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Abstract: Sustainable Development (SD) is a very commonly used phrase in the political
agenda of all European countries and in the bussiness agenda of many corporations. SD as it
has been defined my the Brundland report, is not a luxury anymore, it has become a necessity
for our planet to keep its existence as we know it. It is necessary to apply various policy
decision tools in order to reach the required objectives on all the three pillars of sustainable
development, i.e. environment, economy, society. Life Cycle Assessment (LCA) is one of those
tools necessary to make the right policy decisions concerning the environmental part of
sustainable development. Since LCA takes into consideration the whole life cycle of a product,
it could also be used not only as a tool but also as a way of thinking, leading to playing a very
important role in strategy orientation. The development of new products, the operation of
existing processes, the operation of the public and the private sectors, need LCA to reach
decisions that will have a minimum or no impact to the environment. The objective of this work
is to show the importance of LCA and its necessity for all policy decisions.
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1. Introduction

Life Cycle Assessment is essential to sustainable consumption and production [1-2] as well as, to
sustainable development, as it involves the evaluation of the environmental impacts of a product
system through all stages of its life cycle. It is about going beyond the traditional focus on production
site and manufacturing processes, in order to include the environmental, social, and economic impact
of a product over its entire life cycle [3-5]. The main goals of life cycle assessment are to reduce a
product’s resource use and emissions to the environment as well as improve its socioeconomic
performance throughout its life cycle. This may facilitate links between the economic, social and
environmental dimensions within an organization and throughout its entire value chain. The terms of
“life cycle analysis”, “life cycle approach”, “cradle to grave analysis” or “Ecobalance”, stand for a
rapidly emerging family of tools and techniques designed to help in environmental management and,
longer term, in sustainable development.

The precursors of Life Cycle Assessment emerged in the late 1960s and early 1970s from concerns
about limited natural resources, particularly oil. They came in the form of global modelling studies and
energy audits. They were referred to as Resource and Environmental Profile Analyses (REPA) and Net
Energy Analyses. Life Cycle Assessment has become a key complementary tool in policy and
decision making, both in government and business [6].

Life Cycle Assessment is increasingly fundamental in the development of key environmental
policies around the world. In the European Union, Life Cycle Assessment is at the heart of a growing

number of policies and instruments in areas such as:

e Integrated Product Policy, the Sustainable Consumption and Production and Sustainable
Industrial Policy Action Plan, Green Public Procurement, EU Ecolabel, EU Eco-Management
and Audit Scheme, Ecodesign, Retail Forum [7-13].

e Waste: Life Cycle Thinking consists a term in the Waste Framework Directive, used to help
determine the benefits of different prevention or management options. Life Cycle Thinking is
also central to the Thematic Strategy on the prevention and recycling of waste, and the
Thematic Strategy on the sustainable use of natural resources [14]

e Eco-innovation and the EU Environmental Technologies Action Plan (ETAP) [15].

The objective of this work is to show the importance of LCA and its necessity for all policy decisions.

2. Life Cycle Assessment (LCA) — A Case Study

The energy certification process for residential and commercial buildings has focused primarily on
the energy use during the operational period of the building (use/operation phase). However, buildings
require energy for the extraction of raw material, the production of construction materials and their
transportation to the site and additional energy for their construction, maintenance and
decommissioning. In order to understand the overall environmental impacts of the building, all life
cycle stages should be inventoried (material production, manufacturing, use, and disposal). Life cycle
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Assessment (LCA) represents a comprehensive approach to examine the environmental impacts of an
entire building [16].

LCA is a science-based and standardized environmental assessment methodology, which is used in
several sectors. It is a powerful and internationally accepted analysis tool, which studies environmental
aspects and potential impacts of a product or a service throughout its life cycle. LCA quantifies the
resource use (energy, raw materials) and the wastes of the “product” evaluated, e.g. a building (fig. 1),
and thereby can assess the environmental impacts associated with the production, use or disposal stage.
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Figure 1. Life Cycle Stages of a Building

Life Cycle Assessment often refers as "Cradle-to-grave" approach, as it begins with the gathering of
raw materials from the earth to create the product, the use phase of the product (mainly energy
consumption) that is very much dependent on the design of the building. It ends at the point when all
materials are returned to the earth (end of life management). The life cycle (fig. 1) of a building
comprises of the following phases [17]:

Raw material extraction: The building consists of various components, which are made of a
large variety of materials and substances. This phase includes both the production of raw
material and the use of these raw materials to produce other materials and substances. The
environmental aspects and impacts from this phase arise from the mining operations, refining
of ores, and manufacturing of materials and substances.

Components manufacture: This phase covers the manufacturing of the components used in the
office building, such as concrete, paint, bricks, windows etc. The components manufacture is
characterised by several environmental aspects main among them being energy consumption
(embodied energy) and use of materials. The role of component manufacturers is crucial to
reduce the environmental impacts from this phase.

Components transportation: Components are delivered to the construction site by road
transport. The environmental impacts in this phase mainly arise from the energy consumption
of the carriers.

Construction of the office building: The main process is components placement. The main
environmental aspect from this phase is the energy consumption and solid waste production of
construction processes.

Use and Maintenance stage: The use phase encompasses all activities related to the use of the
building over its life. These activities include all energy consumed within the building,
including heating, cooling and lighting.

Demolition - Final Disposal/Recycle/Waste Management stage: It begins after the building has
served its intended purpose and includes the demolition process and the solid waste
management system (recycling and final disposal of inert materials).
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The life cycle approach takes into consideration all the energy inputs to a building in its life cycle,
under the term of Life Cycle Energy. Life cycle energy (LCE) is the sum of embodied energy (EE),
operation energy (OE) and demolition energy (DE) [18]:

LCE=FEE+OE+DE (1)

Embodied energy is the total energy used during the construction stage of a building including the
energy for the excavation of raw material and the production of the buildings components, the energy
used during the transportation and construction of the building but also the energy during its
maintenance. It is made up of two parts; (i) the initial energy that is the energy incurred for the initial
construction of the building and (ii) the recurring embodied energy, which in general corresponds to
the energy during maintenance phase [18].

EE=)mE, +E, +Zm"E"[££_BJ_1J
" )

Where, m; = the quantity of building material (i); E; =the energy content of material (i) per unit
quantity; Exe = the energy used at site for erection/construction of the building; Lg = the life span of the
building; and L, = the life span of the material (i). The operational energy OE can be expressed by
[18]:
OE=0EAL, 3)
Where, OEA = the annual operational energy of the building.

Finally, the DE is given by [18]:
DE =ED+ET (4)
Where, ED = the energy incurred from the destruction of the building; and ET = the transportation
energy of the debris.

An overview of the existing literature has shown that 80-90% of the energy use is related to the
operation phase while construction phase comprise the remaining 10-20%. The demolition stage
portion to the overall life cycle energy is negligible. Figure 2 illustrates (a) the energy use distribution
of a typical office building and the (b) contribution of primary energy demand for the manufacture of

the materials needed in the construction of 1 m? (gross floor area) [19-21].
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Figure 2. (a) Energy Use Over a 50-Year Life-Cycle for a Typical Office Building; (b)
Contribution of primary energy demand for the manufacture of the materials



3. Impact Assessment of a Building

The impact assessment step analyzes and evaluates the magnitude and significance of the potential
environmental impacts of the life cycle of the building. The results of the inventory analysis are
translated into contributions to relevant impact categories. Impact assessment consists of the

classification, characterisation, normalisation and evaluation step [17].

— The classification step assigns data identified in the inventory stage to various impact
categories such as abiotic depletion, acidification, eutrophication, global warming, ozone layer
depletion, photochemical oxidant formation, and radioactive radiation.

— The characterisation step aims at quantifying and aggregating the potential effects, normalized
to the functional unit of the product system studied. In this step the environmental interventions
are quantified in terms of a common unit for that category, allowing aggregation into a single
score: the indicator result. Equivalence factors are used for the different environmental effects.

— Normalization is defined as an optional element relating all impact scores of a functional unit to
the impact scores of a reference situation.

— The evaluation step is the process where the impact scores of the different impact categories are
compared and weighted for the comparison of the alternative products/processes. The relative
importance of the impact scores is brought into perspective by normalization. In this way,
impact scores are related to the total magnitude of the given impact category from all sources in
a given area/period

A general review of the existing literature indicates that the phase with the highest environmental
impact is the operation phase. As LCA is highly dependent on the primary energy sources, the
quantity and the quality of the energy use affects the buildings environmental impact. The results of an
environmental impact study performed on the construction and use phase of an office building is
shown in Figure 3 [17].
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Figure 3 — (a) Total impact of the construction and use phase of the office building; (b)
Percentage contribution of each impact category to the total impact of the office building

Not surprisingly, the use and repairing stage is significantly high for the environmental impacts of the
office building life cycle. The use phase contributes by 91.94% to the total of the life cycle. The
construction phase contributes by 8.06% to the total environmental score. The global warming
potential is the environmental impact with the largest contribution to the overall score. GWP
contributes by 83.53% to the construction phase and by 78.35% to the use phase of the building. The
contribution of GWP to the total environmental score is 78.8%.
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Based on the previous analysis, the optimization of operation phase performance should be

given the primary emphasis for designing to minimise life cycle environmental impacts. For example,
design improvements related to the building energy losses can significantly reduce cumulative
burdens. The use of renewable energy sources would also improve significantly the environmental
profile of the life cycle. However, all these improvements are coming at the expense of greater
material production and use. From the Life cycle analysis point of view, this does not always lead to a
minimization of the life cycle energy as the reduction of the operation energy may induce an increase
in embodied energy (thicker insulation, photovoltaic panel utilization). This is shown in figure 4 where
the use of renewable energy after the critical point does not improves the environmental performance
of the building. What LCA actually can do is to preserve that the overall cumulative energy demand
(primary energy) could be the one to ensure the environmental sustainability of the building.
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Figure 4. Impact of RES usage in the total environmental impact of the building

4. Conclusions

Sustainable development has been included as a major item on most governmental agendas since
the 1992 Rio summit. A life cycle approach ensures that actions towards a more sustainable future will
have the desired effect. LCA as a specific tool can ensure this in some cases, while LCA as an
approach or as a strategic tool can give directions but not the whole answer, and must therefore be
applied along with other tools such as risk assessment, environmental impacts assessment, cost-benefit
analysis and others.

LCA is one of the methods increasingly being used to assess the environmental impacts, associated
with the production, use and end phase (recycling, disposal) of a product or an activity. LCA can be
considered as an emerging tool in the development of public policy and in design decisions, as it
analyzes multiple attributes of a product or system from a cradle to grave perspective. It also has the
unique ability to create a quantitative inventory listing of all process inputs and outputs, including
environmental emissions and energy resources, and therefore can determine the phase/ production
stage where the improvements need to be done. The implementation of LCA combined with multi-
criteria analysis can give a holistic picture of a system’s performance and help the designer as well as
all stakeholders to indentify the environmental burden and develop tools for a more sustainable living.
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