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Abstract 

Much of the environmental impacts of which a product will potentially have during its life 

cycle are determined during the design phase by choices such as type of materials and 

manufacturing processes. The Life Cycle Assessment (LCA) method is commonly used to 

assess the potential environmental impacts and identify hot-spots for improvements of a 

product system. However, other important variables exist outside the product system that can 

also influence environmental impacts. The aim of this study is to utilise causal maps to 

identify variables which may not typically be identified and considered in LCA studies but 

may have significant influence upon environmental impacts through cause-effect chains. To 

illustrate the utility of causal maps, household washing machines and conventional passenger 

cars are chosen as case studies. Preliminary findings indicate that causal mapping can be used 

to identify which are the relevant variables and describe how they potentially interact in a 

system perspective. This knowledge might allow for more robust decision support.  

1. Introduction 

Environmental impacts can occur in different stages of a product/system service life cycle, 

including resource extraction, production, use, transport and end-of-life stages. Many of these 

impacts are introduced when design specifications of the product/system service are defined, 

such as in the material selection and manufacturing processes (Lewis and Gertsakis, 2001). 

Amid the design phase, several methods and tools can be applied in order to evaluate, from a 

life cycle perspective, the environmental performance of the product/system service. Life 

Cycle Assessment (LCA) is a 'cradle-to-grave' approach for assessing the potential 

environmental impacts of a product system over its full life cycle. Such a method allows for 

the identification of potential environmental impacts and hot-spots according to the design 

specifications to be made as well as for comparisons among different design alternatives and 

improvement options. These comparisons may aid in minimizing the identified impacts and 

to avoid shifting environmental impacts between different stakeholders and life cycle stages. 

Limitations of the LCA method have been extensively discussed in the literature (Finnveden, 

2000, Björklund, 2002, Udo de Haes et al., 2004). Reap et al. (2008a, 2008b) identifies the 

following issues as critical area of paramount importance: functional unit definition, 

boundary selection, allocation, spatial variation, local environmental uniqueness, data 

availability and quality.  

LCA evaluates the environmental impacts of a product/system service in terms of a 

functional unit. The functional unit is defined as the “quantified performance of a product 

system for use as a reference unit” (ISO, 2006). This is commonly done to compare 

alternative ways of delivering the same function; this comparison is based on a unit common 

between all alternatives, which is termed the functional unit (Clift et al., 2000). Consequently, 

suggestions for optimization are traditionally made on the basis of a single unit, not taking 

into account the volume of units produced and the interrelations between these units and the 

surrounding system (e.g. how consumers are using other product/system services). This 

commonly used approach may hinder the possibilities of achieving higher levels of efficiency 

and reducing the negative environmental impacts in a predefined system of consumption and 



production. Additionally, whilst these life cycle methods and tools can improve the 

environmental efficiency of product/system services, they do not go so far as to analyse the 

effectiveness of such services to fulfil societal needs. 

The interpretation of LCA results are framed, inter alia, by the functional unit of a 

product/system service and the environmental effects identified (negative or positive) are 

associated with this function. However, products are not part of an isolated life cycle (i.e. 

cradle to grave). On the contrary, there are different levels of connections among the natural 

and technical environments, consumers, other products or services. For instance, how can a 

product be more efficient in different user concepts or how may consumption patterns affect 

resource availability in a regional or global perspective. These aspects need to be determined 

and assessed aligned with the evaluation of the functional unit in order to avoid that the 

“solutions” based on LCA results create further problems in other systems not taken into 

account by the LCA study. 

The aim of this study is to utilise causal maps to identify variables which may not typically 

be identified and considered in LCA studies but may have significant influence upon 

environmental impacts through cause-effect chains. The purpose is to identify the different 

systems in which these variables are and their connections. 

2. Methodology 

Household washing machines and conventional passenger cars (using gasoline or diesel) 

were chosen as case studies to illustrate the utility of causal maps. Literature surveys were 

then conducted for each case to identify the variables, system boundaries and functional units 

that are commonly adopted in LCA studies for washing machines and road vehicles. 

Subsequently, causal maps covering different domains – production, use, end of life, 

context/territory, and behaviour – were constructed during workshops, each consisting of 

experts in their respective field. During the workshops, experts were asked to brainstorm 

variables related with environmental impact of the function of the system and to discuss their 

connections. This process followed the Group-Model Building (Vennix, 1996), from the 

definition of the main variable to the result of these first workshops. Finally, a cross analysis 

of the results from the literature surveys and from the workshops was carried out. 

2.1.  Methods  

2.1.1. Literature review  

A literature review was performed for the purposes of this paper in order to identify studies 

that investigate and evaluate the life cycle environmental impact of the two cases examined 

(i.e. road vehicles and washing machines). A number of scientific databases and library 

catalogues were examined using key words detailed in Table 1. 

Table 1 – Literature review key words 

Road vehicles Washing machines 

LCA, life cycle assessment 

environmental impact 

transport 

LCA, life cycle assessment 

environmental impact 

washing machine 



cars 

passenger cars 

road vehicles 

life cycle assessment of passenger cars/road 

vehicles 

household appliances  

soap 

detergent  

clothes  

tissue 

After the investigation 7-8 studies (the studies are cited in the Results section) for each case 

were selected and were in turn analysed based on the objectives of this paper. During the 

analysis of the identified studies the following aspects were identified: 

 functional unit considered in the respective study 

 system boundaries and life cycle stages examined 

 environmental impact categories examined 

 relevant variables considered and analysed in the studies 

2.1.2. Causal mapping 

According to Vennix (1996), the process of assembling a model is a way of eliciting mental 

constructs, ideas about how things work in order to clarify and structure debate about a 

situation which is seen as problematic. A Causal Map (a type of model also known as 

inference diagram) represents how chosen variables/elements of a system interact with each 

other.  

In a causal map, the interactions between the elements can be either reinforcing (positive) or 

balancing (negative). In a reinforcing relation both variables change in the same direction; 

that is, ‘the more one, the more the other one’ or ‘the less one, the less the other one’. Yet, in 

a balancing relation the variables change in the opposite direction; ‘the more one, the less the 

other one’ or ‘the less one, the more the other one’. The causal relationship between the two 

variables is represented by means of an arrow. The variable at the tail is supposed to have a 

causal effect on the variable at the point.  

This graphical representation may assist in understanding the pattern of behaviour presented 

in a complex system and facilitates the communication among different stakeholders. 

2.2. The workshops  

Two parallel workshops were organized to build the causal maps. The washing machine 

workshop was organized at the Polytechnic of Turin (Italy). Two Assistant Professors and 

three junior researchers (one PhD student and two research fellows) from the Department of 

Architecture and Design participated as industrial design experts. The workshop was 

facilitated by one of the authors with expertise in systemic design. The conventional 

passenger car workshop took place at the Royal Institute of Technology, KTH (Sweden). The 

expert participants were one PhD researcher from the Division of Environmental Strategies 

Research and four PhD students (with background on environmental economics, transport 

and location analysis, traffic and logistics, and LCA applied on transport infrastructures). The 

workshop was facilitated by two of the authors with expertise in LCA and System Dynamics. 

The purpose of the workshops was to gain a first view of the: 

 large system where the studied products are embedded 



 variables that may influence the environmental performance of the product through 

cause-effect links within that system  

 nature (positive or negative) of the relationships between these variables in order to 

get a better understanding of how the chosen variables may affect the environmental 

impact of the studied product through the cause-effect links 

The aforementioned purpose was sent to the experts together with an explanation about the 

project in an invitation letter. The workshop lasted for a duration of approximately 2 hours. 

The first step of the workshop was to introduce causal mapping to the participants. Examples 

of causal maps were shown and the procedure of building causal maps was explained. The 

starting variable (previously defined) of the causal map was ‘environmental impacts’ of 

cars/washing machines. In the second step the experts were asked to brainstorm the five most 

relevant variables they could think of, connected to the starting variable.  

After the completion of this step, group members were invited in a round-robin fashion to 

name one variable (from their list) which was perceived as a potential cause of the starting 

variable. The variables were transferred to a white board. Then, the experts related these 

variables to each other. This procedure was repeated until all the perceived causes were 

placed in the causal map. 

In the next step, the group was asked to consider the potential consequences (effects) of 

changing the main variable by looking at their list of variables. They were then placed into 

the map. 

Finally, the experts were invited to look for connections between consequences and causes, 

i.e. consequences which in turn can be considered as causes of the ‘original’ causes. This led 

to the identification of potential feedback loops. 

Not all of the variables were included directly in the map and new variables came up during 

the mapping process, which were not mentioned in the brainstorming phase. 

2.2.1. Iterative Process 

It should be noted that the development of causal maps is an iterative process. It is necessary 

to repeat the process outlined above, building on previous versions of the causal maps in 

order to identify a greater number of variables, links and feedback loops, hence developing 

more complete and robust cause maps. The section below presents results from the first 

iteration of this process. 

3. Preliminary Results 

3.1.  Literature surveys 

The results of literature inventory are illustrated in Tables 2 and 3 representing the washing 

machine and road vehicles case studies respectively. The studies from where the data were 

extracted are cited below each table. 

The pieces of information presented in the tables below provide a general overview of the 

analysed LCA studies. Similarities were observed with regard to the functional unit 



considered in the different studies for the same case as well as when the life cycle stages and 

variables measured are concerned.  

Table 2 – Summary of the literature survey on washing machines: functional unit, life cycle stages and variables 

Washing machines 

Functional unit Life cycle stages Variables 

Amount of clothes 

(Kg) washed per year 

Extraction of raw materials 

Transportation of raw 

material 

Assembling of components 

Production of washing 

machine 

Distribution (product to 

retailer) 

Use 

End of life (recycling) 

Energy for 

production 

Packaging  

Machine type 

Wash load (kg) 

Frequency of wash 

Soap/softener  

Maintenance of 

washing machine  

Program  

Wash quality  

Type and amount of 

materials  

Energy for hot water  

Energy for electricity  

Waste water 

treatment  

Waste treatment of 

detergent  

Waste treatment of 

packaging 

References: (Bourrier et al., 2011, Koerner et al., 2011, WRAP - Material Change for a better 

environment, 2011, Cullen and Allwood, 2009, Faberi et al., 2007, Dewaele et al., 2006, 

Rüdenauer et al., 2005, Collins and Aumonier, 2002) 

Table 3 – Summary of the literature survey on road vehicles: functional unit, life cycle stages and variables  

Road vehicles 

Functional unit Life cycle stages Variables 

One passenger car 

over its life time 

 

 

Person Km travelled 

/Km travelled  

Materials extraction an 

production  

Assembly of parts and 

components 

Production of vehicle 

Transportations 

Use of the vehicle  

Fuel cycle (Production of 

fuel / distribution / use) 

End of life management 

of  the vehicle 

(dismantling, shredding, 

separation, recycling, 

reuse, waste disposal) 

Average passenger cars 

in 5 among the 7 cases  

Weight and material 

composition of the 

vehicle (type and 

amount of materials) 

Vehicle technology – 

fuel used (gasoline, 

diesel etc.)  

Fuel consumption 

(l/km) 

Driving cycle  

Life time of the vehicle 

Distance driven  

Life cycle energy 

needs (electricity and 

fuels) 

Maintenance 

activities, washing  

Recycling rates 

Waste generation  

Waste water 

treatment 

References: (Schweimer and Levin, 2012, Nemry et al., 2008, Spielmann and Althaus, 2007, 

Finkbeiner and Hoffmann, 2006, Lane, 2006, Castro et al., 2003, Sullivan et al., 1998) 

For the case of the road vehicles the majority of the studies included the stages of materials 

and vehicle production, use of the vehicle and end of life. The fuel cycle was not always 



considered, apart from the process of fuel use which was integrated in the use phase of the 

car.  

3.2. First version of causal maps  

Figures Error! Reference source not found. and Error! Reference source not found. 

present the outcome of the brainstorming section and a preliminary version of the causal 

maps for the two case studies. These maps illustrate the maps as developed by the experts 

with no further modifications from the authors. Whilst these maps will be further refined and 

developed through further iterations of group model building it is interesting to pause and 

highlight the differences and common elements among the cases, and also the life cycle 

approach.  

The identified variables that the experts listed were divided in three main categories. The first 

one presents variables that are connected to the life cycle of the product and are grouped 

further in the production, use and end of life clusters. The second category includes variables 

related to the context or territory of the product, and are strictly dependent on its local 

characteristics e.g. the organization of the society, the infrastructure, the cultural and 

traditional identity. In addition variables connected to the behaviour of the user are also 

clustered in one category.  

The maps also show the links and relationships among the variables, the nature of these 

relationships (positive or negative). The variables which were not found in the LCA studies 

are stressed in bold text.  



 

Figure 1 – Variables related with environmental impacts of washing machines grouped in categories and their cause-effect links; the bold text underlines variables not included in 

LCA studies 



 

Figure 3 – Variables related with environmental impacts of cars grouped in categories and their cause-effect links; the bold text underlines variables not included in LCA studies



4. Analysis - comparison of the LCA studies and the causal maps 

The approaches literature survey and the causal mapping identified a number of variables that 

may influence the environmental performance of the studied products. The functional units 

commonly used in the two case studies are dependent on the variables identified in both the 

LCA studies and (almost all) causal mapping. In other words, almost all the variables 

identified using these two different approaches can influence the functional unit. This 

influence can be direct connected or (indirect) connected by means of feedback loops. 

For instance, in the case study on road vehicles, the environmental impact per passenger car 

over its life time or per km travelled (based on the functional units that are usually 

considered) can be influenced by ‘energy consumption’ (a variable identified in the LCA 

studies). The more the ‘energy consumption’, the more the ‘employment/GDP (economy)’ (a 

variable included in the causal map). ‘Employment/GDP (economy)’ influences ‘car 

ownership / motorization’. The more the ‘car ownership / motorization’, the more the ‘travel 

demand’. The more the ‘travel demand’, the more the ‘traffic jam’. ‘Traffic jam’ in turn 

affects the ‘energy consumption’. This is an example of feedback loop between connected 

variables identified in both studies whose can influence the functional unit. 

In contrast, in the case study on washing machine, the influence which the variables listed in 

the causal map is more direct. The ‘amount of clothes washed per year’ are, for example, 

directed connected with the ‘cultural identity’ (a variable not commonly used in LCA 

studies). ‘Cultural identity’ may refer, for instance, to cultural traditions of washing clothes 

often/seldom. This is directed connected with the number of washing cycles per year and 

consequently with the lifespan of a washing machine. 

Although the variables identified by both approaches are very similar in terms of concept, it 

can be observed that the LCA studies focused more on quantitative variables (weight of the 

product, amount of materials or energy use etc) while during the creation of the causal maps a 

number of “soft” or qualitative variables where identified. Such variables assist in structuring 

and identifying the system that the studied products are part of, but may also serve as 

additional areas where environmental impacts may occur.  

The backgrounds of the experts in the two parallel sessions were different, however, during 

both workshops the necessity of including more qualitative data to the LCA approach was 

pointed out. Especially regarding the case of the washing machine, where experts 

participating in the workshop where not so familiar with the LCA methodology. For instance, 

semantic, technological (relating to the function of the washing machine) and technical 

(relating to the components of the washing machine) obsolescence were identified in the 

washing machine workshop as qualitative factors. However, these elements are indirectly 

included in an LCA of a washing machine; they are included in the assumptions associated 

with the life-time of the washing machine which is done in order to distribute the 

environmental impacts of producing the washing machine over the functional unit.  

Moreover, the experts stressed how the users’ behaviour is strictly dependent to the 

characterization of the context where they live in. In both workshops the experts highlighted 



that the variables in the context/territory category play an important role in influencing the 

environmental impacts. 

According to the systemic approach, in fact, the territory with its specificities influences the 

behaviour of the inhabitants. Because of that, the “factor of locality” should be taken into 

consideration during the design of a product, or a service, and also in the calculation of its 

environmental impact (Bistagnino, 2011). This may, for example, include such factors as 

choice of wash temperature, the importance of having a full washing machine before it is 

used, etc. These factors may also be related to socio-economic factors and cultural aspects 

such as how ‘clean’ is defined.  

During the workshop, the experts suggested the possibility of including a sort of “parameter 

of locality”, different for every territory, through which the quantitative data from the LCA 

should be critically used in different contexts. It is interesting that, even though the 

backgrounds of the experts in the two parallel sessions were different, both workshops 

expressed the necessity of including more qualitative data to the LCA approach. 

Both causal maps show a partial overlapping of different domains, i.e., variables that were 

classified in more than one domain; the comparison of this fact with the previously literature 

review shows the linearity of the LCA approach, probably due to the necessity of the LCA of 

defining measurable data usable in different studies.  

Despite the both maps show the same domains, variables are often different; this fact is 

probably due to the non-homogeneous background of the experts, which was the key element 

for making multidisciplinary workshops. Probably for this reason, experts for the washing 

machines’ map which work in the design field, were particularly focused on the 

environmental impact caused by the product itself e.g. shape of the product and by the 

relationships that the product has with the other products in the house e.g. links with the other 

appliances; while variables pointed out during the vehicles’ workshop are more related to a 

general level e.g. traffic jam or city infrastructure, and do not consider the possibility of re-

building the vehicle in a different way.  

5. Discussion  

5.1. Building causal maps 

One of the beneficial effects of causal mapping is that transformed tacit knowledge in explicit 

knowledge and put it in a systemic perspective. It thus revealed important relationships 

between various elements that influence the environmental impact of washing machines and 

passenger vehicles. During the implementation process and building of the causal maps a 

number of limitations or difficulties were identified. Experts participating in the workshops 

were not familiar with +/- signs and they thought the signs were too much constraining. For 

further development of the causal maps, authors should endeavour to find an easier way to 

characterize causes and consequences in the map, in order to preserve the “systemic 

character” of the workshop.  

The duration of the workshop proved to be a factor limiting the both the drawing of the maps, 

discussing all the links among the factors, identifying feedback loops and also for thinking 



about the specific role of each element in the map. In subsequent workshops experts will have 

more time for discussing their opinions and defining their terminology. 

Despite the different backgrounds of the experts, it is interesting to notice that both of the 

workshops underlined two main issues. The former is the necessity of including qualitative 

aspects in the analysis of the environmental impact of products, and the latter is the relevance 

of the context as factor of influence of several parameters, such as human’s behaviour, 

cultural identity of the product, city’s infrastructures and policies. 

The causal maps can produce new, fresh and valuable strategic insights in a system 

perspective. These insights can change the perception of the LCA results and be combined 

with them to ultimately take purposeful actions to improve a problematic situation. The 

differences between the results of the LCA studies and the causal maps can stimulate the 

debate about the process of change and responsible decision making. 

5.2. Next steps 

Two opportunities for further research are seen. The first one concerns the common use of 

causal mapping and LCA, secondly, the development of quantitative system dynamics 

modelling. 

5.2.1. Common use of causal mapping and LCA 

Regarding this common use, a first proposal is to develop a causal map to build a meta 

understanding (big-picture) of a situation seen as problematic before undertaking a LCA 

study. This approach may give a view of where the variables considered in the LCA stand in 

relation to the variables considered in the causal map.  

A second idea regarding the common use of causal mapping and LCA is to define parameters 

related to the territorial factor to the LCA. These parameters could be used as factor of 

correction for the quantitative data that come from the LCA. This would allow fitting and 

characterizing the study in the particularities of different territories. From this point of view, 

the function of the “corrective” parameters (that can be called “parameter of locality”) could 

influence the data from the LCA, giving to them a different value in term of the 

environmental impact, according to the characteristics of the territory in which the product is 

located. 

5.2.2. Quantitative system dynamics modelling 

Quantitative system dynamics modelling can reveal not only variables, causal links and their 

polarity, but also delays as well as feedback loops. Soft variables like human behaviour and 

life-style can be quantified (see Sterman (2000)). The models could then be simulated on a 

computer to look for nonlinearities relations underlining the system behaviour. Quantitative 

system dynamics modelling and simulation offer a full understanding of the behaviour of 

systems. 



6. Conclusion 

This study underlined that variables normally included in LCA studies and variables usually 

not included can influence each other though cause-effect relations. These interactions affect 

the overall environmental impact of a product. Therefore, they need to be considered when 

solutions are proposed. Our preliminary findings show that the variables usually not included 

in LCA studies tend to be more soft variables, dependent for instance with human behaviour 

and context / territory. 

Causal mapping can be used to identify which are those relevant variables and to describe 

how they potentially interact. This knowledge might improve the quality of the decision 

based on the LCA studies. 
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