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Abstract—With the rapid development of industry, commerce, 

and standards of living, the energy requirements of various 

nations are increasing significantly. Currently, the primary 

sources of global energy supply are oil, coal, and other fossil fuels. 

Due to the depletion of natural resources, the development of 

green energy technologies has become a vital topic in national 

development and academic research. Considering that household 

water from urban buildings is discarded after use, converting the 

energy from household water into electricity is the focus of this 
study.  

In this study, the micro-hydroelectric power technology 

developed for applications in rivers will be modified and 

minimized for applications in water supply pipes in buildings. 

The flow produced in the building water supply pipes will be 

used to drive micro-hydroelectricity turbines and convert 

hydroelectric power into mechanical power. This mechanical 

power will then be converted into electric power through 

permanent-magnet synchronous generators. Micro-hydroelectric 

systems do not involve the damaging procedures of high currents 

or high power use, and have a long service life that reduces 

maintenance costs. In this study, innovative micro blades with an 

aerodynamic design will be used to minimize the cross-sectional 

area of water flow. In addition to the flexible structural design, 

these blades are advantageous because they are small, lightweight, 

and inexpensive. To explore the feasibility of using micro-

hydroelectric power technology in buildings, experimental power 

and storage efficiency will be monitored, residential power use 

patterns collected and analyzed, and individual (or family) water 
use surveyed. 

Keywords—Building water supply pipeline; 

generator;hydroelectric power; Pico-hydroelectricity; renewable 

energy 

I.  INTRODUCTION 

The development and application of green energy 
technology have become the focus of promotion in global 
policy as well as research and development in industry and 
academia. With the progress and development of such 
technologies, the global demand for energy has also been 
increasing. In recent years, in addition to an increase in 
environmental awareness, people have begun to pay attention 
to how to reduce reliance on fossil fuels, and therefore 
hydroelectric technology has become one of the major options 
for the development of clean and renewable energy. This study 
considers the conversion of the smallest hydroelectric power 
mode and attempted to develop a power generation mode from 
the potential energy of building water supply pipelines. 

Taiwan Island is a densely populated area. Its undulating 
changes in terrain are extremely large, the steep terrain 
catchment does not enable easy conservation of water or 
preservation of water resources and most water resources are 
discharged after use, without being harnessed effectively. The 
purpose of this study is to design ultra-fine power generation 
blades that are suitable for building water piping systems and 
place them into a building water piping system; the water flow 
of the pipe drives the rotation of the power generation blades, 
thus achieving power generation. The pipeline diameters of 
building water supply systems are typically about 4 to 6 inches, 
so the blades to be placed inside the pipe require extreme 
miniaturization; and considering the design of the angle and the 
length of blades, precise calculations and multiple attempts by 
multiple methods are required. This innovative research 
presents a certain degree of difficulty in the development of the 
design and its applications. 
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The urban architecture of Taiwan is mainly in the form of 
apartment complexes and the average height of these 
complexes is between 10 to 40 floors. Most of the buildings 
possess a "potential energy", which is very suitable for the 
development of pico-hydroelectricity. Inside apartment 
complexes, in addition to the water supply and drainage 
systems, there are also many public facilities such as public 
spas, indoor and outdoor swimming pools, ecological ponds, 
fountains and landscaped ponds and other facilities, which 
require a large amount of water. If it is possible to reuse these 
water resources effectively for power generation, the electricity 
converted by the water could be reused in such facilities. In 
summary, this study hopes that the future generating capacity 
could supply the electricity consumption of public facilities in 
apartment complexes, such as lighting of public spaces. 

II. BACKGROUND RESEARCH 

This research uses the successfully developed micro-

hydroelectricity technology that has been applied in waterways 
to carry out a smaller hydroelectricity study that is combined 

with a building water supply system to assess its effectiveness 

in making a contribution to the renewable energy issues of the 

building. A brief literature review along with comments is 

presented in the following sections in order to provide 

definitions of micro-hydroelectricity and pico-hydroelectricity, 

the current states of technology development and application as 

well as the water and electricity usage of an apartment complex. 

A. Definition of Pico-hydroelectricity 

Currently, the scale of most hydroelectric power research 
has only been defined down to small-hydroelectricity and 
micro-hydroelectricity. Our research team has worked in 
irrigation waterways and successfully introduced the micro-
hydroelectricity system by using two types of blade lengths, 
500mm and 1000mm for the testing. Currently, under a flow 
rate of 3 m/s, the maximum power output obtained 
experimentally is 6.2kW [1, 2]. The pico-hydroelectricity 
equipment produced in this paper extends the application of 
above "micro-hydroelectricity" technology into water pipes 
with diameter of 10cm diameter. This study defined it as a 
more advanced pico-hydroelectricity. Currently, under flow 
conditions of 470L/min, the experiments have been able to 
obtain power of at least 3 Watt per hour. 

The basic principle of hydroelectric power is to use a water 
level drop to impact the turbine, driving the turbine and 
generator to generate rotations, thereby generating electricity. 
In simple terms, that is, the difference in water level can be 
used and converted into electricity. Plants that generate power 
using hydraulic force are called hydroelectric power plants, 
referred to as hydropower plants for short. Due to abundant 
rainfall, rivers and steep slopes as well as the vast water 
resources of Taiwan, hydroelectricity was the main source of 
the power generation system in Taiwan during the 1950s. 
According to operation type, hydroelectric generation can be 
classified as conventional hydroelectricity and pumped-storage 
hydroelectricity. Conventional hydroelectricity also includes 
the stream flow type, adjusted pool type, and reservoir-type [3, 
4, 5, 6]. According to statistics in 2006, the installed capacity 
of hydroelectric power plants in Taiwan was 4,511,650 

kilowatts, accounting for 12% of the installed capacity of the 
power system in Taiwan. However, as hydroelectric power 
plants are subject to the limitations of natural river flows, the 
power generation accounted for only 4.1% of the whole system. 
The traditional definition of hydroelectric power depends on 
the capacity size of hydroelectricity power plant unit, which 
can be divided into large, medium and small hydroelectric 
power plants. Generally, an installation capacity less than 
5,000kW is called a small hydroelectric power plant; an 
installation capacity of 5,000 ~ 10×104kW is called as medium 
hydroelectric power plant; and an installation capacity of more 
than 10×104kW is called a large hydroelectric power plant. 
Internationally, small hydroelectric power has been one of the 
important directions in the development of clean energy in 
recent years [7, 8, 9, 10]. In Taiwan, although the approach of 
constructing dams will contribute to power generation, since 
people focus on the importance of environmental protection 
issues, environmental resistance to the construction of dams 
and the setting up of hydroelectric generating units has become 
increasingly large. 

B. Technology development and current situation of 

applications at home and abroad 

Since hydroelectric power does not have much impact on 
the environment, research studies on small-scale hydroelectric 
power have been consistently carried out worldwide [11]. 
Many studies conducted feasibility analysis and performance 
evaluation on its applications by setting up hydroelectric 
powerplants on rivers and waterways or analyzed case studies 
to investigate the cost-effectiveness of different types of 
models [12, 13, 14]. Some scholars have even explored the 
contributions of small-scale hydropower on the future 
prospects, energy, economy, and environment of the country 
[15]. In addition to its applications in rivers, there have also 
been performance studies and optimal economical design 
analysis on the application of electrification on irrigation 
waterways and ditches [9, 16]. The research of Punit and Franz 
(2009) focused on the production of simply constructed micro-
hydroelectricity equipment by proposing to optimize propeller 
blade design [17]. Further relevant research to this study 
includes scholars applying pico hydro for residential or 
commercial purposes; this research used the high-pressure 
water outflow from a water tank to generate electric power for 
charging a battery and conversion into a 220V AC [18]. 

Regarding patents development, there are few cases of 
power generation from a building’s water pipelines. Yen et al. 
(2010) invented the "Hydroelectric generator for use in a water 
pipe of a building". This patent sets up a guide blade wheel in a 
water pipe; the blade wheel direction and the water flow 
direction are horizontal; the rotation of the blade wheel is 
driven by the water flow, thereby allowing the generator to spin 
for power generation [19]. The patented invention of Chang 
(2009) is a "plumbing generator". Its equipment also places a 
rotary blade into the water pipelines of a building; the blade 
ends feature permanent magnets; by rotating the spin of 
permanent magnets at the ends of blades, the generated 
magnetic field lines interact with the multi-turn coil on the 
external part of the pipe to produce electricity [20]. 
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C. Type of hydropower use in apartment complex 

The major items that consume electricity in high-rise 
buildings are the following: elevators, power equipment, and 
lighting equipment. Elevators account for 27.3%; power 
equipment accounts for 28.8%; lighting equipment accounts for 
33%; this accounts for 89.1% of total public consumption. The 
average annual public electricity consumption per household is 
1823 kWh/year, accounting for 37.85% of the household 
electricity consumption of this building; the average annual 
public electricity bill, apportioned for each household to pay is 
about € 110. The high conversion efficiency of hydraulic 
energy is also one of its advantages. Hydraulic energy 
conversion efficiency is about 90%, while the highest 
conversion efficiency of wind energy is only up to 60% [21]. 

According to the survey statistics of the Taiwan Water 
Corporation on daily domestic water consumption per capita, 
taking 2013 as an example, the daily domestic water 
consumption per capita reached 259 liters; the Water Resources 
Agency, Ministry of Economic Affairs found that the peak 
periods of water usage per day are in between about 
8:00~10:00 a.m. in the morning for the first peak and in 
between 6:00~7:00 p.m. for the second peak [22]. On the other 
hand, according to the survey of the Water Resources Agency 
on household customary uses of water in 2011, most household 
water is used for flushing the toilet, up to 26.9%; followed by 
laundry at 21%, bathing at 20.2%, general tap water use at 
15.1%, cleaning and other uses at about 16.8% [23]. 

III. EXPERIMENTAL PLANNING 

A. Pico hydro blade and its structure design 

The blades of this study were miniaturized by combining 
the design technique with hydromechanics from aerospace 
research, so that the blades do not affect the flow velocity 
within the pipes. The rotational force generated by the blade 
can be transferred through the bearings to the generator rotor to 
generate electricity. A schematic of the pico-hydroelectricity 
equipment is shown in Figure 1. A pico-hydroelectricity blade 
set is placed in the pipe and it is perpendicular to the flow 
direction of the pipe; the pipe size can be from 4 to 6 inches; 
different pipe diameters can be matched with different blade 
sizes; the corresponding collocation can obtain high efficiency 
hydraulic energy. When water inside the tube flows through the 
pico hydro blades, the water flow action on the airfoil blades 
produces a surface force and a body force, which is collectively 
called the flowing force. Due to different flowing forces 
through the blade under unit time flow, a three-blade set with 
an angle difference of 120o produce an unbalanced stress, 
thereby driving the rotation of the blade set. The shaft of the 
rotation is connected to a generator, whereby the water energy 
can be converted into electric energy. The schematic of pico 
hydro blade set design can be found in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Schematic of pico-hydroelectricity equipment 

Fig.2. Design of pico hydro blade set with three blades  

By using simulation analysis of mathematical models and 
physical models, this study has preliminarily assessed the 
feasibility of pico-hydroelectricity, but is still implementing the 
pico-hydroelectricity equipment for verification of the process. 
This study adopted Solid Works software to build the blade 
model of the pico-hydroelectricity system; followed by Design 
Modeler software for fine-tuning and repair modules; and 
finally the model design was transferred to the heat flux 
module of ANSYS Workbench (CFX or FLUENT) to analyze 
the flow field of the blades. The model of the aforementioned 
construction will be helpful for the future adjustment of the 
geometric conditions of the blade via parameter changing 
methods for the purpose of optimal design; the geometric 
conditions include the geometry and quantity of blades, and the 
water flow height, etc. The design concept proposed by this 
research uses the principles of an airfoil blade set and fluid 
mechanics to absorb the energy of moving water. This design 
structure does not affect the velocity of the water flow in the 
pipes and can be applied to any water supply or drainage 
system, unlike the design constraints of the Francis type 
hydroelectric power in the past. 

B. Simulation analysis of pico-hydroelectricity 

In the blade environment of the pico-hydroelectricity 
system, air and water coexist in the pipes; therefore, the 
numerical models must include the rotation flow and the 
multiphase flow. Rotation flow mainly describes the flow of 
the analysis as having the boundary conditions of rotation (e.g.: 
blade geometry, number, etc.); multiphase flow mainly refers 
that in the flow of analysis there are more than two fluids or 
solids with different physical or chemical properties, 
interoperating with the flow. Using the current computational 
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fluid dynamics (CFD) technology to simulate, such a flow field 
is feasible. 

For the numerical simulation tests of the blades, this study 
took the three-blade set for the simulation tests, under the flow 
rate of 3m/s and a blade rotating diameter of 70mm, to carry 
out the operation performance test. Figure 3 is a schematic of 
the simulation of the flow field of three-blade flow. The 
simulation results show that the vortex may have appeared in 
the flow field of this three-blade set design. 

 

 

 

 

 

 

 

 

 

 

Fig.3. Schematic of the simulation on flow field of three-blade set 

C. 3D printing of blades 

The fabrication of the blade was carried out using the latest 
rapid prototyping 3D printing technology. The 3D printer is 
shown in Figure 4. The cost of this 3D printer is approximately 
€ 1,200 and the maximum printable size is 20cm*20cm*20cm. 
Firstly, Repetier-Host Soildoodle v0.85b, the design software 
was used to perform blade design, as illustrated in Figure 5. In 
the fabrication process of the blade using 3D printing, the 
temperature of the printer needle is about 195oC; the 
temperature of printer bottom plate is about 60oC. The time to 
make a single set of blades takes about 8 to 10 hours, the 
consumable cost of making was about €20. 

 

 

 

 

 

 

 

 

 

Fig.4. Solidoodle 3D printer 

 

 

 

 

 

 

 

 

 

 

Fig.5. Software screen of blade design 

D. Experimental Site Planning 

The test site of this study is on the roof of the Building of 
Civil & Water resources Engineering, Feng Chia University. 
The pico-hydroelectricity testing apparatus is constructed from 
five components: (1) Water tower (527cm*524cm*302cm); (2) 
Supply water pipelines (pipe diameter of 10cm); (3) Flow 
meter, (4) Pico-hydroelectricity blades; (5) Recycling water 
tank (capacity of 1000L), as shown in Figure 6. Through the 
water tower with height of 3m, water is supplied via gravity to 
impact the pico hydro blades; the spinning of the blades is 
driven by the water leading to the rotation of generator and the 
production of electricity; the flow meter is used to monitor the 
flow of water. 

 

 

 

 

 

 

 

 

 

 

Fig.6. Testing field of pico hydro 

IV. RESULTS AND DISCUSSIONS 

A. Results 

During the blade design process, two failures were 
experienced before the successful fabrication of the Type3 
blades; the Type3 blades are shown in Figure 7. The design 
team considered that the Type1 blade could not meet the fluid 
force conditions because of the design error of a small area 
suspended rotor blade; since the curvatures of the blade area 
are identical, water cannot produce a hydrodynamic force on 
the curvature, pushing forward the blades. For the Type2 blade, 
although the area ratio and the modelling of the blade has been 
reassessed, the design of the suspended rotor axis is a single-

1 

2 

3 
4 

5 
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axis support; as the axis cannot achieve a balanced state, this 
causes the occurrence of strong shaking and the axis offset 
phenomenon on the rotor, therefore, the suspended rotor cannot 
rotate. Adding to the biaxial support further on the Type3 blade 
resulted in a smooth rotation experimentally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7. Pico-hydropower blades 

The preliminary results showed that for a single set of pico-
hydroelectricity blades, when using 28200 liters of water, the 
output power can reach 3Watt; it is estimated that if using 5 
sets of blades and 10 sets of blades at the same time, the output 
powers can be 15Watt and 30Watt respectively. According to 
the statistics of the Taiwan Water Corporation, the daily 
domestic water consumption per capita reached 259 liters. This 
study assumed that there is an apartment complex of 23 floors, 
where the 1st floor is the public open space; 2nd to 23rd floors 
are residential and each floor has 6 households, the number of 
residents in each household is 4 people. So, the domestic water 
consumption of this building per day can be calculated as about 
136,752 liters (22 * 6 * 4 * 259 = 136,752). As mentioned, the 
water consumption for the output power of 3Watt hourly is 
28200 liters, so it can be calculated that if this building utilizes 
the pico-hydroelectricity system in this study, it can run about 
4.8 hours per day, making the actual power converted by a 
single set of pico hydro blades 14.4 Watts. If converted into 
power generation per month, this figure will be 432 Watt, as 
seen in Table 1 below. Taking the electricity usage of a T5 
lighting tube (16mm in diameter, 549mm in length) as example, 
the electricity usage of each T5 tube per hour is about 14 Watt. 
Assuming each floor is installed with 10 set of pico hydro 
blades set that can provide a power output of 432 Watt daily; 
the power produced by the system can support the electricity 
usage of two sets of lighting between the elevators in this floor 
for about four consecutive hours during the nighttime (each set 
is equipped with four T5 tubes). 

 

TABLE I.  TEST RESULTS 

 
1 set of 
blade 

5 sets of 
blades 

10 sets of 
blades 

Pipe flow 470L/min 

Use of water 

amount (1hr) 
28200 liters 

Output Power 

(1hr) 
3 Watt 15 Watt 30 Watt 

Hypothetical 

case of daily 

power 

generation of 

4.8 hours 

14.4 

Watt 
72 Watt 144 Watt 

 

B. Discussions 

In this study, the preliminary experiments of Type3 blades 
revealed that for a single set of pico hydroelectricity generation 
units, under a flow rate of 470L/min, the torque output of the 
perpendicular rotor blades due to the water flow against the 
area of the blade curvature was 0.0294 N•m; the rotational 
motion speed of the gear transmission by the rotor was 
1000rpm; the power generated by the generator gear 
transmission was 3Watt; the standard generator is equipped 
with a dynamic motor with DC12v, power supply of 12v, 
nominal current of 40mA and speed of 2500rpm. The Type3 
blade is still in the early stages of design and development, the 
system has not been integrated into one piece, part of the 
components is still being put together using assembly methods; 
so the structural strength and the blade rotation speed have yet 
to achieve the optimal state. In the future, the team will 
continue to focus on the model, and such factors as the area and 
the angle of blades to carry out different developments and 
tests, and will make use of integration methods to manufacture 
the blade, so that power output can reach the maximum value. 
Currently, the experiments only tested a single set of blades at 
horizontal level; in future experiment planning, multiple sets of 
blades will be tested and along with experiments that compare 
the differences between the horizontal level and vertical level 
in the hope of verifying whether multiple blades in series can 
experimentally convert the same multiples of electricity. 

V. CONCLUSIONS AND SUGGESTIONS 

This study has successfully designed a new type of pico-

hydroelectricity system with three vertical axis blades. In the 

pico hydro experiment, the potential energy of a water tower 

on the roof top of an apartment complex has successfully 

caused the single set of blades to spin and generate 3Watt of 

power. The blades in this study were made using 3D printing 

technology. The production cost is lower than the traditional 

open-molding method; the advantages of the electrical control 

system and electrical storage device are that it is easy to install 

and is low cost. In future studies, the team can focus on 

subsequent derivations for diverse models: area, width and 

length of blades, attempt different curvature areas, pursuing the 

maximum curvature and effective power as well as further 

enhancing the rotational velocity ratio of gear transmission 

Type1 Type2 

Type3 
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motion by increasing the number of gears or attempting various 

different types of gear structure to find the optimal blade model 

with effective dynamics, and couple the model with high ratio 

gear to drive a larger-scale generator to produce greater power. 

Pico-hydroelectricity is an innovative technology that helps to 

promote the development and use of renewable energy and 

new energy, which is in line with the new concept of green 

energy and carbon reduction. This study hopes that future 

research and development can produce a pico-hydroelectricity 

blade set with a high output to be applied in an actual 

apartment complex, so that the pico-hydroelectricity has the 

opportunity in the future to become part of self- application 

technologies for building energy. 
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