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RAINWATER AS A ALTERNATIVE SOURCE 
OF WATER SUPPLY IN BUILDING  
– MEASUREMENTS AND EVALUATION 

There are many water sources available on building sites that can be use as a alter-
native water sources for supplement the more traditional water sources. These wa-
ter sources are usually suitable for non-potable purposes and vary greatly in quality 
so that the most of the on-site water resources have limited application and of 
course are never suitable for human consumption. Rainwater harvesting appears to 
be one of the most promising alternatives for supplying freshwater in the face of 
increasing water scarcity and escalating demand. Advantage of the rainwater har-
vesting is availability in the most places over the world and that rainwater usually 
is one of the purest waters available of all the alternate water sources. Submitted 
paper contains an overview of the possible rain water use for non-potable purposes 
in one school buildings as well as a possibility of the rainwater harvesting for 
buildings in TUKE campus as a planned concept for rainwater management. 
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1. Introduction  

Concern over stormwater management sustainability has been increasing 
over the past years also due to climate changes, growing urbanization and unsus-
tainable water management in general thus sustainable practices such as Sustain-
able Urban Drainage Systems (SUDS), Best Management Practices (BMPs), 
Low Impact Development (LID), etc. are becoming more and more popular 
around the world. Rainwater harvesting is not the only part of source control 
measure in the stormwater management (SWM), it is also the way how to con-
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trol water consumption and how to support qualitative and reasonable water use 
for different purposes.  

One of the objectives of the Water Framework Directive (WFD) is to pro-
mote sustainable water use, based on long term protection of available water 
resources and we can say that rainwater harvesting (RWH) contributes to this 
objective [1]. 

Harvesting rainwater and urban stormwater for safe reuse has many poten-
tial benefits. It can help to reduce the impact of urban development on water 
quality and stream flow, and can also help to meet water conservation objec-
tives. Rainwater and stormwater reuse schemes are commonly used in water 
sensitive design strategies for new urban developments [2]. Systems using alter-
native water sources are well known in many countries. There are many case 
studies aimed not only at rainwater and storm water usage, they are concerned in 
recycling and reuse e.g. of grey water and combined systems of rainwater and 
grey water or respectively and its reliability and economic effectiveness as 
[3, 4]. 

2.  Rainwater as a source of potential savings of potable water  
in TUKE campus 

Buildings types as school, hospitals, offices, commercial premises, rainwa-
ter can typically be used for toilets, vehicle washing, yard washdown and water-
ing of plant pots/gardens. In the case of school-type buildings potential of water 
savings replaced by rainwater is significantly higher. It results from absent of 
such purposes as showering, bathing (30%), laundry, etc. as it is at home, so the 
most volume of potable water is consumed for flushing toilets [5, 6]. Figure 1 
represents amount of water demand for purposes typically for commercial prem-
ises, schools etc. according to Regulation n. 684/2006 Z. z. Slovak Government 
Regulation [8]. 
 

 

Fig. 1. Average water demand according Regulation n. 684/2006 Z. z (SVK) 
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Figure 2 represents view of the Technical University of Kosice campus site 
in Kosice-city. The rectangles indicate school buildings for all faculties of Tech-
nical University of Kosice. These buildings have a classical drainage system for 
rainwater runoff consisting from traditional direct channeling of surface run-off 
through networks of pipes to sewer system. 

But there are two buildings – PK6 and PK5 which have a drainage system 
for rainwater runoff designed through an infiltration facilities – infiltration 
shafts. Measured real volumes from PK6 building are shown in chapter 3. 

 

 

Fig. 2 TUKE campus [9] 

A planned situation of rainwater management in TUKE campus considers 
about the replacing of traditional rainwater drainage into the sewage system by 
the use of rainwater in the school buildings. All of school buildings respectively 
the roofs of these buildings in TUKE campus (Fig. 3) represent a potential 
source of rainwater for non-potable purposes especially for flushing toilets [5]. 
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Fig. 3. Roof areas of buildings in TUKE campus as a potential source for RWH 

The rooftop area of school buildings (Fig. 1) determine maximum volume 
of rainwater possible to be captured and accumulated.  

Determination of the theoretical volume of rainwater from the catchment’s 
area can be determined by the equation: 

CAzV yearrain ⋅⋅=  (1) 

where:  Vrain – theoretical volume of rainwater;  
zyear – average annual rainfall for chosen locality (mm); 
A – roof or another catchment area (m2); 
C – runoff coefficient (non–dimensional coefficient). 

 
For the determination of theoretical volume of rainwater we need also data 

of rainfall intensity. The resource, that provide us information about the rainfall 
intensity is rain gauge and is located on the roof of University Library. Rain 
gauge is joined with its own concrete foundation using a steel rod. Flat roof 
helps to fix the rain gauge into horizontal position which is the first condition for 
receiving correct data. We use recording heated rain gauge for year-round meas-
uring. There are known unheated rain gauges as well used for limited part of 
year when the temperatures aren’t so low. Heated rain gauge is used for measur-
ing liquid precipitation (rain) and solid precipitation (snow) as well. Rain gauge 
is made of stainless material. Rain gauge’s adjoining catchment area is 200 cm2 
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and its function is based on tipping bucket mechanism. Tipping bucket is located 
inside the rain gauge body right under the funnel outlet. Rain or snow fall down 
the funnel outlet into the divided bucket. The bucket does not move until it is 
filled with calibrated 0.2 mm amount of water, then it tips and second half of 
bucket can be filled with rain water. When the bucket tips it empties the liquid 
from the half of the bucket into a drainage hole. Tipping bucket is made of plas-
tic with very thin layer of titanium and it is hanged on stainless steel axial hold-
er. Tipping continues according to the length of rainfall [7]. Figure 4 represent 
the measured monthly rainfall totals during our research. Data are presented for 
the period of August 2011 to December 2015. 
 

 

Fig. 4. Measured values of rainfall during our research (August 2011-December 2015) 

According to our measurements of monthly rainfall totals, Figure 5 repre-
sent theoretical monthly volumes of collected rainwater from roof areas of build-
ings in TUKE campus. Data are presented for the period of August 2011 to De-
cember 2015. 

3.  Rainwater as a source of potential savings of potable water  
in TUKE campus – building PK6 

We have started our research and own measurements in scope of storm-
water quantity and quality parameters at the campus of Technical University of 
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Košice within the project relating to the management of stormwater. The objects 
of research represent two infiltration shafts in the campus of TU Kosice that 
were made before the start of our research. These infiltration shafts represent 
drainage solution for real school building PK6 and all of the runoff rainwater 
falling onto the roof flows into these underground shafts [8, 9]. Data of rainwater 
inflow provide us the information about real rainwater volumes from roof con-
struction of PK6 building.  
 

 

Fig. 5. Theoretical monthly volumes of collected rainwater from roof areas of buildings in TUKE 
campus during our research August 2011 - December 2015 (based on [9]) 

Table 1 summarizes the measured monthly rainfall totals with correspond-
ing theoretical volumes of collected rainwater and comparison with real volumes 
of collected rainwater from our measurements. Data are presented for the period 
of April 2012 to December 2015 (data are present from April 2012 because at 
that time it was started the measuring of the flow from all roof area of the build-
ing PK6 and precipitation measurements simultaneously) (Notice: August 2012 
without data due to equipment failure) [11]. 
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Table 1. Measured monthly rainfall totals with corresponding theoretical volumes of collected 
rainwater and real amount of rainwater from roof of PK6 building (548 m2) 

Month Rainfall (mm) 
Theoretical volume 

from 548 m2(m3) 
Real volume from 

548 m2(m3) 
April 2012 65 35,6 26,7 
May 2012 50 27,4 18,9 
June 2012 109 60,0 40,8 
July 2012 129 70,6 49,6 
August 2012 12 6,7 - 
September 2012 44 24,0 17,9 
October 2012 91 49,6 36,5 
November 2012 48 26,1 16,9 
December 2012 29 15,8 12,1 
January 2013 59 32,6 19,9 
February 2013 71 38,8 23,5 
March 2013 62 33,8 22,8 
April 2013 32 17,6 11,8 
May 2013 97 53,2 30,6 
June 2013 85 46,8 30,2 
July 2013 88 48,2 36,6 
August 2013 9 4,9 3,8 
September 2013 19 10,5 8,9 
October 2013 29 15,9 13,7 
November 2013 78 42,5 38,4 
December 2013 3 1,6 1,3 
January 2014 39 21,2 10,9 
February 2014 31 17,0 12,4 
March 2014 22 12,1 8,3 
April 2014 39 21,3 13,3 
May 2014 126 69,2 44,9 
June 2014 35 19,4 12,6 
July 2014 27 15,0 13,9 
August 2014 49 26,7 20,8 
September 2014 66 35,9 - 
October 2014 84 46,1 - 
November 2014 9 5,0 4,1 
December 2014 12 6,4 4,7 
January 2015 73 40,0 22,9 
February 2015 29 15,9 8,9 
March 2015 18 9,9 4,8 
April 2015 6 3,3 2,1 
May 2015 87 47,7 19,9 
June 2015 38 20,8 11,0 
July 2015 92 50,5 23,3 
August 2015 16 8,8 3,9 
September 2015 11 6,0 4,1 
October 2015 110 60,3 35,6 
November 2015 27 14,8 7,9 
December 2015 8 4,4 2,2 
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Another step of our research was to compare the current total consumption 
of potable water in PK6 building with volume of rainwater runoff from the roof 
which represents a potential source of water in PK6 building. 

Table 2 represents real volumes of rainwater from 548.55 m2 roof of PK6 
building and comparison with total consumption of potable water use for every 
activities in this building measured during 2014-2015. (Note 1: September and 
October 2014 without data due to equipment failure, Note 2: data of total con-
sumption of potable water are aviable only from year 2014). 

Table 2. Measured values of rainwater from PK6 building with comparison to total consumption 
of potable water in this building 

Month 
Real volume 

from 
548,55 m2 (m3) 

Total consumption of 
potable water in PK6 

building (m3) 

Excess/lack 
of water 

(m3) 

January 2014 10,9 - 10,9 

February 2014 12,4 6,0 6,4 

March 2014 8,3 18,0 -9,7 

January 2015 13,3 14,0 -0,7 

May 2014 44,9 14,0 30,9 

June 2014 12,6 15,0 -2,4 

July 2014 13,9 9,0 4,9 

August 2014 20,8 6,0 14,8 

September 2014 - 4,0 - 

October 2014 - 11,0 - 

November 2014 4,1 23,0 -18,9 

December 2014 4,7 17,0 -12,3 

January 2015 22,9 8 14,9 

February 2015 8,9 11 -2,1 

March 2015 4,8 13 -8,2 

April 2015 2,1 10 -7,9 

May 2015 19,9 23 -3,1 

June 2015 11,0 12 -1,0 

July 2015 23,3 9 14,3 

August 2015 3,9 3 0,9 

September 2015 4,1 9 -4,9 

October 2015 35,6 7 28,6 

November 2015 7,9 8 -0,1 

December 2015 2,2 31 -28,8 
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3.1. Quality of collected rainwater from building PK6 

Measurements of qualitative parameters (pH and conductivity) by multipa-
rameter water sensor started at the end of 2011. Multiparameter water sensor is 
situated at measurement flume. The pH and conductivity values are being meas-
ured continually. Monthly average values of pH and conductivity from years 
2013-2014 are depicted on the Figures 6-9 [5, 9]. 
 

 
Fig. 6. pH values of rainwater collected from the PK6 building during 2013 

 
Fig. 7. pH values of rainwater collected from the PK6 building during 2014 
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Fig. 8. Conductivity values of the rainwater from the PK6 building during 2013  

 

Fig. 9. Conductivity values of the rainwater from the PK6 building during 2014  

4. Conclusion 

Rainwater harvesting consist from the collection of rainwater from rooftops 
that is then diverted and stored for later use for planned purposes. Captured 
rainwater is commonly used for non-potable applications and is often used to 
toilet and urinal flushing, washing clothes, irrigate landscaping or other uses 
include fountain filling, cooling tower make-up or as a source of fire water. 

In generally, rainwater harvesting can help to manage stormwater by reduc-
ing the amount of runoff, and may contribute against flooding and erosion by 
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slowing runoff or allowing it to soak into the ground. The main goal of rainwater 
harvesting is of course saving of potable water.  

Five years of experiences and measurements show a big potential for sav-
ings of potable water by the use of rainwater in the TUKE campus. Results from 
our measurements show that there are months without full coverage of water 
demand for PK6 building, but we have to notice excess of collected water 
against total consumption of water in this building. Rainwater is one of the pur-
est waters available of all the alternate water sources what was confirmed by our 
measurements of qualitative parameters. The water is free of salts and other 
harmful minerals and typically requires minimal treatment. The most of pH and 
conductivity data show similar quality as is required on potable water. 
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RESEARCH AND EVALUATION OF INFILTRATION SHAFT 
EFFICIENCY IN REAL CONDITIONS 

S u m m a r y   

Harvesting rainwater and urban stormwater for safe reuse has many potential benefits. It can 
help to reduce the impact of urban development on water quality and stream flow, and can also 
help to meet water conservation objectives. Rainwater and stormwater reuse schemes are common-
ly used in water sensitive design strategies for new urban developments.  

Five years of experiences and measurements show a big potential for savings of potable wa-
ter by the use of rainwater in the TUKE campus. Results from our measurements show that there 
are months without full coverage of water de-mand for PK6 building, but we have to notice excess 
of collected water against total consumption of water in this building. Quality of runoff is suffi-
cient for non-potable purposes and the most of pH and conductivity data show similar quality as is 
required on potable water. 
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