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THE CONCEPTION OF RAINWATER HARVESTING FOR
WAREHOUSE HALL

Abstract:

Due to the decreasing resources of non-renewable fresh water and climate changes leading to more
frequent intense rainfalls, designed solutions are desired to manage rainwater in accordance with the
principles of blue-green infrastructure. This paper discusses four concepts of rainwater management
for a warehouse hall using solutions such as drainage boxes and bio-retention basins with
hydrophytic vegetation. The designed rainwater drainage system also includes a rainwater pre-
treatment system, including a sedimentation tank and a petroleum derivatives separator and,
depending on the concept's requirements, a rainwater pumping station. Some amount of rainwater
will be reused for building maintenance needs (e.g. toilet flushing, cleaning) and for irrigating green
areas. The aim is to maximize the use of rainwater within area where it occurs and to show the hybrid
solutions of rainwater management.
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OCMUIIJBABAIBE M PA3PAJJIA KOHIEIITA HPUKYIIJbAIBA
KNIIHUIE 3A CKIIAJUIITHY XAJY

Caoicemak:

VYciben cMamema PaclosioKUBUX pecypca HEOOHOBJBHBE CIIATKE BOJE M KIMMATCKHX IIPOMjeHa,
KOje JI0BOJIE /IO CBE y4YeCTaMjuX MHTCH3WBHMX IaJaBUHA, jaBJba ce MOTpeda 3a MpOjeKTOBAHUM
pjememnMa yrpasibarmka KHIIHUIIOM Y CKIIaJy ca MpUHIMINMA IUlaBo-3esieHe HHdpacTpykrype. ¥
OBOM paJy pa3MaTpajy ce YeTHpPH KOHILENTa YIpaBJbakbha KUIIHHWIOM 3a CKIAJUIIHY Xaliy,
MIPUMjEeHOM pjeliea Kao IITO Cy KyTHje 3a JpeHaxy W OuopereH3wje ca XuIApo(UTCKOM
BereranujoM. IIpojekToBaHM cuCTeM 3a JpeHaxy Takohe oOyxBara CHCTEM IPETXOJHOT
npeunmhaBama KUITHHIE, KOjU YKJbydyje TAJIOKHUK W cemaparop HadTHHX aepuBaTta, U y
3aBHCHOCTH OJI 3aXTjeBa KOHIIETITa, TyMITHY cTtaHuily. Onpelhena konmnunaa KumHuIe ouhe oHOBO
nckopumhena 3a moTpebe onpkaBama O0jeKTa (HIp. HCIHpame ToaneTra, duInheme) |
HaBO/[IbaBambhe 3eJEHIX MoBpIIHHA. L1k McTpaxnBama je MakcCUMHU3anyja HCKopuItheha KUITHATLE
Y 30HH FeHOT HACTaHKA, KA0 M IIPUKa3 XUOPHUIHUX pjelIeha YIpaBibamba aTMOC()EPCKAM BOAaMa.

Krwyune pujeuu: nnago-3enena ungppacmpykmypa, Kiumameke npomjene, npuKynbarbe KuHuye
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1. INTRODUCTION

Due to climate change and the increasingly rapid development of urban areas, the difficulties
regarding the management of rainwater occur. Rainfalls have become less frequent, but more
intense, which causes, e.g. flash floods in cities. The solution to this problem is to retain as much
water as possible in the place where it falls, which allows to reduce the overloading of the storm
sewerage system.

Rainwater used to be treated as a problem — it was captured in sewage systems and discharged
outside urban areas to avoid local flooding. Nowadays, however, it is used as a valuable resource
that helps minimize the impact of human activities on water management. A properly designed
rainwater sewerage network allows for the retention of collected water and its consumption, e.g.
during droughts.

Poland’s water resources are getting poorer, which may result in a water deficit. The amount of
renewable freshwater resources is below the value of the water security level defined by the United
Nations and amounts to 1.6 thousand m* per capita [1]. A comparison of this value is shown in
Figure 1.
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Figure 1. Comparison of renewable freshwater resources in EU (prepared by the

authors based on [1]).



The most significant and noticeable effects of increased surface runoff in urban areas include:

e property damage, such as flooding of buildings and assets,

e damage to transport and utility infrastructure,

e threats to the health and safety of humans and animals.
Additionally, increased surface runoff results in higher peak discharge rates and a reduction in
catchment concentration time. Consequently, small receiving water bodies are often degraded, as
they become components of urban drainage systems during intense rainfall events [2], [3]. Reuse of
rainwater not only prevents floods, but also protects stormwater and combined sewer systems from
deterioration of pipes, and helps to avoid the discharge of pollutants into receiving waters [4].
Rainfall also plays an important environmental and social role in urban areas. It can mitigate the
urban heat island effect, increase air humidity, and reduce excessive dust formation. Furthermore,
open water bodies serve as spaces for recreation and relaxation.
Despite the evident risks associated with heavy rainfall—such as floods, economic losses, and
threats to human life and health—rainwater contributes to improving living conditions in highly
urbanized areas with a large proportion of impervious surfaces. Therefore, appropriate stormwater
management is essential to minimize its adverse impacts while maximizing its potential benefits [5],
[6].
The literature [3], [7], [8], [9], [10], [11] reports numerous implementations of rainwater
management systems in various urban areas. These solutions typically involve retention tanks that
collect rainwater from building rooftops, which is subsequently reused for non-potable purposes
such as cleaning, landscape irrigation, and toilet flushing. The design of rainwater management
systems depends on multiple factors, including climate conditions, the quantity and quality of
rainfall, soil and groundwater conditions, space availability, site characteristics, and the technical
and operational conditions of the existing sewer system. Consequently, each rainwater management
system is site-specific and characterized by its own capabilities and limitations.
The main aim of the paper is to present various concepts of the rainwater management for the
designed warchouse hall located in northern Poland in the city of Chojnice. The conducted
calculations focus on the use of rainwater collected from the roof of the building and on minimizing
the runoff of rainwater from the investment site to the municipal rainwater sewer system.
As part of the research, calculations of reused rainwater and runoff were made; several concepts for
rainwater management were prepared, a rainwater management project was prepared along with the
necessary hydraulic calculations and sewer profile; appropriate devices and hydrophytic vegetation
were selected.

2. METHODOLOGY AND DATA

2.1. AMOUNT OF RAINWATER

The volume of rainwater is primarily determined by two factors: the depth of precipitation and its
intensity [12]. Poland, due to its diverse geographical conditions, is characterized by an average
annual precipitation of 500-600 mm in the central part and 450-550 mm in the lowlands. The highest
values were recorded in mountainous regions with the amount to 800-1500 mm [13], as shown in
Figure 2. For Chojnice city the value of average annual precipitation is 650 mm.
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Figure 2. The average rainfall depth in Poland [14].
2.2. QUALITY OF RAINWATER

The quality of rainwater is influenced by chemical compounds found in the atmospheric air and
pollutants with which the water comes into contact during the surface runoff phase. Depending on
the degree of industrialization of a given region, the composition of rainwater will differ from each
other.

The main pollutants that rainwater absorbs from the atmosphere are: significant amounts of
dissolved gases, e.g. carbon dioxide, oxygen, nitrogen and residues of insecticides, herbicides or
fungicides. The composition of rainwater, and thus the degree of pollution, is influenced by factors
such as traffic intensity and distance from green areas [15].

The contaminants that enter rainwater from the surface on which it falls depend on the type and
intended use of that surface. The most common dangers are those resulting from the abrasion of tires
and the upper layer of the road. Equally dangerous are the pollutants that remain on the surface as a
result of car accidents or poorly transported materials. Rainwater from parking lots and
communication routes is particularly contaminated with the presence of petroleum substances,
heavy metals, etc. A serious danger appears after a period of drought, when pollution accumulates
on the roads and then ends up in sewage systems with rain. It should be noted that in winter there is
an increase in contaminant concentrations resulting from de-icing agents entering the drainage
system [16].

Runoff from smooth roof surfaces (i.e., those covered with ceramic tiles, metal roofing, glass,
synthetic materials, etc.) is not contaminated with petroleum-derived substances or heavy metals. It
can therefore be reused, provided that this water is collected before coming into contact with other
catchment areas where the above-mentioned contaminants are present [15].

2.3. METHODS OF RAINWATER HARVESTING

In order to minimize the outflow in the stormwater sewer systems in urban areas, the rainwater
should be harvested within the catchment. This can be achieved by using devices such as, e.g.:
retention basins; retention reservoirs, retention and infiltration reservoirs; green and gravel roofs
[16].



These devices retain rainwater during the highest rainfall intensity and allow water to be retained or
gradually drained, while reducing the risk of overloading sewers [17]. In addition, they help in the
fight against water deficit. Some of the above-mentioned devices allow for water retention and use
during drought, while others support water infiltration.

2.3.1. Drainage boxes

Drainage boxes, which are a type of retention tank, are gaining more and more popularity among
designers. Ease of operation and the ability to be installed in a limited space further support the
selection of this device. Drainage boxes do not have a significant impact on the development of
adjacent areas [18].

2.3.2. Retention basins

A solution eagerly used in green urban areas is the retention basin planted with hydrophytic
vegetation (Fig. 3). It supports water infiltration, which can contribute to the protection of non-
renewable water resources. In addition to the benefits of water management, it also has a positive
effect on the aesthetic values of the landscape and the microclimate, as during the period of increased
temperatures they cause a decrease in air temperature and better thermal comfort. These basins
create ideal conditions for lush vegetation or for various species of animals to live in [18].
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Figure 3. Scheme of bio-retention basin with hydrophytes (prepared by the
authors based on [19]).

2.3.3. Retention reservoirs

Retention reservoirs are widely used in stormwater sewer systems in order to enable the management
of excess runoff and minimize the overloading of sewers [2]. Retain rainwater can be reused for
purposes that do not require drinking water quality. The quality of water retained in the reservoir
may prove problematic, as it is variable and depends, among other things, on the type of the
catchment, the water retention time in the reservoir and the temperature. The retention time depends
on the length of the dry and rainy seasons [20].

2.4. DESCRIPTION OF EXISTING CONDITION

Designed warehouse hall is located in northern Poland in Chojnice city (Fig. 4)

2
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Figure 4. Location of Chojnice city in Poland (own source).



The planned facility will be located within a catchment with a total area of 2.05 ha.

At present, the construction plot is undeveloped. Adjacent areas contain existing electricity, water
supply, telecommunications, and gas networks, as well as planned sanitary and stormwater sewer
systems [21].

The catchment is located in a lowland region. The average height of the area is 169.00 m above sea
level. The city of Chojnice is located in the first zone of ground freezing, which means that the
freezing depth is 0.8 m.

The catchment is located outside the flood risk area for a probability equal to 1% and 0.2% [21] and
is not located within the boundaries of areas covered by nature protection. The nearest natural
monument is located at a distance of about 1 km in a straight line and it is a common yew.

Table 1. List of surface areas

Surface type/Use Area [m?]
Warehouse hall 3160.00
Administrative and office | 465.54
areas

Parking lots and circulation | 5373.56
areas

Green areas 11178.9
Total area 20178.00

The designed facility will be a warehouse hall with an area of 3160 m? and an administrative and
office part with an area of approx. 465.5 m?. The areas adjacent to the building will be designated
for parking lots and a communication route made of cobblestones. The remaining part of the plot
will be adapted as green areas. A detailed list of surfaces can be found in Table 1.

3. CONCEPTS OF RAINWATER MANAGEMENT

Rainwater from the catchment area will be collected using two separate storm sewer systems.
Regardless of the rainwater management concept, rainwater from the roofs will be collected using a
vacuum roof drainage system and conveyed into a retention tank, from where it will be reused for
the maintenance of the warehouse hall. Although vacuum roof drainage systems are typically
designed for the rapid removal of large volumes of rainwater from extensive roof surfaces, their
application in rainwater harvesting systems is less common. This is because such systems operate
under pressurized flow conditions and are optimized for high-intensity rainfall events rather than
controlled water retention.

In the present concept, however, the vacuum system is used to efficiently collect runoff from the
large roof area of the hall and convey it to a retention tank, enabling effective utilization of the
collected rainwater while maintaining high drainage performance during extreme events.

Rainwater collected from the remaining surfaces will be directed to the other stormwater sewer
system using rainwater drains and linear drainage, and then it will be conveyed to a pre-treatment
system consisting of a high-efficiency vortex sediment tank and a high-efficiency lamellar separator
of petroleum derivatives. The further part of the storm sewer system is varied depending on the
concept.

Concept I (Fig. 5) provides an underground retention tank for water collected from the hall roof,
with an emergency overflow to a retention basin planted with hydrophytic vegetation, from which a
further overflow leads to a stormwater sewer system collecting runoff from other surfaces. After the
pre-treatment system, the collected water goes to the drainage boxes, from which the emergency
overflow leads to the municipal stormwater sewer system.
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Figure 5. Scheme of concept I (own source).

Concept II (Fig. 6) assumes an emergency overflow from the retention tank for water collected from
the roof of the hall to the drainage boxes, from which an emergency overflow will be made to the
stormwater sewer system in the catchment area. Rainwater from the remaining areas will be directed
to a bio-retention basin and then will be directed to the municipal stormwater sewer system through

an emergency overflow.
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Figure 6. Scheme of concept Il (own source).

Concept IIT (Fig.7) describes the management of rainwater collected from the roof of the hall in the
same way as in concept I. Water collected from the remaining catchments will be directed to a
separate bio-basin, which affects the aesthetic values of the area adjacent to the hall. Basin 1
(intended for water from the retention reservoir) will be located next to the administrative and office
part. Basin 2 is being designed behind the warehouse building near the truck docks. After flowing
through Basin 2, the water will be conveyed to the drainage boxes, from where it will be directed to
the municipal stormwater sewer system by emergency overflow.
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Figure 7. Scheme of concept Il (own source).

In concept IV (Fig. 8), rainwater from the roof of the hall and pre-treated rainwater from other
surfaces will be conducted to a bio-retention basin with hydrophytic vegetation, and then to drainage
boxes. An emergency overflow to the municipal stormwater sewer system is designed.
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Figure 8. Scheme of concept IV (own source).

For each concept, hydraulic calculations were performed to avoid unnecessary oversizing of the
sewers, and the slopes of sewers were designed to achieve at least the self-cleaning velocity. The
construction of green roof was not taken into account due to large additional investment cost
according to the strengthening of the building's construction.

All presented stormwater management concepts met the hydraulic loading requirements and allowed
for the full retention of rainwater runoff under the assumed design conditions (e.g., frequency of
occurrence ¢ = 5 years and a rainfall duration of 15 minutes). For comparison purposes, only their
impact on the surrounding environment was considered, while investment costs were not taken into
account.

For detailed hydrological and hydraulic calculations, the investment area was divided into 12 sub-
catchments (Fig. 9), thus determining the flow through a given cross-sections. A list of the areas of
sub-catchments is presented in Table 2.



Figure 9. The investment area divided into sub-catchments for detailed
hydrological and hydraulic calculations.

Table 2. Areas of sub-catchments

Sub-catchment | Area [m?] Area [ha]
1 478,13 0,048
2 553,98 0,055
3 858,13 0,086
4 608,74 0,061
5 719,9 0,072
810,32 0,081
162,36 0,016
8 126,1 0,013
151,83 0,015
10 147,71 0,015
11 165,93 0,017
12 449,82 0,045

4. ANALYSIS OF THE CONCEPTS

For all four conceptual variants, stormwater management devices were selected. Due to the lack of
Polish procedures for the dimensioning of the selected devices, German standards were applied.



Retention tanks for the reuse of rainwater were designed in accordance with the German standard
DIN 1989-1:2001-10 [22]. In this method the rainwater resources ¥, [dm’] are calculated as:

V. =A'C'ha1i [de] (1)

where:

A [m?] catchment area,

¢ [-] average runoff coefficient,
hg, [mm] average annual rainfall

Next step is calculating water demand V.4 [dn’] for building area (e.g. for toilet flushing, cleaning,
laundry, irrigation of green area):

Vwa = Lp -UADD - 365 + Agreen "irrigation [dm3] ()

where:

L, [resident] number of residents/employees in the building,

UADD [dm®/(day-resident)] unit average daily demand,

Agreen [m?] irrigated green area,

Qirrigation [dm?/m?] water demand for irrigating the green area while the whole year

The value of V, [dm?] is compared with the water demand V. [dm’] and the lower value is chosen
for further calculations. This value then is multiplied by the coefficient equal to 0,06 to compute the
volume of retention tank V,, /[dm’]. The coefficient 0,06 represents the retention storage time during

the year- it is assumed that the storage time should be 3 weeks, which gives % = 0,06.

Water demand in the research was calculated for the following purposes:
e toilet flushing (UADD= 12 dm?/(day-employee)) , assuming 158 employees working in the
warehouse hall and 20 employees working in the office area;
e cleaning of the warehouse hall area (UADD= 2 dm®/(day-employee));
e cleaning of office spaces (UADD= 3 dm®/(day-employee));
e irrigation of green areas, assuming manual watering (Girigation= 60 dm3/m?).

Drainage boxes and retention basins were designed in accordance with the German standards ATV-
A 117 [23] and ATV-A 138 [24]. The length of drainage boxes L /m] was calculated by using
formula [23]:

q-AcT
L= N
b-h-a+(b+;)-E-T

[m] )

where:

q [m/s] design rainfall-runoff flux (infiltration rate per unit area),
A [m?] catchment area,

T [s] rainfall duration,

b [m] width of drainage box,

h [m] height of drainage box,

a [-] storage coefficient for drainage box,

k [m/s] filtration coefficient

The calculations were performed for rainfall with the frequency of occurrence c= 5 years and rainfall
durations from 5 min to 360 min. The soil was assumed to consist of medium-grained sand with a
filtration coefficient of ky = 10~* m/s, extending to a depth of approximately 3—4 m below ground
level, depending on the location of the stormwater infiltration devices. Geotechnical investigations
confirmed the absence of groundwater. For the calculations, drainage boxes with parameters
specified in the manufacturer’s technical data sheet were adopted: width 0.6 m, height 0.6 m, and a
storage coefficient of 0.95. The side slopes of the designed retention basins were set at a gradient of
1:1.5.

Stormwater pumping stations, a separator, and a sedimentation tank were designed in accordance
with the latest technical knowledge. The separator and sedimentation tank were required according
to Polish regulation [25] for the discharge of stormwater from parking lots, roads, and paved
surfaces. The dimensioning of those devices was based on the maximum flow through them.

The volume of retention basins ¥, /m’] were computed by using the following equation [24]:
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V.=(@QAc— Voutflow -T) [mg] 4)

where:
q [dm*/(s*ha)] design rainfall intensity,
Voutfiow [m*] outflow volume,

1. .
Tog0 Unit converter from [dm?] into [m?]

The basins will be planted with hydrophytic vegetation.

The adopted solutions were designed according to the principles of sustainable stormwater
management, with a focus on retaining the maximum possible amount of rainfall within the
catchment area. Rainwater collected from the roof of the warehouse hall will be reused to partially
meet the water demand of the planned building, resulting in both economic benefits related to
building operation and a reduction in potable water consumption.

The solutions applied for the management of stormwater collected from the remaining sub-
catchments focus on increasing infiltration into the ground, thereby reducing hydraulic overload of
the municipal stormwater sewer system during extreme rainfall events.

Concept I focuses on efficient water management using solutions optimized in terms of both
investment and operational costs. The majority of collected stormwater is directed to an infiltration
system made of drainage boxes. This concept not only minimizes the occupation of green areas but
also eliminates the need for stormwater pumping, resulting in additional cost savings.

Concept II focuses on the separate management of stormwater collected from the hall roof and from
parking lots and traffic routes. Rainwater not reused within the building is directed to the drainage
boxes secured with an emergency overflow. The remaining stormwater is discharged to a bio-
retention basin.

Concept III assumes two bio-retention basins planted with hydrophytic vegetation, located in
different areas of the site. The smaller basin, intended for stormwater collected from the warehouse
roof, is located near the administrative and office part of the building, allowing employees to use
the green area during breaks, which may positively affect well-being and work efficiency. The
second basin is located near the warehouse area. The planted retention basins will serve as a visual
enhancement of the undeveloped part of the site. Stormwater not managed by these basins will be
directed to the system of drainage boxes.

Concept 1V is based on collecting stormwater not used to meet the building’s water demand and
combining it with runoff from the remaining surfaces into a single system. Stormwater is directed
to a bio-retention basin located near the warehouse hall and subsequently to the drainage boxes.
The parameters of the selected devices for all concepts are presented in Table 3.

Table 3. Parameters of selected devices for all concepts

Concept 1 Concept 11 Concept III | Concept IV
Retention V=128 m* =128 m’® =128 m’® =128 m’®
reservoir
Drainage L=253m L=108 m L=43m L=108 m
boxes V=95m’ V=39m? V=156m’ | V=39m?
Bio-retention | V=40 m?3 V,=8lm’ V=39 m? V=81 m?
basin Vi=65m?
: 3 3 3 3
Sediment tank | 190 22 Q=100 Q=100 | Q=100"=
3 3 3 3
Petroleum Q=100 Q=100 Q=1002 | Q=100
derivative s s s s
separator

Each concept also differs from each other with the configuration of the devices and pipes according
to the schemes on Fig.5-8. Concept III as an example is shown on Figure 10.
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Figure 10.  The investment area divided into sub-catchments for detailed
hydrological and hydraulic calculations (sewers are green lines)

The use of rainwater reduces the amount of stormwater discharged into the sewer system and
contributes to reducing the fees for the service of conducting rainwater into the sewer. At the same
time, by reusing rainwater for specific purposes, water intake from local municipal water supply
system is reduced, which is also associated with another reduction in fees. The rainwater which can
be collected from impervious surfaces is equal to 2135 m® in one year (assuming average rainfall
depth).

5. SUMMARY AND CONCLUSION

The increasing degree of urbanization is accompanied by an expansion of impervious areas. This
has a direct impact on rainwater runoff: the reduction of permeable areas significantly increases the
risk of floods during intense or prolonged rainfall events. Consequently, this not only results in
material losses for residents but also leads to greater outflows within the sewer system and higher
concentrations of pollutants in the wastewater reaching the treatment plant or other receiver.

The solutions presented in the paper are in line with the principles of sustainable rainwater
management through the use of retention basins, retention tanks and drainage boxes. In order to
protect non-renewable freshwater resources, rainwater reuse is designed to reduce the amount of
water taken from the local municipal water supply system. These solutions will bring economic and
ecological benefits to the investment.

The designed rainwater management will not cause overloading of the municipal stormwater sewer
system to which the designed investment is connected. The research focuses on increasing rainwater
infiltration, storage retention, a pre-treatment of rainwater in bio-retention reservoirs. It was also
decided to reduce the expenses related to the operation of the warehouse hall by using a rainwater
reuse system. A key element of this system is a retention tank, which allows water to be collected
and reused for building maintenance.

It was decided to design bio-retention basins, which, in addition to having a positive impact on water
management, improve the aesthetic values of the areas adjacent to the facility. They create a friendly
environment where employees can relax during breaks at work and also improve the microclimate.
Bio-retention basins contribute to reducing the urban heat island effect by providing cooling through
evapotranspiration processes.

The above mentioned properties make bio-retention basins preferred solutions for rainwater
management. They are also highly valued by the public, serving as spaces for relaxation, social
interaction, and contact with nature. In addition, bio-retention systems contribute to lowering
ambient temperatures, thereby improving thermal comfort in the closest surroundings. With the use
of appropriate plantings, they can also provide preliminary treatment of rainwater and snowmelt
runoff.



The four presented stormwater management concepts were not compared in terms of investment
costs, which depend on numerous factors, including the selected materials, strength parameters, soil
and groundwater conditions, and the depth of installed devices. Moreover, costs may vary depending
on the contractor and require market research and comparison of at least several offers for each
solution. Taking into account a hydraulic criteria, each of the proposed concepts is technically
correct and allow to retain the total runoff caused by the design storm.

Considering environmental benefits and employees comfort, the recommended solution is concept
3, which incorporates two bio-retention basins.

The results of the paper shows the diversity of hybrid solutions for rainwater harvesting including:
- reuse of rainwater, what causes the decrease of tap water usage;

- infiltration, what helps to recharge the groundwater;

- bio-retention basins which improve thermal comfort during hot weather and have high aesthetic
values.

Future research should consider advanced stormwater management systems incorporating real-time
monitoring and control. Such systems are typically equipped with flow meters or sewer level
sensors, water level sensors in retention tanks, rain gauges, and data loggers integrated with weather
forecasting systems. This configuration enables predictive operation, allowing the system to respond
to rainfall events. For instance, in the case of a forecasted intense rainfall, retention tanks can be
emptied by using pumps to be enabled to capture the maximum part of surface runoff. The
implementation of such intelligent systems may significantly improve the operational performance
of rainwater infrastructure and contribute to more effective management of urban runoff under
changing climatic conditions.

AKNOWLEDGMENT
The research was funded by the Poznan University of Technology, grant numbers SBAD PB 0991

LITERATURE

[1] Stat.gov.pl, “SDG - raport 2020,” 2020. Accessed Dec. 15, 2025, [Online]. Available:
https://raportsdg.stat.gov.pl/2020/cel6.html

[2] M. Mrowiec, Retencja wod opadowych w obszarach zurbanizowanych. 2020.

[3] E. Wojciechowska, M. Gajewska, and K. Matej-Lukowicz, Wybrane aspekty
zrownowazonego gospodarowania wodami opadowymi na terenie zurbanizowanym.
Gdansk, Poland: Politechnika Gdanska, 2016.

[4] D. Stys, Zrownowazone systemy odwodnienia miast. 2013.

[5] R. Jozwik, “Rainwater management solutions and their impact on shaping inner city
areas undergoing transformation (Case study of the ZAC Clichy-Batignolles area in
Paris),” Journal of Ecological Engineering, vol. 21, no. 3, pp. 209-219, Apr. 2020, doi:
10.12911/22998993/118277.

[6] J. Gwozdziej-Mazur, P. Jadwiszczak, B. Kazmierczak, K. Koézka, J. Struk-Sokotowska,
K. Wartalska, and M. Wdowikowski, “The impact of climate change on rainwater
harvesting in households in Poland,” Applied Water Science, vol. 12, no. 2, Jan. 2022,
doi: 10.1007/s13201-021-01491-5.

[7] A. Stec and M. Zelenakova, “An analysis of the effectiveness of two rainwater
harvesting systems located in Central Eastern Europe,” Water, vol. 11, no. 3, p. 458,
Mar. 2019, doi: 10.3390/w11030458.

[8] American Society of Landscape Architects (ASLA), “Designing our future: Sustainable
landscapes,” www.asla.org. [Online]. Available:
https://www.asla.org/sustainablelandscapes/sidwell.html

[9] E. Koztowska, Proekologiczne gospodarowanie wodq opadowg w aspekcie
architektury  krajobrazu.  Wroclaw, Poland: Wydawnictwo  Uniwersytetu
Przyrodniczego we Wroclawiu, 2008.

[10]K. Wolanska, “Zagospodarowanie wod opadowych na Placu Poczdamskim w Berlinie,”
Chronmyklimat.pl, 2018. Accessed Mar. 31, 2026, [Online]. Available:
http://old.chronmyklimat.pl/wiadomosci/adaptacja/zagospodarowanie-wod-
opadowych-na-placu-poczdamskim-w-berlinie

[11]B. Yang and R. F. Young, Ecological Wisdom Theory and Practice. doi: 10.1007/978-
981-13-0571-9.

[12] Zrownowazone systemy gospodarowania wodq deszczowg. 2015.

[13]7J. S. Krolikowska and A. J. Krolikowski, Wody opadowe. 2019.



https://raportsdg.stat.gov.pl/2020/cel6.html
https://www.asla.org/sustainablelandscapes/sidwell.html
https://www.google.com/search?q=http://old.chronmyklimat.pl/wiadomosci/adaptacja/zagospodarowanie-wod-opadowych-na-placu-poczdamskim-w-berlinie
https://www.google.com/search?q=http://old.chronmyklimat.pl/wiadomosci/adaptacja/zagospodarowanie-wod-opadowych-na-placu-poczdamskim-w-berlinie

[14]PW-WSH dev IMGW-PIB, “Mapy klimatu Polski - Portal Klimat IMGW-PiB,”
Imgw.pl, 2020. Accessed  Dec. 15, 2025, [Online]. Available:
http://klimat.imew.pl/pl/climate-maps/#Precipitation/Yearly/1991-2020/1/Winter

[15]M. Lipska, Wykorzystanie wod deszczowych w budownictwie. 2016.

[16]A. Walega, A. Radecki-Pawlik, and G. Kaczor, Naturalne sposoby zagospodarowania
wod opadowych. 2013.

[17]]. S. Krélikowska, A. J. Krélikowski, and T. Zaba, Kanalizacja. 2015.

[18]M. Hammerling, J. Kocigcka, and D. Liberacki, “Analysis of the possibilities of
rainwater harvesting based on the AHP method,” Rocznik Ochrona Srodowiska, vol. 22,
2020. [Online]. Available:
https://www.ros.edu.pl/images/roczniki/2020/023 ROS V22 R2020.pdf

[19]“OgRéd dEszCzOWy W 5 kROKACh.” Accessed Dec. 15, 2025, [Online]. Available:
https://www.gdmel.pl/images/dokumenty/9-ogrod-deszczowy-w-5-krokach.pdf

[20]1K. Mazurkiewicz, J. Jez-Walkowiak, and M. Michalkiewicz, ‘“Physicochemical and
microbiological quality of rainwater harvested in underground retention tanks,” Science
of The Total FEnvironment, vol. 814, p. 152701, Mar. 2022, doi:
10.1016/j.scitotenv.2021.152701.

[21]Geo-System, “mChojnice - System Informacji Przestrzennej - e-mapa.net,” E-mapa.net,
2025. Accessed Dec. 15, 2025, [Online]. Available: http://mchojnice.e-mapa.net

[22]1DIN 1989-1:2001-10, Rainwater Harvesting Systems - Part 1: Planning, Installation,
Operation and Maintenance. Darmstadt, Germany: fbr, 2002.

[23]ATV-DVWK-A 117, Bemessung von Regenriickhalteriumen, Germany.

[24]DWA-A 138, Planung, Bau und Betrieb von Anlagen zur Versickerung von
Niederschlagswasser, Germany.

[25] Rozporzqdzenie Ministra Gospodarki Morskiej i Zeglugi Srédlgdowej z dnia 12 lipca
2019 r. w sprawie substancji szczegolnie szkodliwych dla srodowiska wodnego oraz
warunkow, jakie nalezy spetni¢ przy wprowadzaniu do wod lub do ziemi Sciekow, a
takze przy odprowadzaniu wod opadowych lub roztopowych do wod lub do urzgdzen
wodnych, Dz.U. 2019, poz. 1311.



http://klimat.imgw.pl/pl/climate-maps/#Precipitation/Yearly/1991-2020/1/Winter
https://www.ros.edu.pl/images/roczniki/2020/023_ROS_V22_R2020.pdf
https://www.gdmel.pl/images/dokumenty/9-ogrod-deszczowy-w-5-krokach.pdf
http://mchojnice.e-mapa.net/



