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Abstract

Water is essential for human life, health and overall well-being, i.e. to reduce
poverty and hunger. As day after day the earth's population and the need for
water are increasing, whereas the amount of water is decreasing, it is becoming
increasingly difficult to satisfy people's water needs. Due to the trend of urban
population concentration, it can be said without exaggeration that the
functioning of cities will also depend on the quantity and quality of management
and distribution of water resources within cities. Drinking water from public
water supply system is used in households to cover all types of daily water
needs. In order to preserve water as much as possible, in terms of its quality and
quantity available for human consumption, an integrated approach to water
management is needed. Integral water management is essentially water
production and consumption management. Zero-use water building is a building
that collects rainwater and recycles its wastewater for reuse, eliminating the
need for water supply from public water supply and connection to the sewer
network. Appropriately collected and stored rainwater can be used multiple
times in dwellings, gardens, yards, parks, for washing public areas, etc. The
benefits of rainwater use are ecological and financial. A zero-water building is
technologically feasible for existing buildings, but costs are quite high, and
various other constraints also arise. This approach is most suitable for new
buildings, where space for containers, additional pipelines and filtering systems
can be set from the beginning. Zero-water buildings aim to reduce total water
consumption, maximise the use of alternative water sources and minimise
wastewater discharges from buildings. The paper will present the general
concept of zero-water buildings and highlight the importance of water
conservation.
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1. INTRODUCTION

Water is considered one of the basic components of life, and the entire history of mankind and civilization is
largely related to it. Water is not only included in the composition of human organism and food, but it is also
used to produce food and energy, as well as in industry as a raw material or auxiliary material. Due to its
importance for the mankind, supply of water to settlements and the population is nowadays considered to be one
of the primary branches of water management. Due to the tendencies of people to concentrate their settlements
and themselves as consumers around water, and given the available water resources on Earth, the issue of water
supply will become even stricter in the future. The rule of water supply, that every drop of water on the
catchment is kept for as long as possible for its wider use, is becoming more and more present in our practice [1].
Only 1% of the total water resources on Earth is drinking water, and as much as a third of water consumed in
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households goes to flush the toilet that is mixed with faeces to form a substance (mixture) called wastewater [2],
3]

Wastewater is known to be composed of 99.9% water and 0.1% pollution. The primary purpose of wastewater
treatment is to prevent infectious diseases and to protect from contamination of groundwater and surface water
[4]. The biggest challenge for wastewater treatment is the mixture of human wastewater and factory chemicals
with large amounts of water. In combined sewer systems, valuable drinking water is reduced to a carrier of waste
substances [5], [6]. One adult is thought to produce about 500 litres of urine [5]-[8] and about 50 kg of faeces
[5], [7], [8] over a period of one year. Faeces and urine are resources, not waste, and drainage systems bypass the
natural flow of nutrients back into the soil and instead empty nutrients (chemical elements: phosphate, nitrogen,
potassium, magnesium, etc.) into the water [6]. Looking at this process in which drinking water is used as means
of transporting waste materials [9] from the household, it can be seen that there is a double cost (cost of water
used and drainage/treatment of wastewater). This is a linear way of thinking [10]. In view of the above, it is
important to preserve, manage and recycle water wherever possible.

A growing global population and economic shift towards more resource-intensive consumption patterns means
global freshwater use - that is, freshwater withdrawals for agriculture, industry and municipal uses has increased
nearly six-fold since 1900 [11]. This is shown in the Figure 1.
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Source: Global International Geosphere-Biosphere Programme ({IGB) OurWorldinData.org/water-use-stress = CC BY
Figure 1. Global freshwater use for agriculture, industry and domestic uses since 1900, measured in cubic
metres (m3) per year [11], [12]

People use water for different purposes. It is important to remember that water for different purposes does not
have to be potable water. One person per day for survival (drink and food) needs 2.5 to 3 litres, basic hygiene
needs 2 to 6 litres, and basic cooking needs 3 to 6 litres leading to a total of 7.5 to 15 litres per person per day for
basic emergency needs [13], [14]. Non-drinking water can be replaced by rainwater. So on average, 45 litres of
drinking water can be saved each day if replaced by rainwater. Rainwater can be collected on the roof and
guided through filters into a container of appropriate size, placed in a suitable place and protected from direct
sunlight in order not to start developing algae [15]. The average water consumption in the apartment for one
person per day is shown in Table 1.
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Table 1. Average daily needs for potable and non-potable water for one person (according to [15])

Potable water Non-potable water
Use Amount [I] Use Amount [I]
Shower 35 Toilet flushing 18
Washing dishes 8 Clothes washer 18
Face washing 7 Cleaning 4
Drinking and cooking 3 Watering the garden 5
Total 53 Total 45

The use of water in the household is given in Table 2, and the average daily use of hot water in the household is
given in Table 3.

Table 2. Indoor household use [16] Table 3. Average daily hot water use per household [16]

Fixture Use [%0] Fixture Use [%0]
Toilet 24 Shower 39.1
Faucet 20 Faucet 33.8
Shower 20 Clothes washer 9.7
Clothes washer 16 Bath 5.7
Leak 13 Dishwasher 4.8
Bath 3 Leak 4.6
Other 3 Other 2.0
Dishwasher 2 Toilet 0.0

2. LIVING BUILDING CHALLENGE

Water is an important economic resource and the basis for biodiversity, climate and ecosystem regulation.
Protecting aquatic ecosystems from pollution and hydromorphological changes and sustainable use of water are
essential to meet the needs of the current and future generations, as well as to maintain political stability at
national and regional level. The overarching water policy aims to ensure that sufficient amount of quality water
is available in the EU for human and environmental purposes by regulating the main pressures (agriculture,
industry, municipal wastewater) and water use (bathing water, groundwater, drinking water) and integrated water
management. The vast majority of European citizens have access to basic sanitation services and are connected
at least to secondary wastewater treatment. In addition, European citizens have high quality drinking water.
However, the pressure from urbanisation, diffuse pollution from agriculture, industry and climate change affect
water quality and long-term water security. At a global level, the EU promotes water availability, sustainable
water management and sanitation for all through the European consensus on development and EU
neighbourhood and enlargement policies [17].

The Living Building Challenge - LBC is a certification program that defines the most advanced measure of
sustainability - providing a framework for design, construction and the symbiotic relationship between people
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and all aspects of the built environment. It is one of most rigorous performance standards in the industry, as it
requires net-zero energy, waste and water by every project. The LBC is comprised of seven performance areas
(Figure 2), or “Petals” - Materials, Place, Water, Energy, Health, Equity and Beauty [18].

\“J Interrefaticaship

BEAUTY with Nature

Uplifting the
Human Spiit

EQUITY:
Supporting a
Just and
Equitable Workd

Figure 2. The Living Building Challenge Petals [19]

The petal Water requires net-zero water use which means all of the water used must come from the site. The
intent of the petal is to consider water as a scarce resource and helps us think about questions of waste. 100% of
water for drinking, cleaning and gardening is collected and treated on site. Rainwater captured on rooftops is
purified using ultraviolet light. Low-flow fixtures and composting toilets minimize water demand and used water
is treated in sub-surface wetlands. A monitoring system helps building occupants learn about and adjust
consumption [19].

Living Building Challenge rewards facilities that achieve net zero water, where 100% of the facility's water use
comes from collected sources or closed loop water systems. The impacts of water runoff on the eco system are
being considered and whether they are adequately purified without the use of chemicals. Buildings that achieve
sustainable water flow where 100% of rainwater and wastewater from the building is managed on site and
integrated into a comprehensive system that meets project requirements are analysed as well. In many important
facilities in the world, interesting architectural solutions incorporate elements of rainwater collection systems
[20].

3. NET ZERO WATER BUILDING

An important water source for net zero water building is rainwater. A significant condition for adequate
reduction of the flow of atmospheric waters is the use of water, either for internal purposes, which slows the flow
rate, and the water is eventually returned to the catchment through wastewater, or for irrigation which maximizes
local evapotranspiration. In suburban housing zones, acceptable reservoir volumes (ca. 2.5 m? per 100 m? of roof
surface) for rainwater collection, which can later be used for a wide range of indoor and outdoor needs, can
reduce the runoff of atmospheric waters to almost natural catchment conditions. In multi-dwelling areas with
more population and higher potential water needs per unit roof area, the potential to reduce run-off is even
greater [21].

An ideal net zero water building uses on-site alternative water sources to supply all of the building's water needs.
All wastewater discharged from the building is treated on-site and returned to the original water source [22]. A
net zero water building (Figure 3) is a building that collects rainwater and recycles its wastewater for reuse,
eliminating the need for water supply from the public water supply and connection to the sewer network.
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Figure 3. An ideal net zero water building [22]

Net zero water buildings includes the following key design elements:
e Reducing demand by employing innovative technologies that consume less water.
e Producing alternative water sources to offset purchased freshwater.
e Treating wastewater on-site and reuse or inject treated wastewater into the original water supply.
o Implementing green infrastructure by infiltrating stormwater to the original water supply [22].

The goal of net zero water is to preserve the quantity and quality of natural water resources with minimal
deterioration, depletion, and rerouting by utilizing potential alternative water sources and water efficiency
measures to minimize the use of supplied freshwater. This principle can be expanded to the campus level.
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Back in the day, many of the oldest homes could have achieved the net-zero water designations that are
cherished today. Rainwater was captured in cisterns, wells provided drinkable water and an outhouse served as a
toilet [23].

When talking about net zero water building, it can be achieved gradually, i.e. not every building has to be net
zero building, but it is necessary to try to reduce as much water consumption as possible. First, it is necessary to
reduce the consumption of water by the householder. In houses, it is necessary to replace old equipment, toilets
and appliances that use water, add new toilets that use one quarter of the water of the old ones, and faucets and
showers that save water. Water and sewer installations should also be installed in the house to remove leaks,
which can be the main source of water loss. All of the above can reduce water consumption by 60% [23].

The next step is to capture rainwater from the roof, just like people did long ago. The rainwater flows into
storage tanks — after roof debris is diverted. To make it potable, the water is first filtered, then disinfected by
exposure to ultraviolet light. It is ultimately directed to faucets and showerheads within the home [23]. The
amount of rainwater that can be collected can be easily calculated. The surface of the roof (flat or pitched)
should be calculated and then multiplied by the average annual rainfall. Losses must certainly be taken into
account (due to evaporation, absorption, leakage, etc.), leading to a percentage of collected water of 70% to a
maximum of 90%.

The most favourable are smooth surfaces, followed by clay covers or shale. Roofs with rough concrete tiles,
bitumen cover and so-called green roofs (flat, grass-covered) are inappropriate. Dust and other impurities are
preserved in these roofs. If the roof is covered by a metal cover, it must be calculated with a higher metal content
in water, which is therefore less suitable for watering gardens [15].

An example of an underground rainwater storage tank is shown in Figure 4.

Figure 4. Rainwater harvesting storage tank [24]

Then came analyzing the potential for greywater recycled from sinks and showers to flush toilets. Researchers
found that the shower and lavatory would produce slightly more water than the low-flush toilets would need.
Extra greywater was dedicated to supplement the needs of the washing machines. One benefit of the greywater
system is that potable water from the water company isn’t used for toilets, where it isn’t really needed. Toilets
are the biggest users of water within the home [23].

It is likely that more net zero water homes will only appear in the coming years due to the emergence of a new
rigorous certification program, the Living Building Challenge. Unlike green building programs that try to
minimize the environmental impact of the house, the Living Building Challenge seeks to eliminate it completely.
To earn a certificate, homes must be net-zero in their use of energy and water. Certification is tough because it
requires a year’s worth of real data, as opposed to a design computation [23].

Certain technologies that can be applied to net zero water building and technologies that can achieve advanced
secondary treatment levels to support water reuse or release of less contaminated water back into the
environment, taking into account the useful use and appropriate handling of nutrients, are also urine-diversion
dehydration toilets - UDDT and urine-diversion flush toilets - UDFT.

Urine can be collected with urinals without water/dry toilets, and the resulting product is natural fertiliser. Faeces
can be stabilized by anaerobic method, drying and composting (dry toilets), and biogas and fertilizer are
produced as a product. Sanitary water can be purified in wetlands (marshes — artificial/natural), and the resulting
water can be used for irrigation. Rainwater does not require any purification and can be directly infiltrated into
the soil or collected in containers used for irrigation of agricultural areas [25].
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The collection of urine and faeces and water saving can be done in several ways. One way is by using the urine-
diverting flush toilet — UDFT (Figure 5). A urine-diverting dry toilet - UDDT is a toilet that operates without
water and has a divider so that the user, with little effort, can divert the urine away from the faeces [26].

Figure 5. The urine-diverting flush toilet (UDFT) [26]

UDDT toilets are mostly used for family houses, schools (in underdeveloped countries), generally not widely
used for multi-apartment buildings. The use of UDDT in multi-dwelling buildings is a major challenge. There
are only a few examples of UDDT in multi-dwelling buildings in Germany and Mongolia. Faecal tanks are
located in the basement and are dimensioned so that a family of five members can use one tank for about half a
year. It is recommended to use ashes to cover the faeces. When the first container is filled, the second container
shall be used so that the faeces can be sufficiently dried and ready for use [27]. Such toilets are harder to
maintain and clean than ordinary toilets (with flushing). Faeces should be covered with sawdust, lime, dry soil,
ash to reduce faecal moisture and increase PH due to pathogen extinction [5].

Composting toilets can be integrated into a building’s net zero water strategies with opportunities for
maximizing water conservation and reuse. Utilizing composting toilets can result in reduced systems needed for
managing a building’s remaining wastewater, including fewer pipes and smaller areas needed for on-site
treatment [28].

In the case of waterless urinals, maintenance is simple. A urinal is used only for collecting urine. Urine is stored
directly in containers and used later. Tanks can be underground or above ground, depending on the construction
and location of the urinal in the building and the type of building. For water-based urinals, the water use per
flush ranges from less than 2 | in current designs to almost 20 | of flushwater in outdated models [26].

For household urine, the recommended storage time is 1 to 6 months, depending on the storage temperature
(below or above 20 °C). However, if urine is used for its own garden, this is not necessary. Storage time of 1
month is recommended for food and crops under cultivation (e.g. cooking). Six months of storage (if temperature
> 20 °C) is required for commercial food production and when raw products are consumed. Urine from public
places such as schools or restaurants takes 6 months to store. After this storage time, urine may be used to
irrigate all crops (if temperature > 20 °C) [7].

Some of the advantages of the above mentioned technologies of separate collection of human urine and feces at
the point of their production are: water savings, organic fertilizer production, energy savings since wastewater
contains less nutrients and pathogens and less oxygen is needed during biological treatment, and since less water
is in the system, less energy is required to pump water [5].

The lack of separation of urine and faecal matter and non-use of water when flushing toilets is the (non)
willingness of people to change habits (people are considered not to be “civilized” if they do not have access to
flushing toilets), additional maintenance is needed, the initial costs of such investments are higher, urine is less
efficient fertilizer than synthetic fertilizers [5].

All of the above - the separation of types of wastewater and waste materials according to the place of their origin
- is advocated by the material flow management method — MFM. The term material flow management covers a
broad spectrum of methods and approaches in the literature. In general, material flow management refers to the
analysis and specific optimization of material and energy flows that arise during manufacturing of products and
provision of services. Material flow management can focus on very different levels of consideration [29]. The
path of cross-company material flow management is also described as the product line or product lifecycle, from
the input of raw materials, manufacturing, distribution and use consumption up to disposal [29], [30].

4. CONCLUSIONS

Water has always been of great importance and always will be. Preserving its quality and sufficient amount of
water should be in our best interests. Climate change and the ever-accelerating urbanisation that causes
increasing problems should be driver for a new way of thinking. Integral (sustainable) governance has
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increasingly been mentioned in all areas of work and life. It is evident that in recent times, much attention has
been given to solving the problem of the drainage of atmospheric waters in developed countries, by applying an
integral approach to precipitation water planning and management. This is an innovative approach that relies on
the environmental principles of drainage planning and design according to the natural way of runoff.

The possibilities of using rainwater in buildings are high. Some of the ways or places where rainwater can be
used are to flush toilets, wash clothes, irrigate gardens, etc. The most significant advantage of this approach is its
positive influence on the characteristic biophysical features of the urban environment, where the negative effect
of rainwater on the urban area is reduced. This approach has many advantages, but is still poorly applied.
Changing the existing rainwater drainage systems is quite costly and complex, but nonetheless, the various
possibilities and advantages of applying such an approach, its impact on improving the quality of living and
housing, improving the protection of space as a whole, and ultimately mitigating the consequences of climate
change, are becoming increasingly evident.

Less than 1% of the potable water on Earth is known to be used by humans, among other things (and in large
part), to flush toilets. That water is called black water, and actually its only role is to be a transport agent for
faeces and urine. Faeces and urine can be used as fertilizer. Of course, certain rules should be observed in such a
use. Urine contains most of the nutrients of wastewater, and by volume it accounts for less than 1% of the total
amount of wastewater. The separation of urine and faeces, without the use of drinking water as a transport agent,
can be done by using water-free urinals, urine-diversion dehydration toilet - UDDT, urine-diversion flush toilet -
UDFT where only faeces are rinsed with water and drained and urine is stored in a special tank, etc. A net zero
water building (constructed or renovated) is designed to: minimize total water consumption, maximize
alternative water sources, minimize wastewater discharge from the building and return water to the original
water source. Net zero water creates a water-neutral building where the amount of alternative water used and
water returned to the original water source is equal to the building's total water consumption.

The application, i.e. construction of net zero water building, finds many obstacles. Legal barriers - the
complexity of managing the regulatory system around such systems at local, state and national level is the
biggest obstacle for project teams seeking approval for net zero water projects. Currently, water is regulated in
several jurisdictions and agencies. Financial barriers are then emerging as net zero water projects rely on local or
distributed water supply and purification systems which are otherwise operated at municipal level by publicly
owned utility companies. As such, the burden of costs for supply and processing systems - as well as their
current operation, maintenance and replacement needs - is shifted from the utility company to the individual
project. Cultural barriers and public perception of the safety of water reuse and on-site management of
wastewater pose significant obstacles to net zero water projects. Such fears have roots in our historical
management of water and waste and the resulting public health problems that have arisen. Today, education
requires convincing the public of the safety of modern decentralised water systems and informing them of their
environmental, social and economic benefits.
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