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ABSTRACT 
A Water tower is a unique essential landmark in the urban environment. This is due to its large observed size and height. A 
Concrete Water tower misses the positive architectural form which develops the surrounded urban environment. It fulfills only 
one physical function which is supplying water to the surrounded areas. It consumed huge amount of energy in elevating water. 
This will be harmful to the surrounded environment and also will cost huge amounts of money. 
These huge buildings should acquire more than one function to compensate the money spent on its construction and 
maintenance. So, it is required to study how to integrate renewable energies, human activities and social life in these buildings’ 
design. This will be a solution to overcome the problems resulted from constructing these types of buildings.  
This study tries to propose a new concept “Zero Energy Living Water Towers (ZE-LWT)" to develop the Function and Form of 
new and existing Concrete Water Towers. This new term seeks to solve its traditional problems, adding new visual value, 
promoting its functions and creating more enjoyable spaces. 
Keywords: Water Tower, Living Buildings, Zero Energy Building, Sustainable Form and Function.  

1. INTRODUCTION 
The water tower serves as a reservoir to supply buildings with water when needed. 

1.1     Research Problem  
The main research problems are: 

 Concrete water towers are placed in every district with high level as an unpleasant landmark and it is 
surrounded by special outdoor urban spaces.  

 Water towers consume huge amount of energy in elevating water. 
Figure 1 represents some water towers with tough forms in special places as shown below: 
 

   
(a) El Shorouk Water tower, Egypt. (b) Chateau_eau_ 

mondeville_france. 
(c) North_Ridgeville_City_Hall 

_with_water_tower-LQ. 
Figure 1:        Examples of water towers placed in special places. Source: (a) captured by researchers, (b&C) 

Wikipedia. 

1.2     Research Objectives  
Adaptive reuse of a concrete water tower, by: 

Zero Energy Living Water Towers (ZE-LWT): 
To Develop the Function and Form of Concrete 

Water Towers. 
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 Studying the ability of re-using existing “Concrete Water Towers” towards “Zero Energy Living Water Towers" 
to add environmental, social and economic values. 

 Increasing the percentage of energy supplement to itself and to its surrounding areas. 
 Developing its Function and Form towards creating more enjoyable useful landmarks. 

Designing a new concrete water tower, by: 
• Developing its Function towards sustainable ones by designing new enjoyable spaces, adding new economic savings 
and creating additional energy supplement. 
• Developing its Form by adding new visual values as a good-looking landmark. 
 

1.3     Research Methodology  
The research is proposing a methodology as in the following in figure 2: 
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Figure 2:        Research methodology.   Source: Researchers. 

2. THEORETICAL APPROACH 

2.1     Water Tower 
It is an elevated structure which supports water tanks. Its height is sufficient to pressurize the water supply system for 
distributing water and providing emergency storage for fire protection  [1]. 

2.1.1 Water tower’s Dimensions range 
A standard water tower typically has a height of approximately 40 m and its tank is normally quite large; It might hold 
from 20,000 to 30,000 gallons of water. This tank may be spherical, cylindrical, or an ellipsoid with a minimum height 
of 6 m and a minimum diameter of 4 m  [1]. 

2.1.2 Mechanism of Water Supplement 
The water tower is able to supply water even when the power is off depending on the gravity to push water. It cannot 
supply water for a long time without power because the pump is required to refill the tower [2]. 
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2.2     Renewable Energy 
It is the energy that is collected from renewable resources such as sunlight, wind, rain, tides, waves and geothermal 
heat [3]. 
In its various forms, it is derived directly from the sun or from the heat generated deep within the earth. Included in the 
definition the electricity and the heat generated from solar, wind, ocean, hydropower, biomass, geothermal resources, 
biofuels and hydrogen derived from renewable resources [4] .  

2.3     Zero Energy Building (ZEB)  
Zero Energy Building (ZEB) uses no more energy than the needed to generate itself. It is also an energy-efficient 
building which is on a source energy basis; the actual annual delivered energy is less than or equal to the on-site 
renewable exported energy [5]. 
It uses a geothermal heating and cooling system, solar panels and rain gardens that direct water run-off to irrigate 
plants and greenhouse that helps in filtering wastewater for a reuse. It also uses a “day lighting” design that brings 
natural light indoors to minimize electric light usage and eco-friendly building materials all around. It makes efficient 
use of nearby natural resources [6]. 

2.3.1 Example for net zero building 
Net Zero Energy Home contains a central management system that serves its core. GE produces the power of its diverse 
businesses to offer one of the largest Smart Grid in the market, ranging from wind turbines to smart appliances. It also 
enables technologies function in harmony [7]. Figure 3 shows how to be “Net Zero Energy building” as the following: 

 
Figure 3:    GE “Net Zero Energy home”.  

          Source: http://www.greentelecomlive.com/2009/07/21/ge-says-net-zero-energy-home-achievable-by-2015/ 

2.3.2 Guidelines for zero energy buildings: 
 Providing well isolated building envelope. 
 Providing natural direct sun exposure, natural ventilation and enhancing acoustics. 
 Providing good indoor environmental quality. 
 Interior or exterior Material selection. 
 Raising awareness of a building’s occupants on how to optimize energy consumption 
 Providing low maintenance plan and ease of building operation. 
 Using renewable energies. 
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 Waste management by controlling: (household waste – bio waste – liquid fertilizers) 
 Vegetation by using: (Green roof – Green walls – internal green areas) 
 Water management by controlling: (Grey water – solar water heating – irrigation water system). 

2.4     Living buildings  
The concept of the “living building” has now emerged as a new idea for design and construction. It is defined as an 
environmental one structure that generates its own energy, captures and treats all its water, operates efficiently, and 
aesthetically pleasing. It is also a call to the design and construction community to pursue true sustainability in the built 
environment [6]. 
According to “Living Building Challenge Certification” from the International Living Future Institute in 2015, there 
are seven future trends, giving the highest standard for living building which are as the following [8]: 

 Building in Proper Places: Choosing a location in which infrastructure can exist harmoniously with its 
surrounding environment and natural elements. 

 Net Positive Water Buildings: Recycling greywater and treat rainwater for drinking.  
 Net Positive Energy Buildings: Producing energy more than the needed for the individual building and can feed 

unused energy back onto the grid.  
 Happy, Healthy Buildings: Providing connections between humans and nature by incorporating natural features 

like plant life into buildings. This is necessary to promote well-being for building tenants and offers other 
benefits like improved indoor air quality. 

 Non-toxic Buildings: Buildings are not made with a single material that negatively impacts human or ecosystem 
health but using zero construction materials that are known as toxins, carcinogens, mutagens, or endocrine-
disrupters. 

 Equitable Buildings: Buildings shouldn’t block access to resources for others, and promote equitable access to 
healthy spaces. 

 Beautiful Buildings: Uplifting the human spirit through several design techniques like Biomimicry which is 
another future trend in sustainable design. Buildings that are unique and aesthetically pleasing are important to 
the Future Living Institute. 

3. ANALYTICAL STUDIES 

3.1     Checklist for designing Zero Energy Living Water Towers 
From the theoretical approach, the research proposes the following checklist for creating Zero Energy Living Water 
Towers as in table 1: 

Table 2:    Research’s Checklist for designing Zero Energy Living Water Towers.  Source: Researchers) 
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Sustainable material selection  

Building Vegetation  

Others  

* Others mean any other (ZE-LB) designing features depending on future research. 

3.2     Examples for "Living Water Towers ". 
A- Nagyerdei Víztorony, Debrecen, Hungary. 
It is established in 1913, this is a functioning water tower in Debrecen still. Now, It operates as a bar, cafe, shops and 
gallery, as in figure 4. It also has an observation deck and a climbing wall.  
B- Chateau d’eau, Zaventem, Belgium. 
This mid-20th-century tower was originally like a private home. The structure matches the views from the 30m-high 
roof terrace, putting stuffy meeting rooms in uninspiring industrial estates into perspective. 
 

 

 
Figure 4:  Exterior and interior shots for Nagyerdei Víztorony 
Source:  http://www.epkerservice.hu/hu/refe renciak/nagyerdei-

viztorony#lg=7&slide=7 

If we applied the research’s checklist on the previous case studies, the research concludes that “Zero Energy Living 
Water Towers” is out of scope of work of researchers and designers. So, the research will propose a re-designed Water 
tower to develop the Function and Form of the original concrete water towers towards sustainable ones. 

4. CASE STUDY  

4.1     The original water tower 
The research chooses an ordinary design for water tower, which is located in Egypt, as the following in figure 5:   
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Figure 5:     Original water tower design, Ismailia, Egypt.     (Source: Captured by Researchers). 

- Location: Ismailia, Egypt.                   - Coordinates: 30.609862, 32.292826. 

The original concrete Water tower has some physical benefits as the below: 
 Supplying surrounding areas with fresh drinking water. 
 It has the name of the city painted in large letters on the roof. 
 Advertising for local tourism, local high school sports teams or other locally notable facts.  
 If the pumps fail during a power failure, the water tower holds enough water to keep things flowing for about a 

day. 
 In case of a fire, the water demand increases significantly and may greatly exceed the capacity of the pumps at 

the water plant. 
 For pilots of small, private aircraft, water towers are a huge help because: 

- They are large and all small towns and neighborhoods have them 
- They are elevated, making them easy to see from an airplane. 
- Small towns are nice enough to paint the town's name on nearly every tower. 

4.2     Proposed Design 
It is better to make urban items efficient before considering renewable energy. Governments can save money by making 
these items as energy-efficient as possible [9]. Figure 6, represents a proposed design for developing the function and 
the form of water towers which consists of four offices, two advertising offices, open cafe, closed restaurant and 
observation deck beside an open café, as the following: 
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Figure 6:     The Proposed design for developing function and form of water towers.  Source: Researchers 
 
The estimated daily consumption, according to the occupants’ needs approximately = 100 kWH. 
The estimated daily consumption for pumping water to the reservoir approximately = 80kWH. 
:. The estimated total daily consumption approximately = 100 + 80 = 180 kWH. 
:. Theoretical total daily energy needed approximately = 180 kWH +20% loss = 216 kWH. 
 
Thus, the proposed integrated systems used to transform the original water tower to zero energy living one, are as the 
following in figure 7: 
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Figure 7:     Section for proposed design.   Source: Researchers. 

A. PV cells 
Solar cells will be placed on the top roof of the tower and oriented 230 towards south direction to acquire a large 
amount of sun rays. It can be used to generate the required electricity for pumping water to the reservoir and also for 
the occupants’ needs inside the living spaces. 
 Requirement of Solar array and calculations:  

-  The Area of the PV roof = 520 m2.                          - If we choose a 250 Wh panel (164 cm*99 cm). 
:. The Area of one panel =164 * 99 = 16236 cm2. 
:. The Number of panels = 520/ 1.6236 = 320 panels. 
:. The Energy produced in one hour = 320 * 0.25 = 80 kWh. 
From figure 8, the peak solar array in this site is 4 hours of sunlight (per day). 
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:. The Energy produced = 80 * 4 = 320 kW per day. 

 
Figure 8:    Direct normal radiation for the proposed site.    Source: Researchers by using climate consultant program. 

Solar cells are integrated with a solar water heating system to form Hybrid Solar Electric Thermal System. It uses 
evacuating tube collectors which concentrate the sun's heat, collect and transfer it to the circulating water or some other 
heat transfer fluid. This will provide heating for spaces and water [10].  

B. Small wind systems 
Wind turbines affected by the motion of the wind to turn a shaft attached to a generator, which generates electricity. 
From figure 9, we can deduce that the best orientation for the proposed small wind turbines is “North-West” to acquire 
the largest speed of the wind which is “20m/s”.  

 Requirement of small wind turbines and calculations:  
Power = k Cp (1/2 ρ AV3) 

Where: 
 

P = Power output, kilowatts.  
k = A constant to yield power in kilowatts = 
0.000133. 
Cp = Maximum power coefficient, ranging from 0.25 
to 0.45, less dimension (theoretically maximum = 
0.59).  
ρ = Air density = 0.018556 kg/m3. 
A = Rotor swept area = (π D2)/4.  
      (D = diameter, π = 3.14). 
V = Wind speed, mph. 
 
:. P=0.000133*0.59* 0.5*0.018556*3.14*(5.135)2/4* 
(44.74)3 = 0.135 kW per day. 
One small wind turbine produces approximately = 
0.135 * 24 hour = 3.25 kW per day.  
If we propose the presence of 12 small wind turbines,  
:. The total energy produced from 12 Small wind 
turbines = 39 Kw per day. 

 
Figure 9:   Wind wheel for the proposed site. 

Source: Researchers by using climate consultant program. 

A. Electrical Energy from Hydropower Energy 
Hydropower energy is extracted from falling water (from a higher to a lower altitude). Water passes through a water 
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turbine which converts the energy of water into mechanical energy, then it is converted into electrical energy by a 
generator. For every 10.20 centimeters of elevation, it produces 1 kilopascal of pressure. Thus 40 m high of elevation 
produces roughly 400 kPa which is enough pressure for distribution system requirements. So Energy generated from 
this hydropower turbine approximately = 20 kW per day.  

B. Water management: 
The Department of Health defines gray water as 
wastewater discharged from: 

 Showers and bathtubs. 
 Hand-washing lavatories. 
 It is not contacted toilet waste. 
 Sinks (not used for disposal of hazardous or 

toxic materials).  
The gray water is estimated to be (50: 80) % of the 
total wastewater generated. The recycled water used 
to meet a part of the fresh water demand for 
landscaping [11]. 

 
Figure 10:     Sketch for how gray water systems work. 

Source : http://watermarkrainwaterharvesting.com/    
using_graywater/about_graywater_systems 

The gray water is connected to a grey water tank to be filtered and reused. Although this wastewater contains 
detergents, solvents and soaps, some of the components of these cleaning agents are considered as fertilizer for plants. 
Potassium, nitrogen, and phosphorous are some of the compounds found in gray water that many plants need to 
survive. Urine wastes are connected to a urine tank separately. Black water is connected to biogas and biomass tank. 
These bio wastes are used as fertilizers for roof plants and producing biogas for heating water and emergency energy 
production. 

C. Natural ventilation and passive cooling 
Air entered through the wind catcher passing by mist sprayer to cool it down, then it moves under the raised floor by a 
vertical vent. Cool air entered the inner space through the floor vent with interval time based on the indoor 
temperature. Hot air will rise and pulled by the solar chimney which helps the air to move faster and cool the inner 
spaces faster. 

D. Passive heating from (Geothermal energy) 
Air entered spaces by using earth heat exchanger pipes from 
underground as in figure 11. It uses the ground as both a 
heat source to warm and cool units. It is much more efficient 
than common air source heat pumps by two to three times. 
Geothermal heat pumps are durable and long lasting.     

E. Waste management 
Wastes are classified into the following:  plastic, glass, 
metal and paper from kitchens to ground recycling holders, 
bio waste from toilets which is transferred through sewage 
pipes.  

F. Green roof 

 
Figure 11:   Passive heating sketch. 

Source: https://geothermalvalley.com/  

Planting the roof with suitable plants which suit the climate of the site;this will help in reducing the heat gain. It is 
recommended to plant gray water tolerant plants around and above the proposed water tower as cottonwood, olive, 
rosemary, and others [11].  

4.3     Results 
 From the first three systems, energy generated per day is approximately = 320 + 39 + 20 = 379 kWh. This will be 

sufficient to satisfy the building electricity demands which will cover the energy consumed by occupants and the 
pump. There are additional productions of electrical energy which can be used in the surrounding areas or can be 
sold to be useful for the government. 

 The proposed renewable energy calculations can vary due to the following factors:  
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 Changing the reservoir level, dimensions, lifestyle, the project’s site and energy consumption. 
 The availability of (system and recent technologies). 

 Besides the benefits of the original design, it supports the following benefits as in figure 8: 
 Benefits as a living building:  

- Providing the building with gym locations, observation deck, hotel units, office units restaurants, and green 
areas for entertainment above the roof of the building.  

- Renting cafes, offices and restaurants. 
- Providing the building with advertisement’s places in a way that can be seen from all the directions that can 

generates a lot of money for the government.  
- The placement of wireless signals of mobile companies vice a lot of money towards government. Since the 

water tower is sometimes the highest point in the town, which makes it the best location for antennas, 
cameras and the tornado warning sirens to be placed on it. 

- It works as a Guidance for ships and airplanes. 
- Using gray water for irrigating plants around the tower. 

 Benefits for generating energy:  
- Using underground energy to heat water. 
- Using solar cells above the building to generate the necessary electricity; this electricity can be used for the 

activities inside the building, raising water by the pump and lighting the surrounding area. 
- Using small wind turbines above the building of the tower to obtain the maximum benefit from the power 

generated from the wind power. 
- Generating electricity from the flow of water moving from high altitude from the top to bottom by putting 

turbines in its way. As 40 m high of elevation produces roughly 400 KPa, which is enough pressure for 
requirements of the distribution system. 

- Heating water by solar thermal energy above the building. 
- Recycling the building’s waste. 
- Using solar shades to provide useful sun lighting and supplying the building with energy. 
- This will convert the building into a zero-carbon building that does not pollute the environment, but it 

provides much energy and money on the long-term. 

5. CONCLUSION AND RECOMMENDATIONS 

5.1     Conclusion  
From all the above, we can deduce the following: 

 Zero Energy Living Water Tower can be defined as: 
 “A multi-functional landmark tower in which People can live, work, and enjoy their entertainments. It produces 

energy to satisfy the building electricity demands and additional electrical energy for the surrounding areas”. 
 Zero Energy Living Water Tower can supply the governments with a lot of money, which will affect the 

economy of the countries.  
 There are millions of water towers all over the world, so the development of their function and form will affect 

and change the urban context to a sustainable one. 
 The proposed “Zero Energy Living Water Tower” adds a new visual value, new enjoyable spaces, and creating a 

new energy supplement. 

5.2     Recommendations 
Regardless the research’s water tower design, the research opens the field for other designs that could have added 
benefits. So the research recommends that the proposed checklist could be followed while designing new water towers 
to reach Zero Energy Living Water Towers (ZE-LWT). It could be followed on constructing any new building to reach 
Zero Energy Living buildings (ZE-LB) as well.  
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