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Thinking is also addressed within the Seventh
Framework Programme on European research.
Additionally an European platform on Life Cycle
Thinking has been launched. On international stage,
sustainability is manifested in the programme on
sustainable consumption and production. There is also
an international life cycle initiative, which is
coordinated by the United Nations Environmental
Programme (UNEP) and the Society for Environmental
Toxicity and Chemistry (SETAC).

Abstract
Life Cycle Thinking and Assessment becomes
increasingly more important. This is especially the
case for renewable energy technologies. Life Cycle
Assessment respectively ecobalances are of great
interest, because there are high expectations
regarding the sustainability of these technologies.
Life Cycle Assessment is a proven and within the
ISO 14040 internationally standardized method. In
particular the development stage of a technology
plays an important role in case of Life Cycle
Assessment, because changes could still be taken
into consideration. In the framework of a scientific
study, which has been done at the chair of Energy
Systems and Energy Economics at the RuhrUniversity Bochum, a Life Cycle Assessment under
energetic aspects of a fictitious offshore wind park
results in an energetic payback period of 5 months.
In a similar way analysis could be done for ocean
energy technologies.

Life Cycle Thinking becomes more important and
should particularly be taken into consideration in the
development stage of renewable energy technologies.
There are high expectations regarding the
environmental friendliness of these technologies, they
have to meet. The development stage is most important,
because changes, that arise from an accompanying
ecobalance, could still be taken into account. After
market introduction, it is often too late or too expensive
to undertake such changes. Moreover renewable energy
technologies often have to compete with conventional
energy technologies. A good ecobalance including the
whole life cycle, over production, use and disposal, is
an important sustainability criteria and could also be a
valuable marketing tool. [1-3]
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1.

Introduction

The beginning of Life Cycle Thinking has to be seen
within the seventies, where the topics shortness of
resources and environmental pollution reached their
first peak. With regard to the climate change and the
increase in population, the sustainable handling of our
available resources and avoiding environmental
damages are well discussed topics. In this context a
growing demand for Life Cycle Thinking and
Assessment becomes apparent at several stages,
national and international.

2.

Method

The method of Life Cycle Assessment is
internationally standardized by the International
Organization for Standardization within the ISO 14040
and 14044. Following this approach, an ecobalance is
separated into four steps, which are shown in Figure 1.
2.1 Goal-and-Scope-Definition
In the first step the object of investigation and the
system boundary are defined. According to the interest
and field of application there could be differences. For
example there are partly significant differences when
comparing the emissions of the electricity generation
between different countries. Additionally within the
first step a functional unit has to be defined, to which
all results apply to. In the case of electricity it makes
sense to define the kilowatt hour electricity (kWh) as

The European Union has fixed the guiding idea of
sustainability and with this the Life Cycle Thinking
within its strategy on the sustainable use of natural
resources in the year 2005. The topic is integrated in
the product and waste policy. The idea of Life Cycle
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is very interesting. To evaluate the impact on energy
resources within an ecobalance the Cumulated Energy
Demand (CED) is used. The Cumulated Energy
Demand indicates the consumption of primary energy,
which is associated with the production, the use and the
disposal of the respective technology. Based on this
knowledge it is possible to calculate energetic payback
periods and gain factors.

functional unit. With the first step the framework of the
ecobalance is fixed.
Goal-and-Scope-Definition

Life Cycle Inventory (LCI)
Impact category

Life Cycle Impact Assessment
(LCIA)

Interpretation

Figure 1: Steps within a Life Cycle Assessment
(following ISO 14040)

2.2 Life Cycle Inventory (LCI)
The Life Cycle Inventory contains the quantification
of in- and outputs for all processes within the system
boundary. It is a very complex step, which is very
important for the qualitiy of results. The quality of
results depends on the level of detail and broadness of
information of the available data base. The
determination of a resistant data base and the
information value of the results needs a close
cooperation with manufacturers and suppliers.
2.3 Life Cycle Impact Assessment
In the framework of the Life Cycle Impact
Assessment at first a choice of relevant impact
categories has to be made. Possible impact categories
are for example the consumption of Energy Resources,
the Global Warming Potential (GWP), the
Eutrophication Potential (EP), the Acidification
Potential (AP), the Photochemical Ozone Creation
Potential (POCP) and the Human Toxicity Potential
(HTP). In the next step the determined data base has to
be allocated to these impact categories (classification)
and to be converted in impact category indicators
(characterization). The impact indicator of the impact
category Global Warming Potential is for example the
carbon dioxide equivalent. By using characterization
factors, which are derived from a characterization
model, the impact in climate change for all other
greenhouse gases is evaluated in relation to carbon
dioxide. This allows the comparison of the different
substances within the same impact category. E.g. in the
case of methane the impact on climate change has to be
multiplied with the factor 23 compared to carbon
dioxide. In Table 1 the above mentioned impact
categories, associated substances and the category
indicators are summarized.

Category
indicator

Substances

Energy Resources

energy
consumption

kWh PE
(primary energy)Equivalent

Global Warming
Potential (GWP)

Greenhouse gases
(CO2, CH4, N2O
und FCKW)

kg CO2
(carbon dioxide)Equivalent

Eutrophication
Potential (EP)

Substances, which
cause eutrophication of water and
soil (PO43-, NO2,
NH3)

kg PO43(phosphate)Equivalent

Acidification
Potential (AP)

Substances, which
are responsible for
the acidification of
soil and acid rain
(SO2, NOx, NH3)

kg SO2
(sulphur dioxide)Equivalent

Photochemical
Ozone Creation
Potential (POCP)

Substances, which
contribute to the
photochemical
creation of ozone,
which causes summer-smog
(CO,
NOx, NO2, CyHy)

kg C2H4
(ethylene)Equivalent

Human Toxicity
Potential (HTP)

Substances, which
have a negative
effect on human
beings

kg DCB
(dichlorobenzene)Equivalent

Table 1: Choice of indicators

To carry out Life Cycle Assessment there are
different software tools available, with different
background data sources stored in. With the knowledge
of the basic materials, their masses and the way of
manufacturing these programs allow a connection of
the aggregated materials with the relevant energy flows
and damaging substances.
2.4 Interpretation
The interpretation contains the evaluation of the
results. Based on this, conclusions can be drawn and
recommendations could be deviated. The results should
be compared to other results and added by sensitivity
analysis.
Because of the various numbers of indicators, it is a
very helpful instrument to compare different
alternatives with each other in a polar diagram. If the
result is clear, the alternative, which describes the
smallest area has to be preferred. Figure 2 demonstrates
this method for two fictitious alternatives.
Especially when regarding renewable energy
technologies it also makes sense to compare these
technologies with the emissions, that are caused by the
respective national electricity generation. Although in

Especially in the field of (renewable) energy
technologies the impact category of Energy Resources
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technologies. To make the ocean energy available for
energy production there are several concepts in
different stages of development. Evaluating these
technologies by an accompanying ecobalance seems to
be very interesting. On the one hand it allows
evaluating the respective technology and to optimize it
regarding its ecobalance. On the other hand it provides
the possibility to compare ocean energy technologies
with other kinds of energy technologies (renewable and
conventional).

the first instance there is no weighting between the
different indicators. For this it is a possibility to regard
the emissions, which are caused by the technology and
the national electricity generation, in relation to the
whole national emissions (normalization). With this the
different indicator are weighted through their national
relevance. [3, 4]
CED [kWh
PE-Equivalent]

3,379 TJ
POCP [kg
C2H4Equivalent]

Disposal
2%

GWP [kg
CO2Equivalent ]

AP [kg SO2Equivalent]

Alternative A

Use
17%

EP [kg PO4Equivalent]

Alternative B

Figure 2: Presenting of results within a polar diagram
Production
81%

3. Energetic analysis of an offshore wind
park

Figure 3: Cumulated Energy Demand for an
offshore wind park [5]

As an example for a Life Cycle Assessment under
energetic aspects, a scientific work which has been
done at the chair for Energy Systems and Energy
Economics at the Ruhr-University Bochum is
presented. In the framework of this study a fictitious
offshore wind park with an installed capacity of
200 MW (5 MW per wind energy converter) is
regarded under aspects of Cumulated Energy Demand.
The calculated CED over the whole life cycle is
3,380 TJ. In the reference scenario 3,315 h/a (netto) full
load hours are appreciated. The specific value results in
0.25 MJ/kWh. Figure 3 shows the shares of the
different life cycle phases regarding the whole
Cumulated Energy Demand. The production takes with
81 % the biggest share. The energetic analysis results in
an energetic payback time of 5 months. [5]
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