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Abstract 

Abstract 

The aim of this research is to analyze the feasibility of the product concept of Desol, which is a 
concept to desalinate seawater to fresh drinking water with the use of solar energy, in order to give 
support for further development and exploitation. The feasibility analysis is firstly based on a market 
research , which embraces a research on potential markets, and identification of competitive 
techniques and products. Secondly, a technical research, wh ich analyzes the process and gives 
suggestions for redesign and implementation. 
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Introduction 
The research has been carried out at the companies WA TTPIC Intelligent Energy and Fraunhofer 
TEG. Together with five other companies they cooperate in a European consortium set up to develop 
the Desai technology. Desai is a name chosen as a combination of the two words that are 
authoritative for the process; namely desalination by solar heat. The technique, hereinafter referred to 
as 'Desai' or 'Desol technique' is explained further on . 

Desalination is the process referred to when producing potable fresh water out of saline water. This 
process can be valuable for areas facing little or severe stress of natural fresh water. For example on 
the Arabic Peninsula, where almost all fresh water demand is met by desalination of fresh water out of 
saline seawater. The installed desalination capacity there corresponds with roughly half of the 
worldwide installed capacity of 33 million cubic meters water per day. But also closer to home, some 
Mediterranean areas faces increasing water shortages during summer period and it is prospected to 
keep on rising in near future. 

Problem definition and assignment 
As being said , seawater desalination has already proven its potential in countries in the near East 
region and in some Mediterranean countries facing severe stress of fresh drinking water. However, 
this occurs in large-scale applications that feed the regional water grids. The Desai consortium 
developed a technology that makes it possible to produce fresh drinking water on small-scale, 
completely sustainable and independently. This independency means also that it is not influenced by 
external factors which concern desalination plants driven by fossil energy sources, as increasing fossil 
fuel costs. This Desai technique looks promising , but is it feasible? That is the main ground for this 
research . The research assignment is therefore formulated as follows: 

"Perform a feasibi/Jty study for the developed desalination product of the DeSol technology and design 
a potential exploitation for this product" 

Objectives 
To fulfil the research assignment, objectives are specified in order to help g1v1ng a considered 
judgement about the exploitation of the product. The main objectives are listed below: 

• Product analysis: In this stage the technology of the Desai product has to be analysed thoroughly 
and specified. The result of this product analysis will consist of specifications that are necessary to 
perform a competitive analysis. 

• Competitive analysis: In this stage all currently commercially available types of desalination 
technologies, which operate with the use of sustainable energy sources, will be investigated and 
specified. These specifications can be compared with those obtained for the Desai product. The 
result of this competitive analysis will give an indication whether the Desai product has added value 
for the consumer compared with competitive technologies. 

• Market analysis: Here the potential areas of distribution , and size and type of water services will be 
investigated (single households, communities, hotel industries etc.). The result of this phase will 
determine the conditions over which an area has to possess in order to consider it as a potential 
area of distribution. An extension on the market analysis in desalination is the analysis of markets 
other than desalination in which Desai has its potential. 

Feasibility analysis 
The research assignment and its corresponding objective evoke some questions. Research questions 
are formulated, and answering them forms the thread of argument in the research and this 
accompanying report. The second research question is based on the research assignment, which 
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asks for the feasibility of the Desol , first some parameters for such a study are dealt with and 
subsequently what it involves for Desol. In general a feasibility study will be based on extensive 
research on both the current situation and the proposed situation with the implementation of a 
particular project and its impact. Accordingly, it will contain data related to the financial and 
operational impact of a project, including advantages and disadvantages, describing the existing 
situation and the proposed plan. 

Specific for the Desol product, which is still in its development stage, its feasibility can be seen as a 
phase in the new product development of the product. The product development phase of Desol can 
be assigned between the feasibility research and development. The activities described to be 
executed in the second phase, the feasibility research , are: 

1. Experimental technical research 
2. Market research 
3. Analysis and integration of findings 

Experimental technical research of Desol is performed by the research institutes Fraunhofer and 
CRIC, and currently is in an advanced stage. The concept proved to be technical viable and is 
working under 'in field ' conditions. The second activity of the feasibility analysis is the market 
research . Since this activity is not yet treated within the scope of the Desol project, market research 
has been an important part of this research. The third activity of this phase, analysis and integration of 
findings, consists of the integration of the former two activities. 

Findings of the technical research 
How does desalination works? How does Deso! works?These questions are dealt with in two shares. 
Firstly, literature research gives an elaborated review on the different processes in desalination, and 
how competitive products work divided per method of desalination based on the underlying process 
which support them. Roughly we have seen two scale divisions, either large-scale processes and 
small-scale processes, and further elaborated their underlying processes. The Figure summarizes the 
different desalination processes and their differentiation. The different processes can be seen as 
either vaporization-based (e.g. heat utilizing processes to separate salt from the saline water, as 
distillation-based and humidification-based) and membrane-based. In the first type of process it is 
desirable to decrease the energy consumption for the supplied heat in order to reduce costs. In the 
membrane-based processes cost reduction can be realized by applying cheaper membranes or 
extent the lifetime, since these are the major cost components in this type of process. 

Large-4C81e 
. . processes 

(>.20m,lday) , 

·R-OM'IOM --, _: V"f'Of~ ' 

Figure 0. 1: Overview of different desalination processes 
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Secondly, the analysis on the functioning of the Deso! technique. Its falling water column leaving a 
vacuum behind which enables the water to evaporate at temperatures between 40 and 60 degrees 
centigrade, its potential advantages and disadvantages compared to competitive products. One of 
these advantages is that there are almost no technically advanced equipments and moving parts 
needed, as e.g. a vacuum pump and other complicated machinery. This can decrease investment 
cost and costs for operation and maintenance. Also in this chapter the estimated production cost for 
Deso! is calculated to be in a range of six to fifteen euro per cubic meter of fresh drinking water 
produced, depending on the material composition. This production cost is for the current size and 
capacity of the Deso! installation, other sizes will likely change lower the figure. Other parameters that 
can lower the production cost are material use and design related . Choosing more common industrial 
materials, as e.g. plastics instead of stainless steel, and changing the design can divide the 
component cost in half directly influencing the production cost. The production cost range given 
preceding still is high compared to competitive products, which range from three to ten euro per cubic 
meter of produced water. The capacity with the current application size is approximately 400 to 500 
liters per day, or 0.5 cubic meters per day. 

Findings of the market research 
What are the potential markets for the desalination product of Deso!? In a first elaboration the 
smallest application size of Deso! (e.g. for single household use) has been chosen to be inappropriate 
to fulfill the market demand, because the production cost would be too high (due to the initial capital 
investment) in relation to the low consumption rate. Therefore the main focus for the potential market 
is oriented at medium size or larger. Tourist industries would be a promising market because of their 
water use that is at least medium sized , and they potentially can benefit from promotional factors that 
sustainability can evoke. Tourist industries have been written to, to call for their assistance by 
participating in a survey research in the following selected order of priority: Hotels, Camping sites, and 
Restaurants. The research has been carried out in the South European regions Catalonia, France, 
and Italy, where they border on the Mediterranean sea. The market research took place via an online 
survey to gather primary data amongst the tourist facilities this region . The facilities are invited by e
mail to participate and fill out an online questionnaire, with questions related to their water use and 
consumption, and their attitude for their facility towards investing in sustainable development and 
potentially in a sustainable drinking water installation , like Deso!. In order to increase response and 
reliability of the survey, amongst others the Tailored Design Method is used to underwrite the do's 
and prevent the don'ts in internet-based surveying. 

Resulting from research on these facilities, the highest potential for a standalone drinking water 
service, like Deso!, seems to be for French tourist facilities with a capacity of over 200 persons per 
day. Only this specific group rates with a significant agree on the question whether an own sustain
able drinking water installation would have their interest, for their facility's use. 

The overall trend, also for the Catalonian and Italian facilities, is a slight slope from a neutral opinion 
towards agreement on this question, the higher the facility's water consumption is. A remarkable 
observation in the highest water consumption category, respectively with an annual consumption of 
over 2000 cubic meters, are the Italian facilities. These facilities overall quite disagree, but show a 
sudden increase towards agreement for the facilities in this consumption category. Fulfilling the 
demand of these facility sizes would require Deso! to increase its current capacity at least tenfold. 

In contrast to their French colleagues, Catalonian facilities show to have no explicit and significant 
agreement on the question to have interest in an own drinking water installation. Their response is 
moderate for all types of facility size. This is a little contrary to the expectations because especially 
the Catalonian region was facing major problems in their water supply, due to risen water scarcity, at 
the moment the research took place (ANP, 2008). Interviews with facility owners and managers in the 
region show a similar outcome. Although there are respondents who like the idea, still a high number 
of respondents is skeptic about this new way of fulfilling their water demand. Others are of the opinion 
that it is up to the government to solve water scarcity problems, and not up to them. 
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In principle only facilities located in villages and cities near the sea have been invited to participate in 
the research. However, still the actual distance to the sea can range from tens of meters to a couple 
of kilometers. A research topic to analyze whether the facilities located near sea more see the 
benefits in using this seawater for drinking purposes and therefore have more interest in a standalone 
water service, than facilities located further away from the sea, shows no significant correlation. 
Which means that this awareness is likely to be not present, unfortunately. 

An analysis on four comments presented in the questionnaire, rang ing from general awareness in the 
rising water price for their facility, towards more specific own sustainable drinking water possibility for 
their facility , camping sites and hotels show the earlier observed slight slope from agreement on the 
general comment, downwards to the more specific own drinking water comment. The facility type that 
consists of a hotel and restaurant combination , shows this trend towards less agreement even more 
extreme. From the different types of facilities that are invited to participate in the research, restaurants 
show the highest agreement on the own sustainable drinking water installation comment, although it 
is no significant agree. 

The technical and economical topics of the market research conclude that the majority of the 
respondents are prepared to invest between 5,000 and 10,000 euro. Around thirty percent is prepared 
to invest over 10,000 euro. A maintenance free period for an installation that lies between 1 month 
and one year is optimal. So a Desol installation should definitely not require maintenance more than 
once a month. Where around three-quarters of the respondents indicate to perform this type of 'small' 
maintenance in-house and not outsource to specialized companies. A last point of interest, from the 
technical point of view, is whether there will be enough space to place the solar collectors that support 
the input of heat required for the Desol process. Eighty-eight percent of the respondents indicate to 
have sufficient space on the roof or ground to place the solar collectors. Of this group some only have 
an angled roof, which would not allow to place the Desol installation itself. On the question whether 
they have sufficient space on the top floor to place an installation, 5 out of the 52, indicate to have no 
such space available, this is less than ten percent of the angled roof holders. 

What are other markets than desalination in which Deso/ might have potential?This question is linked 
with the previous question in such a way that they both have a market research perspective. 
Distinction is made here, that purposes where Desol can have potential are not in the field of 
seawater desalination. In other words, Desol's industrial potential as being a distillation-based 
process. 

Research shows a tremendous increase in expenditures of industrial process water treatment over 
the last few years, respectively for industrial water supply, wastewater treatment and water treatment 
processes. As a result of the analysis in these three types of treatment purposes, wastewater 
treatment is still a relatively young market, which has not yet been applied on large-scale. Water 
treatment processes form the more mature segment of this market, with industries as automotive and 
chemical that have already invested a lot in the employment of these processes. With the ever-tighter 
emission control of wastewater and its current relatively low market appliance, wastewater treatment 
processes form an application for which the Desol technique has potential. 

However, in the type of process or industry where both membrane-based and evaporation-based 
processes can fulfill the operation , membranes are expected to operate less expensively. 
Opportunities for evaporation based processes are treatment procedures that highly contaminate 
membranes in such a way that these membranes are not sufficient to do the work. Mentioned 
examples of being less sufficient are the paper and pulp industry and paint shops. Another industry 
where membranes can lack their usefulness, is the food and beverage industry. Already proven to be 
less sufficient to treat with membranes are some emulsified and dissolved oils from wastewater in th is 
type of industry. Leaving a higher chance of fulfilling the job by a distillation or evaporation-based 
process, as Desol. 
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Recommendations based on findings of the technical and market research 
The recommendations resulting from this research can be related to the market and technical 
research topics. To start with the market research, the interest in a standalone sustainable drinking 
water installation is low compared to the importance facilities attach to green and sustainable allure. 
Facilities do not want to spend more, or much more, money in their drinking water expenditures than 
their current supply enforces them. The further the material cost for a Desai unit decreases, the higher 
the share of solar collector on the total capital cost. Since the collector cost is predefined, the 
production cost of Desai soon reaches a point that it is hard to reduce any further. Using more effects 
will then be the only solution to reduce the total amount of solar collector surface, and with this 
reduction the total capital cost. Unfortunately, an infinite number of effects will also not solve the 
problem. Investigation in alternative sources for heat supply can add value to the feasibility of the 
installation. Making use of waste heat from processes, the total capital cost can be reduced, thus 
increasing the cost effectiveness. Waste heat from air conditioning systems can be thought of as 
source of heat supply in the tourist industry. 

Suggestion for technical improvement results from a cost- and thermodynamical analysis in the 
technical research section. The following five material and design properties have been reassessed: 
• Material usage: A shift towards plastics that can fulfill the same demands as stainless steel, and 

longitudinal finned tubes in the heat exchanger leads to lower cost, due to decrease in material use. 
• Design simplifications: Avoid the use of relatively expensive curves and t-sections by using straight 

materials. 
• Oversized parts: Some sections of the unit are over dimensioned for their needs, resulting in higher 

material costs. This can also lead to increased heat loss when the surface to the outside of the 
system is higher than needed. 

• Stability: Higher stability can lead to less frame costs. 
• Modular design: One modular effect can easily be used to create a unit ranging from one to four 

effects with less adaptations. 

The suggestion of use for alternative materials should be able to achieve savings in the material costs 
of around 60 percent. Reassessment of the Desai unit's design, results in the suggestion for redesign. 
This suggestion should be able to achieve an even higher cost reduction. Compared to original unit 
with stainless steel components a reduction of up to 80 percent seems viable by the cost analysis. 

The industrial potential of Desai has been analyzed in a general way in this research. This analysis 
shows some industries that are completely not interested to fulfill their needs by Desai, but there are 
also some industries that indicate to have future challenges for wastewater treatment with the help of 
Desai. E.g. in the food and beverage industry, which is in its early adopting development stage in the 
field of wastewater treatment. A more specific investigation in these challenging industries is 
recommended in order to analyze Desol's added value here more in detail. 
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Chapter 1. Introduction 

1.1. General introduction 

Chapter 1. Introduction 

The citations on the title page speak for themselves. Without being a worldwide general 
understanding, there are major areas suffering severe shortages of fresh potable water. To get an 
idea, water shortages already affect the life of half of the world 's population in at least 88 developing 
countries only. In these developing countries 80 to 90 percent of all diseases and 30 percent of all 
deaths are the result of poor water quality and supply (Leitner, 1998). Over the next twenty years the 
water shortages are expected to increase four folded. These increases are being caused by 
population growth and increased industrial demands. As a rule of thumb, human water demand 
doubles every twenty year, this is twice the rate of population growth; according to an investigation of 
Engelman et al. (2000) in the population versus the natural resources. 

Fresh Water - 2.5 % 

Nonrenewable - 30.2 % 

110.000 km3 

Renewable - 0.3 % 
Salt Water - 97.5 % 

Figure 1. 1: World water distribution (Shik/omanov, 1993) 

The total amount of water worldwide is estimated to be 1.4 billion km3
. From this total amount of 

water, the majority is saline water, namely 97.5 percent. The remaining 2.5 percent of this total 
amount of water is estimated to be fresh water, this percentage corresponds roughly with 35,000,000 
km3

. The majority of these fresh water resources are inaccessible since they are contained in glaciers 
and ice caps (see Figure 1.1 ). Another 30.2 percent of the world wide amount of fresh water is 
considered as nonrenewable. This water is held as groundwater, surface water, in plants, and the 
atmosphere (Shiklomanov, 1993). Miller (2003) compares the situation with fossil fuel resources that 
are also nonrenewable. Almost all of this nonrenewable water will accumulate slowly over time and 
can therefore not be considered as renewable. Then there is a small piece of the pie chart left that 
contains of renewable fresh water, respectively 0.0075 percent of the total amount of world wide 
water, corresponding with 110,000 km3 of water. Rain that precipitates over land is seen as the only 
natural source of renewable fresh water we have. 

1.2. Research assignment 

1.2.1. Background of the research 

A way to fulfill the demand in fresh potable water is to obtain it from the sea. The major problem with 
this seawater is that it contains dissolved substances such as sodium chloride, calcium bicarbonate, 
magnesium sulphate, and a lot of other substances. The World Health Organization (WHO, 1984) 
defined the palatability of water as a function of the dissolved solids it contains, shown in Table 1.1. 



Table 1. 1: Palatability as function of the dissolved solids (WHO, 1984) 

Palatability 

Excellent 

Good 

Fair 

Poor 

Unacceptable 

Dissolved solids (mg/I) 

Less than 300 

Between 300 and 600 

Between 600 and 900 

Between 900 and 1 ,200 

Greater than 1,200 
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Table 1.2 shows the dissolved solid values corresponding with the different types of water. Another 
way of expressing the amount of dissolved solids in water, also referred to as salinity, is by saline 
concentration , expressed in parts per million (ppm), and is often described as total dissolved solids 
(TDS). When these values are compared with the average dissolved solids allowed in drinking water, 
it is evident that these solids need to be removed from the saline water in order to make it potable. 

Table 1.2: Classification of water by dissolved solid content (FAST, 2004) 

Description 

Fresh potable 

Mildly brackish 

Moderately brackish 

Heavily brackish 

Average seawater 

Brine water 

Dissolved solids (mg/I) or Concentration (ppm) 

Less than 500 

Between 1,000 and 5,000 

Between 5,000 and 15,000 

Between 15,000 and 30,000 

Between 30,000 and 35,000 

Greater than 100,000 

Desalination is the process referred to when producing potable fresh water out of saline water. This 
process can be valuable for areas facing little or severe stress of natural fresh water. For example on 
the Arabic Peninsula, where almost all fresh water demand is met by desalination of fresh water out of 
saline seawater. The installed desalination capacity there corresponds with roughly half of the 
worldwide installed capacity of 33 million cubic meters water per day (Augsten , 2007). Over the years 
many techniques have been developed to perform this desalination process. The major problem is 
that the desalination process consumes huge amounts of energy, and with most of the techniques this 
energy demand is sufficed with fossil fuels. For areas as the Arabic Peninsula this will be no problem 
with respect to supply and cost of these resources, at least for now, for other areas this can lead to 
implications right now. Developing countries suffering poor energy infrastructure and the rising 
expenses for energy also will not help. Of course not only developing countries suffer these 
disenchantments, also rural areas in developed countries can involve poor infrastructures. 

1.2.2. Research problem 

To settle with this problem, the Desol consortium developed a technique to desalinate seawater with a 
process completely driven by solar energy. Desol is a name chosen as a combination of the two 
words that are authoritative for the process; namely desalination by solar heat. The technique, 
hereinafter referred to as 'Desai ' or 'Desol technique' is explained further on in this report. The initial 
objective for the development of the Desol technique is to serve European areas suffering fresh water 
shortages and have high solar heating potential, like Mediterranean countries as Spain , France, 
Greece, and Italy. Especially during holiday season the population increases considerably by mass 
tourism exert incredible influence on the already scarcity of fresh water (Niesing, 2007). 

1.2.3. Research assignment and research questions 

Recently the concept of the Desol technique has been tested with a laboratory prototype under 
laboratory conditions. At the moment this laboratory prototype just started its 'in the field' testing under 
real life conditions. The main purpose of this assignment is to assess Desol's feasibil ity by performing 
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a feasibility research to analyze its potential in the market and to assist in the judgment of taken the 
technique into a next phase in product development, transforming it from a laboratory set-up into a 
more market ready prototype. The research assignment is formulated as follows: 

"Perform a feasibility study for the developed desalination product of the DeSol technology and design 
a potential exploitation for this product" 

Objectives 
To fulfil the research assignment, objectives are specified in order to help giving a considered 
judgement about the exploitation of the product. The main objectives are listed below: 

■ Product analysis: In this stage the technology of the Desol product has to be analysed thoroughly 
and specified. The result of this product analysis will consist of specifications that are necessary to 
perform a competitive analysis. 

■ Competitive analysis: In this stage all currently commercially available types of desalination 
technologies, which operate with the use of sustainable energy sources, will be investigated and 
specified. These specifications can be compared with those obtained for the Desol product. The 
result of this competitive analysis will give an indication whether the Desol product has added value 
for the consumer compared with competitive technologies. 

■ Market analysis: Here the potential areas of distribution, and size and type of water services will be 
investigated (single households, communities, hotel industries etc.) . The result of this phase will 
determine the conditions over which an area has to possess in order to consider it as a potential 
area of distribution. An extension on the market analysis in desalination is the analysis of markets 
other than desalination in which Desol has its potential. 

Research questions 
The objectives of the research assignment evoke some questions. It is the research 's goal to give 
answer on the questions. These so called research questions can be formulated , and answering them 
forms the thread of argument in the research and this accompanying report. 

■ What is desalination and why is there need for desalination? 

■ What involves a feasibility study and what specific for Deso/? The aim of this question is to give 
answer on feasibility aspects in a general product development process, and specific in the Desol 
development process 

■ How does desalination works? How does Deso/ works? How do competitive products work? This 
research question involves the analysis of factors that are relevant for a competitive analysis, both 
for Desol and for competitive techniques and products. 

■ What are the potential markets for the desalination product of Deso/? This question results from the 
last objective and speaks for itself. Hopefully in the end of the research a good picture can be 
formed of the potential market, with identification of possible customers and their specification in 
needs. 

■ What are other markets than desalination in which Deso/ might have potential? This question is 
linked with the previous question in such a way that they originate from the market analysis 
objective. Distinction is made here for the desalination product separate of a product for purposes 
other than desalination. 
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1.3. Research design 

The research design consists of the steps towards the fulfillment of the objectives and their related 
questions of the research, and is schematically visualized in the design proposed by Verschuren and 
Doorewaard (2000), and shown in Figure 1.2. 

Figure 1.2: Research model (adapted from Verschuren & Doorewaard, 2000) 

The model can be read in the following way: A vertical arrow indicates a confrontation between two 
concerns. A horizontal arrow indicates the conclusion that can be drawn from the confrontation. 
Starting from the left side the first confrontation is between different perspectives from theories, 
interviews with experts and other related literature. This results in a conclusion of assessment criteria 
which form the point of view of the research. The second step of confrontations take place between 
the assessment criteria and the research subject, the facility by Deso!, and between the criteria and 
both the current and competitive facilities. All three confrontations conclude in results that appear from 
the analysis between the criteria and the way of facility; shown in the figure as analysis results. The 
last confrontation is between the analysis results of the different ways of facility, resulting in a 
conclusion that can be drawn regarding the feasibility. 

In the research exploration the potential applications for the Deso! technique turned out to be small
scale production of drinking water and the reuse or treatment of industrial waste water. Small-scale 
production of drinking water can range from single households up to the extend of small 
neighborhoods. A distinction has to be made within the terminology of 'scale' ; The large-scale 
purposes of Deso! with a maximum capacity of 10 m3/day, and the general understanding of large
scale desalination applications that start with a capacity of at least 10 m3/day. Small-scale Deso! 
applications can be as large as single households, medium-scale Deso! can be applicable for 
communities comparable with a medium sized hotel, and large-scale Deso! can as mentioned before 
be applicable for small neighborhoods comparable with a large sized hotel or resort. Summarizing, 
there can be stated that there are three main categories of drinking water production with Deso! 
depending on size; namely the above mentioned small-, medium-, and large-scale Deso! applications. 
Deso! application other than for desalination purposes the categorization based on scale can not be 
formulated this straightforward and therefore requires a general approach in this research . 
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The Desol project is carried out by seven European enterprises, forming the Desol consortium. The 
initiative for this research is taken by two of the consortium members: WATTPIC Intelligent Energy 
and Fraunhofer TEG, described hereinafter. 

1.4.1. WA TTPIC Intelligent Energy 

WATTPIC Energia Intel ~igent is a cleantech company working in the field of distributed sustainable 
energy. The company is headquartered in Barcelona, possess two technology centers in Girona, 
Spain as well, and an international office, from which the international branch is served and projects 
are coord inated, located in Amsterdam. The core business of WATTPIC is the exploitation of their 
own developed dual axis solar tracking system. This system allows solar collectors to follow the sun in 
both the vertical and horizontal direction, resulting in higher efficiencies per solar collector than 
systems installed in a fixed direction. The system is recently introduced in the Spanish market and 
they are now setting up product launches abroad. Apart from this system they participate in several 
projects on development and implementation of Renewable Energy Systems (RES) and Distributed 
Energy Resources (DER). One of these projects is the development of Desol, for which it is in control 
of exploitation related activities and home base for this research. The company mission is formulated 
as follows: 

"Develop, manufacture and install technology in the field of energy management and generation. 
Favouring an intelligent energetic model, distributed over territory, based on local resources, providing 
secure and economic registration for society, while minimising CO2 emissions and environmental 
impacts " 

1.4.2. Fraunhofer TEG 

Within the consortium Fraunhofer TEG is the larger sized company and also the project coordinator. 
The Fraunhofer Technology Development Group, or Technologie Entwicklungsgruppe (TEG), is one 
of the 80 institutes of the Fraunhofer Society, and is located in Stuttgart, Germany. With technical 
expertise in a wide field of work, the department responsible for Desol specializes in innovative water 
management and water treatment processes. Together with the consortium member CRIC they 
provide the technical knowledge and facility to enable Desol's laboratory prototype in order to analyze 
its technical feasibility. They also provide the technical support for this research. The company 
mission for the Society is formulated as follows: 

"The Fraunhofer-Gesellschaft promotes and undertakes applied research in an international context, 
of direct utility to private and public enterprise and of wide benefit to society as a whole. By 
developing technological innovations and novel systems solutions for their customers, the Fraunhofer 
Institutes help to reinforce the competitive strength of the economy in their region, throughout 
Germany and in Europe" 

1.5. Outline of the report 

After the previous introduction in the needs and expecting future demand in fresh water, and the 
opportunities of desalination to fulfill this demand, the basic physics, most commonly used techniques 
for desalination with special focus on small-scale applications will be dealt with in Chapter 2. Chapter 
3 will elaborate on the research methodology that is used to select relevant data, to gather this data, 
and to analyze the data. Additional accent is placed on the international aspects and its potentially 
consequences on the validity and reliability. Chapter 4 focuses on the first aspect of a feasibility study 
in a new product development stage, namely the technical research and its findings. The next step in 
this feasibil ity study is a market research. In Chapter 5 this market research is performed and its 
results are described extensively. Describing competitive products to give the opportunity of 
benchmarking them with Desol is part of this Chapter as well. Finally, Chapter 6 will integrate the 
analysis and findings of its preceding Chapters in order to draw a conclusion about the feasibility and 
recommendations for the exploitation of Desol. 
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Chapter 2. Literature Review 

This part of the research comprises a literature review in what is written in desalination that can be 
relevant for this study. First treat is: What is desalination exactly and how does it work? A second part 
of the Chapter will focus on the small-scale variant of desalination applications, since this is likely to 
be the field of work for Desai, as mentioned earlier. 

2.1. Desalination methods 

Desalination is referred to as the separation process to reduce the salt content of water. Basically 
there are three major techniques to desalinate water. All current available methods can be classified 
as a derivate of one of these techniques. The three techniques are: Distillation-based processes, 
membrane-based processes, and crystallization. In this paragraph the different techniques are 
explained and the most used methods based on the respective technique are mentioned. 

2.1.1. Distillation-based processes 
Distillation-based processes have as physical basis: evaporating fresh water out of saline water. 
Although distillation-based processes are under competitive pressure of the membrane-based 
processes, they are currently still the most commonly used technique. There are three widely used 
techniques making use of distillation processes; multistage flash evaporation, multi-effect evaporation, 
and vapor compression. 

Multiple Effect Evaporation 
Multiple effect evaporation owes its acronym to Multiple Effect Distillation (MED). MED is a technique 
first installed in a desalination unit in 1960, and was widely used before multistage flash evaporation 
(MSF) was developed. MED makes use of the distillation of fresh water out of a brine feed flow. The 
method operates at low top brine temperature between 60-70 degrees Celsius, this in contrary with 
the subsequently described multi stage flashing method. The feed water is sprayed into the first effect 
on a steam heated tube and partly vaporizes. The vapor resulting from each effect is condensed in 
the following effect, where it is used as heating source for evaporation. The stages of a MED 
installation, the effects depend on each other as either evaporation or condensation sources of 
respectively the previous or next effect, as can be seen in the three stages example of Figure 2.1. 
The multiple effects function as chain reaction , where each effect is held at lower pressure than the 
previous one, and can contain up to 40 effects. The thermal energy demand ranges from 30 to 100 
kWh1h per cubic meter fresh water produced, depending on the number of effects and its heat 
recovery (AI-Sahali & Ettouney, 2007). 

Steam In 

Condensate 
Beck to Boiler ~~--

Brine 
Discharge 

vapor 

Brine Feed 

Brine _J 
Discharge 

Bme ._J 
Discharge 

Condensate 

Figure 2. 1: Schematic Multiple Effect Evaporation (Miller, 2003) 

6 

Saline 
Feed 

Fresh 
Water 



••m: 
ia 

Fraunhofer Techno logie
Entwicklungsgruppe 

Multistage Flash Evaporation 

Chapter 2. Literature Review 

The multistage flash evaporation (MSF) operates by evaporating fresh water out of the brine feed. 
The feed water is pumped into the system and preheated by the multiple evaporation stages (the 
upper flow in the different stages shown from the right to the left in Figure 2.2) to a temperature of 
approximately 107 degrees Celsius. During this phase of the process the brine is kept under a 
pressure of three bars. Due to the pressure inside the tube, the water of the brine will not yet 
evaporate. In the brine heater the brine is further heated to exact 112 degrees Celsius. This exact 
temperature is important to prevent scaling of the installation by the salt content. The heated brine is 
fed into first stage, where it finds a slightly lower pressure. The lower pressure leads to evaporation of 
around one per cent of fresh water out of the brine. Subsequently the vapor condensates to fresh 
water under influence of the low temperature brought into the system by the inflowing feed water. The 
fresh water condensate is collected, and pumped out of the system. The remainder of the brine will 
flow to the second stage, where the pressure is again lower than the pressure of the preceding stage, 
and another one percent of the content will evaporate and condensate to fresh water. This process is 
repeated and with 16 to 18 stages around twelve percent of the fresh water content can be distilled 
from the brine. A large-scale MSF installation can contain up to 40 stages and the thermal energy 
demand ranges from 60-120 kWh1h per cubic meter fresh water produced (Augsten, 2005). Although 
MED technique was developed earlier than MSF, and has a better thermal performance, it lost 
interest and was replaced by MSF due to scaling problems occurring on the heat transfer tubes (AI
Shammiri & Safar, 1999). 

Brine Heater 

Steam In 

Condensate 
Back to Boiler 

Ejector Steam 

Figure 2.2: Schematic Multistage Flash Evaporation (Miller, 2003) 
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Vapor compression (VC) relies on reduced pressure operation to evaporate the feed water. The heat 
for the evaporation is supplied by the compression of the vapor, either with a mechanical compressor 
(mechanical vapor compression, MVC, shown in Figure 2.3), or by steam (thermal vapor 
compression, TVC). Vapor compression processes are useful for small to medium installations 
(Buros, 2000). MVC units typically range in size up to about 3,000 m3/day while TVC units can range 
in size to 20,000 m3/day. MVC systems often have only one single stage, while TVC systems have 
several stages. This difference is due to the fact that MVC systems have the same power 
consumption (power/unit fresh water produced) regardless of the number of stages, while the thermal 
efficiency of TVC systems is increased by adding additional stages (Mandani et al., 2000). Therefore 
additional effects to a MVC system only mean increase of capacity. 
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Figure 2.3: Schematic single stage mechanical vapor compression (Miller, 2003) 

2.1.2. Membrane-based processes 

Membrane-based processes make for their desalination processes use of membranes. Due to 
decreasing membrane production costs, these processes become more and more competitive with 
the distillation-based processes. There are two widely used techniques making use of membrane
based processes; reverse osmosis and electrodialysis. 

Reverse Osmosis 
Reverse osmosis (RO) is the most used water 
desalination technique based on membrane separation 

Higher Containinant 
process. In a normal osmosis process, water flows from =1r•m 
a solution with lower salt content through a membrane 
to a solution with higher salt concentration , by natural 
osmotic pressure (see Figure 2.4). By applying a 
pressure on the higher contaminant side of the 
membrane, this natural process can be reversed , 
separating the water from solutes, and leaving the 
solutes behind. Seawater has a natural osmotic 
pressure of around 25 bars that has to be surmounted; 
therefore a pressure of 50 to 60 bars is needed. No lw'-4"-r• 

heating or phase change of the feed water is necessary 
for this separating process. On the other hand much 
energy is required to create the pressure. By using 

Normal Osmosis 

Reverse Osmosis 

electrical energy for reverse osmosis, the consumption 
of energy can be as low as 3 kWhe1/m

3 for large 
installations (Augsten, 2005). Two improvements have 

•••••• • • •• •• • 

helped reduce the operation costs of reverse osmosis 

L°"9'-~ami;"Gnt 
Ccocen1ratla1 

Pme Wat• 

plants since the past decades, the development of Figure 2.4: Reverse osmosis (Koschikowski et 
better membranes, to operate efficiently at lower al. , 2007) 

pressures and declining membrane cost due to the use 
low cost polymers, and the use of energy recovery devices also helped reducing the operation costs 
according to Smith and Shaw (1994). In practice through reverse osmosis membranes salt contents 
can pass through, or leaks around seals, in small amounts; as general rule is taken that one or two 
percent of the salt content of the feed water can pass through the membrane. This value can be 
accepted for drinking water purposes (Meyer et al. , 2006). 
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Electrodialysis (ED) utilizes a direct current source and a number of flow channels separated by 
alternating anion and cation selective membranes to achieve the separation of water and dissolved 
salts (see Figure 2.5). Since the driving force for the separation is an electric field , electrodialysis is 
only capable of removing ionic components from solution, unlike reverse osmosis or distillation 
(Bures, 2000). In the process, brine is fed in the channels. Cations and anions then migrate in 
opposite directions in response to the applied voltage. Due to the charge selectivity of the 
membranes, the ion concentration increases and decreases in the different sections of the unit. A set 
of these channels and membranes functioning in parallel are called stack, because they are stacked 
together forming one unit. Since the electric resistance in the stack varies from top to bottom, the 
separation is often carried out in series of small steps. This makes the process more economical and 
easier to control (Spiegler & El-Sayed, 1994). Electrodialysis can only be economically viable when 

Calion selective 

DC Current 
Negative Pole 

Saline Feed j 
~-~ 

Anion selective 

DC Current 
Positive Pole 

brackish water is used for feed water; 
preferably with TDS levels of up to 4,000 to 
5,000 mg/I. The ED processes have a waste 
discharge ranging in volume from 10 percent 
to 50 percent of its output of freshwater 
(UNEP, 1998). Important for electro-dialysis is 
that the feed water has to be pretreated to 
prevent foul ing of the membranes, this can be 
done chemically. The electrical energy 
consumption for electrodialysis will be 
approximately 6 kWhe1/m

3 of produced fresh 
Fresh Water water. There needs to be emphasized, that this 

l""-------__J t:::==:J t::===~ value is for brackish water only. 
s e e .(.) EB e E>e e, e 8 

Concentrated Bme l Figure 2. 5: Schematic diagram of electrodia/ysis 
(Buras, 2000) 

2.1.3. Overview distillation-based and membrane-based processes 
The desalination of brackish water requires significantly less energy for the membrane-based 
processes than for the distillation-based processes. The theoretical value for desalting a four percent 
salt solution requires 3.6 MJ/m3 or the equivalent amount of electrical energy, 1 kWh/m3

. For brackish 
water, with a significantly lower salt concentration , this theoretical value is lower. With the use of 
distillation techniques the salt concentration in solutions has almost no influence on the energy 
required. In membrane-based processes, using reverse osmosis or electrodialysis, the required 
energy is almost linearly dependent on the salt concentration of the solution. Therefore these 
membrane-based processes are especially energy efficient for brackish water or low TDS 
concentrations. For the comparison of the caloric values of evaporation methods with the electrical 
consumption of membrane-based methods, the 'exergy' concept can be used (Stikker, 2002). With 
the concept of exergy the caloric values can be converted to their electrical energy equivalents. In 
other words, the electrical energy that would have been necessary to produce the thermal heat for the 
distillation processes. MSF then requires the amount of electrical energy somewhere between 15 and 
25 kWh/m3

, for MED this value ranges from 8 to 20 kWh/m3
. These values and other important 

parameters for comparisons between the five, previously mentioned , most common methods are 
shown in Table 2.1. 
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Table 2. 1: Summary of the main characteristics of the most commonly used desalination processes (Abdel-Jawad, 2001) 

Process Distillation-based processes Membrane-based processes 

MSF MED vc RO ED 

Operating temperature range 90-120 <80 60-105 (MVC) 15-40 15-40 
(OC) <80 (1VC) 

Operating pressure range Sub- Sub- Sub- and 2-8 Atmospheric 
(MPa) atmospheric atmospheric atmospheric 

Sensitivity to feed water Low Low-medium Low-medium High Medium-high 

Pre-treatment requirement minimum Minimum Minimum Extensive (site Minimum 
dependent) (brackish water 

only) 

Feed water salinity range Seawater Seawater Seawater Brackish and Brackish water 
seawater only 

Product water quality (ppm) Very high Very high Very high 100-500 250-500 

Product water recovery ratio 10-15 10-25 40-55 25-50 
(percentage) 

Production size range (m3/day) 4 ,000-75,000 2,000-20,000 100-3,000 0-10,000 0-30,000 

Energy requirement: 
-Heat (MJ/m3

) 250-300 150-220 220-240 (1VC) None None 
-Electrical (kWh/m3

) 3.5-5 1.5-2.5 1.5-2 3-9 - 6 (brackish 
water only) 

Total electric equivalent 15-25 8-20 11-12 (MVC) 3-9 -6 
(kWh/m3

) 

Scaling/fouling Low-moderate Moderate-high Moderate-high Low-moderate Low 

Spare parts replacement rate Moderate Low (Small Moderate High (high Low 
(Large pumps) pumps) (Vapour pressure pumps (membranes) 

compressor) & membranes) 

Figure 2.6 shows the share of the worldwide installed capacity of the different desalination processes. 
Traditionally distillation-based processes are mostly used , MSF respectively. Membrane-based 
processes are developing fast and the membrane costs are still decreasing. Since electrodialysis is 
not sufficient for seawater desalination, reverse osmosis has the major share within the membrane
based processes. 

Vapor Compression - 4 .3 % 

''-------

Electrodialysis - 5.6 % 

Multi-stage Flash - 44.4 % 

Other - 0.5 % 

Reverse Osmosis and 
Membrane Softening - 41 . 1 % 

Figure 2.6: Overview of worldwide installed capacity in 1998 by process type (Wangnick, 1998) 

2.2. Small-scale desalination methods 

In general one speaks of a small-scale desalination system, when it has a production capacity of 
maximum 10 m3 of fresh water per day. For these relatively small amounts of water, large systems as 
MSF and MED are not practicable because of their size and high initial investments. Therefore small-
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scale systems can be very useful in small sized facilities or rural areas with poor or no water 
infrastructure. Two basic differences in small-scale systems can be distinguished: Solar thermal and 
electrical. These two systems will be discussed and analyzed in this section. Although the DeSol 
technique can be seen as an installation for small-scale desalination and its desalination purposes are 
designed to operate by solar thermal heat, this technique will be treated more detailed in a separate 
section within Chapter 4. 

2.2.1. Solar thermal distillation 

This is the most commonly used process in small-scale desalination. Semiat (2000) describes that 
one of the main disadvantages of the solar still is that it requires around 250 m2 of solar collector 
surface to produce 1 m3 of fresh water per day. For this reason in the years many techniques have 
been developed to increase the efficiency, with the objective to decrease production costs of 
desalinated water by mains of solar thermal distillation. Below are a couple of these techniques 
mentioned and explained. 

Solar Still 
Although solar still is often referred to as the general processes , 1 , / 

that make use of solar distillation, here is meant the product that ::o::: 
/ I\' 

uses the most basic form of solar distillation, the Watercone. 
The Watercone is developed by Stefan Augustin (2007), and 
has as main objective to make a solar desalination process with 

very low material costs, in such a way that it can fulfill the need Figure 2. 7 . Watercone (Augustin, 2007) 
of fresh water for families in developing countries inexpensively. 
The product functions by putting a plastic cone on a reservoir of saline water, and let the water 
evaporate by with solar heat. By putting the cone upside down, the fresh water condensate can be 
extracted from the reservoir. A cone with a diameter of 80 centimeters can deliver up to 1. 7 liters per 
day. The cone costs around 20 euros and has a life expectation of 3 to 5 years. 

Memstill 
Memstill is a recently developed membrane-based distil
lation concept. The technology combines multi-stage flash 
and multi-effect distillation into one membrane unit 
(Hanemaaijer et al., 2006). Figure 2.8 shows that the 
Memstill unit contains of two tubular heat-exchangers 
transferring heat through a thin membrane. This membrane 
causes the vapor from one side of the heat-exchanger to 
pass through to the surface of the near other tube. At this 
tube the vapor condensates to fresh water, transferring its 
heat to the feed water. The advantages of this concept is that 
it has a simple design, with limited mechanically moving 
components, and due to its counter-current heat exchanging 
design it has almost no loss of energy (Stikker, 2002). 

Figure 2. 8: Principle of Memsti/1-process (Hanemaaijer et al., 2006) 

Aquasol 

con
densor 
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brane 
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brine 
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Auquasol is the name of a project based on improving the performance of a solar thermal driven MED 
system. The project focuses on three main technological aspects in the development of the system 
that can improve the efficiency, and therefore reduce water production costs. The three focus aspects 
are: 

• Efficient incorporation of solar energy by using CPC (Compound Parabolic Concentrator) type solar 
collectors. These type of collectors have a parabolic shape to improve collection from multiple solar 
angles. 

11 



Chapter 2. Literature Review 

■ Thermal storage tank to save heat and deliver it back to the system when there is no solar heat 
available, in order to guarantee a 24-hour water production. This leads to higher production rates 
per day, and can reduce capital costs since less capacity, and therefore capital in the system, can 
be sufficient to obtain the same daily fresh water reduction. 

■ The development of a new 'double effect absorption heat pump' which can be fully integrated with 
the first and last effect of the MED system to reuse the heat energy more efficiently. 

The result of this project was a reduction in the thermal energy consumption of 44 percent, from 63 to 
36 kWh1h/m3

, and a reduction in electrical energy consumption of 12 percent, from 3.3 to 2.9 kWhe1/m
3 

(Blanco et al., 2004). 

2.2.2. Solar humidification 

The solar humidification process is based on thermal evaporation of water, like MSF and MED 
processes. The main difference in the humidification process is that it is not the water that is heated 
and vaporized, but heated air is put in the system and water will humidify in the hot air. The system is 
based on the fact that heated air can contain much more water vapor than cold air (see Figure 2.9). In 
the figure it can be seen that 90 degree air has a humidity capacity that is five times higher than air 
with a temperature of 70 degrees Celsius (AI-Hallaj et al. , 2006). In most used systems air is heated 
by use of solar collectors up to 80 degrees Celsius. The pre-heated air is humidified by exposure to 
saline water. This can be repeated several times till the maximum saturation of the air is achieved. In 
the first humidification stage air with a temperature of around 25 degrees Celsius and humidity of 18 
grams water per kilogram of dry air is heated to about 80 degrees Celsius, and exposed to saline 
water. In this stage the humidity increases up to 42 grams water per kilogram dry air. During this 
process the temperature of the air steam decreases to around 40 degrees Celsius. The process of 
heating and humidifying is repeated several times till the air receives its maximum saturation level. By 
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repeating the humidification steps a couple of 
times, air of 80 degrees Celsius can reach its 
saturation point, that would normally be 
achieved by direct injecting of water in air with 
temperatures of up to 215 degrees Celsius 
(Chafik, 2003). The humidification steps are 
followed by one dehumidification step. In the 
dehumidification step the moisture is cooled, the 
humidification level of the air decreases as the 
fresh water condenses from the air. The main 
advantage of the process is that it operates at 
lower temperatures than current (MSF and 
MED) distillation processes, and can therefore 
operate more energy efficient. 

Figure 2. 9: Saturation humidity of air as function of temperature (Perry et al , 1988) 

2.2.3. Small-scale electrical desalination 

The small-scale desalination methods having electrical energy as energy source have already been 
discussed in Section 2.1. These methods respectively are: reverse osmosis, electrodialysis (for 
brackish water only), and vapor compression. The main difference with the other processes 
mentioned in Section 2.1, is that these have the ability to be used for small-scale purposes without 
having tremendous investment and maintenance costs. In other words, they can be produced for both 
small-scale and large-scale use. The main objective of mentioning is their distinction with MSF and 
MED which are large and complex, and can not be used on the small scale (see also Table 2.1 ). The 
sources providing electrical energy, when they are used in similar rural areas where solar thermal 
applications could be also be potential, are photovoltaic, wind energy, and diesel engine with 
generators. The first two sources can be pointed out as renewable, where the last mentioned source 
is not a renewable one. The techniques are already discussed, and will therefore not treated again. 
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2.3. Conclusion 

Chapter 2. Literature Review 

Now the functioning of different types and techniques used for desalination have been treated. The 
large-scale application give an idea of how desalination helps complete cities and large communities 
fulfill their demand in fresh drinking water when natural resource in potable water is hardly, or simply 
not, available. The small-scale methods are explained. These will be more interesting to compare with 
Desai, since they compete on the same application scale size and oftenly driven by renewable energy 
sources or at least able to be driven by. 
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Chapter 3. Research Methodology 

After an introduction in desalination this chapter will deal with the research methodology. With 
'methodology' is entitled the theoretical and practical aspects necessary in the performance of a 
research. The main objective of this research is a feasibility analysis of the Desol technique. 
Therefore this chapter first starts with the question "What is a feasibility study?', before elaborate 
further on the methodology. 

3.1. What is a feasibility study? 

According to a guide in performing feasibil ity studies (NFSMI, 2002), a feasibility study or analysis is 
defined as the evaluation of the potential impact of a proposed project or program. With this 
evaluation the feasibility study is conducted to assist decision-makers in determining whether or not to 
implement a particular project. The feasibility study will be based on extensive research on both the 
current situation and the proposed situation with the implementation of a particular project and its 
impact. Accordingly, it will contain data related to the financial and operational impact of a project, 
including advantages and disadvantages, describing the existing situation and the proposed plan 
(Aquarec, 2006). The particular project that will be assessed in this feasibility study refers to the Desol 
project. The product is still in its development stage, therefore its feasibility can be seen as a phase in 
the new product development of the product. Voorn (1981) defines six important phases in new 
product development. Respectively, corporate research, feasibility research, development, market 
test, market introduction, and commercialization finally. The product development phase of Desol can 
be assigned between the feasibility research and development. No steps have been taken in 
developing a market ready product yet, the actual third phase. The activities described to be executed 
in the second phase, the feasibility research, are: 

1. Experimental technical research 
2. Market research 
3. Analysis and integration of findings 

The experimental technical research of Desol is performed by the research institutes Fraunhofer and 
CRIC, and currently in its finalizing stage. The concept proved to be technical viable and is working 
under 'in field' conditions. The second activity of the feasibility analysis is the market research. Since 
this activity is not yet treated within the scope of the Desol project, market research will be an 
important part of this research. The third activity of this phase, analysis and integration of findings, 
consists of the integration of the former two activities, and analyze these in the context of time, costs, 
and (man)power. Roughly these three steps in feasibility research will form the thread of argument in 
the following Chapters. 

3.2. Market research 

As mentioned before, market research is a part of a new product development process. It is a 
research that can help to assess market potential and market share (Armstrong & Kotler, 2007). Ward 
( 1981) designed the objectives of a market research , shown in Table 3. 1. With these objectives it can 
be clarified what kind of market research objectives can be relevant in this research. To judge 
whether there are, and where the potential markets are; to select the specifications and product 
ranges likely to be most acceptable to users and most competitive in comparison to equal products in 
development or already in the market; to define the market sectors, geographically and by application, 
user etc. 

14 



1111;::: 

ii 
Fraunhofer Technologie

Entwicklungsgruppe 
Chapter 3. Research Methodology 

Table 3. 1: Actions dependent on market research (Ward, 1981) 

Objectives of market research 

To judge Whether present or potential markets are large, accessible and durable enough to justify entry 
on any scale consistent with company policy; and if so 

To decide 

To select 

To define 

To plan 

What investment should be allocated to technical development, manufacture and marketing , 
over what period and in what stages, for maximum continuing return 

Those developments, specifications and product ranges likely to be most acceptable to users 
and most competitive in performing the functions envisaged 

The market sectors, geographically and by applications, users, OEM's etc. , on which selling and 
other effort should be concentrated, initially and progressively 

A market-development and sales strategy, with channels of sale, pricing policy, methods of 
promotion, targets and schedules, for optimum penetration and overall profitable growth. 

The European region where the market research aims to identify potential market sectors, is 
predefined based on a country's fresh water stress condition. Figure 3.1 shows the exploitation 
indices of the fresh water resources in the Mediterranean for 2000 and the prognosis for 2025. 
Countries with withdrawals higher than 20 percent of the total available fresh water supply are marked 
as 'water stressed'. Three European countries already fall in this category: Cyprus, Italy, and Spain. 
This is also stated by forecast models on the effects of climate change generated by the 
Intergovernmental Panel on Climate Change (IPCC, 2007). With European prognoses that look the 
worst for the Mediterranean area of Spain in near future. This area of Spain will be represented by the 
region of Catalonia in the research, together with the Mediterranean areas of France, Italy . 
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Figure 3. 1: Exploitation indices of the fresh water resources in the Mediterranean for 2000 (fell) and (right) 
prospected for 2025 (Plan B!eu, 2005) 

In a first elaboration the smallest application size of Desai (e.g. for single household use) has been 
chosen to be inappropriate to fulfill the market demand, because the production cost would be too 
high (due to the initial capital investment) in relation to the low consumption rate. Therefore the main 
focus for the potential market is oriented at medium size or larger. Tourist industries would be a 
promising market, because of their water use that is at least medium sized and the potential benefits 
of promotional factors that sustainability can evoke. This results in the following predefined market 
sectors for the research : Hotels, camping sites, and restaurants, in the represented order of priority 
and for the above mentioned geographical regions. 

3.2.1. Market research plan 

When the objectives have been defined, the information that will be needed can be determined. This 
stage in the research process is called the research planning. The planning stage outlines research 
approaches, contact methods, sampling plans, and instruments that will be used to gather new data 
(Armstrong & Kotler, 2007). In data collection there is a difference between primary data and 
secondary data. Secondary data is data that already exist in an organization or company, or is 
available via another organization, the data only has to be collected from these different information 
channels. Primary data, is data that does not exist within an organization, neither is available for the 
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organization, and therefore needs to be collected for a specific purpose. Secondary data collection 
can give a good starting point in a research data collection process. However, secondary data in most 
cases is collected for a different researches, and it can be difficult to completely fulfill the exact 
research demands by data that has been collected in these researches, even when they only slightly 
differ (Armstrong & Kotler, 2007). 

3.2.2. Secondary data collection stage 

As mentioned above, it can be worth investigating whether an other research has already been 
carried out in the desired context. The gathering of this secondary data takes place using commercial 
databases as Proquest, ABl/lnform, and Frost & Sullivan, since no research data is available in the 
organization's database. The database of Frost & Sullivan gives relevant information about market 
researches in all kind of fields. They provide information about market researches that has been done 
in distillation applications as well. Desalination applications used for desalination or market 
researches in desalination at all seems to be too specified , and therefore not available in any of the 
databases. The market researches executed in the area of distillation applications can give 
opportunities in the industrial application field of Deso!. The results of these market researches will be 
dealt with in one of the succeeding chapters, describing the findings. 

3.2.3. Primary data collection stage 

When secondary data is not available or not completely enough, primary data has to be collected. In 
this research the data that could be collected out of secondary data was only partially sufficient. 
Market data for a fresh water application of Deso! in Mediterranean coastal areas is still required and 
therefore needs to be collected in this stage. Table 3.2 shows the planning stages for collecting the 
primary data. These four stages will be specified separately within this section. 

Table 3.2: Planning primary data collection (Armstrong & Kotler, 2007) 

Research Approaches Contact Methods Sampling Plan 

Observation 

Survey 

Experiment 

Research approaches 

Mail 

Telephone 

Personal 

Online 

Sampling unit 

Sample size 

Sampling procedure 

Research instruments 

Questionnaire 

Mechanical instruments 

The three approaches for primary data collection are observation, survey, and experiment. 
Observational research involves the gathering of data by the observation of people, actions, and/or 
situations that can be relevant. Observation can sometimes be the only way to gather data, when 
people are unwilling to share this with you. In other scenarios observation can be hard to use, for 
example in observing feelings or attitudes. The second mentioned and most widely used research 
approach for gathering primary data is the survey research . This research contains of all methods that 
make use of the questioning people about their knowledge, attitudes, preferences, etc. Interview, 
focus group, and questionnaires are the most common used methods for performing a survey 
research. The third research approach is the experimental research. Experiments involve selected 
groups, giving them different treatment, and then check their responses for differences (Armstrong & 
Kotler, 2007) . The approach that suits best depends on the type of desired research objectives. This 
research can be categorized as a descriptive research. A descriptive research has the objective to 
describe marketing problems, situations, or markets. To get a better understanding in potential 
customers, their buying behavior and demographics are the main objective of the research . The 
descriptive research therefore suits best with the type of research that is needed. Typical approach for 
the descriptive research is the survey approach. 
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In Table 3.2 the different contact method for information collection are listed, respectively, mail, 
telephone, personal interview, and online using the internet. Each of the four mentioned methods 
have their pros and cons, depending on the situation and demand results of the survey. Table 3.3 
summarizes the strengths and weaknesses of each of these contact methods, regarding relevant 
parameters in data collection. 

Table 3.3: Strengths and weaknesses of contact methods (Tull & Hawkins, 1993) 

Mail Telephone Personal Online 

Flexibility Poor Good Excellent Good 

Quantity of data that can be collected Good Fair Excellent Good 

Control of interviewers effects Excellent Fair Poor Fair 

Control of sample Fair Excellent Good Excellent 

Speed of data collection Poor Excellent Good Excellent 

Response rate Fair Good Good Good 

Cost Good Fair Poor Excellent 

A major advantage of personal face-to-face interviews is the high flexibility. The interviewer can guide 
the interview, explain difficult questions, show additional subjects, and explore on certain issues. 
Reactions and behaviors can be observed. However, a main disadvantage is the time needed to 
perform an personal interview, compared to questionnaires for example. These questionnaires consist 
of the same questions that have to be formulated once, and then needed to be send to all 
respondents. A disappointment on the other hand is the response rate on questionnaires, this tends to 
be low. High amounts of respondents need to be addressed to reach the required minimum response. 
Once the questionnaire is set-up and the respondents selected, there is little difference in cost 
between 10 and 10,000 respondents when using a web-based questionnaire according to Armstrong 
and Kotler (2007). Nevertheless using a systematic approach to the design of a questionnaire for a 
mail survey as the Total Design Method (TDM) can help increasing the response rate. The TDM gives 
recommendations on the design of the questionnaire to make them easy to complete. A personal 
letter indicating the importance of the whole research , and therefore can mark the importance of 
completing the questionnaire (Dillman, 1978). These are two examples where the TDM can give good 
guidelines. Although it is firstly described by Dillman many years ago, it still is the most commonly 
used method in questionnaire design. With the new opportunities of the internet, Dillman made a 
slight improvement in his method including internet surveying in 2000; The Tailored Design Method 
(TDM). 

The sampling process 
When a decision has been made on the research approach and contact method, the desired 
population can be specified and representative sample be chosen. These steps can be executed in 
reverse order, when for example the selected sample would affect the manner of contact method by 
exclusion of certain methods. Figure 3.2 shows an outline of the sampling process. It starts by 
defining the population, the group that is the subject of the survey. The survey's objective is to provide 
results that can be found representative for the group. When the population is defined, the next step is 
the search for the sampling frame. The sampling frame is a selection of the chosen population on 

Define the JX>pulation 

! 
Search for sampling frame 

t 

which the sample can taken. Next, the sampling method 
can be specified, normally there can be chosen from three 
major sampling methods: simple random sampling, 
stratified random sampling (population is broken into 
groups and a random sample is taken from each group), 
quota sampling (sample comprises a minimum required 

Specify sampling method Determine sample size number of participants from a certain group satisfying pre
set conditions). Finally an appropriate sample size must be I 

Select the sample Figure 3.2: The sampling process (Jobber & Fahy, 2003) 
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selected. The most ideal situation would be, if it is possible, to interview everyone from a certain 
population, unfortunately in most cases this is not realistically viable. Therefore a sample size needs 
to be taken that represents the population enough that it fits the margins of statistical sampling error 
(Jobber & Fahy, 2003). 

The selected population on which the sample will be taken, consists of tourist facilities in the 
European Mediterranean area. Hotels, camping sites, restaurants, as decided in an earlier stage. The 
sampling frame for this population consist of facilities that can be reached by commonly used 
registers that can provide contact data. Examples of these registers are yellow pages, tourist guides, 
local tourist offices. The sampling frame depends on the research approach and its contact method. 
Where telephone and address data are usually provided, web and e-mail addresses are lacking most 
of the time in the example registers. Since this type of data is relatively new, and therefore not taken 
into account in several of these registers yet. Another reason is that there are still facilities that simply 
do not have internet accessibility. The share of the latter mentioned type facilities have shown to 
decrease drastically within the last decade. A comparison between a tourist guide for the region of 
Catalonia in Spain from 2004 and the same guide dating from 2007 shows a share of tourist facilities 
having no internet accessibility of six percent for the 2004 guide, where this value is around two 
percent for the 2007 guide (Turespana, 2004; Turespana, 2007). This issue is described by llieva et 
al. (2002), when conducting a survey online the researcher needs to be aware that internet users still 
do not mirror the entire population in some countries. In this scenario they suggest to use a 
combination of online and postal or personal techniques to receive a positively effect on the response 
rate, the representation of the respondents, and the data quality. 

Once the sampling frame is identified the sampling method can be chosen. In general there are three 
major sampling methods: simple random sampling (the sample is drawn random from the population 
and each individual has an equal chance of being selected); stratified random sampling (where the 
population is broken into groups and a random sample is drawn from these groups); and quota 
sampling (interviewers are instructed to ensure the sample comprises required number of individuals 
meeting pre-set conditions) stated by Jobber and Fahy (2003). Simple random sampling , also referred 
to as probability sampling, is almost impossible using internet surveying , because of lack of internet 
accessibility from certain groups in a population. Although the proportion of internet users is higher for 
this group, the tourist industry, than for the entire population, still internet access for the complete 
industry is not guaranteed. Therefore probability sampling is not applicable using internet surveying 
only. The survey method needs to be extended with an additional contact method to aim for 
probability. Else it will be a non-probability sample, e.g. convenience sample, that requires restrains 
when drawing any conclusions. 

The final step in the sampling process is the determination of the sample size. The goal of the right 
sample size is to keep the amount of error, by not surveying everyone from a certain population, as 
low as possible within a certain range of tolerability. For the error tolerability in probability sampling, 
two statically expressions are relevant, the confidence interval and confidence level. The confidence 
interval, or the sampling error, defines how precise the outcomes of the research are. Sampling error 
usually range from plus and minus ten percent to plus and minus three, or even one, percent in 
accurate research. Higher accuracy implies larger sampling sizes. The confidence level defines the 
amount of confidence that a certain outcome would really occur when the entire population would 
have been surveyed. As 'rule of thumb' a confidence level 95 percent is usual. The sample size can 
be calculate with the following formula: 

N = (NP)(p)(1- p) 

s (NP -1)(8 I C)2 + (p)(1- p) 
(3.1) 

Where N5 is the completed sample size needed for the desired level of precision, Np is the population 
size, p is the proportion of population expected one of the response categories, B is the acceptable 
amount of sampling error, and C corresponds with the confidence level (Dillman, 2000). For example 
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a sample from an original population size of 20,000, with an acceptable amount of about ten percent, 
and an expected confidence level of 95 percent, should have a size of at least 96. Notice that these 
sample size calculations are only valid for probability sampling, and the sample is drawn complete 
randomly from a population. When this is not possible the sampling method is said to be non
probable. Still the sample size calculations of the probability sampling method can give a good 
indication for the sample size of a non-probability sampling method. Often it is a trade-off between 
effort, speed, money, and the potential bias of the research. When a comparison between different 
groups or scenarios within a survey is the aim of a research, then the t-test can be used. A t-test 
analysis tests whether the means of two or more groups significantly differ. For a t-test with a 
confidence level of 95 percent a minimum of 30 responses is demanded to assume a normal 
distribution for comparison (Trochim, 2006). In this research , the equation indicates that 246 
responses are needed for a confidence level of 95 percent and a confidence interval of ± 5 percent, 
so this value is set as target size. 

Research instruments 
The last step in the primary data collection planning phase is the selection of research instruments. 
By far the most used research instrument for collecting primary data is the questionnaire instrument. 
This can be used with closed-end questions, often used in combination with enquiry or quantitative 
research, or with open-end question, used as guideline in qualitative research as interview and focus 
group discussions. A second, less popular, research instrument is the mechanical device. Mechanical 
research instruments can monitor respondents behaviour. For example recording eye movements of 
viewers while watching commercials, in order to predict the impact of certain commercial attributes 
(Armstrong & Kotler, 2007). The research instrument that will be used for collection primary data in 
this research is just the questionnaire method, since no mechanical monitored data about 
respondents behaviour needs to be collected . 

3.2.4. Questionnaire design 

In the primary data collection stage described above no clear decisions have been made on the 
method used for gathering this data, except for preferences and advantages for a certain method. The 
research instrument on contrary has been defined; the questionnaire instrument. In this stage the 
instrument can get shape, according to the stages described in Figure 3.3. Starting with the planning 
stage there are two topics that have not been treated yet. The information that is required and the 
survey method that is finally used. The required information for the research can be divided in two 
main groups, namely whether there is a market for desalination technologies among the target group 

Definition of the research problem 
Exploratory research 

Information required 
Definition of population 

Target groups 
Survey method 

i 
Ordering of topics 
Type of question 

Wording and instructions 
Layout 
Scaling 

Probes and prompts 
Coding 

i 
Pilot testing 
Redesign 

i 
Final questionnaire 

and in the target area, and more specific for desalination by a 
Desai installation; secondly it is important to gather information 
whether a Desai installation would be feasible to install, this 

Planning 
stage because of some design specifications where the installation is 

Design 
> stage 

} 
Pilot 

stage 

limited to. From the different survey methods (mail, telephone, 
personal, and online}, telephone is not realistically executable 
due to language barriers. Mail and online can serve the same 
objectives, although online has some major advantages above 
mail with respect to response time, flexibility, data collection , and 
costs (see also Table 3.3). Therefore online survey method will 
be used in this research. Personal contact will be used as an 
extension on this method due to some shortcomings and bias 
that can occur when only surveying through online methods 
(llieva et al. , 2002). 

Figure 3.3: Stages in the development of a questionnaire (Jobber & 
Fahy, 2003) 
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Planning stage 
The typology of online or electronic survey can be based on its data collection. Three main categories 
of data collection are: (1) point of contact; (2) e-mail-based; (3) and Web-based. The first one involves 
the respondents fill out a survey on a computer provided on location by the researcher. The second 
way of data collection the e-mail-based does not require too much explanation, the survey is send to 
the respondent by e-mail and the respondent can return it by e-mail as well (Jansen et al., 2007). The 
third data electronic data collection method, the web-based, is currently one of the most interested for 
researchers. It is a survey method that is handed out through a Web-browser. It allows new 
dimension in surveys as adding animation, voice, and video to enhance the experience of the 
respondent. Another advantage of the web-based survey is that it can be connected to a database 
directly, where it can be easy accessed for further analysis. A web-based survey can be either open 
for everyone that visit the survey somehow, or only for previously selected and invited respondents 
from a certain sample or population. Table 3.4 summarizes some of the strengths and weaknesses of 
the different categories, where the web-based category is divided in 'Web CGI Programs' and 'web 
survey systems'. The first mentioned encompasses questionnaires to be written in HTML directly by 
the designer. This survey form requires quite some expertise in HTML, but is more flexible than the 
'web survey systems'. 

Table 3.4: Strengths and weaknesses of different intemet survey technologies (adapted from Watt, 1997) 

Point of contact E-Mail based Web CGI Programs Web Survey Systems 

Ease of creation / modification Fair Excellent Poor Excellent 

Ease of Access to Preliminary Data Fair Poor Excellent Excellent 

Sample Quota Control Excellent Poor Excellent Excellent 

Data Validity Checks Good Poor Excellent Excellent 

Demand of Respondent's Attention Good Excellent Good Good 

Personalization of Questionnaires Fair Fair Excellent Excellent 

Conversion of Existing Excellent Fair Good Good 
Questionnaires 

Expertise Required by High Low Very High Moderate 
Questionnaire Creator 

Cost per completion Expensive Inexpensive Very Expensive Inexpensive 

As can be seen, there are quite some advantages in using web-based survey system. Even without 
drastic expertise in HTML, this survey method can fulfill the need for a moderate use, and is therefore 
worth analyzing for its use in this research. There are a wide variety of online survey management 
systems offered by different companies. They almost all provide surveys with a professional lay-out 
with enough question and answer possibilities. The differences among the survey systems can, 
according to Wachsmuth (2007), be categorized in the following properties: 

• Payment scheme: Several systems offer their basic services for free, but for advanced features or 
less restrictions the complete package have to be bought. Often the amount of respondents is 
limited to a lower value, or data download possibilities are limited. This can make the basic 
package useless for large surveys or advanced external data-analysis. 

• Types of survey elements offered: For a basic survey, all the systems offer enough possibilities. 
More sophisticated elements are not part of all systems (such as automatically send an e-mail or 
reminder to respondents from a given distribution list). 

• Level of visual sophistication : Except for the lay-out of the questions, some systems allow to 
change the configuration of the visual aspects of the survey, to look and feel more connection with 
the theme of it. Also custom logos can be part of this visual fit to theme. 

• Built-in logic: Some systems allow logical commands in the survey, for example that a question can 
be skipped or adapted as a consequence of an earlier answer by the respondent on an earlier 
asked question. 
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Based on an analysis of Baker (2007) in different survey systems and the above mentioned 
properties, the open source system of PHP Surveyor is chosen to be appropriate for the research, 
because of the more advanced features this system grant, as extensive question and answer 
possibilities, built-in logic that give opportunity to use dynamical questions and make an interactive 
questionnaire, compared to other systems. Open source means that a system is not related to 
commercial interests of a company. Some commercial packages have been compared with the open 
source systems, although they sometimes offer more support and overview for the designer, they all 
run into cost when the limited amount of allowed respondents is exceeded. The average amount of 
allowed respondents is hundred, above this value these systems can get costly. For this reason 
commercial systems are not interesting to use, where open source systems, with little extra effort, can 
offer the same possibilities. 

Design stage 
When the topics of the planning stage are clarified, the actual designing can start. The design stage 
deals with the actual design of the survey instrument and roughly consist of ordering the topics, define 
question types, building the questions, and lay-out of the questionnaire. A questionnaire needs to be 
designed carefully, in order to obtain the information needed. Three conditions need to be met. First, 
respondents must understand the questions; Respondents must be able to provide the information 
that is needed; and third, they must be willing to provide this information. These criteria need to be 
taken in mind while designing a questionnaire according Jobber and Fahy (2003). In order to maintain 
these criteria and build the questionnaire in a logical way, this will be done according to the earlier 
mentioned Tailored Design Method (TOM) developed by Don Dillman (2000). The ordering of the 
topics needs in such a way that the most important questions are in located at the start. Group 
questions of similar content together. Therefore there will be four groups of questions, starting with a 
group of general information about the respondent and identification, secondly a group for gathering 
information about the water consumption of its facility, in the third group question related to water 
consumption and a potential fulfillment of this consumption by Desol, and a fourth group reserved for 
more technical questions associated with the installation of a Desai. This order ensures a logical flow 
from general towards more specific type of questions, however, this ordering is not possible in a 
research where the last question is of equal value as the first one. According to the TOM and Fahy 
(1998) objectionable questions should be positioned after less objectionable questions. The technical 
questions can be seen as objectionable questions and it is positive that this group of questions are 
positioned at the end. In case of early drop-out the answers on the first important questions are not 
lost, and the answers of this respondent can still be used in the analysis. 

When the ordering of the topics has been done, the question types and actual question construction 
starts. In general, for a questionnaire there are three most used types of questioning: Dichotomous 
questions (Yes/No), multiple-choice questions, and completely open questions. Also important in the 
design stage is to pay attention to the wording and layout, the questions need to be unambiguous and 
clearly understandable for broad public. The decision for the use of scales can also be made in this 
stage. With the use of Likert (1932) scales for example a respondent can be specify its level of 
agreement to a certain statement, ranging from 'strongly agree' to 'strongly disagree' . The first group 
of questions have as main purpose the identification and screening of the respondent. Multiple-choice 
questions give good possibilities with multiple options, for e.g. questions as "What is your function in 
the facility? ''. When a respondent does not meet the criteria of the screening questions, its answers 
can be neglected in the analysis. Lumsden (2005) advises to not deny the respondent the chance to 
complete the questionnaire, as this can decrease its willingness to participate in future researches. 
The second group again consist of multiple-choice questions with predefined answers, to quantify a 
facility its water consumption and costs, ranging from small, medium to large in five different 
quantification. For questions that can be seen as private for someone, the predefined answers 
comprise a 'don't know' or 'no answer' option, in order to obtain the reliability and not having the 
respondent choose unlike or favorable answers. The third group of questions is to identify whether a 
facility is interested in sustainable development, with sustainable water supply in specific, or not. And 
if they are interested, what lifetime expectations they would have, and try to get an quantification of 
the budget they would afford. Closed-end answers again with seven point Likert scales to rate 
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comments. The last group consist of technical questions concerning maintenance requirements and 
the installment opportunities of a potential installation. Closed-end answers with build-in logic, where 
questions are skipped and not asked when they turn out not relevant out of previous answers. A thank 
you is included in the end of the questionnaire, respondents can choose to leave their contact data to 
receive the outcome of the survey and make a chance on the raffled book tokens, and there is space 
to add comments. The complete questionnaire can be found in Appendix 2. 

The designed questions can be put online in the survey system PHP Surveyor. Special attention is 
employed in the lay-out of the survey. A positive visual impression will evoke in respondents feeling of 
trust in the research organization and the necessity of assist by answering the questions. Dillman and 
Bowker (2001) suggest that there are two main sources of significant frustration can lead to drop-out 
are a basic lack of computer knowledge and poor questionnaire design. Baring this in mind, it is an 
important lay-out challenge to make the questionnaire as attractive and easy to complete as possible. 
Providing assistance with questions that might not be obvious at once. Stepwise guiding of the 
respondent through the questions and different pages is needed. The groups of questions are all four 
presented on separate pages, to keep questions of the same topic separate from the others, and to 
maintain the overview. A progress bar is shown on top of the page to see the percentage of the 
questionnaire that has already been finished, this is of importance according to the TOM method. It is 
also not required to provide an answer to a question before moving to the next question. 

Pilot stage 
The preliminary questionnaire is designed, the final stage before using it in practice, is pilot testing of 
it and potential redesign. The questionnaire can be tested with an experimental respondent group, 
and ask them for any incompleteness and problems they found (Jobber & Fahy, 2003). The 
questionnaire has been tested by two persons that mirror the final population, a hotel owner in 
Amsterdam and a manager from a French hotel chain: Difficult formulated questions have been 
reformulated. A pilot has been carried out as well under a small sample of respondents, in order to 
identify problems under real life conditions. Questions that were left blank during this pilot, and 
therefore assumed to be difficult or too private to answer, have also been reformulated as result of the 
pilot. Build-in logics have been adapted in more groups, to confront the respondent in succeeding 
questions with answers it gave on preliminary questions. A box for comments has been added at the 
end. 

Administer the questionnaire 
Before actually administering there are some aspects that are recommended by the TOM to increase 
trust and professionalism, and implicit have a positive effect on the response rate. The cover letter is 
a good example, for this study it followed the format recommended in the TOM. It is limited to one 
page, emphasized the usefulness of the study, noted the importance of the target for the successful 
completion of the study, assured confidentiality, and encourage participation by offering a chance on 
an incentive for completing the questionnaire. The use of material incentives means that 
authentication procedures need to be engaged. According to John Fahy (1998) offering a copy of the 
results has a positive effect on the awareness of the research for the respondents and it can increase 
its involvement. The cover letter is also shown in Appendix 2. By using an obvious e-mail address and 
website, and by adding full contact details at the end of the letter, potential participants get the 
opportunity to verify the identity of the sender (Lang, 2002). Personalization of the introduction e-mail 
can have major impact on the response rate as well , especially in the recent years where 
impersonalized spam e-mails have become the order of the day. After the first administering phase, a 
reminder shows dramatically raise in the response rate in researches Jobber and O'Reilly (1998) 
compared. 

3.2.5. Data analysis and interpretation 

Once the data from the survey has been collected, it can be analyzed. There are different ways to 
analyze the data, quantitative data can be statistically analyzed with the use of computerized 
packages as SPSS. Such analysis can comprehend basically at the descriptive level (e.g. means, 
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frequency tables and standard deviations) or on a comparative basis (e.g. t-test and cross
tabulations). Qualitative data is harder to analysis with the help of computerized packages, but can 
give good indications about respondents' attitudes, behaviours and beliefs (Jobber & Fahy, 2003). 

3.3. Segmentation and international aspects 

International marketing research follows the same steps as domestic research, from defining the 
research problem and developing a research plan to interpreting and reporting the results. However, 
this type of research can often face more and different problems, that certainly needs to be taken into 
account in this research. Whereas domestic research deal with fairly homogenous markets within a 
single country, international research deals with diverse markets in more than one country. These 
markets can diverse widely in level of economic development, culture and custom, and buying 
patters. In many foreign markets, the international research can face difficulties finding sufficient data. 
Cultural differences from country to country can cause additional problems for the international 
research. When different countries are investigated for example, a questionnaire has to be translated 
for every country separately. For the data analysis the response needs to be translated back in the 
original language in order to process the data and gain a good interpretation. This has not only 
influence on the time and cost, but also includes a greater risk for errors in the process. Also 
expressions and idioms can differ between countries and cultures, and can therefore cause problems 
in translating. This is mainly overcome by the use of close-end answer possibilities (Lang, 2002). 
Another problem which can rise, is the willingness to respond, people from one country can be very 
willing to respond, where in other countries this willingness can be low (Armstrong & Kotler, 2007). 
Also of importance are the language, attitudes and cultural differences among participants from the 
different countries. Research by Jobber and Saunders (1988) has demonstrated a source country 
problem in international research whereby response rates are likely to be influenced by domestic 
effects. In other words, it is to be expected that in a multicountry study, response rates will be higher 
in the country from which the study is conducted than in the other countries due to the tendency of 
populations to exhibit higher compliance with their own institutions. For this reason higher response 
rates are expected to be higher in the Catalonian region of Spain where a part of the research takes 
place. Wattpic Energia Intel -ligent is based in Catalonia. Especially when the language of the 
questionnaire is in a foreign language, this will result in lower response. Although English-language is 
more and more excepted, it is still advisable to translate the questionnaire into the first language of 
respondents. 

For cross-cultural studies difference in response style behaviour or attitude, like over agreement and 
extreme response style on rating scales, can occur. Van Herk et al. (2004) have performed a 
research among response style behaviours in multicountry studies. They investigated the response 
behaviour over six European countries (Greece, Italy, Spain, France, Germany, and the United 
Kingdom), and concluded that the responses not differ much per country, but more per region. The 
Mediterranean countries scored comparable, however different from respondents from Northwestern 
Europe. Donicar and Grun (2007) draw the same conclusion in their research in multicountry studies 
among Asian and Western response. When response significantly differs between different countries, 
Baumgartner and Steenkamp (2001) suggest a correction of scale scores. For now there is no reason 
to apply a correction, since the participants are accommodated in adjoining regions and their cultural 
differences are relatively small. Moreover, the methods for purifying data and lowering extremes 
require high number of answers from one respondent to analyze, and can therefore be less suitable 
for short surveys (Greenleaf, 1992). Purifying is strongly recommended in research that requires only 
one rating scale category and attach significance to measure the exact number of the sample rating 
for th is category. In this research the main objective of the rating scale is to measure an indication of 
either negative, neutral , or positive opinion on the comments. During the analysis awareness on 
extreme response bias needs to be secured, and for example conclusion drawn from two successive 
categories in the rating scales requires marginal note. 
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3.4. Validity and reliability 

The validity and reliability of the survey is of importance when conclusions of the findings will be 
drawn. To increase the validity and reliability, multiple data sources will be used to spread the risk and 
lower the chance of weaknesses of single sources. According to the so called mixed method research 
(Brannen, 2005), except for the questionnaire survey method the research will be extended by using 
literature and interview methods as well. Within the use internet-based survey research, bias can be a 
major problem resulting in decreased reliability, and then findings can not be generalizable to the 
whole population. Bias can occur by many factors. Preventing those to happen and awareness can 
help decrease bias. Yin Zhang (2000) distinguishes five major factors of bias in internet-based 
surveys: 

1. Access to the internet: When individuals in a population have no equal access to the internet. This 
subject has already been treated in the sampling process section, and the result was that of the 
selected population the amount of non-internet access was as low as two percent. 

2. Comfort with the internet survey format: It can not be expected that every respondent knows how 
to fulfill a survey, especially when it is internet-based. Easiness and a good guide for explanation 
are important. The TDM method already gives high attention to this factor during the design stage 
of the questionnaire. 

3. Effect of self-selection in Internet-based surveys: This type of bias mainly occurs when a survey is 
posted in somewhere on the internet and is open available for everyone to participate, even when 
they do not match the required criteria. For this survey is chosen for a closed available form, 
where persons can only participate that have had a personal invitation. As additional screening of 
respondents, the identification questions are added in the design. 

4. Validity of respondents: This validity issue is closely related to the previous one. The main 
difference is that in the self-selection bias, the bias is caused by respondents who do not fit the 
criteria, while thinking they do. In the bias type mentioned here, respondents knowingly neglect 
the criteria. With closed availability this can largely be prevented as well. 

5. Multiple responses from the same respondent: Is prevented by saving the respondents personal 
internet address (IP-address) and denying its succeeding participation attempts as mentioned 
already. This can be of importance when multiple invitations or reminders are sent. 

Effort is made to prevent bias in the research as much as possible, at least to decrease the change of 
major pitfalls that are more likely to happen in internet-based surveys compared to pen-and-paper. 
Nevertheless bias can occur in these types of surveying as well, awareness of the risk is recommend
ded in the analysis stage. 

3.5. Conclusion 

The feasibility research is the product development phase Desai is in at the moment. This phase 
comprises experimental technical research, a market research, and an conclusion based on the 
integration of the findings of both researches. The technical research consist of an analysis of the 
product concept and has been a major part of the project, and currently is in it finalizing stage. The 
market research forms a major part of this research. In this chapter is decided to launch an online 
market survey to gather primary data amongst tourist facilities in the Mediterranean region of 
Catalonia, France, and Italy. The facilities will be invited by e-mail to participate and fill out an online 
questionnaire, with questions related to their water use and consumption, and their attitude for the 
facility towards investing in sustainable development and potentially in a sustainable drinking water 
installation, like Desai. In order to increase response and reliability of the survey, amongst others the 
Tailored Design Method is used to underwrite the do's and prevent the don'ts in internet-based 
surveying. The results of the market research will be described in Chapter 5. 
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Experimental technical research will be needed to analyze whether the product is feasible based on 
its physical characteristic. This chapter will deal with the technical research and describe its findings. 
The technical research has not always had an easy time from the concept idea into the laboratory 
development, with unexpected letdowns and drawbacks. The major part of the technical research, like 
building and testing of a laboratory prototype of the unit, falls outside the scope of this research, but a 
short description will be given to get an idea of how the technique functions and some setback where 
had to deal with . This is followed by an analysis in the design and material use and the implying costs, 
which will be needed to assess the application. 

4.1. Technical research 

4.1.1. Desol technique 
The Desai technique is basically designed for operating as small-scale solar desalination process for 
drinking water purposes. However, the technique potentially has a wider range of purposes than 
desalination only, that is why there is made a distinction between the Desai technique and Desol's 
desalination purposes. Here follows an introduction in the technique. 

Introduction to the Desai technique 
Reducing the pressure decreases the boiling temperature of water due to its thermodynamic 
properties. The Desai technique makes use of these water properties to distillate either sea or 
brackish water at low temperatures. Decrease of distillation temperature can make the process more 
energy efficient than using atmospheric vaporization temperatures of 100 degrees Celsius or higher 
(see Figure 4.1 ). Another main advantage of low temperature distillation is that it can operate in 
combination with low-grade heat sources (i.e. solar heat or industrial waste heat). The main difference 
of the Desai technology with conventional methods using sub-atmospheric pressures is that the 
vacuum in the Desai system is created by means of natural gravity of a water column instead of using 
vacuum pumps or other technical components. These properties can make the system preferable in 
small-scale use; it can function with low operating and low maintenance costs. For large-scale use it 
is assumed that the low-costing benefits can never counterbalance the economies of scale of 
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conventional large-scale methods as mentioned in 
Section 2.1. Large-scale installations for example 
use vacuum pumps for obtaining sub-atmospheric 
pressures, where Desai does not use this kind of 
mechanical moving components. For small-scale 
installations these kind of components would have 
a relatively high effect on the required maintenance 
and energy use. For large-scale installations on the 
other hand these components have a relatively low 
effect on the already required maintenance and 
energy use. 

Figure 4.1: Boiling temperature of water as a function of the pressure (Renaudin, 2003) 

Functioning of Desai 
Since the technique operates as a distillation-based process, the basic design of the Desai unit 
(Figure 4.2) contains of an evaporating section with an evaporator, an inlet for saline water, an outlet 
for brine, and a condensation section with a condenser, a storage and outlet for fresh water. 
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Figure 4.2: Basic design a single-effect Deso! unit (Craft Deso/, 2007) 

As mentioned, the Desai technique works by generating vacuum conditions by means of natural 
gravity. The fresh water outlet from the unit is connected to a vertical tube of approximately 10 meters 
in height. To start up the system, it is filled with water initially, and then the water is allowed to fall over 
the 10 meters under influence of gravity. By keeping all valves on top of the water column closed , the 
falling water will leave a vacuum behind (AI-Kharabsheh & Goswami, 2004). The pressure of the 
created vacuum is directly related to the height of the falling water column. With water column heights 
above 10 meters the water level always drops down to around 9.5 meter and the achieved vacuum 
has a steady-state pressure of 50 mbar. With a water column of less than 10 meters it is also possible 
to create a vacuum, but then the pressure will be higher. Therefore a column height of 10 meters is 
chosen to be optimal. Due to the degassing of some dissolved gasses in the feed water, the pressure 
rises slightly during the distillation process. The pressure does not rise up to the minimum requested 
level set for the process, 200 mbar respectively (Craft Desai, 2007). This is the pressure that 
corresponds with an evaporation temperature of water of approximately 60 degrees Celsius. The 
value can also be found in Figure 4.1 . 

Test results of the above mentioned prototype unit show that the thermal energy consumption to 
distillate one liter of saline water into fresh water will approximately be 3470 kJ which corresponds 
roughly with 1 kWhth· To improve the thermal efficiency multiple effects can be implemented to extend 
the exergetic degradation process, as mentioned in the description of the MSF and MED techniques. 
Therefore the laboratory Desai unit is extended with a second effect. The improved unit shows a 
performance of approximately 0.5 kWh1h, where 0.36 kWh1h is the theoretical limit for a two-effect 
system. Every following Nth effect is expected to decrease the original energy consumption to 1/N 
kWh1h, in an ideal situation where heat and pressure losses are minimalised; e.g. a four-effect unit is 
expected to consume 0.25 kWh1h (= ¼ x 1 kWh,h) per liter saline water, due to its thermodynamic 
properties. A maximum of four effects seems realistic for a small-scale unit (Blicker, 2007). The 
performance ratios are mentioned in Mario Reali 's (2007) research on seawater distillation as well. In 
his research, results of a one-effect versus a two-effect solar barometric distillation system are part of 
the analysis. 

During the first test phase of the unit, the maintenance of the process turned out to be hard to control 
and hard to adjust. A main reason for this are the problems occurring in maintaining a stable pressure 
in the system, due to dissolved gasses in the feed water that degas and accumulate in the system. 
Therefore the original design is adapted with two extra tanks, a purge tank and a vacuum tank 
respectively. The purge tank enforces the feed water to degas for a certain period of time before 
entering the evaporating part of the system, reducing the amount of gas that can accumulate inside 
the system. The vacuum tank is adapted in the system to withdraw the gasses that nevertheless arise 
in the system, and to maintain a constant vacuum in the system (Goula, 2007). 
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The DeSol technique for desalination of saline water to fresh water appears to be a promising 
technique for small-scale purposes. The evaporating temperature of below 60 degrees Celsius can 
make it an ideal technique in combination with low-grade solar heat or industrial waste heat. The use 
a solar heat and basic design parameters make the technique potential for appliance in purposes 
where less maintenance is desired. The energy efficiency is expect to be up to 92 percent for the final 
design (Craft Desol, 2007). 

4.1.2. Material usage 
The development stage Desol is in at the moment, the installation is still a laboratory prototype. The 
material costs as listed in Appendix 7 are not a good reflection of what they will be in practice, 
because of over dimensioned materials, measure equipment that is needed only to perform laboratory 
tests, and other kind of components used initially that turn out to be redundant later by making small 
adaptations. In the analysis most of the components are reassessed in a second opinion, the most 
conspicuous materials and components are shortly described below. 

Stainless steel components 
Industrial plastic component can substitute the relatively expensive stainless steel components. Four 
types of plastics are commonly used, polyvinylchloride (PVC), polyethylene (PE), polycarbonate (PC), 
and polypropylene (PP). PVC is often used in regular plumbing applications. Regular PVC would be 
the least expensive alternative, but does not withstand temperatures higher than 70 to 80 degrees 
Celsius for longer periods. The same counts for regular polyethylene. Another disadvantage in the 
use of polyvinylchloride is its containment of toxic components. Which in most applications does not 
form any threat, its use in drinking applications demands extra precautionary. Water temperatures of 
95 degrees Celsius produced by solar collectors are not exceptionally. Therefore other alternatives 
than the regular versions of these plastics need to be analyzed. Both plastics have a high density 
version. PVC-C has an additional chlorination step in its production process compared to PVC, which 
makes it more suitable for high temperatures and less vulnerable for corrosion. It can withstand 
temperatures up to 95 degrees Celsius. High Density Polyethylene (HOPE) is the more robust version 
of regular polyethylene and can deal with temperatures up to 120 degrees Celsius. Both 
polycarbonate (PC) and polypropylene (PP) can withstand temperatures of around 130 degrees 
Celsius. Polypropylene is considered to be successor of polyethylene, and, as can be seen in Table 
A.2 of Appendix 8, it has the best physical properties of the four mentioned plastics. This type of 
plastic is more expensive than regular PVC, however many times less expensive compared to 
stainless steel. Therefore polypropylene will be used in the analysis for alternative components. 

Heat exchanger 
The unit makes use of a shell-and-tube heat exchanger principle for condensation of the vapor from 
the first stage, transferring the heat to the saline feed water of the succeeding stage for vaporization. 
For the tube section of this heat exchanger regular copper drinking water pipes are used. The main 
disadvantage in the use of this type of material is its corrosive properties catalyzed by saline water 
and high temperatures. Therefore alloys of copper would be more satisfactory and commonly used in 
this type of processes. A tube of copper-nickel alloy based on a 90/10 ratio is sufficient enough. When 
temperatures higher than 80 degree Celsius are demanded, a ratio of 70/30 copper-nickel alloy is 
advisable (ESCWA, 2001 ). The material prices of copper are under high pressure. When the prices 
keep rising higher than comparable materials, in near future aluminum bronze alloys can become a 
less expensive alternative. Another way to decrease the material costs for heat exchanger is to 
increase the heat transfer surface compared to its volume. This can be done by using finned tubes 
instead of regular tubes with smooth surface. With the use of finned tubes up to 12 times the heat 
transfer surface can be achieved compared to bare tubes (Koch, 2007). The Desol unit already 
makes use of finned tubes in the condensation phase of the second stage, because the heat 
exchanging tubes are placed horizontal in this stage. For the vertically placed tubes of the first stage, 
regular radian finned tubes are less sufficient. The condensate fluids do not immediately flow away, 
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resulting in severe decrease in heat exchanging surface. Vertical tubes in condensation processes 
can be equipped with less common longitudinal finned tubes. 

4.1.3. Design 

There are some design parameters that directly influence the material costs, no matter what type of 
material is used, just because less material is necessary. Further some decisions in the design 
parameters can influence production rates and energy loss and consumption. Examples of these type 
of parameters are overdimensioned sections and the use of irregular shapes. Analysis on the cost 
estimation for Desol (Appendix 7) shows three major cost components related to the design that can 
have high cost saving potential when being reassessed. First of all the use of shapes as curves and t
sections require additional costs independent of the material used. For all types of material applies 
this is more expensive than regular straight shapes due to additional welds required . A second 
implication in the use of these shapes is its effect on the instability of the total installation. Higher 
instability can reflect on amount of the frame to support the whole installation, that on its turn can 
result in higher costs. The cost of the frame sections that are used have high impact on the total cost. 
So a twofold reason to have a good assessment on the shape of the unit in order to reduce costs. 
Secondly is the use of over dimensioned sections in the design. As already seen in the basic design 
shown in Figure 4.2, the tube diameter of the different sections are equal, although they deal with 
different distillate products and phases. The section between the evaporator and condenser is even 
longer in the two effect unit than the one effect shown in the Figure. AI-Kharabsheh and Goswami 
(2004) state that this section, which has as main purpose the transportation of vapor, needs to be as 
short as possible and should have a diameter that is at least 1/10 of the evaporator section's 
diameter. This implies the current diameter can be decreased with approximately 9/10 of its size. 
Thirdly, as could be read in a section above, the more effects the lower the energy consumption is per 
liter produced water. Already stated was that Desol does not loan itself for more than four effects, 
though this still requires two more effects in order to reduce the energy requirements. The current 
design of the two effect unit is not sufficient enough to add one or two extra effects. 

4.2. Results technical research 

4.2.1. Suggestion for redesign 

Based on the material and design analysis described above, the following five factors have major 
effect on the functionality and costs, and can serve as criteria for redesign: 

• Material usage: A shift towards plastics that can fulfill the same demands as stainless steel, and 
longitudinal finned tubes in the heat exchanger leads to lower cost, due to decrease in material use. 

• Design simplifications: Avoid the use of relatively expensive curves and t-sections by using straight 
materials. 

• Oversized parts: Some sections of the unit are overdimensioned for their needs, resulting in higher 
material costs. This can also lead to increased heat loss when the 
surface to the outside of the system is higher than needed. 

• Stability: Higher stability can lead to less frame costs. 
• Modular design: One modular effect can easily be used to create a 

unit ranging from one to four effects with less adaptations. 

Taking into account these five design and material factors, results in 
the suggestion for redesign shown in Figure 4.3. Compared to the 
original design of the one-effect Desol unit (Figure 4.2, shown on 
page 26), this redesign can be built almost completely out of 
polypropylene with a wall thickness that can be varied depending on 
the stability demanded. The material used for the heat-exchanger in 
the Figure are the original copper connection pipes, using 
longitudinal finned tubes would reduce the amount of pipes needed. 
As can be seen, the design is simplified by taking away the curved-

Figure 4.3: Redesigned modular single-effect unit 
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and t-sections of the original one and two-effect designs. In case of extension of this design for 
multiple effects, another of such a module can be extended on top of this one, creating another effect, 
with again no difficult shapes and securing the modular design criterion. As described above, the 
diameter of the intersectional connection can be reduced. The suggestion of this reduction is shown in 
the close-up Figure A.6 of Appendix 9. By reducing this intersectional connection , efficiency can be 
increased two folded. Less material implies less material costs, and by placing the connection in the 
center of the unit heat loss to the outside can be avoided. The material to be used for this pipe is 
recommend to be little heat conductive (e.g. also polypropylene), in order to reduce the heat transfer 
to the section outside of the connection pipe as well. 

4.2.2. Material costs 

To analyze the production costs, a comparison is made on the material costs of the current laboratory 
unit, the cost estimations when the redundant laboratory components like measurement equipment 
are left out of the analysis, the cost estimations when analogue less expensive materials are used, 
and an estimation for the costs of the previously proposed redesign . In Appendix 7 the material costs 
are listed for a two-effect Desol installation. The first total price, listed in gray, are the costs of the 
original laboratory set-up. The following column shows the total costs of the installation without 
laboratory measurement equipment and other redundancies. Thirdly the total price is listed when 
alternative less costly material will be used, again in gray. The last column gives an estimation of the 
material costs for the suggested redesigned unit, as described above and more in detail in Appendix 
9. The total costs for the four alternatives respectively are: € 15,125; € 8,170; € 2,786; and € 1,560. A 
comment has to be placed that these costs are estimations based on the original Desol component 
list and interviews, and therefore may not be for 100 percent accurate. However, the order of 
magnitude of the figures are clear and give a good indication of the savings that can be achieved by 
reassessment of materials and design. Compared to the original unit cost without redundancies, 
which is eight thousand euros, a saving of 60 to 80 percent should be realizable. 

4.2.3. Production rate 

The production rate that can be achieved with a Desol desalination application is related to production 
costs of drinking water produced with the application. In Table 4.1 parameters are listed that influence 
the production rates. The values correspond with insolation at the Mediterranean latitude. 

Table 4. 1: Values for technical parameters solar energy requirements adapted from Fiorenza et al. (2003) 

Parameter 

Utilization ratio 

Annual solar energy (kWhlm2
) 

Peak radiation (:Nlm2
) 

Value 

0.9 

2000 

1000 

Solar collector efficiency 0.85(a) 

Thermal energy required for Desol (kWh1t,/m
3

) 250(b) 

(a) Supposed with the use of vacuum tube solar collectors (Solar UK, 2005) 
(b) As supposed earlier for a four-effect Desol installation 

The values conclude that in Mediterranean climate, a Desol installation should be able to produce 
around six cubic meters of fresh drinking water per installed square meter of solar collector surface 
annually. A peak production of 3.4 liters of water per hour per square meter of solar collector surface 
during summer season can be expected. 

4.2.4. Production cost 

The cost of a liter produced drinking water is an interesting parameter to have. In this branch the 
production rate is usually expressed in cubic meters per day, instead of liters per day, so in this 
section as well. For economic assessment the overview of Appendix 1 can give an indication of the 
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important parameters for an desalination plant driven by renewable energy. Relevant parameters that 
have not been given yet, are listed in Table 4.2. 

Table 4.2: Values for economical parameters to estimate production cost adapted from Fiorenza et al (2003) 

Parameter Value 

System life (years) 15 

Interest rate (%) 

Maintenance cost (€/year) 

Pre-treatment (€/m3
) 

Solar collector cost (€/m2
) 

6 

150 

0.025 
175(a) 

Desol desalination unit cost (€/m3/d) 7,500 
(a) Supposed with the use of vacuum tube solar collectors (Solar UK, 2005) 

The unit cost is based on the material costs as described above. Laboratory and field experience 
indicate the application size, on which the material costs bear on, should be able to produce with a 
capacity of 0.4 to 0.5 cubic meters per day on peak production (Blicker, 2007). Doubling the number 
of effects to a four effect unit will roughly double the material costs that are directly allocated to the 
unit, but will double the capacity as well. This results in a unit with a peak capacity of 0.8 to 1.0 cubic 
meters per day, and an average capacity of 0.5 cubic meters. The material costs that can be allocated 
to the unit will have a value of approximately 5,500 euros for this capacity. A value of 7,500 euros, as 
displayed in the Table, is taken to be on the save side and include additional necessities that are not 
under influence by either the number of effects, or the unit's capacity. Based on the data presented in 
the Tables, the production cost can be estimated using the following equations from Banat and 
Jwaied (2008) for economic evaluation of small-scale desalination: 

• Amortization factor: a= i . (1 + on = 0.06 . (1 + 0.06)
15 

= 0.103 r - 1 

(1 + on -1 (1 + 0.06)15 -1 r 
(4.1) 

• Production collector: SC = Esun · r; · f = 2000 · 0.85 · 0.90 = 4 _25kWh. m-2 . d -1 
elf.prod 365 365 (4.2) 

E 250 
■ Solar collector surface: SC = req.Desol = -- = 58.8m2 I m3 . d-1 

surface Esun 4.25 
(4.3) 

• Average capacity: M = 500L/ d = 0.5m3 Id (4.4) 

• Capital cost: CC= ( SCsurtace · SCccst + Unitcost) · M = (58.8 -175 + 7,500) · 0.5 = €8,895 (4.5) 

• Annual fixed charges: A,;xed = (a)(CC) = 0.103-8,895"" €920/ yr (4.6) 

• Unit production cost: Ll . = A,;xed + Aa&M + A = 920 + 150 + 0.025 "" €7 / m3 
~mt (f}(M}(365} pretreatment (0.9}(0.5}(365} 

(4.7) 

Where n is the payment period in years, i is the interest rate, Esun is the annual solar energy per 
square meter, 1'/ is the solar collector efficiency, /is the plant availability, Ereqoesoi is the thermal energy 
required for Desol per cubic meter produced water, Mis the unit's capacity in cubic meters per day, 
and Ao&M are the annual operating and maintenance costs. 

4.3. Conclusion 

So the outcome is a production cost of approximately seven euros per cubic meter fresh drinking 
water. Three notes: Firstly, this is completely sustainable and independently produced water for 
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drinking water purposes. Cheaper water from the regional grid in Mediterranean often is not of 
drinking water quality, this makes it hard to draw an equal comparison. Secondly, the unit cost of 
7,500 euro per cubic meter per day is not based on the least expensive material composition as 
discussed in Section 4.2.2. Taking this into account would almost divide in half the unit cost, resulting 
the solar collectors to take an even higher share of the capital cost than they already have, around 75 
percent instead of 60 percent. In this scenario more effects are needed in order to obtain a new 
configuration with an optimal balance between the unit cost and the solar collector cost. Thirdly, the 
unit cost is not calculated based on the cheapest material composition here, it is still based on 
cheaper materials than the actual design, which implies a higher production cost when the final unit is 
built using the actual materials. Therefore a price range is more appropriate than a fixed number. The 
production cost of a cubic meter fresh drinking water produced by Desai will then cost in a range of 6 
to 15 euro. 

31 



Chapter 5. Findings of the Market Research 

Chapter 5. Findings of the Market Research 

The findings of the market research form the second part of the feasibility analysis. The market 
analysis comprehend a short analysis on the competition in the market for small-scale desalination 
and an analysis on the potential markets as decided in Chapter 3. The industrial market potential for 
Desol is dealt with in the end of this chapter. 

5.1. Competitive market analysis 

In Chapter 2 some small-scale desalination methods have already been described, based on the 
different techniques they apply. In this section competitive manufacturers and products of these most 
occurring techniques will be listed to get an indication of what is on the market, and difference in 
specification compared to Desol's, expounded in the previous chapter. 

Table 5. 1: Parameters small-scale desalination products 

Product Technique Capacity Production Source 
(m3lday) cost (€lm3

) 

ADU-RES Wind-Reverse Osmosis 10 3-7 Karagiannis & Soldatos (2008) 

Aqua Solaris Humidification 0.04 12-16 de Koning & Thiesen (2005) 

Aquasol CPC Multi-Effect Distillation 30 3-4 Tzen & Morris (2003) 

Memstill Membrane Distillation 20 0.5-1 (a) Hanemaaijer et al. (2006) 

Oryx 150 Membrane Distillation 0.1 15-20 Augsten (2007) 

RSD Rosendahl Distillation 0.05 10-12 Rosendahl (2008) 

Solar-lnstitut Ji.ilich PV-Reverse Osmosis 1 14-16 Herold et al. (1998) 

Solar-lnstitut JOlich Multi-Stage Distillation 0.5 15-20 Augsten (2007) 

Tinox Mini Sal 1000 Multi-Effect Humidification 6-9 Tinox (2007) 
MidiSal 5000 5 4-7 
MegaSal 10000 10 3-6 

Watercone Distillation 0.017 10-20 Augustin (2007) 

(a) Assumed with the use of waste heat, cost is without solar collector cost 

As can be seen in the table, the costs differ widely for the different techniques. It can be concluded 
that the cost is related to the scale of capacity. Products with a capacity of less than one cubic meter 
per day are in the range of 10 to 20 euro per cubic meter water produced. Capacities of one or more 
cubic meters per day range roughly from 3 to 10 euro per cubic meter water produced. One exception 
is the Memstill technique which looks producing very inexpensively, however, its production cost is 
expected to increase to the proceeding mentioned price range, when the technique will be powered 
with solar heat. The price range Desol is able to produce in, analyzed in Section 4.2.4, is at the 
moment higher than its competitors. Especially for high capacities alternative techniques, as wind 
driven and multi-effect humidification, become a competitive threat, despite of their high initial 
investment the production cost are then relatively low. The estimation of the price range Desol can 
produce in when alternative materials are used, is in the target range of 3 to 10 euro per cubic meter, 
but still not on the optimal side of the range. 
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5.2.1. Market survey 

Chapter 5. Findings of the Market Research 

In Chapter 3 the methodology for performing a market survey is described in detail. Now it is time to 
launch the survey and analyze its results. Dillman's sample size equation on page 18 shows that 246 
responses are desirable. The launch of the pilot survey in Catalonia resulted in seven useful 
responses, without reminder sent. For this pilot, 162 invitations were sent by e-mail, of which 34 
returned because of undeliverable reasons. According to this short analysis, ending up with 246 
responses will require over 5,000 invitations. Compliance of a reminder e-mail in the final survey, that 
is expected to increase response, a sample size of approximately 4,000 is needed. 

Further, for the defined group in this survey, internet access is relatively high as can be seen in the 
comparison of tourist guides in Section 3.2.3. Still there is a group that forms a small proportion of the 
total defined group which has no internet access for their facility. In order to fill the gap of this group, 
and herewith ensure representativeness and probability of the sample, personal visits have been 
made to some of these facilities as described by Beidernikl and Kerschbaumer (2007). Herewith 
handing over paper versions of the questionnaire, or receive owner's personal e-mail addresses to 
send the online survey to. 

5.2.2. Response 
Invitations to participate in the market survey have been sent to gathered e-mail addresses of 
potential respondents of the three countries. In total 4,392 e-mail addresses have been written to, 
1,831 of facilities in Catalonia, 1,057 in France, and 1,504 in Italy. Of the 4,392 addresses, 756 e-mail 
addresses returned undelivered back to the sender. Of these so called bounced e-mails, 345 originate 
from Catalonia, 156 from France, and 255 from Italy. Most of them are bounced immediately in case 
of no longer existing addresses, others bounced with a delay of some days. A reminder has been sent 
to all the respondents on the list that have not been bounced earlier. The difference in response rate 
between initial response and response after the reminder is not captured. The total amount of 
addresses that remain and presumably reached is 3,636. These invitations result in a response 
quantity of 323, respectively 188 from Catalonia, 64 from France, and 71 from the Italian respondents. 
An overall response rate of 8.9 percent is achieved. The response rates per country are 12. 7 percent 
in Catalonia, 7.1 percent in France, and 5. 7 percent in Italy. A confirmation of the earlier mentioned, 
and by Jobber and Saunders (1988) described, influences of domestic effect. In other words, in a 
multicountry study the response rates will be higher in the country from which the study is conducted, 
Catalonia in th is scenario. The returned questionnaires are not all useful. Some are only partially filled 
in. A drawback of online surveying, it is more likely in web-based surveys that respondents interrupted 
during the process do not return back to complete the questionnaire, in comparison with pen-and
paper surveys. The more important questions are placed at the beginning of the questionnaire, to 
improve the usefulness in case of dropout. When a dropout occurs, its data will be used in the 
analysis for as far as the respondent filled in the questionnaire. The data will be filtered to prevent 
unrealistic response from respondents that are likely to be not able to handout the needed 
information. The answers on the questions given by respondents who have other than the following 
function(s) in the facility : owner, manager, administration or technical manager, are reassessed and 
mostly left out of further analysis. The heading of the invitation letter is addressed to someone in the 
facility who has ability to understand the facility's water and renewable policy. Nevertheless the 
following number of respondents are left out of the analysis: 23 for Catalonia, 7 for France, and 8 for 
Italy. 

5.2.3. Data analysis 

Descriptive analysis and when necessary statistical analysis can found any conclusions from the 
gathered data. The main topic of the analysis of course is whether respondents are prepared to invest 
in a sustainable drinking water installation like Desol. And if they would, how high the daily demand of 
fresh water would be, what lifetime they would expect, and how high the investment would be one is 
prepared to pay in relation to this lifetime expectations. Technical questions on maintenance and 
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installation area, to judge its applicability on site, are further part of the analysis. First a general 
overview of the average rating per country on the four comments, presented to the respondents, is 
given in Figure 5.1. The comments are intend to indicate fi rstly the respondents awareness of rising 
water scarcity and water prices, due to lower resources, in general. Continuing with indicating 
facilities' focus on sustainable and green development, towards the last and more specific topic on a 
privately owned sustainable drinking water installation. The ratings are filled in on a 7-scale, ranging 
from '1' to '7' , corresponding with respectively 'strongly disagree' to 'strongly agree'. The average 
ratings on the topics seem to be quite equal for France and Catalonia, where they seem to be lower 
for the response from Italy. It can be that the Italian culture in response style leads to a lower average, 
or due to less relevance of the topic experienced in Italy, resulting in a lower judgment on the 
comments. Another first impression on the data is that awareness of, and knowing about, importance 
of green and sustainable development is above average, in the supply of fresh water as well. Where 
the average rating is one scale point less for the possibility of an own sustainable drinking water 
installation. Considering the relevance of this topic for the research, it will be analyzed in detail later in 
the section, but it starts with the topics in the same order as used in the questionnaire. 

Awareness of Rising Water Price in Future 

Sustainable & Green Development 
as Promotion of Facil ity 

Importance Sustainable 
& Green Development 

for Facility 

-+- Italy 

-+- France 

Catalonia 

Figure 5. 1: Average rating (strongly disagree(f) to strongly agree(7)) on the four comments, per country 

Current water supply 
In the water supply section of the questionnaire, two separate questions were asked for the same 
potential outcome, namely the estimated water consumption for a facility. Some respondents turn out 
to do know their water consumption in cubic meters per year, while others do not. These respondents 
may know their water consumption costs in euros per year. To analyze whether the answers on both 
questions are interchangeable or not, the categories other than the 'don't know' will be cross 
tabulated to each other, resulting in the values in Table A.3 in Appendix 10. Normally by comparing 
two groups, the Chi-square analysis would be the quite obvious. This data consist of ordinal values 
and is therefore less suited to use Chi-square. The Cohen's Kappa is more appropriate to use here, in 
order to analyze the level of agreement within two variables (De Vocht, 2005). The Cohen's Kappa 
gives an value of agreement of 0.42 (see Appendix 10 for the complete calculation). A value of 0.40 ::; 
K ::; 0.75, as is the case for these two question categories, indicate a mediate to good agreement 
between the two categories. The analysis generated with the help of SPSS, a computerized statistical 
package, is shown in Table 5.2. SPSS also concludes to reject the hypothesis that there is no 
agreement between the two questions. With a significance of at least 95 percent can be concluded 
that there is agreement (significance level of <0.05). 
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Table 5.2: SPSS output for the two questions on yearly water consumption 

Measure of Agreement 

N of Valid Cases 

Kappa 

a Not assuming the null hypothesis. 

Value Asymp. Std. Erro~a) Approx. T 

.418 

122 

.056 8.002 

Approx. Sig . 

. 000 

The next time the data will be compared to the yearly water consumption, the two questions will be 
used as one category containing five gradations (from low to high consumption rates), and a sixth 
'don't know' gradation in case a respondent is not able to answer both questions. 

On the question 'How is your water supplied actually?'. by far most of the respondents say to have a 
connection to the regional water grid. Some of these water grid connected do have their own spring 
as well. There are fifteen facilities indicating that they only foresee their water supply by their own well 
or spring, without grid connection. Only 33 percent (five) of these use their water for drinking 
purposes. This was asked in the succeeding question. The answer category 'own supply'. was 
intended for facilities that may already have a fresh water installation, or facilities that are supplied by 
water transportation other than the grid (e.g. over road by truck). This category remains with only two 
responses. The 'other' category was left open-ended to fill-out any supply other than in the predefined 
categories. Two remarkable answers showed up in this category, both of facilities having their own 
small water communities foreseeing in their own supply. 
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0 60 
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20 

Regional Regional Own Own well Own Other 
water grid grid & own well/spring and own supply 

well supply 

Figure 5.2: Sources for actual water supply 

Standalone drinking water installation 
The comment questions from this part of the questionnaire are already partially introduced in the 
beginning of this section. Deeper analysis will be made on the comment question 'My own sustainable 
drinking water supply would be an alternative to the actual water supply for my facility. .. '. To give an 
overview of the ratings on this comment, they are plotted per country in Figure 5.3. The ratings are 
filled in on a 7-scale, ranging from '1' to '7' corresponding with respectively 'strongly disagree' to 
'strongly agree'. 
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Agree Slightly Disagree 

-+- Italy 

-+- France 

Catalonia 

Figure 5.3: Number of scores per rating-category on the own 
sustainable water comment, per country 

As can be seen the responses look quite extreme. Categories of in between extremes score low, 
except for the midpoint category. For example, the categories 'agree', 'slightly agree', and 'slightly 
disagree'. This can indicate for either Extreme Response Style (ERS) and/or Midpoint Response Style 
(MRS). Extreme response style, the so called 'yeasaying' and 'naysaying', is the tendency to either 
maximum agree or disagree at a questions. As already discussed in the methodology chapter, there 
is no immediate reason for worrying when this occurs and there is no need for applying adjustment of 
the values in this research. As only adjustment the third and fifth category, respectively 'slightly 
disagree' and 'slightly agree', will be merged with the midpoint 'neutral' category in order to make the 
categories more leveled. Which leaves five categories of answers, the both sided two extremes and 
the average counts in the midpoint. In the later analysis this will be needful, when certain statistics 
require minimum count in every category. 

Plotting these five agreement categories of the own drinking water installation question for the five 
different facility capacity categories results in Figure 5.4. A small drop in the in the rating for the 
second category, the facility capacity of 10 to 50 persons per day, for all three countries can be 
noticed. The result shows a peak for medium sized French facilities. Although this can indicate a 
potential market, analysis on the marginal means show that this group of respondents on the same 
time has the highest standard deviation of all (see Table A.5 in Appendix 10). 
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Figure 5. 4: Average score on comment category four, per facility capacity, per country 
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The lower bound of the 95 percent confidence interval has a value of 2.47, despite of its positive 
mean this is below the midpoint category. For these estimated means the rating for French facilities 
with a capacity over 200 persons per day scoring an average of 4.25 (Agree) is the only value that 
has an above neutral confidence interval. With 95 percent confidence its lower bound of the interval 
has a value of 3.24. 

Plotting the same five categories of agreement of the own drinking water comment for the five 
increasing water consumption categories is a little more tough. The water consumption results are 
based on respondents estimation of their facilities yearly consumption, either in cubic meters per year 
or in euros per year. When their only is an answer on the euros per year question, this value is 
converted to its corresponding consumption in cubic meters per year, as treated before. Data with 
'don't know' answers on both of the questions are left out of the graph. Because the consumption 
category of less than 100 cubic meters per year has too little results to be statistically reliable, this 
category is merged with the successive category of 100 to 500 cubic meters per year. Resulting in a 
new lowest category containing all 'less than 500' values (see Appendix 10 for the data). The resulting 
graph is shown in Figure 5.5, and can give an indication of the production capacity for which Desai 
predictably has the highest potential. With 95 percent confidence the mean difference of the highest 
category 'more than 2000' differs from the second and third water consumption category. Not 
surprisingly, and seen before, the ratings of Italy are significantly lower than the French and 
Catalonian for the categories other than the highest consumption category. 
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Figure 5 5: Average rating on the own sustainability drinking water comment, 
per water consumption category, per country 

A last analysis on the privately owned drinking water topic is generated from one of the research 
questions. It sounds quite obvious that the nearer a facility is located to the sea, it would implicitly 
have 'easier' access to saline seawater than facilities located more inland. The question is whether 
the respondents of facilities near sea agree with this comment, and thus rate higher on the comment 
whether a privately owned drinking water production opportunity would have their interest or not. To 
analyze this, first the distance to sea is calculated for the facilities. In the first part of the questionnaire 
is asked to fill in the city or village a facility is located in. Unfortunately only a city name is not accurate 
enough in deciding the distance to sea. With the help of IP-traces, personalized internet IP-addresses 
which can be traced back to the internet user's location, respondents' locations can be defined on a 
map (see Appendix 11 for any examples). An internet website called 'IP-adress' (2008) provides the 
service to trace up to fifty IP-addresses free of charge. For this reason, and the relative effort it takes 
per facility, a probability sample of 50 is taken out of the respondents that gave answer on the 
comment. Because not all IP-addresses are traceable up to the internet user's location, but only to the 
internet providers location, the distance measurement is in these cases extended by tracing facility e
mail addresses. Those could have been left by the respondent in the latter part of the questionnaire. 

37 



Chapter 5. Findings of the Market Research 

When both methods fail to trace and measure the distance to sea, the data is left out of this specific 
analysis. Resulting in 44 location traces and distance measures, plotted in the Figure below. 
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Figure 5. 6: Scatterplot distance to sea with own drinking water comment as dependent variable 

The x-axis of the Figure is logarithmically scaled. Despite of the high proportion of sea locations, 
some of the facilities are located in the range of more than one kilometer from the sea. These outliers 
would distort the view of the graph when scaled normally, the values within a kilometer distance to 
sea would then all be shown indistinctable close together. A scatterplot like Figure 5.6 can give an 
indication of a potential causal relation between the level of interest in a drinking water installation and 
the distance to sea the respondents' facility is located. Although the shown scatterplot is rescaled and 
therefore not useful to indicate relationships, the original plot does not indicate any relationship as 
well. A statistical measure to analyze a potential relationship among variables is the correlation 
analysis. With a correlation test the intensity and the direction of a relationship can be defined (De 
Vocht, 2005). 

Table 5.3: Correlation matrix distance to sea versus own sustainable drinking water possibility 

Distance to Sea 

Own Sustainable Drinking 
Water Possibility 

Pearson Correlation 

Sig. (2-tailed) 

N 

Pearson Correlation 

Sig. (2-tailed) 

N 

Distance to Sea Own Sustainable Drinking 
Water Possibility 

1 

44 

.001 

.993 

44 

.001 

.993 

44 

156 

The SPSS output of the correlation test between the two variables is shown in the Table above. A 
Pearson correlation value can range from -1 to +1, respectively indicating a perfectly negative and 
perfectly positive relationship. A value equal to zero indicates that there is no linear relationship. In the 
analysis for this sample the value of 0.001 points out that there is no significant relationship between 
the two variables, and the hypothesis can be rejected with at least 95 percent significance. 

Type of facility 
Another derivate of the research questions is whether there is a difference in facility type concerning 
sustainability and especially in drinking water, or not. There are several types of facilities in the tourist 
sector invited to participate in the research. In the questionnaire a distinction is made between hotel, 
pension, and resort. The main reason to do so is to prevent offended feelings for a certain facility. In 
the analysis these three types will be merged into one hotel category. The three other categories are 
camping site, restaurant, and in case of multiple answers a category for hotel and restaurant. Of the 
tourist facilities, hotels have had the highest priority, secondly camping sites, and then restaurants. 
For this reason most of the invitations have been sent to the hotels, then camping sites, and lastly the 

38 



■r.= 

iii 
Fraunhofer Techno logie

Entwicklungsgruppe Chapter 5. Findings of the Market Research 

restaurants. The number of responses per facility category are hotel, 96; camping site, 26; restaurant, 
12; hotel and restaurant, 22. The data for this analysis can be found in Table A.11 of Appendix 10. 
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Figure 5. 7 · Rating on four sustainability comments, per facility type 

Merging the data into one graph results in the view above. Camping sites and hotels show the earlier 
observed slight slope from the first general sustainability comment downwards, to the latter more into 
specific standalone sustainable drinking water comment. The category of hotel/restaurant and 
restaurant however, show some remarkable observations. This combination of hotel and restaurant 
shows relative agreement with the comment on importance of sustainable and green development for 
their facility. By far the least agreement, more towards disagreement this category rates the comment 
for their own sustainable drinking water possibility. It does not only have the lowest score on this 
specific comment compared to the other comments, but compared to the other facility types that rated 
this comment as well . The category of restaurant only rates the lowest on the first comment. 
Apparently the rising water price awareness and/or the importance of a fixed water price is low for this 
category. This can be caused by a relatively low water consumption compared to other facility types 
as hotels and camping sites, then the yearly water costs do not have a major impact. A sudden rise is 
observable in the last comment, especially considering the score on the penultimate comment for this 
facility type. In the third comment it scored the lowest of all facilities types, and in the fourth its 
average score is the highest of all facility types. Although it has the highest level of agreement 
compared to the other facility types, its score is not significantly enough to assume agreement on this 
comment for this facility type. A possible explanation for this sudden increase can be that there is 
some demand for own drinking water production in restaurants, because a relative share of its water 
consumption is already supplied drinking water compared to the use of tap water. 

Investment and lifetime expectations 
An aspect of major importance for the actual acqumng of a desalination installation is the initial 
investment that has to be made. From interviews it becomes clear that most people the investment is 
directly related to the lifetime expectations of an installation. These two items are therefore treated 
together in one topic. On the question 'What is the lifetime you expect from an installation ' the 
answers are divided into five ordinal categories, from less than five years up to more than twenty 
years. The question is succeeded by a question on the height of the investment one is prepared to 
make. The answer possibilities for this question are also ordinal categorized, with less than 5,000 
euro and more than 50,000 euro as lowest and highest possibilities. To avoid answers where 
respondents just choose the lowest answer possibility, the answer given on the previous question 
regarding the lifetime expectations are merged in the formulation of this question on investment. In 
such a way that it is likely one will respond based on the desirable lifetime, with the assistance of 
interactive questioning. 
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< 5 5 - 10 11 - 15 16 - 20 > 25 

Expected lifetime (years) 

Figure 5.8: Expected lifetime categories with percentage of response 

Figure 5.8 clearly shows that the majority of the respondents indicate to expect the highest possible 
lifetime for their product. The answers on this question are likely to be exaggerated with and have a 
potential desirability factor. The extreme response in the latter category therefore is not too valuable, 
more of importance are the other categories and the relation to the investment. From the remaining 
categories there is only one that scored, with only 6 out of 152 responses for this question, a distinct 
minimum. An expected lifetime of less than five years is not desirable. The three middle categories 
ranging from 5 to 20 years, all end up with around 17 percent of the total response. The data of this 
question can be found in Table A.12 of Appendix 10. The next graph based on the data of the same 
table, is shown below. Reflecting the potential investment one is prepared to make shows a different 
pattern. Expected and desirably, the lowest category would be the most obvious to choose. However, 
the category of 5 to 1 0 thousand euro is the most suitable for most respondents, in relation to their 
expected lifetime. It probably is the order of the two questions resulting in a more realistic view on the 
investment. This order is on purpose because the investment question is the more important one of 
these two questions. 

< 5,000 5,000 - 10,000 - 25,000 - > 50,000 
10,000 25,000 50,000 

Investment (in euros) 

Figure 5. 9: Investment categones with percentage of response 

Technical questions 
As almost al technical products, a Desai installation will require maintenance. Maintenance can imply 
small and simple operations like cleaning once in a while, extended maintenance can be thought of as 
replacing broken parts. The question asked in this topic is whether it is allowable to potential users of 
the product to require this maintenance, or that it is not acceptable at all. Further it is important to 
identify the term of maintenance free operation that is accepted. Designing a maintenance free 
installation would theoretically be possible, with additional costs as result. An equilibrium needs to be 
found in maintenance free operation and these additional costs, based on respondents' opinion. The 
question what is expected to be a reasonable term before maintenance requiring small operations is 
allowed, resulted in the following answer deviation. 
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Figure 5.10: Maintenance requirements percentage for the total 
response and percentage only for the response that potential has 
interest in an own drinking water installation 

The first columns form the deviation of all respondents who participated in this question. The second 
columns consist of the answers from respondents who indicate above-average that an own 
sustainable drinking water installation might be something for their facility. In other words, the 
respondents rating the question from agree to strongly agree. This additional second column is added 
to indicate potential difference on the score on maintenance requirements. However, the deviation on 
both columns is quite equal. Therefore can be concluded that, independent of the opinion about a 
standalone drinking water service, over 80 percent of the facilities require a maintenance free period 
between one month and one year. In Table A.14 of Appendix 10 can be read how the answers on the 
question 'who performs small maintenance? For example on other technical equipment' is divided. 
The answer possibilities are: the owner, regular staff, technical staff, outsourced to specialized 
companies, and no answer. The answers are divided quite equal with the least number of 
respondents choosing for their regular staff to perform this type of maintenance, and two respondents 
choose not to answer this question. So around three-quarters of the respondents indicate to perform 
this type of 'small' maintenance in-house and not outsource to specialized companies. 

The last point of interest for this technical question topic is whether there is enough space to place an 
installation including solar panels on the roof of a facility or somewhere nearby. Hereby underwriting 
the fact that a Desai installation requires natural height for obtaining sub atmospheric pressure by a 
falling water column. 

Table 54: Response on question to place solar collectors on or nearby the facility 

Is there space to place solar collectors on or near the facility? 

Yes, flat roof Yes, angled roof Yes, on the ground No Total 

50 52 13 16 131 

78 percent of the respondents indicate to have sufficient space on the roof for the placement of solar 
collectors. Half of these unfortunately only have an angled roof. This should be enough for solar 
collectors, however, the installation needs to be placed as well , and preferably on a flat surface. The 
top floor close to the roof can give a good opportun ity to place the installation. The respondents that 
answer to have a angled roof dynamically received a following question whether they have available 
space on their top floor. Out of the 52 angled roof holders, five indicate to have no such space 
available, less than ten percent. Six of them having less than five square meters of flat surface 
available, which might can get critical. The other categories all consist of answer possibilities for top 
floor surfaces over five square meters. 46 out of 52 fall into this category, with available floor surface 
of over 25 square meters as category selected most oftenly. 
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5.3. Industrial potential Desol 

The Desai technique is developed basically for the application in a solar desalination system. 
However, the technique is promising for multiple purposes of water purification as well. Here 
advantages as small-scale, energy efficiency, and low maintenance can be utilized competitive 
towards advanced technical water reuse purposes. 

5.3.1. Need for water reuse 
Different recent international forums have acknowledged that water will be one the major issues of the 
21 st century. Millions of people will benefit from wise water management. Industrial and domestic 
wastewater, agriculture pollution are all sectors which have a unique opportunity to expand its water 
supplies with reclamation and reuse of water. On the other hand wastewater has to been seen as a 
resource instead of waste to get rid of. Water reuse therefore can achieve two fundamental functions: 
Treated water is used as a water resource and effluent can kept out of the surface and groundwater, 
reducing possible sources of pollution. If this waste recovery, in the form of reuse of water and heat, 
appears to be also economical viable it will get even more interesting. The European Commission 
Urban Waste Water Treatment Directive (91/271/EEC) mentions that treated water shall be reused 
whenever appropriate. Nevertheless, there is at the moment no international regulation on wastewater 
reuse in Europe (Urkiaga et al. , 2008). 

5.3.2. Water reuse with Desol 
Depending on water origin and treatment process, Asano (1998) divides seven different categories of 
water reuse applications. These categories and their main constraints are shown in Table A.17 of 
Appendix 12. A selection from this Table with the possible purposes that could fit Desai is shown in 
Table 5.5, the selection is based on scale and quality parameters. 

Table 5.5: Potential categories of water reuse with Deso/ (adapted from TableA.17 of Appendix 12) 

Wastewater reuse categories 

1. Industrial recycling and reuse 
• Cooling 
• Boiler feed 
• Process water 

2. Potable reuse 
■ Blending in water supply reservoir 
■ Pipe to pipe water supply 

Potential constraints 

Constituents in reclaimed wastewater related to scaling, corrosion, 
biological growth and fouling 
Public health concerns , particularly aerosol transmission of 
pathogens in cooling water 

Constituents in reclaimed wastewater, especially trace organic 
chemicals and their toxicological effects 
Aesthetics and public acceptance 
Health concerns about pathogen transmission, particularly viruses 

Especially industrial recycling and reuse applications seem interesting to combine with the Desai 
technique. These applications often have wastewater that can or needs to be treated for reuse, and 
mostly there is rest heat available that can be used for the water reuse process. In this scenario the 
heat for the Desai application is delivered by industrial process low-grade rest heat, instead of solar 
heat generated by solar collectors. There are also industrial process that require high-purified or 
deminaralized water that can not use regular tap water for their process. Facing increasing costs for 
their supply of this type of water and increasing costs for effluent treatment and disposal, it becomes 
more and more economically interesting to reuse water for these industries. By reusing , less water 
needs to be supplied and disposal costs can be decreased by concentration of waste. Therefore 
these industries can have high potential for Desai. The Figures in Table A.18 of Appendix 13 and 
Figure 5.11 show a vast increase in the European expenditures in water and wastewater treatment in 
the last years. 
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Figure 5. 11: Market forecast for industrial process water treatment 
(Frost & Sullivan, 2001) 

5.3.3. Potential industrial markets 

Industrial process water treatment can be divided in the following sectors and described by its 
specifically water demand properties (Frost & Sullivan, 2001 ): 

• Food and Beverage industry; Has high demand for clean process water for such processes as 
vegetable washing, and requires high demand of high-purity water additives. 

• Brewing industry; Highly connected with the food and beverage industry and requires clean process 
water as well. Along with the food and beverage industry it is important that the used water does not 
have any taste or odor associated with it. Therefore process water treatment technologies are 
expected to increase importance, because there is a shift away from regular chlorinated tap water, 
which has taste and odor consequences. 

• Chemical industry; Is expect to see an increase in process water treatment, mainly because of its 
demand for ultra-pure water in processes. Expenses in wastewater treatment follows a more stable 
development, as explained further on. 

• Pharmaceuticals industry; Demands for water of higher standard, which is cleaner and of a higher 
purity. 

• Pulp and Paper; An industry that uses high volumes of process water. Because of its major share in 
the production costs, reuse is lucrative in this industry. 

• Microelectronics; Along with pharmaceutical it demands for water which is cleaner and of higher a 
higher purity. The water treatment for this industry shows a decline, although it is expected to 
increase when the next generation of chips becomes available. 

• Automotive; A sector that is mature in the field of process water treatment. A regular growth can be 
expected for this sector. 

• Power Plants; Often require water that can be sufficient in critical circumstances, as extreme high 
pressure. This water needs to be ultra-pure, free of dissolved minerals. Also a mature sector that is 
familiar with membrane based treatment. 

• Textile; This industry requires large quantities of water without high demands concerning the purity. 
• Cosmetics; Requires large quantities of water that is free from pathogenic bacteria and viruses. 
• Others 

There are already some industries which specific demand can not be met with an evaporation 
application as Desol, or it is simply not needed. Textile industry for example has high demand for 
water, however, not with very strict quality. Fulfilling their demand with groundwater leaves them a 
slight filtration process that can be fulfilled membrane based. Cosmetic process water that is free from 
pathogenic and viruses, require chemically or ultraviolet post-treatment which would also be 
necessary using a low-temperature evaporation process. 

To make a distinction for the process water use, the required treatment processes are divided into 
three service categories. The water treatment service for these sectors can comprehend: input water 
supply, process water treatment, and wastewater treatment. Input water supply can is defined as the 
water that goes into the process either to be used as process ancillary or as basic component of the 
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industrial product. Demand for e.g. ultra-pure water as input supply is high in microelectronics, 
pharmaceutical, and power generation industries. Water treatment involves the processes that enable 
industrial water to be reused after being used in the process. As can be seen in Figure 5.12 this type 
of treatment can be found in the most mature stage of the three services. Cooling water in processes 
that can be reused after being cooled is a well-known example of this type of water service in case it 
requires some treatment before it is applicable for reuse. 

-+- Wastcv,;atcr Treatment 

-+- Water Supply 

...,._ \l?:ircr Treatme nt 

Marker Development Q Market :Maturity ¢ Marker Decl ine 

Figure 5. 12: Life cycle model for industrial water (Frost & Sullivan, 2005) 

Wastewater treatment comprises the services of water treatment that leaves an industrial process and 
needs to be disposed. Industries that have already invested in wastewater treatment on large scale 
are chemical and automotive. These industries form the more mature customers in the relatively 
young wastewater market, because of the effluent they have left that often requires treatment anyway 
due to toxic components (Frost & Sullivan, 2005). Moreover wastewater treatment becomes 
interesting for the other industries that purchase high amounts of process water and/or facing 
increased costs for waste disposal and tighter emission legislation. The food & beverage and pulp & 
paper are typical industries for which this recently more and more applies. 

Membrane versus Evaporation processes 
As in desalination processes, in industrial water treatment processes, water recovery and water 
distraction from waste can be done by membrane based and evaporation based processes. 
Nowadays approximately 40 percent of the water and wastewater treatment industry are adopting 
membrane technology such as reverse osmosis (Frost & Sullivan, 2007). More than in seawater 
desalination both techniques have difficulties with fouling and scaling, and therefore require pre
treatment. However, the disadvantages of fouling seem to run into membrane based filter processes 
more than evaporation processes. Evaporation on the other hand has higher operational costs based 
on its high energy consumption, with the use of low energy demanding vacuum evaporation, Desai 
can be of value. There already are some examples of wastewater streams treated by evaporation at 
present. In the chemical industry, paint shops in this particular example, make use of evaporation of 
waste for realizing almost zero discharge. Since wastewater is no longer discharged in the sewer, a 
whole series of regulation and controls of the wastewater can be eliminated. The paper and pulp 
industry faces ever-tighter emission control of wastewater streams. Membrane based filtering of this 
type of waste causes the pores of membranes to clog, and thus facing the difficulties of fouling. On 
the other hand, there are a few exceptions of wastewater that should defin itely not be evaporated: 
effluent with high levels of flammable liquids, volatile organic compounds and more than traceable 
amounts of mercury (Mencia, 2001 ). 

Getting back to the different industries, we have already seen some of the industries that can not 
effectively be served by evaporation processes, and industries that already are mature and 
experienced in process water treatment. Besides there is the never ending competition of membrane 
based processes, which are gaining market share rapidly due to continuously decreasing component 
cost. Membrane based processes are mentioned in this content because, of all the competitive water 
treatment techniques, these form the major threat. However, as written above, membrane based 
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processes can face more problems from fouling. Opportunities for evaporation based processes are 
treatment procedures that highly contaminate and clog membranes, and are therefore not sufficient to 
treat water membrane based. Already mentioned examples being less sufficient are the paper and 
pulp industry and paint shops. Another industry where membrane based processes can lack their 
usefulness and that is still in a immature development stage in process water treatment, is the food 
and beverage industry. Already proven to be less sufficient to treat with membranes are some 
emulsified and dissolved oils from wastewater in this industry. Oily pollutants in wastewater can be 
distinguished in the different categories, from free oil that will rise to the surface of the water in given 
time, to oily solids, mechanical dispersions, oil emulsions, and dissolved oils. Emulsions are fine 
droplets which can not be separated from the water physically, and dissolved oil is no longer in 
droplet form that can not be removed physically either (Brentwood, 2001 ). Although with membrane 
ultrafiltration high quality separation can be achieved, these substances require very effective pre
treatment to prevent the ultra tiny pores from fouling, and frequent backflushing is required. 

An example of an evaporation based process in the food and beverage industry is wastewater 
treatment of olive mills in Greece. The region of Greece produces an overall total volume of 5.5 
million m3/year of wastewater. This is a dark brown acidic liquid, composed of water from the 
extraction process, olive pulp and oil. Due to its toxic characteristics, this effluent can not be disposed 
in an environmentally acceptable method. With the help of an evaporation based process the effluent 
can be decreased by almost 90 percent compared to the initial load. Resulting in less costs for 
disposal and transportation of the waste (Potoglou et al., 2004). 
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Chapter 6. Conclusions and Recommendations 

Seawater desalination has already proven its potential in countries in the near East region and in 
some Mediterranean countries facing severe stress of fresh drinking water. However, this occurs in 
large-scale applications that feed the regional water grids. The Desol consortium developed a 
technology that makes it possible to produce fresh drinking water on small-scale, completely 
sustainable and independently. This independency means also that it is not influenced by external 
factors which concern desalination plants driven by fossil energy sources, as increasing fossil fuel 
costs. The technique looks promising, but is it feasible? That is the main ground for this research. In 
this chapter conclusions will be drawn on the research that has been done, mainly based on the 
preceding formulated objectives and research questions. 

6.1. Conclusions 

6.1.1. Conclusions based on the research questions 
The first research question was of a general character in order to get an idea in the topic's subject, 
and is formulated as follows: 

■ What is desalination and why is there need for desalination? Desalination is the process referred to 
when producing potable fresh water out of saline water. This process can be valuable for areas facing 
little or severe stress of natural fresh water. For example on the Arabic Peninsula, where almost all 
fresh water demand is met by desalination of fresh water out of saline seawater. The installed 
desalination capacity there corresponds with roughly half of the worldwide installed capacity of 33 
million cubic meters water per day. But also closer to home, some Mediterranean areas faces 
increasing water shortages during summer period and it is prospected to keep on rising in near future. 

■ What involves a feasibility study and what specific for Deso!? Based on the research assignment, 
which asks for the feasibility of the Desol, first some parameters for such a study are dealt with and 
subsequently what it involves for Desol. This topic is mainly described in Chapter 3. In general a 
feasibility study will be based on extensive research on both the current situation and the proposed 
situation with the implementation of a particular project and its impact. Accordingly , it will contain data 
related to the financial and operational impact of a project, including advantages and disadvantages, 
describing the existing situation and the proposed plan. 

Specific for the Desol product, which is still in its development stage, its feasibil ity can be seen as a 
phase in the new product development of the product. The product development phase of Desol can 
be assigned between the feasibility research and development. The activities described to be 
executed in the second phase, the feasibility research , are: 

1. Experimental technical research 
2. Market research 
3. Analysis and integration of findings 

Experimental technical research of Desol is performed by the research institutes Fraunhofer and 
CRIC, and currently is in an advanced stage. The concept proved to be technical viable and is 
working under 'in field ' conditions. The second activity of the feasibility analysis is the market 
research. Since this activity is not yet treated within the scope of the Desol project, market research 
has been an important part of th is research. The third activity of this phase, analysis and integration of 
findings, consists of the integration of the former two activities. 
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• How does desalination works? How does Deso/ works? How do competitive products work? This 
question is dealt with in two shares. Firstly, Chapter 2 gives an elaborated review on the different 
processes in desalination, and how competitive products work divided per method of desalination 
based on the underlying process which support them. Roughly we have seen two scale divisions, 
either large-scale processes and small-scale processes, and further elaborated their underlying 
processes. Figure 6.1 summarizes the different desalination processes and their differentiation. The 
different processes can be seen as either vaporization-based (e.g. heat utilizing processes to 
separate salt from the saline water, as distillation-based and humidification-based) and membrane
based. In the first type of process it is desirable to decrease the energy consumption for the supplied 
heat in order to reduce costs. In the membrane-based processes cost reduction can be realized by 
applying cheaper membranes or extent the lifetime, since these are the major cost components in this 
type of process. 

Figure 6. 1: Overview of different desalination processes 

Secondly, in Section 4.1 .1 of Chapter 4 an analysis is given on the functioning of the Desol technique, 
its falling water column leaving a vacuum behind which enables the water to evaporate at 
temperatures between 40 and 60 degrees centigrade, its potential advantages and disadvantages 
compared to competitive products. One of these advantages is that there are almost no technically 
advanced equipments and moving parts needed, as e.g. a vacuum pump and other complicated 
machinery. This can decrease investment cost and costs for operation and maintenance. Also in this 
chapter the estimated production cost for Desol is calculated to be in a range of six to fifteen euro per 
cubic meter of fresh drinking water produced, depending on the material composition . This production 
cost is for the current size and capacity of the Desol installation, other sizes will likely change lower 
the figure. Other parameters that can lower the production cost are material use and design related . 
Choosing more common industrial materials, as e.g. plastics instead of stainless steel, and changing 
the design can divide the component cost in half directly influencing the production cost. The 
production cost range given preceding still is high compared to competitive products, which range 
from three to ten euro per cubic meter of produced water. The capacity with the current application 
size is approximately 400 to 500 liters per day, or 0.5 cubic meters per day. 

• What are tf?e potential markets for the desalination product of Deso/? In a first elaboration the 
smallest application size of Desol (e.g. for single household use) has been chosen to be inappropriate 
to fulfill the market demand, because the production cost would be too high (due to the initial capital 
investment) in relation to the low consumption rate. Therefore the main focus for the potential market 
is oriented at medium size or larger. Tourist industries would be a promising market because of their 
water use that is at least medium sized, and they potentially can benefit from promotional factors that 
sustainability can evoke. Tourist industries have been written to, to call for their assistance by 
participating in a survey research in the following selected order of priority: Hotels, Camping sites, and 
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Restaurants. The research has been carried out in the South European regions Catalonia, France, 
and Italy, where they border on the Mediterranean sea. 

Resulting from research on these facilities, the highest potential for a standalone drinking water 
service, like Desol, seems to be for French tourist facilities with a capacity of over 200 persons per 
day. Only this specific group rates with a significant agree on the question whether an own sustain
able drinking water installation would have their interest, for their facility's use. 

The overall trend, also for the Catalonian and Italian facilities, is a slight slope from a neutral opinion 
towards agreement on this question, the higher the facility's water consumption is. A remarkable 
observation in the highest water consumption category, respectively with an annual consumption of 
over 2000 cubic meters, are the Italian facilities. These facilities overall quite disagree, but show a 
sudden increase towards agreement for the facilities in this consumption category. Fulfilling the 
demand of these facility sizes would require Desol to increase its current capacity at least tenfold. 

In contrast to their French colleagues, Catalonian facilities show to have no explicit and significant 
agreement on the question to have interest in an own drinking water installation. Their response is 
moderate for all types of facility size. This is a little contrary to the expectations because especially 
the Catalonian region was facing major problems in their water supply, due to risen water scarcity, at 
the moment the research took place (ANP, 2008). Interviews with facility owners and managers in the 
region show a similar outcome. Although there are respondents who like the idea, still a high number 
of respondents is skeptic about this new way of fulfilling their water demand. Others are of the opinion 
that it is up to the government to solve water scarcity problems, and not up to them. 

In principle only facilities located in villages and cities near the sea have been invited to participate in 
the research. However, still the actual distance to the sea can range from tens of meters to a couple 
of kilometers. A research topic to analyze whether the facilities located near sea more see the 
benefits in using this seawater for drinking purposes and therefore have more interest in a standalone 
water service, than facilities located further away from the sea, shows no significant correlation. 
Which means that this awareness is likely to be not present, unfortunately. 

An analysis on four comments presented in the questionnaire, ranging from general awareness in the 
rising water price for their facility, towards more specific own sustainable drinking water possibility for 
their facility, camping sites and hotels show the earlier observed slight slope from agreement on the 
general comment, downwards to the more specific own drinking water comment. The facility type that 
consists of a hotel and restaurant combination, shows this trend towards less agreement even more 
extreme. From the different types of facilities that are invited to participate in the research, restaurants 
show the highest agreement on the own sustainable drinking water installation comment, although it 
is no significant agree. 

The technical and economical topics of the market research conclude that the majority of the 
respondents are prepared to invest between 5,000 and 10,000 euro. Around thirty percent is prepared 
to invest over 10,000 euro. A maintenance free period for an installation that lies between 1 month 
and one year is optimal. So a Desol installation should definitely not require maintenance more than 
once a month. Where around three-quarters of the respondents indicate to perform this type of 'small' 
maintenance in-house and not outsource to specialized companies. A last point of interest, from the 
technical point of view, is whether there will be enough space to place the solar collectors that support 
the input of heat required for the Desol process. Eighty-eight percent of the respondents indicate to 
have sufficient space on the roof or ground to place the solar collectors. Of this group some only have 
an angled roof, which would not allow to place the Desol installation itself. On the question whether 
they have sufficient space on the top floor to place an installation, 5 out of the 52, indicate to have no 
such space available, this is less than ten percent of the angled roof holders. 

What are other markets than desalination in which Deso/ might have potential?This question is linked 
with the previous question in such a way that they both have a market research perspective. 
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Distinction is made here, that purposes where Desol can have potential are not in the field of 
seawater desalination. In other words, Desol's industrial potential as being a distillation-based 
process. 

Research shows a tremendous increase in expenditures of industrial process water treatment over 
the last few years, respectively for industrial water supply, wastewater treatment and water treatment 
processes. As a result of the analysis in these three types of treatment purposes, wastewater 
treatment is still a relatively young market, which has not yet been applied on large-scale. Water 
treatment processes form the more mature segment of this market, with industries as automotive and 
chemical that have already invested a lot in the employment of these processes. With the ever-tighter 
emission control of wastewater and its current relatively low market appliance, wastewater treatment 
processes form an application for which the Desol technique has potential. 

However, in the type of process or industry where both membrane-based and evaporation-based 
processes can fulfill the operation, membranes are expected to operate less expensively. 
Opportunities for evaporation based processes are treatment procedures that highly contaminate 
membranes in such a way that these membranes are not sufficient to do the work. Mentioned 
examples of being less sufficient are the paper and pulp industry and paint shops. Another industry 
where membranes can lack their usefulness, is the food and beverage industry. Already proven to be 
less sufficient to treat with membranes are some emulsified and dissolved oils from wastewater in this 
type of industry. Leaving a higher chance of fulfilling the job by a distillation or evaporation-based 
process, as Desol. 

6.1.2. Limitations of the research 
The first limitation of the research is concerning the international aspect of this multicountry research. 
Preceding the effects of this type of cultural influence on the outcome was thought to be more 
regionally instead of strictly boundary related. However, results show a higher percentage of response 
on the survey for the Catalonian region, compared to the Mediterranean regions of France and Italy. 
This may can be explained by the severe droughts this region faced in the days of the research, as 
mentioned before. On the other hand facilities in Italy show an overall lower score on the rating 
comments, which can indicate little enthusiasm to invest in sustainable water supply, even compared 
to France. Although the Italian water stress condition is less severe than the condition in Catalonia, it 
still is quite equal to the French situation (Lehner et al., 2001). So there can be other influencing 
factors that cause this lower tendency. Cultural aspects on answering survey questions after all? 
These multicountry differences cause constraints in generalizing the results for the complete 
European Mediterranean region . 

Even in the regions that are subject of the research , there is still a gap in the selected population that 
could not be reached with the selected sample frame and survey method (e.g. impossibility of e-mail 
survey for respondents that have no internet access). Separate personal contact to this part of the 
population increases the reliability of the research, also known as mixed method research . Still it is a 
limitation of the research that it is not for 100 percent generalizable over the complete population. 

Another limitation comprises some results of the technical research. These are mainly based on small 
tests that have been executed, literature, interviews, and the construction of certain components of 
the Desol installation at the moment. The main drawback in this approach is, results and suggestions 
for redesign have not been tested in reality and are therefore still hypothetical. 

6.1.3. Implications of the research 
Some implications of the research that came along , and where further analysis can be appropriate. 
There are some tourist facility managers and owners, which facilities are located close to the sea, 
who have already tried to withdraw seawater for their facility, or dispose non polluted water in the sea. 
One scenario was an on-site swimming pool filled with seawater, and another scenario was a fish 
restaurant that has an aquarium filled with seawater for lobsters and crabs. Both facilities faced all 
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kind of obstructions due to political legislation, that made it almost impossible to withdraw or dispose 
water from and to the sea. Political influences are not taken into account in the research. However, 
the thwart they can deliver, even for a seemingly environmental friendly goal, should not be 
underestimated and can be worth investigating in a further development stage of Desol. 

A second implication that repeatedly showed up in personal visits, is the personal character of facility 
owners and managers. The market research focuses mostly on the survey results for different facility 
properties, types, sizes, and other facility related attributes, however, not on the character of its owner 
or manager. The impression at least is, that younger managers are more interested in sustainable 
development than some of their older colleagues, operating in facilities with similar properties. 

6.2. Recommendations 

The recommendations resulting from this research can be related to the market and technical 
research topics. To start with the market research , the interest in a standalone sustainable drinking 
water installation is low compared to the importance facilities attach to green and sustainable allure. 
Facilities do not want to spend more, or much more, money in their drinking water expenditures than 
their current supply enforces them. The further the material cost for a Desol unit decreases, the higher 
the share of solar collector on the total capital cost. Since the collector cost is predefined, the 
production cost of Desol soon reaches a point that it is hard to reduce any further. Using more effects 
will then be the only solution to reduce the total amount of solar collector surface, and with this 
reduction the total capital cost. Unfortunately, an infinite number of effects will also not solve the 
problem. Investigation in alternative sources for heat supply can add value to the feasibil ity of the 
installation. Making use of waste heat from processes, the total capital cost can be reduced, thus 
increasing the cost effectiveness. Waste heat from air conditioning systems can be thought of as 
source of heat supply in the tourist industry. 

Suggestion for technical improvement, as can be read in Section 4.2.1, results from a cost- and 
thermodynamical analysis in the technical research chapter. The following five material and design 
properties have been reassessed : 
• Material usage: A shift towards plastics that can fulfill the same demands as stainless steel, and 

longitudinal finned tubes in the heat exchanger leads to lower cost, due to decrease in material use. 
• Design simplifications: Avoid the use of relatively expensive curves and t-sections by using straight 

materials. 
• Oversized parts: Some sections of the unit are over dimensioned for their needs, resulting in higher 

material costs. This can also lead to increased heat loss when the surface to the outside of the 
system is higher than needed. 

• Stability: Higher stability can lead to less frame costs. 
• Modular design: One modular effect can easily be used to create a unit ranging from one to four 

effects with less adaptations. 

The suggestion of use for alternative materials should be able to achieve savings in the material costs 
of around 60 percent. Reassessment of the Desol unit's design, results in the suggestion for redesign 
as can be found in Appendix 9. This suggestion should be able to achieve an even higher cost 
reduction. Compared to original unit with stainless steel components a reduction of up to 80 percent 
seems viable by the cost analysis. 

The industrial potential of Desol has been analyzed in a general way in this research. This analysis 
shows some industries that are completely not interested to fulfill their needs by Desol , but there are 
also some industries that indicate to have future challenges for wastewater treatment with the help of 
Desol. E.g. in the food and beverage industry, which is in its early adopting development stage in the 
field of wastewater treatment. A more specific investigation in these challenging industries is 
recommended in order to analyze Desol's added value here more in detail. 
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Appendices 

Appendix 1. Method for a financial analysis of a RES desalination plant 

To perform a financial analysis of a desalination plant powered by renewable energy sources (RES), 
Voivontas et al. ( 1999) suggest the following checklist with involving factors. 

Estimate \ 
..• Desalination plant 
. .investment cost, . 

Estimate 
Annual costs 

Figure A. 1: Financial analysis of a RES desalination plant (Voivontas et al, 1999) 
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Appendix 2. Questionnaire English 

Dear Sir or Madam of <<facility>> <<name>>, 

Appendices 

Barcelona, October 14, 2008 

As you might know, the resources of fresh water decrease every year, due to increasing drought and 
demand of fresh water especially in the Mediterranean region. The research centre of Wattpic 
Intelligent Energy in Spain and the Eindhoven University of Technology in the Netherlands (TU/e}, 
therefore launched an investigation. The research institutes are developing a standalone installation 
for drinking water production on a sustainable way, by solar heat. With regards to this development 
we hold a research enquiry in the water supply and use in Greece, performed by student Thomas 
Donders. With only 5 to 10 minutes for answering the questions you can mean a great help in this 
research. 

You can find the enquiry by clicking on the following link: http://water-research.studentenenquete.nl 

A large number of respondents increase the reliability of our research . Among the filled in enquiries, 
three book tokens at the value of 25 euros will be raffled off. If you appreciate this you can choose to 
leave your contact data at the end of the enquiry. 

We will assure fully confidentiality and anonymously of the answers given by you. For further 
questions you can always contact us on the following email address: t.donders@student.tue.nl. Once 
again, we really appreciate your assistance. 

Thanks in advance! 

Kind regards, 

Thomas Donders 
Eindhoven University of Technology 

TU/ 
Technische Universite it 
Eindhoven e University of Technology 

Anna Collado 
WA TTPIC Energia Intel -ligent 

11121 1!1111: 
WAH PIC ENERG IA INTEL -LI GEN i S.L. 
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As you might know, the resources of fresh water decrease every year. Rising scarcity of fresh drinking 
water in the region, due to increasing drought and demand of fresh water, causing water prices to 
rise. Water winning and supply require high amounts of energy, this energy is nowadays mostly 
generated by oil and gas. The price of these products is increasing rapidly, and will continue to rise in 
near future as well. Since these negative factors in water supply can also affect your sector, we would 
like to ask you the following seventeen questions to gain insight in the water situation in your region. 
The answers you give will remain completely anonymously, and therefore they can not and will not be 
used for any other purposes than this study. 

Part A - General questions 

A 1. In which branch is your facility active? (Multiple answers possible) 
0 Hotel 
0 Pension 
0 Resort 
0 Restaurant 
0 Camping site 
0 Other .. .... ........ ... ... ...... ...... .. .. .. ... ..... .. .... ............. .. .. .. . 

A2.. What is your function in this facility? (Multiple answers possible) 
0 Owner 
0 Manager 
0 Reception 
0 Servicer 
0 Technical manager 
0 Administration 
0 Other ............... ... ........ . ..... . ...... ..... .. .... . .. ... . .. .. 

A3. In which city/village is your facility located? 

A4. What is the capacity of your facility (in persons per day)? 
0 < 1 0 persons 
0 1 0 - 50 persons 
0 51 - 100 persons 
0 100 - 200 persons 
0 > 200 persons 
0 No answer 

Part B - Water supply 

81. Can you give an estimation of the water consumption of your facility in m3/year? 
0 < 100 m3 per year 
0 100 - 500 m3 per year 
0 501 - 1000 m3 per year 
0 1000 - 2000 m3 per year 
0 > 2000 m3 per year 
0 Don't know 
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B2. Can you give an estimation of the water consumption of your facility in euros/year? 
0 < 100 euros per year 
0 100 - 500 euros per year 
0 501 - 1000 euros per year 
0 1000 - 2000 euros per year 
0 > 2000 euros per year 
0 Don't know 

B3. How is your water supplied actually? 
0 Regional water grid 
0 Own well/spring 
0 Own supply 
0 Other ................ ............ .................... ........... .... .. .... ... . . 

B4. Where is your tap water used for at the moment? (Multiple answers possible) 
0 Drinking 
0 Cooking 
0 Shower/Toilet 
0 Cleaning 
0 Laundry 
0 Swimming pool 
0 Garden irrigation 

Part C - Standalone drinking water production 

C1a. A fixed water price from own produced water, that will not increase over time by influences of 
outside factors (e.g. increasing oil prices, water demand, and drought), would be important for 
my facility ... 
0 Strongly disagree 
0 Disagree 
0 Slightly disagree 
0 Neutral 
0 Slightly agree 
0 Agree 
0 Strongly agree 
0 No answer 

C 1 b. Sustainable and green development, as well in water supply, is important for my facility ... 
0 Strongly disagree 
0 Disagree 
0 Slightly disagree 
0 Neutral 
0 Slightly agree 
0 Agree 
0 Strongly agree 
0 No answer 

C1c. Sustainable and green development gives allure to my company, it can even be used for 
promotion of my facility ... 
0 Strongly disagree 
0 Disagree 
0 Slightly disagree 
0 Neutral 
0 Slightly agree 
0 Agree 
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0 No answer 
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C1d. My own sustainable drinking water supply would be an alternative to the actual water supply 
for my facility ... 
0 Strongly disagree 
0 Disagree 
0 Slightly disagree 
0 Neutral 
0 Slightly agree 
0 Agree 
0 Strongly agree 
0 No answer 

C2. What is the lifetime you expect from an installation that could provide you with your 
own drinking water? 
0 < 5 years 
0 5-10 years 
0 11 - 15 years 
0 16 - 20 years 
0 > 20 years 

C3. In relation to the previously mentioned lifetime period, what would be a realistic investment for 
you to make for such a privately owned drinking water installation? 
0 < 5,000 euros 
0 5,000 - 10,000 euros 
0 10,000 - 25,000 euros 
0 25,000 - 50,000 euros 
0 > 50,000 euros 

Part D - Technical questions 

D1. There is a relation that low maintenance requirements can imply higher production cost of an 
installation. What is in your opinion a reasonable term for small technical maintenance? (e.g. 
on other technical equipment) 
0 Once a week maximum 
0 Once a month maximum 
O Once a year maximum 
0 Never 
0 No answer 

D2. Who performs actual small technical maintenance? (e.g. on other technical equipment) 
0 Owner 
0 Regular staff 
0 Technical staff 
0 Outsourced to specialized companies 
0 No answer 

D3. Would there be space to place solar collectors on or near your facility? (e.g. on the roof) 
0 Yes, flat roof 
0 Yes, angled roof 
0 Yes, on the ground 
0 No 

D4. If angled roof; Is there space on the top floor to place an installation? 
O < 5 m2 
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0 5-10 m2 

0 10-25m2 

0 > 25 m2 

Thanks a lot for your cooperation! 

Appendices 

E1. Would you like to receive a copy of the outcome of the research and/or make a chance on the 
book token? 
0 No 
0 Yes, copy of the outcome only 
0 Yes, book token only 
0 Yes, both copy of the outcome and book token 

E2. If yes, we would like your contact data {not obligatory and your anonymity will be ensured). 
Name: .......................... . ....... .. ... ... .. ....... ... ..... . .... .. .... ..... . . 
E-mail address: .. .. ... .. ... ...... ..... .. .... . ... .. . .. . .. .. ........ .... ... .... ... . 

E3. Other comments 
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Appendix 3. Web-based screen view of the questionnaire 

Part .A - C-sr.eriii Quest ion 

Fresh water survey 
Greec~ tou nst sector 

~ 
~ 

Appendices 

As you might know, the resources of fresh water decrease every ,,ear. Rising scarcity of fresh drinking water in the region, du, 
to increasing drought and demand of fresh water, causing water prices to 6se. Water •Ninning and supply require t1igh amount 
cf energy, thiS em,rgy is nowadays mostly ger:e,ated by oH and gas . These prices are increasing rapidly , and win continue risin 
in near future as well. Since these negatve factors in w:ater supply can also affect your sector, we would like to ask you th 
following quesbons t-c gain insight in the water situation in your region. The answers you give wrl rern.ain complete!: 
anonymously_, and therefore they can not and will nntbe used for any ether purposes than this study. 

Al: In which branche is your facility active? 

A2: What is your function in this facility? 

r Hotel 
r Pension 
r Resort 
r Restaurant 
r Camp ing site 
r Other: I 

r Owner 
r Manager 
r Reception 
r Servicer 
r Technica l manager 
r Administration 
r Other : 

A3 : ln which city /village is your facility located? 

I

.--------~ 

~ 

A4: What is the capacity of your facility? {in persons per day} 

r < 1 O persons 
r 10 - 50 persons 
r 51 - 100 persons 
r 100 - 200 persons 
r > 200 persons 
r. No answer 

«< prev j naxt >> 
[Exit and Clear Survey] 

Resume 1,.--ati,= j 

Figure A.2: Web-based questionnaire screen view page one 
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Fresh water survey 
Tounst sector 

~ 
ll!llll1il1I 

Bl: " Can you give an estimation of the water consumption of your facility in 111 3 /year? 

r < 100 m 3 per year 
C 100 - 500 m 3 per year 
C 501 - 1000 m3 per year 
r 1000 - 2000 m3 per year 
C > 2000 m3 per year 
r Don't know 

82: • Can you give an estimation of the water consumption of your facility in euros/ year? 

r < 100 euros per year 

83: How is your water supplied actually? 

r 100 - 500 euros per year 
r 501 - 1000 euros per year 
r 1000 - 2000 euros per year 
r > 2000 euros per year 
r Don't know 

r Regiona.l water grid 
r Own well / spr ing 
r Own supply 
r other: .------

84: •where is your tap water used for at the moment? 

r Drinking 
r Cooking 
r. Shower/Tollet 
r Cleaning 
r laundry 
r Swimming pool 
r Garden irrigation 

« pre~ 1 ne.xi » I 
[Exit and Clear Sur,ey] 

··,R~!itltn~?L'iit~;" 'I 
/,· ', ,,. '·" 

Figure A.3: Web-based questionnaire screen view page two 
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-------------------------------------------------------
Fresh water survey 

:;~t::,i..-n=.tsed:-r 

~ 

Cl: To wha.t extent do you .1gree with the foUowi'ng comn,ents for your facility? 

A fixed water price from own produced water, that will not 
incrnase over time by influence·s cf cutside factors (e.g. 
increasing oil prices, water demand, and drought), would be 
important for my facilit'f ... 

sustainable.and green devel~pment, as .well i~ water supply, is 
import:antfot:my facility,. . . . . . 

My own sustainable drinking w ater supply/ Would be· an 
alternative t o.,the actual watersupplyfor.myfacility"'. 

(' 

r 

(' 

r r 

(" (" 

(' (' 

Cl: * What is the lifetime you expect from an instaUation that co uld provide you with your own drinking water'? 

r < 5 years 
& 5 - 10 years 
r 11 - 15 years 
r 16 - 20 years 
r > 20 years 

r 

(' (' 

C3 ( 2): "' In relation to the previously mentioned frt'etime period of 5 to 10 years , what would be .a realistic investment for 
you.r facility to make for such a privately owned drink.ing water installation? 

r < 5,000 euros 
r 5,000 - 10,000 euros 
r 10,000 - 25,000 euros 
r 25,000 - 50,000 euros 
c > 50,000 euros 

<< prev 

[Ex it and Clear Survey] 
··· · · ii~ iUi~ · I 

Figure A. 4: Web-based questionnaire screen view page three 
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-------------------------------------------------. Fresh water survey 
T ourist sector --lll!llil1J 

D 1: There is a relation that low maintenance requirements can imply higher production cost of an installation. What is in 
your opinion a reasonable term for small technical maintenance? 
(e.g. on other technical equipment} 

r Once a week maximum 
c Once a mont h maximum 
r Once a year maximum 
r Never 
... No answer 

D2: Who performs actual small maintenance within your facility? 
(e.g. on other technical equipment} 

C Owner 
c Regular staff 
c Techn ical staff 
C Outsourced to specialized companies 
r. No answer 

D3: • would there be space to place solar collectors on or near your facility? 
(e.g. on the roor) 

r Yes, flat roof 
r. Yes, ang.led roof 
r Yes, on the ground 
rNo 

D4: If angled roof: Is there space on the top floor to place an installation? 

r< 5 m2 

E 1: *Thanks a lot for your cooperation! 

r 5 - 10 m2 

C 10 -25 m2 

r > 25 m2 

;., No answer 

Would you like to receive a copy of the outc.ome of the research and/or make a chance on the book token? 

r No 
r Yes, copy of t he outcome only 
r Yes, book token only 
r Yes, both copy of t he outcome and book token 

E2: If yes, we would like your c.ontact data 

Name: 
E-ma i I address: 

<< prev II submit ! 
[Exit and Oear Surveyj 

• :Jkifstltifetaftft~J 
Figure A. 5: Web-based questionnaire screen view page four 
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Appendix 4. Questionnaire Catalonia 

Barcelona, 14 octubre 2008 
Estimat Sr./ Sra. de la «facilitat» «nom», 

Wattpic Energia Intel ·ligent, juntament amb la Universitat Tecnol6gica d'Eindhoven, han llarn;at un 
programa d'investigaci6. Wattpic esta desenvolupant un sistema de producci6 d'aigua potable 
autonoma i sostenible, mitjarn;ant energia solar. En relaci6 amb aquest estudi, estem interessats en 
l'oferta i us d'aigua del sector turfstic a Catalunya. 

Per tal de tenir un estudi el mes fiable possible, ens proposem tenir el numero mes elevat possible de 
respostes. Es per aix6 que apreciarfem que poguessin dedicar 5-10 minuts del seu temps a 
respondre les preguntes d 'aquesta enquesta. Entre les enquestes rebudes, sortejarem 3 premis per 
adquirir llibres per un valor de 25 euros. Si volen participar en el sorteig, deixin les seves dades de 
contacte al final de I' enquesta. 

Per participar-hi, names ha de seguir el seg0ent enlla9: http://enquesta-aigua.studentenenquete.nl/ 

Li assegurem que les seves respostes seran tractades confidencialment i an6nimament. Si tenen 
mes preguntes, envi"in-nos, si us plau, un correu electronic a t.donders@student.tue.nl. 

Apreciem moltfssim la seva assistencia i Ii donem les gracies per endavant. 

Salutacions cordials, 

Thomas Danders 
Estudiant d'Universitat 
Tecno/6gica d'Eindhoven 

T U / 
Tec.hn ische Universiteit 
Eindhov~n e University of Technology 

Anna Collado 
WA TTPIC Energia Intel -ligent 

111a ,. ~ 1!11111: 
WATTPIC ENER GIA INTH ·LlvENT S.L. 
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Com potser ja sap, el preu de l'aigua augmenta cada any. Aixo es causat per la creixent falta d'aigua 
potable a la regi6, com a consequencia de mes sequeres I mes demanda d'aigua. La producci6 
d'aigua requereix una gran quantitat d'energia, energia generada per petroli o gas. Els preus estan 
augmentant, i tot sembla indicar que continuaran augmentat en el futur proxim. Com que !'augment 
de preus tambe pot afectar el seu negoci, Ii voldrfem demanar de respondre les seguents preguntes. 

Part A - Preguntes Generals 

A1. En quin sectoresta el seu negoci? (Mes d'una resposta possible) 
O Hotel 
0 Pensi6 
0 Resort 
0 Restaurant 
o Camping 
0 Altres ........ ............... ..... .. ..... .. ....... ..... ....... .... .. ..... .... . 

A2.. Quina es la seva funci6 a dins del negoci? (Mes d'una resposta possible) 
0 Propietari 
0 Gestor 
0 Recepci6 
0 Service 
O Tecnic 
0 Administraci6 
0 Altres ...... .. .. .. ... ... ... ... ....... ..... ... .... .. ... .... .... . ... . 

A3. A quin poble/ciutat esta el negoci situat? 

A4. Quina es la capacitat del seu negoci {en persones per dia)? 
0 < 10 persones 
0 10 - 50 person es 
0 51 - 100 persones 
0 100 - 200 persones 
0 > 200 persones 
0 Cap resposta 

Part B - Oferta d'aigua 

81a. Pot donar una estimaci6 del consum d'aigua ales seves instal ·lacions en m3/any? 
0 < 100 m3 per any 
0 100 - 500 m3 per any 
0 501 - 1000 m3 per any 
0 1000 - 2000 m3 per any 
0 > 2000 m3 per any 
0 Desconegut 

B 1 b. Pot donar una estimaci6 del consum d'aigua a les seves instal ~acions en Euros/any? 
0 < 100 euros per any 
0 100 - 500 euros per any 
0 501 - 1000 euros per any 
0 1000 - 2000 euros per any 
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0 > 2000 euros per any 
0 Desconegut 

B2. Quin es el vostre subministrament d'aigua actualment? 
0 Xarxa municipal d'aigua 
0 Pou propi 
0 Subministrament propi 
0 Altres ..... .... ... .... ... .. ....... ... ......... .......... ... .. .......... ........ . 

B3. Quins s6n els usos actuals d'aigua potable (Mes d'una resposta possible) 
0 Per beure 
0 Per menjar 
0 Dutxa/Lavabo 
0 Neteja 
0 Bugada 
0 Piscina 
0 lrrigaci6 del jardi 

Appendices 

Part C - lnstal -laci6 d'aigua potable autonoma, en aquests moments en desenvolupament 

Afirmaci6 que s'ha de valorar per la meva empresa. Cada afirmaci6 s'havia de valorar entre 
les set possibilitats de "Completament en desacord" a "completament d'acord". 

C1. Un preu fix de l'aigua produYda per un mateix, que no pujara per factors extems (per ex. 
augment de preu del petroli, demanda d'aigua i sequera), seria important per la meva 
empresa ... 
0 Completament en desacord 
0 Desacord 
0 Lleugerament en desacord 
0 Neutral 
0 Lleugerament d'acord 
0 D'acord 
0 Completament d'acord 
0 Cap resposta 

C1 b. Desenvolupament verd i sostenible per la provisi6 d'aigua es important per la meva 
empresa ... 
0 Completament en desacord 
0 Desacord 
0 Lleugerament en desacord 
0 Neutral 
0 Lleugerament d'acord 
0 D'acord 
0 Completament d'acord 
0 Cap resposta 

C1c. Desenvolupament verd i sostenible pot donar un bon nom al meu establiment, i ho puc fer 
servir per promocionar la empresa ... 
0 Completament en desacord 
0 Desacord 
0 Lleugerament en desacord 
0 Neutral 
0 Lleugerament d'acord 
0 D'acord 
0 Completament d'acord 

72 



ii 
Fraunhofer Technologie• 

Entwicklungsgruppe 

0 Cap resposta 

Appendices 

C1d. La provisi6 d'aigua potable propia servia una altemativa a la provisi6 actual d'aigua de la 
meva empresa ... 
0 Completament en desacord 
0 Desacord 
0 Lleugerament en desacord 
0 Neutral 
0 Lleugerament d'acord 
0 D'acord 
0 Completament d'acord 
0 Cap resposta 

C2. Quan temps Ii sembla que hauria de funcionar aquesta instal ·laci6? 
0 < 5 anys 
0 5-10 anys 
0 11 - 15 anys 
0 16- 20 anys 
0 > 20 anys 

C3. Per una instal ·laci6 en operaci6 durant <<resposta C4>>, quina inversi6 sena raonable per 
adquirir un sistema d'aigua potable? 
0 < 5,000 euros 
0 5,000 - 10,000 euros 
0 10,000 - 25,000 euros 
0 25,000 - 50,000 euros 
0 > 50,000 euros 

Part D - Preguntes tecniques 

01. Si tenim en compte que un manteniment baix de la instal ·laci6 pot implicar costs de 
producci6 mes alts, quin seria en la seva opini6 un interval raonable per fer petits 
manteniments tecnics? 
0 Un cop a la setmana com a maxim. 
0 Un cop al mes com a maxim 
0 Un cop I' any a maxim 
0 Mai 
0 Cap resposta 

D2. Qui Ii sembla que hauria de fer el manteniment tecnic? 
0 Propietari 
0 Empleats regulars 
O Equip tecn ic 
0 Companyies externes especialitzades 
0 Cap resposta 

D3. Tindria lloc per posar col ·lectors solars a dins o a prop de la seva propietat? (per exemple a 
la teulada) 
0 Si, teulada plana 
0 Si, teulada inclinada 
0 Si, a terra 
0 No 

D4. Si te una teulada inclinada, hi ha lloc en el pis superior per posar una instal -laci6? 
0 < 5 m2 
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0 5-10 m2 

0 10- 25 m2 

O > 25 m2 

Moltes gracies per la seva cooperaci6! 

Appendices 

E1. Li agradaria rebre una copia dels resultats d' aquesta enquesta I participar en el sorteig de 
premis per adquirir llibres? 
0 No 
0 Si, names una copia dels resultants de I' enquesta 
0 Si, names participar en la sorteig dels premis 
0 Si, els resultants de I' enquesta I el sorteig dels premis. 

Si ha contestat SI, podria facilitar-nos les seves dades de contacte? (no es obligatori I Ii 
assegurem l'anonimat). 
Norn: .... ..... .. .......... ...... ...... ..... ... .. .. .... .. ......................... . 
Direcci6 E-mail: ... .. . .... .. .. .. .. .. . .... ....... . .. . ... ... .... ... ........ .. .... .. . 

E2. Altre comentari 
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Madame, Monsieur de la <<facilite>> <<nom>> 

Appendices 

Barcelona, 14 octobre 2008 

Comme vous le savez eventuellement, les ressources d'eau douce diminuent chaque annee en 
particulier dans la region mediterraneenne. Dans le cadre d'une cooperation entre le departement de 
recherche de Wattpic Energia Intel ·l igent (Espagne) et l'Ecole Polytechnique d'Eindhoven (TU/e, 
Pays-Bas), nous effectuons une etude sur la possibilite de la production d'eau potable de maniere 
durable, par la chaleur solaire. Un etudiant neerlandais (Thomas Danders) realise une enquete sous 
notre responsabilite, sur l'alimentation et !'utilisation d'eau potable dans la zone de la mer 
Mediterranee.1 

Seul un grand nombre de reponses garantira la reussite de notre travail. Nous vous prions done de 
bien vouloir nous faire beneficier de votre experience dans ce domaine en nous donnant environ 5 a 
10 minutes de votre temps. 

Vous trouverez le questionnaire a l'adresse suivante : http://recherche-eau.studentenenguete.nl/ 

Nous vous assurons une complete confidentialite par rapport aux informations fournies ainsi qu'un 
retour sur les resultats de l'etude si vous y participez. Si vous avez des questions nous serons 
contents de vous repondre. Merci de contacter par email : t.donders@student.tue.nl Nous vous 
serons reconnaissants pour votre aide precieuse. 

Cordialement, 

Thomas Danders 
/'Ecole Polytechnique d'Eindhoven, Pays-Bas 

TU f Technische Universiteit 
Eindhoven e University at Technology 

Anna Collado 
WA TTPIC Energia Intel -ligent 
Barcelona, Espagne 

111a .-11: 
WATTPIC ENERG IA INTEL·L!G ENT S.L. 

1 Partially based on French introduction letter in master thesis research of Kibbeling (2005) 

75 



Appendices 

Comme vous le savez eventuellement, les ressources d'eau douce diminuent chaque annee. 
L'augmentation de la penurie d'eau potable dans la reg ion, en raison d'augmenter la secheresse et la 
demande d'eau potable, provoque monter les prix de l'eau. D'exploitation et de distribution d'eau 
exigent de grandes quantites d'energie, actuellement le plus de cette energie est generes par le 
petrole et le gaz. Les prix de ces produits augmente rapidement, et on s'attend a une hausse des prix 
dans l'avenir. Etant donne que ces facteurs negatifs de l'alimentation en eau potable peuvent aussi 
influer votre secteur, nous aimerions vous poser les questions suivante a propos de la situation de 
l'eau dans votre region. Ce questionnaire restera completement anonyme et done ils ne peuvent pas 
et ne seront pas utilisees a d'autres fins que la presente etude. 

Partie A - Questions d'ordre general 

A1. Dans quelle branche votre entreprise travaille-t-elle principalement? (Plusieurs reponses 
possible) 
o Hotel 
0 Pension 
0 Village de vacances 
0 Restaurant 
0 Camping 
0 Autre ..... .... ... .. .... .. .... ...... ....... ... .... .. .. ....... .... ...... ...... . . 

A2. Quelle(s) fonction(s) occupez-vous au sein de l'entreprise? (Plusieurs reponses possible} 
o Propriete 
0 Directeur 
0 Receptionnaire 
O Aide menagere 
0 Technicien 
0 Administration 
0 Autre ..... .. ..... .. . .. . ... ... ... ..... .. .. ... ..... . ... .......... .. . 

A3. Dans quelle ville / village se trouve votre entreprise? 

A4. Quelle est la capacite de votre entreprise (de personnes par jour)? 
0 < 10 personnes 
0 10 - 50 personnes 
0 51 - 100 personnes 
0 100 - 200 personnes 
0 > 200 personnes 
0 Pas de reponse 

Partie B - Distribution des eaux 

B1 . A combien evaluez-vous la consommation d'eau de votre entreprise en m3 par annee? 
O < 100 m3 par an nee 
0 100 - 500 m3 par an nee 
0 501 - 1000 m3 par annee 
0 1000 - 2000 m3 par an nee 
O > 2000 m3 par annee 
O Ne sais pas 

B2. A combien evaluez-vous la consommation d'eau de votre entreprise en euros par annee? 
0 < 100 euros par an nee 
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0 100 - 500 euros par annee 
0 501 - 1000 euros par an nee 
0 1000 - 2000 euros par an nee 
0 > 2000 euros par annee 
0 Ne sais pas 

B3. Comment est la distribution d'eau actuellement de votre entreprise? 
O Le reseau d'eau regional 
0 Propre source 
0 De distribution propre 
0 Autre ....... .. ... .... ..... .. .. ... .. ... .... ... ... ...... .... ..... ....... .... .... . 

B4. Ce qui est !'utilisation d'eau du robinet? (Plusieurs reponses possible) 
0 Boire 
0 Cuisiner 
0 Douche / toilettes 
0 Nettoyage 
0 Blanchisserie 
0 Piscine 
0 Irrigation de jardin 

Partie C - Production d'eau potable autonome 

Appendices 

Dans quelle mesure etes vous d'accord ou en desaccord avec les enonces suivants? lndiquez votre 
niveau de desaccord ou d'accord avec l'enonce. Position allant de "entierement en desaccord" a 
"entierement d'accord" 

C1a. Un prix fixe d'eau potable de production propre, qui n'augmente pas au fil du temps par des 
influences extemes (p.ex. !'augmentation de prix du petrole, de la secheresse et la demande 
d'eau potable), serait important pour mon entreprise ... 
O Entierement en desaccord 
0 En desaccord 
0 Un peu en desaccord 
0 Ni en desaccord ni d'accord 
0 Un peu d'accord 
0 D'accord 
0 Entierement d'accord 
0 Pas de reponse 

C1 b. Le developpement durable et vert, aussi dans l'alimentation en eau, est important pour mon 
entreprise ... 
0 Entierement en desaccord 
0 En desaccord 
0 Un peu en desaccord 
0 Ni en desaccord ni d'accord 
0 Un peu d'accord 
0 D'accord 
0 Entierement d'accord 
0 Pas de reponse 

C1c. Le developpement durable et vert donne charme a mon entreprise, ii peut m~me ~tre utilise 
pour la promotion de mon entreprise .. . 
0 Entierement en desaccord 
0 En desaccord 
0 Un peu en desaccord 
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0 Ni en desaccord ni d'accord 
0 Un peu d'accord 
0 D'accord 
0 Entierement d'accord 
0 Pas de reponse 
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C1d. La production d'eau potable propre serait une alternative a l'alimentation en eau actuellement 
pour mon entreprise ... 
0 Entierement en desaccord 
0 En desaccord 
0 Un peu en desaccord 
0 Ni en desaccord ni d'accord 
0 Un peu d'accord 
0 D'accord 
0 Entierement d'accord 
0 Pas de reponse 

C2. Quelle est la duree de vie que vous attendez d'une installation qui pourrait vous fournir d'eau 
potable propre? 
O < 5 annee 
O 5- 10 annee 
O 11-15 annee 
O 16 - 20 annee 
O > 20 annee 

C3. En ce qui concerne la duree de vie mentionnee precedemment, quel serait un investissement 
raisonnable pour un installation d'eau potable propre? 
0 < 5,000 euros 
0 5,000 - 10,000 euros 
0 10,000 - 25,000 euros 
0 25,000 - 50,000 euros 
0 > 50,000 euros 

Partie D - Questions techniques 

D1. II existe une relation inverse entre de faibles besoins d'entretien et des coats de production 
plus eleves. A votre avis, quel est un delai acceptable pour le petit entretien technique? (p.ex. 
sur d'autres equ ipements techniques) 
0 Une fois par semaine maximum 
0 Une fois par mois maximum 
0 Une fois par an au maximum 
0 Jamais 
0 Pas de reponse 

D2. Qui est charge du petit entretien technique actuellement? (p.ex. sur d'autres equ ipements 
techniques) 
0 Proprietaire 
0 Personnel ordinaire 
0 Personnel technique 
0 En sous-traitance a des entreprises specialisees 
0 Pas de reponse 

D3. Auriez-vous l'espace de placer des capteurs solaires sur ou a proximite de votre entreprise? 
(p.ex. sur le toit) 
0 Oui , toit plat 
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0 Oui, toit en pente 
0 Oui, sur le terrain 
0 Non 

Appendices 

D4. Si toit en pente; Existe-t-il d'espace sur le dernier etage de placer une installation? 
0 < 5 m2 

0 5- 10 m2 

0 10- 25 m2 

0 > 25 m2 

Merci beaucoup de votre temps et de votre cooperation! 

E1. Desirez-vous recevoir un resume des resultats de cette recherche ou pourriez-vous gagner 
un cheque-livre? 
0 Non 
0 Oui, seulement un resume des resultats 
0 Oui, seulement une chance sur le cheque-livre 
O Oui, resume des resultats et une chance sur le cheque-livre 

E2. Si oui, merci de foumir vos donnee {n'est pas obligatoire et votre anonymat sera 
assure) 
Norn: ... ... ... ... .. . ..... . ... .. .... ...... .................. .. .......... ... .. . .... . . 
Adresse email : ....... ...... ..... ... ... ... ..... . .. ......... .. ...... .. ... ..... .. . . 

E3. Autres commentaires 

79 



Appendices 

Appendix 6. Questionnaire Italy 

Barcelona, 14 ottobre 2008 

Gentile Signore I Signora gestore della «struttura» «nome», 

Come lei sa, le risorse di acqua dolce diminuiscono ogni anno. Aumenta la scarsita di acqua potabile 
nella regione dovuta alla crescente siccita e alla frequente domanda di acqua dolce. Wattpic Energia 
lntelligente (Spagna) ha avviato un' inchiesta in collaborazione con l'universita tecnica di Eindhoven 
nei Paesi Bassi. Le due universita lavorano insieme nello sviluppo di un impianto autonomo ad 
energia solare per la produzione di acqua potabile in maniera sostenibile. 

lnerente a tale progetto si sta effettuando uno studio su l'approvvigionamento di acqua e di uso in 
Italia. Questa studio verra effettuato dallo studente Thomas Danders. Maggiore sara ii numero degli 
intervistati e migliore sara la qualita della ricerca. Quindi le saremo grati se lei ci dedicasse 5-10 
minuti per rispondere alle domande che caratterizzano questo sondaggio. Tra i dati richiesti trovera 
una parte totalmente facoltativa che le offre tre buoni libri del valore di 25 euro. Se desidera averli 
potete inserire i vostri dati alla fine del questionario. 

Patete trovare maggiori informazioni sull'indagine in questione cliccando sul seguente link: 
http:/lricerca-dacgua.studentenenguete.nll 

Vi assicuro l'anonimato e l'assoluta riservatezza delle risposte da voi fornite. Per ulteriori domande 
potete sempre contattarci al seguente indirizzo e-mail : t.donders@student.tue.nl. Ancora una volta, la 
ringraziamo per la collaborazione. 

Grazie mille! 

Cordiali saluti, 

Thomas Danders 
!'Ecole Polytechnique d 'Eindhoven, Paesi Bassi 

TU I Technische Universiteit e Eindhoven 
University of Technology 
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Come si puo sapere, le risorse di acqua dolce diminuire ogni anno. Aumento scarsita di fresca acqua 
potabile nella regione, a causa della crescente siccita e della domanda di acqua dolce, provocando 
un aumento dei prezzi. La fornitura e distribuzione di acqua richiede elevate quantita di energia, 
questa energia e oggi in gran parte generata da gas e petrolio. Questi prezzi sono in rapido aumento, 
e continueranno ad aumentare in futuro. Dal momento che questi fattori negativi nella fornitura di 
acqua potrebbero essere correlati anche al tuo settore, vorremmo chiederle di rispondere alle 
seguenti diciassette domande per ottenere una completa visione della situazione presente nella 
vostra regione. Le risposte che lei ci fornira rimarranno completamente anonime, e quindi non puo e 
non potra essere utilizzato per altri fini se non per l'unico scopo di questa ricerca. 

Parte A - Domande di carattere generale 

A 1. Settore in cui e attiva la sua struttura? (Con possibilita di risposta multipla) 
0 Albergo 
0 Pensione 
0 Villaggio turistico 
0 Ristorante 
0 Campeggio 
0 Altri ...... ........................................................ ......... . 

A2. Qual e la sua funziene in queste impiante? (Con possibilita di risposta multipla) 
0 Proprietario 
0 Direttore / Direttrice 
0 Bureau 
0 Uomo delle pulizie 
0 Tuttofare 
0 Amministrazione 
0 Altri .. ................ ..... ...... . ... ..... . .... .. .. . .. .. ...... .. . 

A3. In quale citta / paese e situate ii vestre impiante? 

A4. Qual e la capacita del vestre impiante (in persene al gierne)? 
0 < 1 0 persone 
0 1 0 - 50 persone 
0 51 - 100 persone 
0 100 - 200 persone 
0 > 200 persone 
0 Non so 

Parte B - l'Approwigionamento d'acqua 

B1. Si puo dare una stima del consume di acqua del vestre impiante in m3 all'anne? 
0 < 100 m3 all'anno 
0 100 - 500 m3 all'anno 
0 501 - 1000 m3 all'anno 
0 1000 - 2000 m3 all'anno 
0 > 2000 m3 all'anno 
0 Non so 
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82. Si puo dare una stima del consume di acqua del vostro impianto in euro I anno? 
0 < 100 euro all'anno 
0 100 - 500 euro all'anno 
0 501 - 1000 euro all'anno 
0 1000 - 2000 euro all'anno 
0 > 2000 euro all'anno 
0 Non so 

83. Di che tipo sono le vostre acque? 
0 Rete regionale delle acque 
0 Proprie sorgente 
0 Proprie forniture 
0 Altri ....... .... ..... .. ...... ..... .. ............ .... .. .... ... ..... ....... .... . . 

Appendices 

84. Dove sono posizionati e di che tipo sono i vostri rubinetti per ii consumo d'acqua? (Con 
possibilita di risposta multipla) 
0 Bere 
0 Cucina 
0 Doccia/WC 
0 Pulizia 
0 Lavanderia 
0 Piscina 
0 Giardino di irrigazione 

Parte C - Autonomo di produzione di acqua potabile 

C1a. Un prezzo fisso dell'acqua, che non aumentera nel corso del tempo, non soggetto ad 
influenze di fattori estemi (p.es. aumentando i prezzi del petrolio, l'acqua della domanda, e 
siccita), sarebbe importante per la mia facilita ... 
0 Molto in disaccordo 
O In disaccordo 
0 Un poco in disaccordo 
0 Ne d'accordo ne in disaccordo 
0 Un poco d'accordo 
0 d'Accordo 
0 Molto d'accordo 
0 Nessuna risposta 

C1b. ii fattore sostenibilita e lo sviluppo verde, e di approwigionamento dell'acqua, e importante 
per la mia facilita .. . 
0 Molto in disaccordo 
0 In disaccordo 
0 Un poco in disaccordo 
O Ne d'accordo ne in disaccordo 
0 Un poco d'accordo 
0 d'Accordo 
O Molto d'accordo 
0 Nessuna risposta 

C1c. ii fattore sostenibilita e lo sviluppo verde da fascino alla mia azienda, puo anche essere 
utilizzato per la promozione della mia facilita .. . 
0 Molto in disaccordo 
0 In disaccordo 
0 Un poco in disaccordo 
0 Ne d'accordo ne in disaccordo 
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0 Un poco d'accordo 
0 d'Accordo 
0 Molto d'accordo 
0 Nessuna risposta 

Appendices 

C1d. ii fattore sostenibilita di acqua potabile sarebbe un'alternativa alle effettive risorse di 
approwigionamento di acqua relative alla mia facilita ... 
0 Molto in disaccordo 
0 In disaccordo 
0 Un poco in disaccordo 
O Ne d'accordo ne in disaccordo 
0 Un poco d'accordo 
0 d'Accordo 
0 Molto d'accordo 
0 Nessuna risposta 

C2. Qual e la vita che vi aspettate da un impianto che potrebbe fornire la vostra acqua 
potabile? 
0 < 5 anni 
0 5-10 anni 
0 11-15 anni 
0 16 - 20 anni 
0 > 20 anni 

C3. In relazione al gia citato periodo di vita, quale sarebbe un concrete investimento per voi a 
creare un istallazione autonoma di acqua potabile? 
0 < 5.000 euro 
0 5.000- 10.000 euro 
0 10.000 - 25.000 euro 
0 25.000 - 50.000 euro 
0 > 50.000 euro 

Parte D - Domande tecniche 

01. Esiste una relazione che bassi requisiti di manutenzione pu6 implicare costi di produzione piu 
elevati di un impianto. Che cosa e ii vostro parere in un congruo termine per le piccole 
manutenzione tecnica? (p.es. su altre attrezzature tecniche) 
0 Una volta alla settimana massimo 
0 Una volta al mese massimo 
0 Una volta all'anno massimo 
0 Mai 
0 Nessuna risposta 

D2. Chi svolge effettivamente le piccole manutenzione tecnica? (p.es. su altre attrezzature 
tecniche) 
0 Proprietario 
0 II personale di ruolo 
0 II personale tecnico 
0 Affidati a ditte specializzate 
0 Nessuna risposta 

03. Ci sarebbe spazio per posizionare collettori solari vicino la tua struttura? (p.es. sul tetto) 
0 Si, tetto piano 
0 Si, angolata tetto 
0 Si, sul terreno 

83 



lllaT"rl!WIC Appendices 

0 No, in nessun luogo 

D4. Se angolata tetto; C'e spazio sul pavimento superiore per la locazione di un impianto? 
0 < 5 m2 

0 5-10 m2 

0 10-25m2 

0 > 25 m2 

Grazie per la vostra cooperazione! 

E1. Vuoi ricevere una copia dei risultati delle attivita di ricerca e Io avere una possibilita al buono 
per ii libro? 
0 No 
0 Si, copia dei risultati solo 
0 Si, buono per ii Ii bro solo 
0 Si, sia copia dei risultati e buono per ii libro 

E2. Se s1, ci lascereste ii suo contatto con relativi dati (non obbligatorio e ii vostro anonimato sara 
garantito) 
Nome: ... ....... ..... . ...... .. ... ... .. ... ... .. ....... ................... . .. . ...... . . 
lndirizzo e-mail: .... .... ... . ..... . .... .... .. ..... .... .. ....... .. .... ... .. .... .... . 

E3. Altri commenti 
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Appendix 7. Desai cost overview 

- Sorry, this Appendix has been left out due to confidentiality reasons -
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Appendix 8. Physical properties plastic materials 

In the Table below the physical properties of the most commonly used plastics are listed. For the 
desalination application of Desai, the minimum and maximum allowed temperatures are especially 
relevant. For any other purposes, e.g. industrial application, the resistance for certain chemicals, 
acids, and oils can be relevant. 

Table A. 1: Physical properties most used plastic materials (Dyna/ab, 2008) 

LOPE HOPE pp PS Acrylic PTFE PMP PVC PC PFA 

Acids - dilute ++ ++ ++ ++ + ++ ++ ++ ++ ++ 

Acids - concentrated ++ ++ ++ + I - ++ ++ ++ ++ 

Alcohols ++ ++ ++ ++ ++ ++ ++ + ++ 

Aldehydes + + + + ++ + + I - ++ 

Bases ++ ++ ++ ++ + I - ++ ++ ++ ++ 

Esters ++ + + ++ + ++ 

Hydrocarbons + I - + + + ++ + I - ++ ++ 

Aliphatic 

Hydrocarbons + I - + + I - ++ + I - ++ 

Aromatics 

Hydrocarbons + I - + /- ++ ++ 

Halogenated 

Ketones + + + ++ + I - ++ 

Oils, Minerals + I - + ++ ++ ++ ++ ++ ++ ++ ++ 

Oil, Vegetable + + + + ++ + + + ++ 

Oxidizing Agents + I - + I - + I - ++ + I - + ++ 

Max Temp. QC 80 120 135 70 90 300 180 70 130 270 

Min Temp. QC -50 -100 0 -40 -60 -200 -180 -25 -135 -260 

LOPE Low Density Polyethylene 
HOPE High Density Polyethylene 
pp Polypropylene 
PS Polystyrene 
PTFE Polytetrafluoroethylene - Teflon 
PMP Polymethylpentene 
PVC Polyvinylchloride 
PC Polycarbonate 
PFA Perfluoroalkoxy 
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Appendix 9. Suggestion for redesign 

- Sorry, this Appendix has been left out due to confidentiality reasons -
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Appendix 10. Data analysis 

Cohen's Kappa calculation in the water consumption questions 
In the water supply section of the questionnaire, two separate questions were asked for the same 
potential outcome, namely the estimated water consumption. Because some respondents do know 
their water consumption in cubic meters per year, while some others do not. These respondents 
perhaps know their water consumption costs in euros per year. To analyze whether the answers on 
both questions are interchangeable or not, the categories other than the 'don't know' will be cross 
tabulated to each other, resulting in the values in Table A.2. This leaves a total of 122 usable values. 
The answers of the 'don't know' category have been filtered out this analysis , because this analysis is 
made just to conclude whether it is tolerable to interpret a 'don't know' answer from one category with 
a ordinal value from the other category. 

Table A.2: Consumption (m3 /year) x Consumption (euros/year) crosstabulation 

Consumption (euros/year) Total 
101 - 501 - 1000-

< 100 500 1000 2000 >2000 
Consumption < 100 Count 1 2 0 0 4 
(m3/year) 

Expected Count .1 .5 .5 .7 2.3 4.0 

101 - Count 0 10 5 5 1 21 
500 

Expected Count .5 2.4 2.6 3.4 12.0 21 .0 

501 - Count 2 7 8 6 24 
1000 

Expected Count .6 2.8 3.0 3.9 13.8 24.0 

1000 - Count 0 0 3 3 9 15 
2000 

Expected Count .4 1.7 1.8 2.5 8.6 15.0 

> 2000 Count 0 0 3 54 58 

Expected Count 1.4 6.7 7.1 9.5 33.3 58.0 

Total Count 3 14 15 20 70 122 

Expected Count 3.0 14.0 15.0 20.0 70.0 122.0 

Normally by comparing two groups, the Chi-square would be the obvious analysis. Because this data 
consist of ordinal values it is not suited to use Chi-square. Therefore the Cohen 's Kappa can be used 
here to analyze the level of agreement within two variables (De Vocht, 2005). Both variables need to 
have the same scaling. The Cohen's Kappa is often used to test agreement of one variable from two 
sources, for example two respondents, but can test the agreement of two variables from one source 
as well. The Cohen's Kappa uses proportional data, which can be calculated with the use of the 
values of Table A.2 , resulting in the proportional values shown in Table A.3. 

k = Ko -Ke 

1- Ke 
A.1 

tr
0 

is the observational probability of agreement and Jr
8 

is a hypothetical expected probability of 

agreement (Landis & Koch , 1977). tr0 is the sum of the blue marked boxes in the table and Jr
8 

is the 

sum of the yellow marked boxes in the table. The Cohen's Kappa calculation will be as follows: 

k = K 0 - Ke = 0.615- 0.339 = 0.42 
1- Ke 1- 0.339 

1r
0 

= 0.008 + 0.082 + 0.057 + 0.025 + 0.443 = 0.615 

tre = 0.001 + 0.020 + 0.025 + 0.020 + 0.273 = 0.339 
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A Kappa value of 0.75 or higher is seen, as high level of agreement. A value lower than 0.40 indicate 
a weak level of agreement. For 0.40 :,; K :,; 0.75 indicate mediate to good agreement. This last 
category is coming into effect for the value obtained here (De Vocht, 2005). 

Table A.4: Consumption (m3 /year) x Consumption (euroslyear) crosstabulation propottional data 

Consumption (euros/year) Total 
101 - 501 - 1000-

< 100 500 1000 2000 >2000 
Consumption < 100 Count - 0.016 0.000 0.008 0.000 0.033 
(m3/year) 

Expected Count 0.001 0.004 0.004 0.006 0.019 0.034 

101 - Count 0.000 0118. 0.041 0.041 0.008 0.172 
500 

Expected Count 0.004 0.020 0.021 0.028 0.098 0.171 

501 - Count 0.008 0.016 g;~ 0.066 0.049 0.197 
1000 

Expected Count 0.005 0.023 0.025 0.032 0.113 0.198 

1000- Count 0.000 0.000 0.025 II~,~ 0.074 0.123 
2000 

Expected Count 0.003 0.014 0.015 0.020 0.070 0.123 

> 2000 Count 0.008 0.000 0.000 0.025 .. 0.475 

Expected Count 0.011 0.055 0.058 0.078 0.273 0.475 

Total Count 0.025 0.115 0.123 0.164 0.574 1.000 

Expected Count 0.025 0.116 0.123 0.164 0.574 1.000 

Response per region 
The Figures below give an overview of the response on the four comments, for the three different 
regions, respectively Catalonia, France, and Italy. The scores range from one to five, where '1' 
indicates disagreement with the comment, and '5' indicates agreement with the comment. 

5 2 

-Awareness of Rising 
Water Price in Future 

lrrportance Sustainable & 
Green Developrrent for 
Facility 

- Sustainable & Green 
Developrrent as 
Prorrotion of Facility 

- Own Sustainable Drinking 
Water Possibility 

Figure A. 9: Scores on the four rating comments per rating category for Catalonia 
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Development as 
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-o.v n Sustainable Drinking 
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Figure A. 10: Scores on the four rating comments per rating category for France 
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--Awareness of Risng 
Water Price in Future 

n-portance Sustainable & 
Green Development for 
Facility 

--Sustainable & Green 
Development as 
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--ON n Sustanable D-nkins 
Water Poss ibity 

Figure A. 11: Scores on the four rating comments per rating category for Italy 

Own drinking water installation 

Appendices 

Table A.5 shows an overview of the marginal means for the own drinking water comment versus the 
facility capacity. The dependent variable is the comment, and the independent variable are the facility 
capacity and country. This is for the rescaled data with five rating categories (1 to 5), ranging from 
'strongly disagree' to 'strongly agree' . 

Table A. 5: Estimated marginal means for the own drinking water comment versus facility capacity 

What is the capacity of your Country Mean Std. Error 95% Confidence Interval 
facility? (in persons per day) 

Lower Bound Upper Bound 

< 10 Catalonia 3.857 .547 2.776 4.939 

France 3.400 .647 2.120 4.680 

Italy 4.000 1.023 1.977 6.023 

10- 50 Catalonia 3.250 .295 2.666 3.834 

France 3.067 .374 2.328 3.805 

Italy 2.687 .362 1.972 3.403 

51 - 100 Catalonia 3.458 .295 2.874 4.042 

France 4.500 1.023 2.477 6.523 
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101 - 200 

> 200 

Italy 3.167 

Catalonia 3.000 

France 3.333 

Italy 3.750 

Catalonia 3.167 

France 4.250 

Italy 4.000 

Appendices 

.418 2.341 3.993 

.591 1.832 4.168 

.835 1.681 4.985 

.723 2.319 5.181 

.341 2.492 3.841 

.511 3.238 5.262 

.835 2.348 5.652 

A pairwise comparison on the facility capacity (shown in the Table below) concludes that only the 
ratings for the capacities of 1 0 to 50 persons significantly differs from the facilities with capacities of 
over 200 persons per day on the own drinking water installation comment. 

Table A. 6: Pairwise comparison on facility capacity with own drinking water installation comment as dependent 
variable 

(I) What is the (J) What is the Mean Std . Error Sig.(a) 95% Confidence Interval for 
capacity of your capacity of your Difference (1-J) Difference( a) 
facility? (in persons facility? (in persons 
per day) per day) Upper Bound Lower Bound 

< 10 10 - 50 .751 .486 .124 -.209 1.711 

51 - 100 .044 .584 .940 -1 .112 1.200 

100 - 200 .391 .609 .521 -.813 1.595 

> 200 -.053 .562 .925 -1 .164 1.058 

10 - 50 <10 -.751 .486 .124 -1 .711 .209 

51 - 100 -.707 .430 .103 -1 .558 .144 

100 - 200 -.360 .463 .438 -1.275 .556 

> 200 -.804(*) .399 .046 -1.593 -.015 

51 - 100 < 10 -.044 .584 .940 -1.200 1.112 

10 - 50 .707 .430 .103 -.144 1.558 

100 - 200 .347 .565 .540 -.771 1.466 

> 200 -.097 .515 .850 -1.115 .921 

100 - 200 <10 -.391 .609 .521 -1.595 .813 

10 - 50 .360 .463 .438 -.556 1.275 

51 - 100 -.347 .565 .540 -1.466 .771 

> 200 -.444 .542 .414 -1.517 .628 

> 200 < 10 .053 .562 .925 -1.058 1.164 

10 - 50 .804(*) .399 .046 .015 1.593 

51 - 100 .097 .515 .850 -.921 1.115 

100 - 200 .444 .542 .414 -.628 1.517 

Based on estimated marginal means 
* The mean difference is significant at the .05 level. 
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments) . 

Plotting the same five categories of agreement of the own drinking water comment for the five 
increasing water consumption categories results in Figure 5.5. The water consumption answers are 
based on respondents estimation of their facilities yearly consumption, either in cubic meters per year 
or in euros per year. When their only is an answer on the euros per year question, this value is 
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converted to its corresponding consumption in cubic meters per year, as treated before. Data with 
'don't know' answers on both of the questions are left out of the graph. 

Table A. 7· Number of ratings per drinking water consumption category 

Annual Drinking Water Consumption (m3lyear) 

< 100 100 - 500 501 - 1000 1000 - 2000 > 2000 Don't know 

N 4 17 26 23 60 36 

Table A.8 gives the estimated marginal means for the drinking water consumption per category per 
country, which is the source of the graph in Figure 5.5. The only remark that has to be made is that 
the category of less than 100 cubic meters annual consumption is left out of the analysis because of 
the small amount of responses in this category (see Table A.7). A total value of four responses fell in 
this category, this low value can effect the statistical reliability. The values are merged with its 
succeeding category, 100 to 500 cubic meters per year, into a new category of less than 500 cubic 
meters. 

Table A.8: Estimated marginal means for the own drinking water comment versus drinking water consumption 

Estimation of annual drinking Country Mean Std. Error 95% Confidence Interval 
water consumption per facility 
(m3lyear) Lower Bound Upper Bound 

< 500 Catalonia 3.455 0.433 2.597 4.312 

France 3.250 0.718 1.828 4.672 

Italy 2.500 0.586 1.339 3.661 

500- 1000 Catalonia 3.167 0.415 2.346 3.988 

France 3.125 0.508 2.119 4.131 

Italy 2.000 0.586 0.839 3.161 

1000 - 2000 Catalonia 3.385 0.398 2.596 4.173 

France 3.500 0.718 2.078 4.922 

Italy 1.833 0.586 0.672 2.994 

>2000 Catalonia 3.286 0.243 2.805 3.766 

France 3.923 0.398 3.134 4.712 

Italy 3.917 0.415 3.096 4.738 
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A pairwise comparison on the facility capacity (shown in the Table below) concludes that the ratings 
for the consumption of 500 to 1000 cubic meters significantly differs from the facilities with an annual 
consumption of over 2000 cubic meters on the own drinking water installation comment. Two other 
categories that differ significantly on this comment are the 1000 to 2000 and the over 2000 cubic 
meters consumption categories. Both difference are marked with a star in the table. 

Table A.9: Pairwise comparison on drinking water consumption with own drinking water comment as dependent 
variable 

(I) Annual drinking (J) Annual drinking Mean Std. Error Sig.(a) 95% Confidence Interval for 
water consumption water consumption Difference Difference(a) 
(m3lyear) (m3lyear) (I-J) 

Upper Bound Lower Bound 

< 500 500 - 1000 0.304 0.450 0.500 -0.586 1.195 

1000 - 2000 0.162 0.479 0.736 -0.786 1.111 

> 2000 -0.640 0.400 0.112 -1.431 0.151 

500 - 1000 < 500 -0.304 0.450 0.500 -1.195 0.586 

1000- 2000 -0.142 0.446 0.751 -1.026 0.741 

>2000 -0.945(*) 0.359 0.010 -1.656 -0.233 

1000 - 2000 < 500 -0.162 0.479 0.736 -1 .111 0.786 

500 - 1000 0.142 0.446 0.751 -0.741 1.026 

>2000 -0.803(*) 0.395 0.045 -1.586 -0.019 

>2000 < 500 0.640 0.400 0.112 -0.151 1.431 

500- 1000 0.945(*) 0.359 0.010 0.233 1.656 

1000 - 2000 0.803(*) 0.395 0.045 0.019 1.586 

Based on estimated marginal means 
* The mean difference is significant at the .05 level. 
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

A pairwise comparison on the different countries for the own sustainable drinking water comment 
mainly shows a significant different among the ratings from Italy versus the ratings of Catalonia and 
France. No significant difference for the mutual ratings of France and Catalonia is indicated in Table 
A.10. 

Table A. 10: Pairwise comparison on country with own drinking water comment as dependent variable 

(I) Country (J) Country Mean Std. Error Sig.(a) 95% Confidence Interval for 
Difference Difference(a) 
(I-J) 

Upper Bound Lower Bound 

Catalonia France -0.127 0.356 0.723 -0.831 0.578 

Italy 0.760(*) 0.334 0.024 0.100 1.421 

France Catalonia 0.127 0.356 0.723 -0.578 0.831 

Italy 0.887(*) 0.407 0.031 0.081 1.693 

Italy Catalonia -0.760(*) 0.334 0.024 -1.421 -0.100 

France -0.887(*) 0.407 0.031 -1 .693 -0.081 

Based on estimated marginal means 
* The mean difference is significant at the .05 level. 
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Facility type 

Table A. 11: Four sustainability comments per facility type 

Awareness Rising Water Price and Importance Fixed Water Price in Future 

Strongly Strongly 
Facility Type Disagree Disagree Neutral Agree Agree 

Camping Site 2 1 5 8 10 

Hotel 15 5 16 33 26 

Hotel & Restaurant 3 1 6 4 8 

Restaurant 3 0 2 5 2 

Total 23 7 29 50 46 

Importance Sustainable & Green Development for Facility 

Strongly Strongly 
Facility Type Disagree Disagree Neutral Agree Agree 

Camping Site 4 0 3 10 9 

Hotel 12 1 14 39 30 

Hotel & Restaurant 3 0 2 8 9 

Restaurant 1 0 2 3 6 

Total 20 21 60 54 

Sustainable & Green Development as Promotion of Facility 

Strongly Strongly 
Facility Type Disagree Disagree Neutral Agree Agree 

Camping Site 4 1 5 7 9 

Hotel 14 3 21 34 24 

Hotel & Restaurant 5 0 5 4 8 

Restaurant 2 0 5 3 2 

Total 25 4 36 48 43 

Own Sustainable Drinking Water Possibility 

Strongly Strongly 
Facility Type Disagree Disagree Neutral Agree Agree 

Camping Site 6 0 4 10 6 

Hotel 20 4 22 29 21 

Hotel & Restaurant 8 0 6 3 5 

Restaurant 2 0 3 3 4 

Total 36 4 35 45 36 

Investment and expected lifetime data 

Table A. 12: Expected lifetime and investment crosstabulation number scores per category 

Investment in euros 

Expected lifetime < 5,000 5,000 - 10,000 10,000 - 25,000 25,000 - 50,000 > 50,000 

< 5 years 

5 - 10 years 

5 

14 3 

0 

7 

94 

0 

0 

0 

0 

Total 

26 

95 

22 

12 

155 

Total 

26 

96 

22 

12 

156 

Total 

26 

96 

22 

12 

156 

Total 

26 

96 

22 

12 

156 

Total 

6 
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11 - 15 years 9 9 3 3 0 

16 - 20 years 3 13 11 0 

> 20 years 16 30 9 12 3 

Total 47 56 30 16 3 

Technical questions 

Maintenance topic: 

Table A. 13: Maintenance free period expectations 

Own Sustainable Drinking Maintenance Free Period 
Water Possibility 1 Week 1 Month 1 Year Always No Answer 

Strongly Disagree 2 10 13 0 1 

Disagree 0 2 1 0 0 

Neutral 7 13 8 0 0 

Agree 8 14 16 0 0 

Strongly Agree 6 13 13 0 0 

Total 23 52 51 0 1 

Table A. 14: Maintenance performance staff 

Own Sustainable Drinking Who performs small maintenance (e.g. on other technical equipment)? 
Water Possibility Owner Regular staff Technical staff Outsourced No Answer 

Strongly Disagree 6 3 6 9 1 

Disagree 2 0 0 0 

Neutral 8 9 5 5 

Agree 12 5 13 9 0 

Strongly Agree 8 9 8 8 0 

Total 36 26 33 31 2 

Space to place solar collectors topic: 

Table A.15: Space to place solar collectors on or near the facility 

Own Sustainable Drinking 
Water Possibility 

Is there space to place solar collectors on or near the facility? 

Yes, flat roof Yes, angled roof Yes, on the ground No 

Strongly Disagree 

Disagree 

Neutral 

Agree 

Strongly Agree 

Total 

7 

1 

12 

21 

9 

50 

12 2 

0 2 

9 3 

13 4 

18 2 

52 13 

Table A.16: Availability surface on top Door for respondents having an angled roof 

If angled roof: Is there space on the top floor to place an installation? 

< 5 m2 5 - 1 0 m2 1 0 - 25 m2 > 25 m2 No 

6 9 11 21 5 

95 

5 

0 

5 

2 

4 

16 

Total 

52 

24 

28 

70 

152 

Total 

26 

3 

28 

38 

32 

127 

Total 

25 

3 

28 

39 

33 

128 

Total 

26 

3 

29 

40 

33 

131 
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Appendices 

Appendix 11. Respondent's location trace 

The Figures below give an example of the location traces used in the analysis of a potential 
correlation in facilities exact location distance to seawater and their score in the market analysis of 
Section 5.2.3. These examples show the facility's location, from where is responded, marked in red in 
the Figures. Subsequently the distance is measured from the facility to the nearest point of seawater. 
The two pictures on the top half originate from Catalonian respondents, the left under from Italy, and 
the one right under originates from France. 

Figure A. 12: Map views of different facility locations in Catalonia, Italy, and France (Google Maps, 2008) 
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Appendix 12. Categorization in water reuse applications 

The complete model of water reuse application as proposed by Asano (1998). The categories are 
ordered by number of implemented projects, together with their main constraints, and shown in the 
table below. 

Table A. 17· Categories of water reuse and main constraints (Asano, 1998) 

Wastewater reuse categories 

1. Agriculture 
• Crop irrigation 
• Commercial nurseries 

2. Landscape irrigation 
• Parks 
• School yards 
• Freeway medians 
• Golf courses 
• Cemeteries 
• Greenbelts 
• Residential uses 

3. Industrial recycling and reuse 
• Cooling 
• Boiler feed 
• Process water 
• Heavy construction 

4. Ground water recharge 
• Ground water replenishment 
• Salt water intrusion control 

5. Recreational/environmental uses 
• Lakes and ponds 
• Marsh enhancement 
• Stream flow augmentation 
• Fisheries 
• Snowmaking 

6. Non potable urban uses 
• Fire protection 
• Air conditioning 
• Toilet flushing 

7. Potable reuse 
• Blending in water supply reservoir 
• Pipe to pipe water supply 

Potential constraints 

Surface and groundwater pollution if not properly managed 
Marketability of crops and public acceptance 
Effect of water quality, particularly salts, on soil and crops 

Public health concerns related to pathogens (bacteria, viruses, 
and parasites) 
Use area control including buffer zone. High costs for user may 
result 

Constituents in reclaimed wastewater related to scaling, corrosion, 
biological growth and fouling 
Public health concerns, particularly aerosol transmission of 
pathogens in cooling water 

Organic chemicals in reclaimed wastewater and their toxicological 
effects 
Total dissolved solids, nitrates, and pathogens in reclaimed 
wastewater 

Health concerns of bacteria and viruses 
Europhisation due N and P in receiving water 
Toxicity to aquatic life 

Public health concerns on pathogens transmitted by aerosols 
Effect of the quality on scaling, corrosion, biological growth, and 
fouling 
Cross connection 

Constituents in reclaimed wastewater, especially trace organic 
chemicals and their toxicological effects 
Aesthetics and public acceptance 
Health concerns about pathogen transmission, particularly viruses 
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Appendix 13. Global water/wastewater expenditures 

Table A. 18: Global water/wastewater expenditures (Frost & Sullivan, 2007) 
Decision Support Database 

Region I Country 

North America 

0.83 
Mt.'!Xico- l 00 
United States 63.43 

TOTAL 65.35 

ifimt·4,,Pi\¥W 
Argentina 0. 76 
Brazil O 71 
Chile O I' 
P,.,,_, 0.08 

India 
lndonesla 
Japari 
Ma:laysia 
Ne\Y Zealand 
Philippines 
S ingapo,c 

South Korea 
Ta~an 
Thailand 

0 . 14• 

pii 

0 .03 
0.12 

29.08 
oz, 
0.24 
0.D6 
0 .16 
t 15 

TOTAL 36.59 

l$ffitiiii§ 1U·iW 
A ustri.a 1.£4 
Belgium 0 .. !:=3. 
Derunark 0.32 
Finland 0 .53 
France 11 71 
Germany ·16.59 
Greece 0.40 
t::eland 0 .01 
l rel,:md 0_39 
Italy ~ 38 
Lu.xemoovrg 0.06 
Nethertands 2 _ 52 
Nonvay 0,92 
POI1_ugaf D.bO 
Spai,i 2Y2 
.Swe-den ·i . 58 
Svntz.er~a m.! 0.25 
U nited K;.in9dom 4 .7£i 

TOTAi. 4f:79 

l#liMitld 11 ,+ -~M 
C zech Republic 
Hungary 
Poland 
Russia 
forkey 

TOTAL 

Egypt 
Israel 
Saudi -Ambia 

TOTAL 

1·$Gi¥ 
So.utn Africa 

TOTAL 

0.06 
0.03 
0 C2 
0-72 
0.16 

0.98 

0.20 
0.22 
0.75 

1.18 

0.2B 

0.28 

0.96 
1 12 

06.35 

68.43 

0 78 
0 .77 
0 .14 
0.08 
0 .15 

· 1.93 

2.07 
3.68 

0.03 
0 13 

29.44 
G.24 
0.21 
0 .05 
0 .17 
1 .29 

37.22 

1.50 
() 48 

o.2r. 
0 .50 

i 0 .63 
13.95 
0 .37 
0 ,01 
0 36 
2.22 

2.40 

0.47 
2.-.l8 
1.5'1 
0 .23 
4.63 

42.9◄· 

0.00 
O.C3 
0 .02 
Q 70 
0. 13 

0.93 

0 .21 
0 .25 
0 79 

1.25 

D.26 

0.26 

O.H7 
1.21 

69.34 

71.52 

0.74 
0 .62 
D. '!3 
o.oa 

1.90 
3.80 

0.03 
0.12 

27.17 
0 .23 
021 
0.05 
0 .17 
1.20 

34.88 

1.4;'3 

D.4B 
029 
OAB 

10.71 
13.34 
0. 38 
0.01 
D.37 
2.27 
D.Ofi 
2.44 
0 .9.7 
D46 
2.39 
1.3f, 

0.06 
0. 03 
O.G2 
0.77 
().o7 
0 .96 

0.20 

0.23 
0.23 

·103 
1.24 

7401 
,si2ii 

0.27 
0.54 
G.12 

2_-;4 

4,07 

0 .04 
0 : !4 

27.0$ 
0.25 
024 
0.06 
O'HJ 
1 33 

j 35;51 

·i 6.2 
0.53 
0 32 
053 

11.75 
14 .31 
0.3& 
0 01 
0 .. 39 
2A iJ 
0.06 
2 J36 
1 i1 
051 
2..GB 

0,07 
0.03 
0Jl3 
O.?B 
0 ,0$ 

OJ!S 

0.2D 

0:20 

1.H1 
1.21 

7708 
79.48 

0 .32 
D .. 55 
0 .12 
D.0[1 

25!;; 
4 .. 38 

0 .04 
0.16 

26.'-0 
Q.27 
0.31 
D.06 
D.20 

1.48 

37.85 

1.98 
◊.64 

D.39 
n.ez 

14 .30 

0.4 1 
D.0 1 
0.43 
3.02 
O.Gl 
3.27 
1.32 
-0.l.'4 
3.'J .. ~ 
1.87 
D.32 
488 
55;➔3 

C.09 
().()4 

0 .03 
G.85 
0 .08 

1.-09 

0.15 
Q.25 
0.82 
1,32 

D.28 

0.28 

1.30 
1 20 

80 .74 

83.23 

0.55 
0 .. 13 
(l.'10 

0 .. 11 

1.22 

2.90 
4 .7 ·1 

0.04 
0 .18 

30.48 
0.28 
0.36 
0 1}6 
0 .2. 'I 
1.£3 

40.84 

2 .16 
0.70 
0.43 
0.70 

15 .. 75 
·,r~.oo 
0.42 
0.0 '1 
045 
3.39 
D.07 
3.64 
IA:(, 

0.71 
3..7!) 
2 .0/l 
0 .36 
5 .¾ 

60.52· 

C. 10 
OC>4 
0.03 
0.89 
0.08 

1 .15 

0. )5 
C.26 
0.&6 

1.37 

0.28 
0.28 

1 .39 
1.20 

84.f/5 

87.54 

0 .36 
0 .55 
0 .1 3 
0.10 
0 .11 

{25 

308 
5.01 

0.05 
0.19 

32.C4 
0.29 
0.40 
0 .06 
0 .22 
1 74 

43.68 

2.36 
077 
0.4(l 
0.76 

17 .18 
20.86 

0 .45 
0 .01 
0.49 
3.78 
O.Q8 
4 .02 
1.55 
0 .78 
.1,14 

2 .27 
0.39 
5.75 

66.12 

0 1 1 

O.D5 
004 

0()9 

1.18 

0 .14 
G.27 
., .00 

1.42 

0-27 
0.2.7 

1AG 
1.22. 

88 .77 

91.45 

0.37 
0.55 
0.13 
0.10 
D.12 

1.2ll 

3.25 
5.28 

0 .05 
0.20 

34.0G 
o . .:.o 
0.43 
ocs 
022 
·1.79 

45.64 

2.60 
0 .8-1 
0.52 
0.83 

18.52 
22.fA 

0.4'.l 
c .0 ·1 
0.5< 
4 .18 
0 .09 
4.43 
l.G-4 

D.&S 

2.43 
D.42: 
6.C-2 

71 .59 

0. 11 
0 .05 
0 .04 
0.90 
0 .10 

1.19 

C 15 
C.28 
1.05 

1 .47 

0.2'3 

0.28 

IW•lil*•ii•Si-iM 153.99 152..96 1112.31 160.78 176.32 188.60 201..44 212 B9 

7'°1 
0 11 
4.82 

4 .75 

5 .61 
0.24 
2 .62 
4.:12 
3 64 

2.5S 

8.36 
6.41 

6.42 
6.59 
6.25 
4 . .57 

1 1.n 
2..21 
3.37 

6.50 

6.44 

9;40 
9 49 

10.25 
10.27 

9 01 
8 .70 
6.76 

12.52 
8~15 

1 1 ,:11 
9 79 

10.65 
7.39 
9.B3 

10 .77 
9 .13 

·BBO 
7.25. 
9.10 

7.60 
6.42 
8.46 
1.84 
6 .56 

3.06 

(Q.67) 
3.34 
4 .63 

3.80 

(0.48) 

(0.48} 

Note: Ali figure:s are rm .. nded, the b.Jse ye.ar 1.s 2003. Source Frost & Suli;va:, 

Definition 
Ex:penditure for water and wastewater rnariagement Is the sum tom! of expenditure inc-.. ;rred b)' the iocai government, 
rm;!·w:j p,-1~ities t<::fle:ral gave:rnrnent and industries. This h.dudes all forms of expenditure incurred for vaiious actwities like 
wa1er/wastE::wa:er treatment , w astewater dtsposal, treatment pfants e!c. 

Note 

;.: ::~~;:: ~~v~~:;~;;:;;;:,:~:ii:~i~t:~vti~~~1~~~'t(:~~:c:::1~n;~;el~~~:1~:'.'ency v:~L~s to US S 
3. Hypher, ind~::ates data r:on-Bva·ilabifr:y 
~1 . Fii;.r.ire~ lor 8t.i,\n1tn o~=!nmark, ic<.:i-larni , Italy. Sv.'ltz.erbrnj indicate expenditu re mcui-rt=:d by the pubht: sector ority 
5 F:gure-s. for U K, Fi1,!3!'>:'..1 a:)d C.a:1.-:H.1.a ho:.Hcme experntture incuired t,y ttle Business i lnd:..1strJal s..ector or- ly 
f"'- f=i(J<..ffe~, ·for India hr1?cate the Public sector Environment tK:d~wt 
7 F!9ure:, fo< H;;ngary J:re the Central Eiwrronment Prote<:tJCi:1 Fund only 
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