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Abstract— Ecoefficiency involves a number of possible
strategies oriented to make a better use of resources in any
organization. Potential improvements include products, processes,
and services. There are different strategies oriented to enhance
ecoefficiency levels at organizations by optimizing the use of
resources. Energy, by all means, plays a key role for ecoefficiency
at all levels. Traditional cost-benefit analysis is based on simple
payback or equivalent.

Life Cycle Analysis makes an important contribution to a cost-
benefit analysis evaluation by incorporating aspects associated raw
materials, production, distribution, end use, and disposal.
Evaluation of potential savings attributed to ecoefficiency strategies
may then be considered in a more sustainable framework
incorporating aspects from an LCA perspective.

For illustration purposes, a small manufacturing plant located
in Lima, Peru is considered as a reference case. A typical measure
associated with the use of a more efficient lighting system would
save around 20% of total cost with a return on investment of about
2 years. The amount of electricity saved would also have impacts
within an LCA approach, considering for instance the nature of the
national electricity grid. Also, the lamp to be purchased for the
more efficient lighting systems would also have impacts within an
LCA approach, taking into account for instance the fabrication site
of the lamp.

By including an LCA approach into an energy-ecoefficiency
management system, a more accurate payback calculation might be
carried out.

Keywords— Energy, Ecoefficiency, Life Cycle Analysis, Cost-
Benefit Evaluation, Environmental Management.

1. INTRODUCTION

A research group named Energy and Sustainable
Development was formed at the Environmental Engineering
Department in the National University of Engineering (FIA-
UNI) by a team of lecturers and students. A previous work
from the aforementioned research group focused on
developing a proper methodology in order to apply effectively
cleaner production strategies. At present, the research group is
interested in promoting strategies that may contribute to
improve ecoefficiency levels in local organizations. There is a
local perception that a more efficient use of resources involves
high investment costs associated with long payback periods.

A. Background on Energy-Ecoefficiency

In Ref. [1], starting from sustainable development, energy
efficiency and energy management fundamentals, a detailed
analysis of the energy management systems standard ISO
50001:2011 was carried out from the viewpoint of sustainable
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development. The purpose of the analysis was to assess the
effectiveness of its implementation, to identify the existence of
gaps and to develop improvements capable of fulfilling the
identified gaps. The effectiveness and the results of ISO
50001:2011 implementation, combined with the construction
of an ideal energy management system allowed the
identification of four gaps.

In Ref. [2], energy management has become crucial for
the industrial sector as a structured approach to lowering the
cost of production and in reducing the carbon footprint. With
the development of ISO 50001 standard, energy management
has enticed the attention of upper level management in terms
of continuous improvement. The ISO 50001 standard requires
an intensive energy assessment process to identify SEUs and
EnPI, based on which target energy reductions can be realized.

In Ref. [3], non-renewable fuels are the world's main
source of energy. However, the decrease in supply, increased
demand, higher product costs and adverse effects on the
environment led to the need to create the ISO 50001: 2011
standard to implement the Energy Management System
(EnMS) in order to increase energy efficiency and reduce the
emission of greenhouse gases (GHG).

In Ref. [4], energy consumption in the industrial and
commercial (service) sectors accounts for nearly 40% of
global greenhouse gas emissions. Reducing this energy
consumption will be critical for countries to achieve their
national greenhouse gas reduction commitments. The ISO
50001-Energy management standard provides a continual
improvement framework for organizations to reduce their
consumption. Several national policies already support ISO
50001; however, there is no transparent, consistent process to
estimate the potential impacts of its implementation.

In Ref. [5], the research paper focuses on the assessment
of the application of the International Standard ISO 50001 by
municipalities in order to facilitate the implementation of their
sustainable energy action plans. Traditional energy
management schemes are combined with provisions of the
standard by applying measurable energy indicators.
Discussions address crucial issues like availability of energy
data, lack of measurable indicators in action plans and
challenges in the application of standard procedures in the
municipality.

B. Background on Life Cycle Analysis

In Ref. [6], the article examines the concept of
ecoefficiency at a regional level as an approach to promote the
sustainable transformation of regions. The combined
application of Life Cycle Assessment (LCA) and Data
Envelopment Analysis (DEA) — the input-oriented BCC
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(Banker/Charnes/Cooper) model — has been chosen as a tool
for the comprehensive ecoefficiency assessment, due to its
high capability to measure regional ecoefficiency.

According to Ref. [7], sustainability concerns have
increasingly gained importance among organizations and their
stakeholders around the world. In this context, ecoefficiency
has become a consistent tool towards the transition to
sustainable development and the efforts of ecoefficiency
indicators have been used for comparative studies and
decision-making  tasks, providing better financial,
environmental, and social performance.

According to Ref. [8], life cycle assessment (LCA) is a
commonly used tool to assess the amount of GHGs emitted
over the life cycle of a service, policy or product system. The
lack of data is a clear obstacle across methods. Further
research is needed to develop comprehensive and robust
modelling approach for ecosystem damages, which are not
well covered in current Life Cycle Impact Assessment (LCIA)
methods. Moreover, due to the scope of environmental LCA,
there is a lack of consideration on socio-economic
consequences, which may not be negligible for climate
change.

In Ref. [9], it is stated that uncertainty in the results of
input—output-based life cycle assessment models makes the
sustainability performance assessment and ranking a
challenging task. The major contribution of the proposed
framework is that the effects of uncertainty associated with
input—output-based life cycle assessment approaches can be
successfully tackled with the proposed Fuzzy DEA framework
which can have a great area of application in research and
business organizations that use with ecoefficiency as a
sustainability performance metric.

In Ref. [10], it is stated that Life Cycle Assessment
(LCAs) of energy efficiency and environmental performance
of buildings are deemed critical to address sustainable
development issues. The methodological approach of the
study leads to development of a whole building life cycle
formula that sums up the contributions from a set of LCAs. By
doing so, the paper highlights the necessity of LCA
applications in buildings, the need for minimization of
resource and energy consumption and environmental impact.
The study helps in better understanding the way LCA supports
the search for and identification of innovation pathways in
buildings.

According to Ref. [11], LCA studies reveal emission
hotspots along the whole product value chain allowing the
researcher to identify opportunities for improvements. Its
combination with integrative design offers an opportunity to
substantially —improve the ecoefficiency. Integrative
approaches coupled with systematic, science-based assessment
tools such as LCA can be effective in overcoming some of the
barriers and improving ecoefficiency.

In Ref. [12], the life cycle assessment (LCA) modelling is
used to assess the environmental impact, GHG emissions and
the life cycle cost (LCC) are used as an extension of LCA in
the term of economic dimension. Aligning both LCA and LCC

in environmental-cost effectiveness as the ecoefficiency
analysis helps in measuring sustainability.

In Ref. [13], it is stated that due to the diversity of
different methods there has been, surprisingly, no detailed
investigation of the different methods, the interrelationship
between methods, and more importantly how they can
advance integrated methods for Life Cycle Assessment (LCA)
and Life Cycle Costing (LCC). The hybridized framework is
the first of its kind and aims to provide decision-makers a
comprehensive method to navigate environmental and
economic analysis.

According to Ref. [14], a life-cycle model was
implemented to a single-family house from the beginning of
the 20th century retrofitted to be used as an office building.
Different retrofit strategies should be adopted to maximize
savings and minimize environmental impacts depending on
the type of use and occupancy level. Therefore, it is crucial to
take into account both the economic and environmental
perspective to support a comprehensive retrofit decision
process.

Last but not least, according to Ref. [15], the prominent
conflict between today's rapidly growing building projects and
the deteriorating natural environment demands proper
assessment of the ecological efficiency of a project in its life
cycle. Two comprehensive ecoefficiency indices based on life-
cycle eco-footprint are developed: per capita annual efficiency
and space efficiency, which are used to assess the efficiency of
the eco-footprint consumed by the project throughout its life
cycle and determine if the eco-footprint consumed in realizing
the above mentioned functional values is ecologically
sustainable.

II. METHODOLOGY

A. Energy- Ecoefficiency Management

According to Ref. [18], an energy management system
helps organizations to better manage their energy use, thus
improving productivity. It involves developing and
implementing an energy policy, setting achievable targets for
energy use, and designing action plans to reach them and
measure progress. This might include implementing new
energy-efficient technologies, reducing energy waste or
improving current processes to cut energy costs.

ISO 50001 gives organizations a recognized framework
for developing an effective energy management system. Like
other ISO management system standards, it follows the “Plan-
Do-Check-Act” process for continual improvement.

ISO 50001 provides a set of requirements that enable
organizations to:

* Develop a policy for more efficient use of energy

* Fix targets and objectives to meet that policy

 Gather data to better understand and make decisions
concerning energy use

* Measure the results obtained

* Review the effectiveness of the policy

+ Continually improve energy management
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ISO 50001 is designed to help your organization improve
its energy performance through making better use of its
energy-intensive assets. Improved energy performance can
provide rapid benefits for an organization by maximizing its
use of energy sources and energy-related assets, reducing both
cost and consumption.

ISO 50001 is used by large and small organizations all
over the world. Its benefits can take many forms. For some, it
is about reducing the environmental impact and enhancing
reputation; for others, the aim is to drive down costs and
improve competitiveness.

Like all ISO management system standards, ISO 50001
has been designed for implementation by any organization in
the public or private sector, whatever its size, activity or
geographical location.

ISO 50001 does not fix targets for improving energy
performance, which is left up to the user organization or
regulatory authorities. This means that any organization,
regardless of its current level of energy performance, can
implement ISO 50001 to establish a baseline and improve on
it at its own rate. The following figure shows a squeme
proposed by ISO 50001.

Planning Inputs Planning Outputs
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use and
consumption
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Identify areas of |:> Objectives
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improving energy
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Fig. 1 Squeme for application of Energy-Ecoefficiency Management

B. Life Cycle Analysis

According to Ref. [16] and Ref. [17], the heightened
awareness of the importance of environmental protection, and
the possible impacts associated with products manufactured
and consumed, has increased the interest in the development
of methods to better comprehend and reduce these impacts.
One of the techniques being developed for this purpose is Life
Cycle Assessment (LCA). This International Standard
describes the principles and framework for conducting and
reporting LCA studies, and includes certain minimal
requirements.

LCA is a technique for assessing the environmental
aspects and potential impacts associated with a product, by

- compiling an inventory 2) of relevant inputs and

outputs of a product system;

- evaluating the potential environmental
associated with those inputs and outputs;

- interpreting the results of the inventory analysis and
impact assessment phases in relation to the objectives
of the study.

LCA studies the environmental aspects and potential
impacts throughout a product’s life (i.e. cradler-to-grave) from
raw material acquisition through production, use and disposal.
The general categories of environmental impacts needing
consideration include resource use, human health, and
ecological consequences.

LCA can assist in

- identifying opportunities to improve the environmental
aspects of products at various points in their life cycle;

- decision-making in industry, governmental or non-
governmental organizations (e.g. strategic planning,
priority setting, product or process design or redesign);

- selection of relevant indicators of environmental
performance, including measurement techniques; and

- marketing (e.g. an environmental claim, ecolabelling
scheme or environmental product declaration).

This International Standard recognizes that LCA is still at
an early stage of development. Some phases of the LCA
technique, such as impact assessment, are still in relative
infancy. Considerable work remains to be done and practical
experience gained in order to further develop the level of LCA
practice. Therefore, it is important that the results of LCA be
interpreted and applied appropriately.

If LCA is to be successful in supporting environmental
understanding of products, it is essential that LCA maintains
its technical credibility while providing flexibility, practicality
and cost effectiveness of application. This is particularly true
if LCA is to be applied within small- and medium-sized
enterprises.

The scope, boundaries and level of detail of an LCA study
depend on the subject and intended use of the study. The depth
and breadth of LCA studies may differ considerably
depending on the goal of a particular LCA study. However, in
all cases, the principles and framework established in this
International Standard should be followed.

LCA is one of several environmental management
techniques (e.g. risk assessment, environmental performance
evaluation, environmental auditing, and environmental impact
assessment) and may not be the most appropriate technique to
use in all situations. LCA typically does not address the
economic or social aspects of a product.

Because all techniques have limitations, it is important to
understand those that are present in LCA. The limitations
include the following.

- The nature of choices and assumptions made in LCA
(e.g. system boundary setting, selection of data sources
and impact categories) may be subjective.

- Models used for inventory analysis or to assess
environmental impacts are limited by their assumptions,
and may not be available for all potential impacts or
applications.

impacts
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- Results of LCA studies focused on global and regional
issues may not be appropriate for local applications, i.e.
local conditions might not be adequately represented by
regional or global conditions.

- The accuracy of LCA studies may be limited by

accessibility or availability of relevant data, or by data

quality, e.g. gaps, types of data, aggregation, average,
site-specific.

The lack of spatial and temporal dimensions in the

inventory data used for impact assessment introduces

uncertainty in impact results. This uncertainty varies
with the spatial and temporal characteristics of each
impact category.

Generally, the information developed in an LCA study
should be used as part of a much more comprehensive
decision process or used to understand the broad or general
trade-offs. Comparing results of different LCA studies is only
possible if the assumptions and context of each study are the
same. These assumptions should also be explicitly stated for
reasons of transparency.

This International Standard provides principles and
framework and provides some methodological requirements
for conducting LCA studies. Additional details regarding
methods are provided in the complementary International
Standards I1SO 14041, ISO 14042 and ISO 14043 concerning
the various phases of LCA.

The following figure shows a proposed squeme for an
LCA approach.
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Fig. 2 Squeme for application of a Life Cycle Analysis

III. INTEGRATION OF ENERGY-ECOEFFICIENCY AND LIFE
CYCLE ANALYSIS

According to ISO 50001, main goals of an energy
management systems are to obtain energy savings and, as a
result of that, to achieve carbon emission reduction. Potential
energy cost savings can be realized by carrying out best

practices, replacing current equipment with more efficient
units, and adopting innovative technology.

In order to determine whether a propose measure for
improving ecoefficiency levels in an organization is feasible
or not, an integrated evaluation must be considered. Such
evaluation would involve technology assessment, economic
aspects, and environmental impact. A technology assessment
should validate a proposed replacement of an equipment or
component in order to prevent negative impacts for processes
or services, which the end user must keep carrying out. Also, a
quantification of improved energy efficiency is needed based
on technical specifications from suppliers or manufacturers.
Economic aspects should be considered including energy
costs, potential savings, implementation cost, and expected
return on investment. Environmental impact should consider
GHG emission reductions, particularly carbon dioxide, and
other relevant aspects associated with local environmental
regulations.

According to LCA, main aspects to be considered are raw
materials, production, distribution, end use, and disposal. Best
practices usually do not involve purchase of equipment or
components. It basically deals with improving control or
operation of the system as it is. Expected outcomes would be
shown as a reduction of the energy source that is presently
used. Replacement of current equipment or component with a
more efficient unit would involve purchasing new items. It
should be noted, for example, that in several developing
countries, most of the equipment or components, particularly
for industrial and commercial purposes, come from overseas
since they are not manufactured locally. Adoption of
innovative technology would also be related to the use of
imported, sophisticated, and advance energy systems.

Therefore, it is expected that the incorporation of an LCA
approach into an energy-ecoefficiency management system
would contribute to reflect, in a more accurate fashion, the
cost-benefit of a proposed measure for improving the
ecoefficiency level in an organization. The following figure
shows a proposed model wherein life cycle analysis might be
included in the energy-ecoefficiency evaluation.

ENERGY-ECOEFFICIENCY <:">

LIFE CYCLE ANALYSIS

Best Practices
Technology Assessment

Energy Savings
|:> Economic Evaluation [:>

Replacement of current
equipment with more
efficient units

Carbon Emission
Reduction

Environmental Impact

Fig. 3. Proposed model for energy-ecoefficiency integration with life
cycle analysis

Adoption of innovative
technology
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IV. APPLICATION OF PROPOSED MODEL

For illustration purposes, a very common case of an
energy efficiency measure will be considered for application
of the proposed model. Energy consumption for lighting is a
fairly common issue in organizations, including industrial and
commercial facilities. By promoting a more efficient use of
electricity, it is expected that the ecoefficiency level of the
organization will be improved.

Local energy audits indicate that in a typical small
manufacturing plant, located in Lima, Peru, around 20% of
total energy cost belongs to lighting usage. The same energy
audits also indicate that up to 15% of total energy cost savings
can be achieved by implementing energy efficiency measures.
Local electricity cost can be estimated as 0.12 US$/kWh for
small manufacturing plants. According to past experiences,
local implementation costs usually leads to a simple payback
of around 2 years.

Now, if Life Cost Analysis is incorporated, as proposed,
additional aspects would also intervene in the above classical
payback calculation.

Let us take for instance the components of the national
electric grid and the efficient lighting lamp.

First, the national electric grid is composed by distinct
electric utilities. According to figures from the last year,
electricity is generated from hydropower plants (46%),

thermal power plants (50%) and solar-wind power plants (4%).

Carbon dioxide emissions per unit of electricity generated
by the national electric grid is currently estimated as 0.7
tCO/MWh. Local thermal power plants run mostly on natural
gas, but also some units run on coal, fuel oil, and diesel oil.
The components of thermal power plants, including gas and
steam turbines, as well as boilers, condensers, air compressors,
water pumps, and others, are all mostly built elsewhere.
Therefore, within LCA approach, aspects associated with raw
materials or production may not need to be considered.
However, aspects related to distribution (shipping from
overseas to the country), end use (within expected life for
power plant operation) and disposal should be considered. On
the other hand, fuels consumed by power plants come from
within the country. A major cluster of thermal power plants is
located south of the city of Lima, and receives natural gas that
comes from 700 km far away. Therefore, within LCA
approach, raw materials and production phases associated with
extraction and processing of natural gas should be considered.
A 32-inch pipeline transports the natural gas from extraction
point to thermal power plant location. Electricity generated on
site is then delivered through electric transmission lines and
distribution grids to the small manufacturing plant. Aspects
related to end use and disposal of electricity may not need to
be considered in this case.

Second, the efficient lighting lamps that would be
purchased to replace the existent lighting lamps are not
manufactured locally. Lighting bulbs are currently being
manufactured overseas, mainly in the Asian region. Therefore,
within LCA approach, raw materials and production aspects

may not need to be considered. However, aspects related to
distribution (shipping from overseas to the country), end use,
and disposal, should be considered. For instance, compact
fluorescent lamps have an expected life of about 5,000 hours;
however, LED lamps have an expected life of about 30,000
hours.

The following figure shows an insight of a possible
application of the proposed model for a reference case
associated with improving energy efficiency in lighting for a
small local manufacturing plant.
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Fig. 4. Sample application of proposed model

It is anticipated that the previous payback calculation
would become more attractive after the incorporation of
additional benefits coming from saving energy and using a
more efficient lighting within an LCA approach.

V. CONCLUSIONS

Ecoefficiency involves different opportunities for
improvement and operating cost reduction in all organizations.
Energy comes up as a major resource that needs particular
attention due to its impact both in economic and
environmental aspects.

An energy management system such ISO 50001, focuses
on both energy savings and carbon emission reduction while
an LCA approach includes raw materials, production,
distribution, end use, and disposal.

Energy-Ecoefficiency measures include best practices,
replace old equipment with more efficient units, and adoption
of innovative technology. Cost-benefit of implementing such
measures will depend on the nature of the measures. Also,
LCA aspects to be incorporated will also depend on the nature
of the measures.

Traditional payback evaluation is based on expected cost
savings (as a function of expected energy savings) and
implementation cost (in order to achieve the expected energy
savings).

By including an LCA approach into an energy-
ecoefficiency management system, a more accurate payback
calculation might be carried out.
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