
 

 

 
Abstract—To achieve sustainability of water resources the 

approaches taken must be economically, environmentally and 
socially acceptable and avoid negative impacts on future generation 
The decision to collect and use alternative water sources may be 
influenced by a range of factors. This article does not seek to 
recommend or discredit any particular system, rather to provide 
general guidance on the issues and information to support decisions 
on alternative water use at the building level and make it more 
attractive to public. The aim is to calculate all combination of 
portfolios of proposed water strategies and to describe how we can 
treat with this source of water, and demonstrate its potential 
utilization at the building level. 
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I. INTRODUCTION 
HE total volume of water in the world remains constant. 
What changes is its quality and availability [1]. Many 

researchers confirmed that the importance of water savings is 
rising every day. The fresh water is our gold. Common 
household uses consume a lot of water. There is a need to 
manage its end use as sustainable as our conditions allow us. 
In EU it is common to use well and rain water source for 
purposes as irrigation, toilet flushing…etc. There are three 
main approaches to reduce water in household: 

• water saving by good housekeeping and efficient water 
use in buildings  

• alternative water supplies (rainwater…etc) 
• recycling and reuse of water (grey water…etc) 
The project titled “Building that Save Water” presented a 

decision tree approach to assessing options available for 
reducing mains water use [2].  

The ability of different water types to meet the water 
demanded for various end uses within the building is 
significantly improved where less water in total is required. 
Consumers must be clear on how to operate water-using 
appliances correctly, and be aware of the implications of their 
water consumption [2].  
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The ability of different water types to meet the water 

demanded for various end uses within the building is 
significantly improved where less water in total is required. 
Consumers must be clear on how to operate water-using 
appliances correctly, and be aware of the implications of their 
water consumption [2].  

The main topic of this article is to describe, how we can 
treat with this source of water, and demonstrate its potential 
utilization, which means saving particular source of potable 
water and in parallel to water savings, bring financial savings.  

II. DESCRIPTION OF WATER SOURCES 
The quantity of water used by European households has 

increased significantly over the past 30 years and now 
represents approximately 70% of the total water use in 
buildings [3]. A report by the Office of Community and 
Economic Development (2002) estimates that 35-40% of 
household water consumption is used for personal hygiene 
(shower and bath), 20-30% for toilet flushing, and 10-20% for 
laundry. The research has shown that replacing high water-
using devices with water efficient alternatives can reduce 
annual water consumption by 32-50% [4]. Focusing on 
household water consumption, and in particular the use of 
water efficient devices, offers significant potential for water 
savings [5]. 

A. Potable water  
Potable water could be supplied from several possible 

sources. 
• Municipal water supply  
• Water wells – driven, dug, drilled   

Tap water (running water, city water, municipal water, etc.) 
is water supplied to a tap (valve). Other typical uses include 
washing, toilets and irrigation. Indoor tap water is distributed 
through "indoor plumbing", which has existed since antiquity 
but was available to very few people until the second half of 
the 19th century. Water used for abstraction of drinking water 
is now covered by Water Framework Directive - WFD. 

Water from well is s water supplied from groundwater 
sources. It could be used for potable or non-potable purposes 
according to its quality.  About 14% of the Slovak population 
is individually supplied from well water. 80-85% of water 
resources for individual supply do not meet the hygiene 
requirements and are permanent risk to health or the water has 
poor sensory properties. The most common case of overflow 
values of indicators is faecal pollution, nitrate and iron. Water 
quality in individual water resources is adversely affected by 
poor technical condition of wells, lack of depth and poor 
disposal of sewage in their neighborhood. High risk of 
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infectious diseases, especially in times of flood and case of 
failures drains. 

B. Grey water 
Grey water system can be described as system which is 

oriented on capturing waste water before its discharging from 
building. If we want to apply this system, the waste water has 
to be separated on grey water and black water. There are a lot 
of descriptions, what grey water means, for example according 
to British Standard, we can consider grey water as domestic 
wastewater excluding faecal matter and urine [6]. Grey water 
reuse is in our condition still rare. 

C. Rainwater 
Rain, a form of precipitation is the first form of water in the 

natural hydrological cycle. It is a primary source of water that 
feeds rivers, lakes, and groundwater aquifers and they became 
the secondary source of water [7]. 

Rainwater may be collected from any hard surface, such as 
stone or concrete patios, and asphalts parking lots. However, 
once the rain hits the ground it is no longer referred as rain, 
but as the storm water. Landscape can also be contoured to 
retain the storm water runoff. Rainwater harvesting captures 
precipitations and uses it as close as possible to where it falls 
[8].The potential of rainwater harvesting depends on location 
and weather. Precipitation monitoring is a very a common 
process all around the world 

III. WATER MANAGEMENT PORTFOLIOS 
In the world a lot of authors have discussed the water issue 

from the different views [15,16,17,18,19,12]. This part defines 
and evaluates combinations of water management options, 
referred to as water management portfolios. The costs and 
benefits of the portfolios are described in the next chapter. The 
water management portfolios are scored and compared based 
on screening criteria presented in this section. We can divide 
them to two alternatives using the proposed portfolios. 

1. House is connected to main water supply –Alternative 1 
2. House is not connected to main water supply- Alternative 2 

 
 
Fig. 1 Water management option vision at the building level 
 
The 11 Case portfolios were prepared in two alternatives 

(Figure 1).  

A. Portfolios description 
First alternative gives us 8 portfolios how we can manage 

water consumption and demand. In this case all possible use 
purposes of four water sources are described for end use in 
Figure 2.  

 
• Potable water (P) 
• Rain water (R) 
• Grey water (G)  
• Water from well (W) 

 
Portfolio1. Base Case – Potable water, Well water (water 

quality as drinking). It is represented by main water supply 
that reaches the highest water quality. Portfolio assumes that 
none of the other water management options presented here 
would be implemented. In case there is not possible 
connection to water supply only Well water that reaches 
quality requirements will be used. 

 
Portfolio 2.  P + R -   this portfolio consists of the adding 

just the rain water use option to the base case portfolio. In 
some cases, this option is a must, 
 if it is not possible to connect to the main sewage 

(overloading sewerage), this is happening often in the 
cities, while building a new house  

 sewage system is not built (downtown areas, villages)  
 subsoil is not suitable for infiltration. 
In this case we cannot calculate the initial costs for the 
payback period because we have to invest in the system.  
Each town has its own regulations to deal with the floods and 
problems of overloading sewers.  

 
Portfolio 3.  P+R+G - this portfolio consists of the adding 

the recycled water option to the P+R case portfolio. It means 
that the water according to its quality and availability will be 
divided for other purposes. For example grey water for 
flushing the toilets and rainwater for garden irrigation and 
laundry. It is also possible to build also a hybrid system. 

 
Portfolio 4. P+R+W - this portfolio consists of the replacing 

the recycled water option by well water and works in the same 
way. The water from well is in this time the cheapest way how 
to have a good quality water, but it should be controlled at 
least 1 time per year. 

 
Portfolio 5. P+R this portfolio is similar to the portfolio 2, 

the grey water is used for non-potable purposes. It becomes 
cost effective where water consumption is more than 500- 
600I/ day. 

 
Portfolio 6. P+ R + W - this portfolio is combination of 

potable water, well water and rain water. Wells can recharge 
themselves, and can provide a constant, steady supply of water 
that is not easily impacted by dry weather conditions, so it is 
always a good idea.  

 
Portfolio 7. P+W – the often used combination in our 

conditions. Potable water is used for all indoor activities and 
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well water for the irrigation. The purposes of use are based on 
the quality of water. 

 
Portfolio 8. P+R+G+W – the last portfolio is combination 

of all sources. The all options portfolio includes incorporating 
all of the water management option. It should be evaluated by 
case by case approach.  

 
The same approach is used in alternative 2 but potable 

water is replaced by water from well. In this case we have four 
portfolios: Well water, W+R, W+R+G, W+G. 

The water audit equates the volume of water that goes into 
building to where it is used and where it ends up. A final 
decision on whether to proceed with a rainwater, well water or 
grey water system should take into account all changes in 
water use and viability assessed having addressed water 
efficiency issues at first [2]. 

  

 
Fig. 2 Two alternatives of portfolios 

 
The water audit equates the volume of water that goes into 

building to where it is used and where it ends up. A final 
decision on whether to proceed with a rainwater, well water or 
grey water system should take into account all changes in 
water use and viability assessed having addressed water 
efficiency issues at first [2]. 

 
Fig. 3 Average water consumption in Slovak household [l/person per 

day) 

B. Water use  
We use large amounts of water each day, as water serves 

many different purposes, which we can divide to potable and 
non-potable water needs. Water with potable water quality 
parameters is used to personal hygiene drinking, cooking, 
showering, bathing and dishwashing. Water that does not 
require such quality parameters is suitable for toilet flushing, 
irrigation, laundry, car wash and others (Fig. 3). 

 

 
 

Fig. 4 purposes for non-potable use in household 
 

According the presented 9 purposes all possible combinations 
with 4 or 3 water sources were calculated.  

IV. POSSIBLE COMBINATIONS OF ALL PORTFOLIOS – 
MATHEMATICAL APPROACH 

A. Combinatorial task 
To define all possible combinations of water management 

options referred to as water management portfolios for both 
alternatives the classical combinatorial task of determining the 
number of combinations was used.  

If we have e.g. 4 different water sources and define them by 
9 end use purposes, then if we want to find the number of all 
the possibilities of application to a given source of water we 
need to use a classical combinatorial task approach of all 
tetrads of nine elements without repetition. This number is 
expressed in mathematics standard combinatorial numbers in 

the form 
n
k
 
 
 

 where n is the number of elements where the k 

number of k-tuples. The calculation of the number of the 
combination is given by the formula:   

                           
!

( )! !
n n

n k nk
 

= 
− 

                               (1) 

When trying to find the best solution it is, however, important 
to know all of these options and then choose the one best 
suited to each particular case. It is preferable to use commonly 
used software products, such as and Visual Basic on Microsoft 
Excel and so get the desired solution directly in the 
environment of Excel spreadsheets. Counting combinations is 
difficult from a programming standpoint, since it does not 
order the elements concerned, which is somewhat contrary to 
the strict deterministic approach to reigning in creating 
algorithms. From the perspective of a programmer is thus an 
easier to handle (even though mathematically seemingly 
extensive) process based on the calculation with variations 
without repetition, which in contrast to the combination 
depends on the order, after eliminating same solutions.  The 
process started by identification of all permutations considered 
for 9 end purpose. Permutations in this context are a special 
case of variations without repetition, where n=k is the 
calculation of the simple relation as n! (n - factorial). There 
was need to eliminate the same solutions, after re-compile all 
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of four variations in Excel tables. The important boundary 
conditions were set like daily capacity of the water resources, 
sanitary restrictions, etc. The calculation resulted in 996 
options which are from the practical point of view not 
applicable. By specifying boundary conditions related mainly 
to the removal of some "irrational" clusters of activities in 
terms of connection to a water source. Final results have 
obtained an acceptable number of options, which are of the 
order of large number of different cases. We decided to choose 
most suitable ones. By setting up the boundary conditions for 
alternative 1 and 2 (Fig. 5) the results are as follows: In 
alternative 1 - four water sources were used in 63 
combinations, in alternative 2  - 26 combinations of 3 sources. 
 
 

 
 
Fig. 5 Possible combination for both alternatives 

B. Discussion and Results 
The intent of the integrated water management is to 

consider water management options that were identified by the 
expert group that might be useful in enhancing the water 
sustainability and reliability. Described water management 
options that are considered at the building level were 
implemented on experimental house. According to the study 
eight portfolios are prepared for the house owner when 
connected to the main water supply and four without the 
connection.  

Results for Alternative one are described on figure 6. 

 
Fig. 6 Alternative 1 – 8 portfolios for experimental family house 
Results for Alternative two are described on figure 7. 

 
 
Fig. 7 Alternative 2 – 4 portfolios for experimental family house 
 
Proposed eleven portfolios offer a plan how to deal with the 

water scarcity. The calculations of all combinations were set. 
It can help the investor to see all possibilities of water 
management strategies directly aimed at his case. Each case 
should be evaluated independent set on the boundary 
conditions. The economic and environmental evaluation 
approach will support investor’s decision and interests. The 
main aim was to give as much as possible information to 
investor to change his thinking to sustainable solution even 
when they are not so cost effective. 
Rain water and grey water can contribute to sustainability at 
the building level, particularly where: 
 problems with water sources occur 
 the cost of water mains is high 
 user wishes to reduce the water consumption 
 user wishes to be independent of water mains 
 it is the only possibility of runoff disposal 
 user wishes to support the sustainability and environment 

 

 
 
Fig. 8 Portfolio 4 – experimental family house 
 
The change of a classic family house to a BLUE house by 
implementing the portfolio four led to reduction of water bills. 
The saved costs for water in the year 2016 will be around 160 
€ (Fig. 8).  
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V. CONCLUSION 
To achieve sustainability of water resources the approaches 

taken must be economically, environmentally and socially 
acceptable and avoid negative impacts on future generation. 
Now the systems are more viable where the consumption is 
above average and for rainwater systems if there is sufficient 
rainfall.  As grey water systems become more popular, there is 
a need for standardization to protect the public and to ensure 
that reliable systems are designed, installed and maintained. A 
modern decentralised water infrastructure can include site-
collected rainwater, grey water, storm water, and black water 
systems. These alternative water sources may never totally 
replace centralized system. They do help manage and store 
water and treat it to various levels of quality for use in 
buildings and the sites upon which they stand. The designers 
should complete the site and building as the one system – 
where water is conserved, energy saved and the costs are 
reduced. New technologies and better understanding of the in 
building water cycle allow us to reduce our water footprint. 
The provision of safe water and sanitation has been more 
effective than any other intervention in reducing infectious 
disease and increasing public health. The public expects to 
have safe water and sanitation; therefore, when recycling 
water, it is essential to protect public health and the 
environment.  
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