): (a) the initial investments and impacts arising from
financial and sustainability analysis (see 1 in Fig. 1); (b) for each goal
(from the Strategy Map), the contribution that each portfolio can
provide to it at time point te (see 2 in Fig. 1). The portfolio selection
may be formulated as a DEA problem where DMUs represent port-
folios; inputs represent initial investments, development, opera-
tional and disposal costs, and socio-environmental impacts derived
from sustainability analysis; outputs represent the estimated
contribution of portfolios to each goal. In this way, DEA results
provide a ranking of portfolios based on business value that takes
into account the incurred and future spending (see 3 in Fig. 1). An
“efficient” portfolio should be interpreted as supporting strategic
goals with the minimal environmental impact.

At this step sensitivity analysis allows knowing what may
happen to a specific DMU’s efficiency if data variation occurs. From
the management perspective, decision-makers would like to assess
different scenarios. Since an increase of any output or a decrease of
any input cannot worsen the efficiency of a given DMU, the analysis
should consider a decrease in outputs and increase in inputs for the
DMU under consideration.

4.4.2. Project monitoring
Projects are monitored in order to track their development

(updating costs and benefit estimates to detect deviations) and re-
prioritize themwhen strategic goals (or their target values) change,
new initiatives appear, or projects are finished. Let td, tb < td < te, be
a checking point. At time td we need to assess management’s ca-
pacity to re-prioritize projects and decide whether to continue,
cancel, postpone or add projects. Also, the Strategy Map is in con-
stant update as newgoals are set or existing goals are dismissed as a
result of changes in organizational strategy. Hence, some projects
may become obsolete; or newly defined goals may not be sup-
ported by any project.

The DEA problem is formulated as follows. Each project defines
two DMUs: one DMU represents the ongoing projects and input and
output data are given by incurred eco-impacts and by realized
contribution to organizational goals, or updated cost forecasts and
value if the project is not closed; the other DMU represents the
planned project and input and output data are given by initial esti-
mated eco-impacts andplanned value. Also, theremaybe additional
DMUs representing projects that started before selecting the port-
folio. Ideally, DMUs representing planned projects would define the
efficient frontierandwouldbe the reference set forongoingprojects.
Inputs represent operational expenditures, switching costs (if the
project is abandoned), development costs (converted to time td
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value equivalent) (see 2 in Fig. 2), and eco-impacts; outputs relate
the contribution of projects to each goal (see 1 in Fig. 2).

The formulationof theDEAproblemisasproposedbyTone (2001).
The model assumes an output orientation and is computed using
Super-efficiency Slack-Based Measure. Details about the mathemat-
ical formulation of the problem are included in Appendixes A and B.

In most DEA models, the best performers share the full effi-
cient status denoted by the score unity (1). In practice, multiple
DMUs usually have this “efficient” status. The Super-efficiency
model discriminates between these efficient DMUs. The super-
efficient methodology can give “specialized” DMUs an exces-
sively high ranking. Another problem lies with the infeasibility
issue, which if it occurs, means that the super-efficient technique
cannot provide a complete ranking of all DMUs. Some authors
developed super-efficient models that avoid these problems

(Adler et al., 2002; Mehrabian et al., 1999), the implementation of
these algorithms is beyond the scope of the presentation of this
paper.

Although a linear programming problem is theoretically
polynomial-time solvable, in practice, solution times increases
significantly for large cases (Chen and Cho, 2009).

5. Illustrative example

In order to illustrate the application of the approach consider
the following example adapted from an ongoing work at an infor-
mation technology company (Alas Ingenieria). The company pro-
vides advanced solutions for engineering and information
management for industrial plants. They also provide support to
develop, implement and integrate applications. The organization

Fig. 1. Portfolio selection. Portfolios’ investments, costs, impacts and contribution to each goal in the Strategy Map feed an optimization problem that gives a ranked list of
portfolios.

Fig. 2. Projects monitoring. An optimization problem is defined in which the units of analysis denote planned projects and ongoing projects. The solution gives a ranked list of
projects based on achievement of updated strategic goals.
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recognizes sustainability as an opportunity to make its operations
more efficient and robust. Alas Ingenieria has not yet implemented
all the projects. However, efforts toward sustainability issues have
been made related to many of the goals outlined in what follows.

5.1. Stakeholder analysis

We began by identifying relevant stakeholders and the goals to
be achieved in each stakeholder relationship using semi-structured
interviews (see Fig. 5). Shareowners represent the sources of capital
and are concerned with high operating costs and decreasing sales.
The company anticipates a significant portion of cost reductions to
come from efficient use of energy and water, and environmentally
preferable (EP) products. Also, the company has a strong commit-
ment to recruit and retain top talent.

Both the company and customers are dependent on the efficient
functioning of the data center. Additionally, some customers (plant
operators) are concerned with continuity of operations.

Employees aremainly concerned with workelife-balance (using
telework would allow to better manage their work and family
obligations).

The local community is quite concerned about efficient energy
and water management.

5.2. Strategy Map

From stakeholders’ concerns, organizational goals are derived.
As an illustration consider Figs. 3 and 4 which show how initiatives

combine to create a financial payoff from the strategy based on the
templates provided by Kaplan and Norton (2004).

We assume there are three portfolios consisting of a number
of projects and that there are sufficient funds available for any of
these portfolios. Portfolio 1 (see Fig. 6) includes projects that
support all strategic goals. Two projects (“Replace aging outdated
equipment with new energy efficient equipment” and “Install an
automated computer program to request and track work orders
for system maintenance”) combine to improve goals related with
energy consumption and days to repair water leaks. Another
sustainable design concerns are supported by projects 2 and 4.
Projects 5 and 6 allow to increase the strategic use of telework,
and hence both customer and employee satisfaction. Projects 7
and 8 are aimed at supporting the employee hiring process.
Projects 9 and 10 focus on electronic stewardship concerns.
Finally, Project 11 allows fulfilling customer privacy
requirements.

Portfolio 2 does not support all goals. Portfolio 3 is similar to
Portfolio 1 except that it includes Project 12 (an alternative to
Project 3 which does not automate the whole process to request
and track work orders, and hence while it has lower implementa-
tion costs, it requires more paper).

5.3. Sustainability analysis

Depending on the industrial sector and type of project devel-
opment, the appropriate sustainability approach should be used.
The information used for this paper is used for illustrative purposes
only. The impact categories which are particularly significant for

Fig. 3. Example of a Strategy Map using four perspectives that relate stakeholders’ concerns to organizational strategy.
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this study are energy consumption, paper use and economic (initial
costs and total cost of ownership).

5.4. Portfolio selection

The inputs are “Initial costs” (one-time implementation costs),
paper and energy expenditures; and “Total cost of ownership”
(operating and other long-term expenses). The output data will be
estimates of project contribution to goals as described in Fig. 7.
Table C.1 exhibits the data. It is desirable that the number of DMUs
exceeds the number of inputs and outputs several times (Cooper
et al., 2006). However, since the focus of this example is on
describing how to apply DEA we used a small number of portfolios
in order to keep the explanation as simple as possible.

The DEA model was run following the Super-efficiency formu-
lation, with output orientation, in order to obtain relative perfor-
mance scores for the three portfolios considered. As can be seen
from Table 1, results may be considered as an appropriate repre-
sentation of the portfolios. It can be observed that all portfolios are
efficient. Portfolio 1 is the best performer (although it has large

input values, output values are equal or greater compared with the
other portfolios).

To determine robustness of the efficiency scores obtained by
DEA for the situation where input variable “Initial costs” may be

Fig. 4. Detail of goals and their KPIs.

Fig. 5. Organizational goals are derived from stakeholders’ concerns.

Fig. 6. Detail of projects in each portfolio.
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increased we performed a sensitivity analysis. Portfolio 1 remains
efficient even if “Initial costs” is increased up to 280% and the data
for remaining DMUs are assumed fixed (see Fig. 8).

5.5. Project monitoring

Assume that Portfolio 1 is selected. The DEA efficiency scores allow
comparing realized projects with their planned counterparts and they
identify low performers. Also, DEA models yield performance infor-
mation indicating by howmuch outputs have to increase (or inputs to
decrease) to achieveefficiency. Fromthemanagementperspective, the
approachprovides support todecide if correctiveactionsarenecessary.

Table C.2 shows the data and Fig. 9 summarizes the results: in this
example, DMUs that represent planned projects define the efficiency
frontier; DMUs that represent the current realization of projects have
lower scores than their planned counterparts. For example, ongoing
projects R5, R6 and R11 are “inefficient” compared with initial plans
denoted by projects P5, P6 and P11, respectively. For the case of
projects 5 and 6, the percentage of tasks supported by telework is
less than planned (Table 2 exhibits the projected points for DMU R6).
For the case of Project 11, it has not reduced the number of com-
plaints regarding breaches of customer privacy as planned. This may
be due because of planning errors, projects are not closed, or benefits
have not been realized yet. DMU R9 is inefficient. It uses more input
(initial costs) than P9 and produces less output (percentage of cloud
activity hosted in data center and percentage of eligible products
with EP features implemented and in use).

Fig. 7. Description of projects and the organizational goals that they support.

Table 1
Portfolio selection: DEA efficiency scores measure relative efficiency across port-
folios based on investments, costs, eco-impacts and contribution to goals.

DMU Score Rank

Portfolio 1 1.16 1
Portfolio 2 1 3
Portfolio 3 1.05 2

0.9

0.95

1

1.05

1.1

1.15

1.2

Portfolio 1 Portfolio 2 Portfolio 3
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16

1
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16
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1.
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16

1
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141.
16
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Fig. 8. Sensitivity analysis results where input variable “Initial costs” is increased for
Portfolio 1 and the data for remaining portfolios are assumed fixed.
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6. Conclusions and future work

This work defines a framework to evaluate projects that takes
into account profits and economic, environmental, and social im-
pacts. The methodology comprises four steps. Stakeholder analysis
allows identifying key stakeholders and their concerns. Then a
StrategyMap is drawndefining goals structured in four perspectives:
Triple Bottom Line, Stakeholders, Internal Process and Learning and
Growth. For each goal, KPIs, appropriate targets and projects are
defined. The StrategyMapmay be used as a source of information for
sustainability analysis since it highlights relevant stakeholders’ de-
mands. The portfolio selection allows selecting the better mix of
projects based on the simultaneous analysis of eco-impacts and
contribution to organizational goals. Project monitoring aims to
control project realization and decide on adjustments arisen from
deviations from initial estimations. The framework provides the
means to integrate Sustainability Analysis and Project Management
in operational terms since sustainability results are used to solve a
decision problem to support the selection and monitoring tasks.

The use of an optimization technique goes a step further from
performance evaluation systems. In general, project managers or
any other decision maker uses KPIs to monitor progress. However,
this work proposes to also use these data to feed an optimization
problem and derive a ranked list based on the achievement of goals.

The proposed approach extends previous research by intro-
ducing a systematic and formal approach to rank portfolios based
on sustainability criteria. This proposal differs from the work of
Vandaele and Decouttere (2013) because they use a pre-defined list
of measures (costs and benefits). Goals depend on the organiza-
tion’s needs and sustainability criteria are also dependent on
organizational, geographical and socio-economic factors. Our work
describes how to systematically formulate the portfolio selection
and project monitoring problems, and also gives insight about how
to derive the necessary information. All steps are based on the use
of widely used and acceptedmanagement tools such as stakeholder
analysis and the BSC. The use of DEA is attractive since DEA does not

require the specification of a functional form because available data
define the efficiency frontier. In addition, it allows working with
data expressed in different units of measurement what is quite
relevant when working with variables of diverse nature.

When defining goals in the Strategy Map, targets for their
related measures are defined. In the approach we do not punish
projects that exceed targets (this situation may give raise to awaste
of resources). Future research aims to define how to handle this
problem.

Appendix A. DEA model of portfolio selection

Let P¼ {Pt, 1� t� n} be a set of portfolios. Let Pt¼ {pkt , 1� k� vt}
denote the projects in portfolio Ptwhere vt is the number of projects
and 1 � t � n. Assume projects in Pt deriving mt costs (initial in-
vestment and impacts derived from sustainability analysis) and let
Xt ¼ fxtij : 1 � i � mt ; 1 � j � vtg be the set of all costs; and pro-
ducing stoutputs and letYt ¼ fytij : 1� i� st ; 1� j� vtgbe the set of
all outputs (forecasted contribution to goals andmeasured by KPIs).

In portfolio selection, since portfolios in P may have different
costs, consider P0 ¼ fP0t ; 1 � t � ng deriving m0 ¼ jX0j costs where
X0 ¼ Wn

t¼1Xt is the set of all costs. In other words, X0¼{xgh:
1 � g � m0, 1 � h � n}. Furthermore, let Y 0 ¼ Wn

t¼1Yt , s
0 ¼ j:Y 0j:

where Y0¼{ygh: 1� g� s0,1� h� n} is the set of all outputs. Note that
each portfolio P0t , 1 � t � n, is the same as Pt except that it has all the
expenditures in X0 (this is necessary to satisfy the DEA assumption
that units consume the same type of resources). If a portfolio does
not require spending Xt then assume Xt assumes a value close to zero.

The model assumes an output orientation and is computed using
Super-efficiency Slack-Based Measure. The formulation of the DEA
problemasproposedbyTone (2001) is as follows.Weassume that the
data set is positive, i.e. X0 > 0 and Y0 > 0. The productionpossibility set
isP¼ {(x,y)$x�X0l, y� Y0l, l� 0},where l is a non-negative vector in
Rn. Consider an expression for describing a certain DMU (x0,y0) as

x0 ¼ X0lþ s�

Fig. 9. Project monitoring: DEA efficiency scores measure progress. Initial plans denoted by projects Pi (1 � i � 11) may be seen as a benchmark.
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y0 ¼ Y 0lþ sþ

with l � 0, s� � 0 and sþ � 0. The vectors s�˛Rm0
and sþ˛Rm0

indicate the input excess and output shortfall of this expression,
respectively, and are called slacks. Let us define a production set P/
(x0,y0) spanned by (X0,Y0 excluding (x0,y0), i.e.,

P=ðx0; y0Þ ¼
n
ðx; yÞ

���x �
Xn

i¼1;s0
lixi; y �

Xn

i¼1;s0
liyi; y

� 0; l � 0
o

The super-efficiency score ðd*0Þ is evaluated by solving the
following program:

d*0 ¼ min d ¼ 1
1
s
Ps

r¼1yr=yr0
(A.1)

subject to:

x �
Xn

j¼1;s0
ljxj

y �
Xn

j¼1;s0
ljyj

x ¼ x0; 0 � y � y0; l � 0

Let Yr0 be the amount of output r generated by unit 0 and lh be
the intensity variable for DMU h. The score d obtained from the
solution to this linear programming problem measures the
maximum output surpluses that are achieved by a specific efficient
DMU compared with the remaining DMUs. By solving model (Eq.
(A.1)) n times (each time evaluating a different DMU at the objec-
tive function) we get the relative efficiency scores for all the DMUs.

Appendix B. DEA model of project monitoring

The DEA problem is similar to that defined previously. Let as-
sume portfolio P0t ¼ fptk; 1 � k � vtg has been selected. Each
project in P0t defines two DMUs, and there may be additional DMUs
representing projects that started before selecting portfolio P0t , as
explained in Section 4.4. Hence, assume that there are u DMUs,
where u � 2*vt DMUs. The set of outputs for DEA is given by M.
M ¼ {mi, 1 � i � s} wheremi represents a KPI related with a current
goal in the Strategy Map and s is the number of KPIs.

Table 2
The projection of a super-efficient DMU R6 designates the nearest point on the
production possibility set excluding the DMU. Reference set is P5 and P6.

DMU input/output Score data Projection Difference

Initial costs 10,000 8222.22 �17.78%
Paper 5 5 0.00%
Energy 50 50 0.00%
Total cost of ownership 4945 3280 �33.67%
# of Substantiated complaints

regarding breaches of customer
0.33 0.33 0

Avg working years of leaving
employees

3 3 0.00%

Applicant satisfaction 1 1 0.00%
% of Tasks supported by telework 30 30 0.00%
% of System development per month 0 1.29E�14 0.00%
Reduce time-to-hire by 10% per year 0 1.29E�15 0.00%
Days to repair water leaks 0.2 0.2 0.00%
% of Cloud activity hosted in data center 1 17.33 999.90%
% of Eligible products with EP features

implemented and in use
20 43.33 116.67%

% Energy reduction 0 0 0.00%
% Contracts using EP products

(target 95%)
40 40 0.00%

% Water efficient equipment 10 10 0.00%
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Table C.2
Project monitoring. DEA data derived from initial forecasts (P: planned projects) and ongoing projects (R: realized projects).

Projects Inputs Outputs

Initial
costs

Paper Energy Total cost of
ownership

# of Substantiated
complaints regarding
breaches of customer
privacy

Avg working
years of
leaving
employees

Applicant
satisfaction

% of Tasks
supported
by telework

% of System
development
per month

Reduce
time-to-hire
by 10% per
year

1/Days to
repair water
leaks

% of Cloud
activity hosted
in data center

% of Eligible
products with
EP features
implemented
and in use

% Energy
reduction

% Contracts
using EP
products
(target 95%)

% Water
efficient
equipment

P1 7000 0 0 5000 0.333 3 1 10 0 0 0.2 1 20 3 40 10
P2 7000 0 0 5000 0.333 3 1 10 0 0 0.2 1 20 0 40 70
P3 5000 50 200 4750 0.333 3 1 10 0 0 1 1 20 1 40 10
P4 5000 10 400 4590 0.333 3 1 40 0 0 0.2 1 20 0 90 10
P5 5000 5 800 4195 0.333 3 1 40 0 0 0.2 1 20 0 40 10
P6 10,000 5 50 4945 0.333 3 1 40 0 0 0.2 1 20 0 40 10
P7 15,000 0 200 4800 0.333 5 3 10 100 10 0.2 1 20 0 40 10
P8 15,000 0 200 4800 0.333 5 3 10 100 10 0.2 1 20 0 40 10
P9 5000 5 0 0 0.333 3 1 10 0 0 0.2 50 90 0 40 10
P10 5000 5 0 4995 0.333 3 1 10 0 0 0.2 50 90 0 40 10
P11 10,000 5 10 4985 1 3 1 10 0 0 0.2 1 20 0 40 10
R1 8000 0 0 5000 0.333 3 1 10 0 0 0.2 1 20 3 40 10
R2 9000 0 0 5000 0.333 3 1 10 0 0 0.2 1 20 0 40 68
R3 5000 50 200 4750 0.333 3 1 10 0 0 0.333 1 20 1 40 10
R4 5000 10 400 4590 0.333 3 1 30 0 0 0.2 1 20 0 85 10
R5 5000 5 800 4195 0.333 3 1 30 0 0 0.2 1 20 0 40 10
R6 10,000 5 50 4945 0.333 3 1 30 0 0 0.2 1 20 0 40 10
R7 15,000 0 200 4800 0.333 3 2 10 90 8 0.2 1 20 0 40 10
R8 15,000 0 200 4800 0.333 3 2 10 90 8 0.2 1 20 0 40 10
R9 6000 5 0 0 0.333 3 1 10 0 0 0.2 30 85 0 40 10
R10 5000 5 0 4995 0.333 3 1 10 0 0 0.2 30 85 0 40 10
R11 10,000 5 10 4985 0.5 3 1 10 0 0 0.2 1 20 0 40 10
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