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1 Introduction 
Sustainable development and sustainability are almost synonymous terms, and in this sense it is an 
orientation towards long-term development the aim of every company and every society. However, in 
the modern economy short-term success is still often valued more than long-term objectives. The best-
known definition of sustainable development was provided in 1987 by the Norwegian prime minister 
Gro Harlem Brundtland in a UN commission report forming the basis for the international conference 
in Rio on the subject of sustainability:  

 “Sustainable development is development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs.” (Brundtland Report, 1987) 

The objective of long-term market survival 
pursued by every company demands 
economic success, minimum environmental 
impacts, and benefits in the social sphere, be 
this with respect to the working class or the 
society itself, the latter being in the form of 
the national economy the basis of all 
economic activity. In practice the three 
dimensions of sustainable development are 
said to be economic, environmental and 
social. 

Today it is common sense that sustainable development is an important issue. Based e.g. on the 
knowledge that environmental damages can have strong negative influences on economics. To make 
the change from the intention to the realization it is important to quantify not only the economic 
effects but also the ecological impacts. To control a company or a national economy towards 
sustainability indicators to quantify the environmental effects are necessary. So it will be possible to 
relate them to economic key values and manage the system.  

A methodology to measure the environmental impacts has to fulfil the following demands: 
• Considering a large amount of different impacts  

In these days climate change is the most discussed environmental impact and it is an important 
issue to reduce this effect. But it is certainly not the only one and probably not even the most 
important. In certain countries the supply of drinking water, damages of soil fertility, toxic 
emissions or hazardous wastes can be as important as climate change and the limitation of 
energetic or land resources are also global problems. So for a sustainable decision it is important to 
take into consideration the different environmental impacts. 

• Considering not only the local impacts  
Today we life in a global economy. The major part of the used products or services are produced 
somewhere on the globe, transported over the world and are connected with different burdens. The 
focus on the local effects is not enough and can lead to higher impacts in other regions. For a sound 
decision base the whole life cycle of a product or service has to be taken into account. 

The methodology of life cycle assessment (LCA) has been developed with the goal to fulfil these 
requests. Today it is the most extensive and sound method to evaluate environmental impacts giving 
the possibility to find eco-efficient solutions by combining economy and ecology.  
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2 Methodology of Life cycle assessment 
Life cycle assessment (LCA) is a methodology allowing to assess environmental impacts generated by 
the provision of a product or service during its whole life cycle (see Figure 1), i.e. extraction of natural 
resources, processing, manufacturing, use and waste disposal. 

 

 
 

Figure 1 the main elementary processes of the life cycle stages of a product 
This is also known as the cradle-to-grave principle. Hence, environmental impacts of products or 
services, which imply many different life cycle stages, can be investigated using this methodology. 
The main goal is to achieve an overall understanding of the various environmental burdens generated 
by such a life cycle, allowing to determine weak points and priorities of action to be set. Figure 2 
shows the four stages constituting LCA methodology according to International Standards 
Organisation (ISO) norms 14 040 and 14 044. 

 
 

Figure 2 the four stages of a LCA 

2.1 Goal and scope definition 
First of all, the objectives of the study are defined.  

On principle there are two approaches according to the given question: 

• What are the main influences on the environment from a product, service, process or production 
site and what are the possible improvements?  
Such a study focusing on one product, service or a production site sheds light on the processes 
generating the highest environmental impacts or which environmental compartment (natural 
resources, air, soil and water) is the most affected by the provision of the product or service. 
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• What is the solution with the lowest environmental impacts to fulfil a certain need?  
A comparative study evaluates the environmental performance of different alternatives providing 
the same product or service, allowing to choose the best from an environmental point of view. 

The comparison of different alternatives is only useful if they fulfil the same function. In the LCA 
framework the base of comparison is called the functional unit quantifying the product or service 
given by the studied system. For example, one can investigate the environmental impacts originating 
from the production of 1 kg of cement and compare it with another production technology or from the 
transport of 1 person for 1 kilometre in a personal vehicle. The definition of the functional unit is a 
crucial step as all environmental impacts of the product or service are related to the functional unit. 

The life cycle of a product or service consists of elementary processes which need energy, 
infrastructure, natural resources, intermediate products or services, depending in turn on supply 
processes. For example, the service “driving a car” has different needs, like provision of fuels, road 
infrastructure, production sites of the vehicle, service, maintenance and disposal facilities. So the 
question arise what has to be taken into account, what is relevant for the results? Should the impacts of 
their construction be taken into account? And what about the construction of machines who built 
them? The system boundaries have to be defined. This means criteria have to be chosen to decide 
which supply process and interaction with nature will be investigated. Figure 3 gives an example of 
the system boundaries of the service “driving a car”. The elementary processes are driving itself, the 
car fabrication, its disposal and the refining of oil. One can see that these processes are part of the life 
cycle of driving a car, but that they also rely on supply processes linked to the elementary by the 
dashed lines. 

 
 

Figure 3 system boundaries of the service “driving a car” 
 
Once the system is defined and the requirements of data quality are given the next step collecting the 
needed data can be done. 

2.2 Life cycle inventory (LCI) analysis 
Data collection for the LCI represents the base for the impact assessment. It is generally the highest 
matter of cost of a LCA study because of the time the practitioners must invest in collecting data. Two 
types of datasets should be distinguished: back- and foreground datasets. The first type describes the 
quantity of natural ressources, energy or intermediate products needed by an elementary process to 
provide its contribution to the functional unit. It can be quite easily known through questionnaires to 
enterprises or electricity, water, etc. bills. Background datasets give the physical amounts of 
environmental flows related to the foreground data, i.e. an oil boiler is connected with emissions of 
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carbon dioxide, nitrogen oxides and uses fossil resources. Today there exist waste databases 
containing the emissions and resources needed for numerous standard processes like energy supply, 
transport, production of plastics or metals, agricultural products, waste treatement etc. They can be 
used or if necessary adapted to the local situation. 

The environmental flows are listed in the LCI and feed the impact assessment in the next stage. 
Measurements conducted during the study, specialised databases or studies are the main source of 
such data. An example of a LCI is shown in Table 1:. 

Table 1: an example of emissions from the production of 1 kg of polyethylene and 1 kg 
of glass 

 
Emission Polyethylene Glass Unit 
    
CO2 1.792 0.4904 kg 
NOx 1.091 1.586 g 
SO2 0.987 2.652 g 
CO 670.0 57.00 mg 

 

First conclusions can be drawn at the end of the LCI analysis: what is the contribution of 
environmental flows to the different elementary processes, what are the most represented stages. 
However, more synthetic consequences for the environment can be understood only by conducting a 
life cycle impact assessment (LCIA). 

2.3 Life cycle impact assessment (LCIA) 
Environmental flows listed in the LCI are grouped according to there effect in the environment into 
impact assessment categories such as damage to human health, ecosystems, natural resources and 
green house gases by means of equivalence factors. Hence, methane, nitrous oxide, CFCs, etc. 
emissions are converted into carbon dioxide equivalents according to their global warming potential. 
Then, the category flows are normalized (for example, related to the corresponding emission of one 
Jordanian citizen during one year), weighted according to societal criteria (Is global warming more 
important than land use?) and aggregated to a single score (Number of “points” of the chosen method), 
see Figure 4 
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Figure 4 example of a LCIA with the damage-based method Eco-indicator 99 

 
The last decade has witnessed an impressive development of impact assessment methods answering to 
the needs of industry and states. 

The results obtained in the LCIA are various. Here is an overview of what can be answered: 

• Which are the highest impacts or the most damaged environmental subjects? 

• To which extent are the goals defined by environmental policy achieved? 

• Which life cycle elementary process generates the highest impacts? 

• Which are the main flows contributing to the impacts? 

• In the case of a comparative study, which alternative is best from an environmental point of view? 

2.4 Interpretation of results 
The interpretation of results is a key stage as it allows examining consistency of the study. The results 
obtained must answer the questions of the goal and scope definition and the used methods must be 
validated. If necessary, the results can be consolidated by additional data collection, sensitivity 
analysis, scenarios, etc. Comparison or completion of LCA results with other methodologies can also 
belong to this stage.  

Weak points and improvement potentials can be detected giving a sound decision base e.g. for 
investments.  
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3 Example: Use of LCA in a CP assessment of a dairy 
company 

To illustrate the use of the LCA a case study of a company producing dairy products, see Figure 5 is 
given. The company is producing: 

• ice cream mixture 
• boli 
• sour cream and 
• jelly 
Divided in 4 main departments: Administrative, Production, Selling and Accountant 

 

 
Figure 5 Company producing dairy products 

 

For the LCA the following functional unit and system boundaries has been chosen: 

System boundary:  Processes under control of the company  
To make the results more significant only the environmental impacts to 
produce the raw materials lost and not all the raw material used have been 
included. But all the energy, waste, packaging material transport, etc. 

Functional unit: 1 year of production 

Also economic data has been taken into account. 

In a first step the relevance of the different processes and inputs has been analysed, see Figure 6, 
showing that the milk losses, the transportation and the packaging material are related with important 
environmental impacts. The provision of energy and the related emissions are not very relevant.  
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Figure 6 Company producing dairy products 

 
In a second step different possibilities to reduce the environmental impacts have been evaluated 
according to the environmental efficiency and the economic savings. In Figure 7 the economical 
saving in $ have been multiplied by the ecological reductions measured in eco indicator points [EIP]. 
These results show that the optimisation in the logistics and the reduction in milk losses leads to a high 
reduction in environmental burdens and costs. Measurements in the energetic optimisation of this 
company lead to low economic and ecologic advantages. These results have given a sound base for the 
further investigations. 
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Figure 7 Company producing dairy products 
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4 Application of LCA to Jordan 
The Jordanian Ministry of Municipal and Rural Affairs & the Department of Environment, with the 
technical advice of the International Union for Conservation of Nature (IUCN), has defined in 1991 
the “National Environment Strategy for Jordan”. The three following sections set the LCA relevant 
topics for Jordan with a priority order. 

4.1 Agriculture and transportation 
Agriculture and water resources were identified as sectoral priorities. While the latter are usually 
addressed by means of water resources management (environmental impact assessments, time series 
analysis, etc.), impacts related to agricultural activities can be assessed with LCA methodology since 
the production of an agricultural good implies different elementary processes such as the use of land, 
field work, processing and packaging. Known environmental impacts due to agriculture in Jordan are: 

• soil salinization and erosion due to irrigation water 

• deterioration of soil fertility 

• use of pesticides, fertilizers 

• … 

An other LCA relevant Jordanian topic is air pollution due to transportation. The growing car fleet 
generates health problems mostly in urban areas that must be dealt with. The numerous air emissions 
and their different effects can be investigated using LCA methodology. For these reasons and also 
because of the broad number of persons concerned by agriculture and transportation, it is suggested 
that these two topics are scrutinized in the first phase of the LCA component of CP Jordan project. 
The cost of the LCA on agriculture and/or transport would be mainly bore by the CP Jordan project as 
it will enable RSS staff to get acquainted with the LCA methodology. 

4.2 Industrial sectors 
Industrial sectors of importance for Jordan and causing high environmental burdens could be 
investigated in a second phase. These include phosphates, textile, power generation and construction 
(cement production). The main sources of pollution due to the phosphate industry are: 

• mining complexes 
• beneficiary plants 
• ancillary facilities 
• transport and Aqaba facilities 
• township 
Which lead to various environmental effects: 

• dust emissions 
• disposal of overburdens and interwaste 
• slime disposal 
• transport, loading and unloading of trucks 
The main goal of such studies is to point out the hot spots of industrial sectors and ways to remediate 
them. It is expected that industrial LCA can be cost-shared be Industry. 
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4.3 Waste management 
Organized solid and liquid waste management in Jordan is scarce. Solid waste management versus 
informal recycling and safe reuse of treated wastewater for agricultural purposes would improve both 
the health situation and natural resources management. LCA methodology could allow setting long 
term goals with respect to the Jordanian framework. 
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