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ABSTRACT 
 
The unregulated development of micro-urban areas is underestimated in both cases, so are the 
energy issues bound with them. The proposed urban idea consists of energy resource 
decentralisation by means of a detailed focus on micro-urban development through the 
combination of accurate hydro distribution systems for direct energy production in a place of 
consumption as a part of the autarchic micro-urban grids arranged in “efficiency electric 
power grid circles” calculated by loses in wiring. This urban energy model binds micro-urban 
structures in one solid network and at the same time creates local smart energy communities 
built up on each individual dwelling unit that can produce energy for itself from renewable 
resources locally available and support the local micro-urban public grid or even support the 
nearest city public grid. Proposed new multi-purpose small hydro type is one of the 
preliminary small scale systems that could be precisely tailored to micro-urban demands and 
partially support the proposed urban model.  
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INTRODUCTION 
 
There are various scales on how the concept of energy independence should be researched. 
Most of the recent research proposals that consider energy issues of the human dwellings are 
mainly dealing with it at a macro-urban scale, which is the centre of many questions from 
different sectors including the energy one as well. This work represents recent results from a 
bilateral research project, dealing with investigation and comparison of the hydro-potential 
within the micro-urban structures in Slovak Republic and Taiwan R.O.C. The effort in this 
paper is to show the possible use of hydro-potential on a micro-urban scale as one of the 
major presumptions for creating autonomous micro-urban structures, with their own internal 
grid. The energy-urban model from the Fig. 1 shows centralised energy efficiency distribution 
circles calculated by the losses in wiring, which also shows how the proposed model could 
create far more symbiotic energy coexistence between the city schemes surrounded by micro-
urban regions and ensure coherent sustainable integration of surrounded micro-urban 
structures, as the city grows instead of an unpleasant urban sprawl. Furthermore, the idea that 
considers a suitable use of the hydraulic energy, supported by the various applications of a 
new model of multipurpose micro-urban turbine proposal, as a practical part of this research 
in possible conglomeration with other renewable energy resources, is presented. 
 
 
SIMILARITIES IN GEOMORPHOLOGY 
 
Slovakia with its 49 035 km2 area is 428 km (from East to West) wide and 195 km at max. – 
79 km at min. (from North to South), is a landlocked country surrounded by Austria, 
Hungaria, Ukraine, Poland and Czech Republic. The village Krahule, near by the mining 
town Kremnica, is one of the several places, which claimed to be the geographical centre of 
Europe (48°44′N 18°56′E). Slovakia’s capital Bratislava is located 48°08′38″S 17°06′35″V 
near by the western border with Austria. On the contrary the second largest city Košice 
48°43′12″S 21°15′29″V is located on the eastern part of the republic. Eight municipalities 
accommodate the 5,397,036 inhabitants from which almost 60% are living in the 138 cities 
and the rest live in 2883 towns and villages. The country’s landscape rises from the Southern 
lowlands: Podunajská nížina (the largest and most fertile agricultural land covers 4,3 km2 with 
forests covering 44,3% of the landscape) lowland 10 000 km2), Záhorská nížina and 
Vychodoslovenská nížina to the Northern mountain circle (Western Carpathian Mountains). 
Overall the relief of the Slovak Republic is predominantly mountainous (more than 40% of 
landscape could be located between the heights of 300 and 700 meters above the sea level and 
approximately 40% have a 300 meters height), where mountains cover 60% of the landscape. 
The highest peak is Gerlachovsky štít (2 655m) located in High Tatra Mountains in which 
also the highest dwelling Štrbské Pleso (1 350m) is located; on the other hand the lowest point 
in the country is only 94 meters high in Streda nad Bodrogom. Mountains in Slovak Republic 
are mostly part of Alpine Orogenic phase from the late Mesozoic and Cenozoic eras, although 
some mountains like Štiavnické vrchy, Vtáčnik, Poľana, Vihorlat or Slanské vrchy are a 
vestige of volcanic activity. Slovakia has 9 national parks and 35 landscape parks (protected 
areas). The mountain region is rich with 1,200 cave systems, most of which have unique 
natural decoration constituted by stalactites. There are also abundant mineral and thermal 
underground springs with various characteristics in many cases used during rehabilitation or 
per oral healing processes. The major Slovakian rivers are: Dunaj, 153 km long (mostly 
creating a natural border with Hungary; the largest middle-European river and the only river 
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with water traffic),Váh, 406 km (the longest river in Slovakia,), Tisa, Hron and Nitra. Water 
reservoirs consist of many natural, but also artificial lakes, which were built between 16th and 
18th centuries (unique system of mining lakes called tajchy) and during 20th century for 
energetic and flood prevention purposes. (Liptovská Mara – 360mil. m3, Oravská priehrada – 
346mil. m3 and Zemplínska šírava – 334mil. m3). Many of the natural lakes have a glacial 
origin and most of them are tarns located in the mountain region of High Tatras. The largest 
tarn is Veľké Hincovo Pleso with an area of 20,08ha and depth of 53m. Lakes could be found 
also within the mountains of volcanic origin; the largest is Morské oko, which lies within an 
area of 13ha and a depth of 26m located on the Vihorlat Mountains. The climate in Slovak 
Republic is continental (temperature varies from -20 to 37oC) with mild summer and low 
winter temperatures. Temperature depends on the landscape heights. On the mountains the 
temperature drops 0,5oC in average per each 100m of height. The western landscape is 
influenced by the Atlantic Ocean climate, while the eastern side of the country experiences 
inland conditions. Average low lands’ temperatures are 9o to10oC, while in the mountainous 
region, temperature oscillates between -3,7 to 0oC only. The south gets the maximum amount 
of sunlight of approximately 2,000 hours of sunlight annually, while the north-western region 
gets only 1600 hours. The average annual precipitation rate is 743mm (65% of rainwater 
evaporates and 35% runs into the rivers), while snow precipitation varies each year and, some 
winters do not really bring snow in lowlands. Slovakia suffers from various climatic extreme 
conditions, such as annual floods, droughts, storms with strong wind impact; occasionally 
blizzards and local minor earthquakes occur too. Taiwan (臺灣), also called Formosa by 
Portuguese, with its 36,192 km2 area, is 394 km long from North to South and 195 km max. to 
144 km min. from West to East; it is an island country, separated from the coast of China by a 
180 kilometres wide Taiwan Strait. Taiwan is surrounded by South China Sea, Philippine Sea 
and Eastern China Sea; all of them are part of the Pacific Ocean. Its capital is Taipei (台北) at 
25°02′N 121°38′E and is located in the Northern part of the island. Together with New Taipei 
City and Keelung, it creates one of the largest agglomerations, which accommodates over 6 
million people). On the contrary the second largest city Kaohsiung (高雄) at 22°38′N 
120°16′E is located on the Southern part of the country. Five special municipalities, three 
provincial cities and 12 counties accommodate the 23,239,268 inhabitants with a population 
density of 641 km2, which makes Taiwan the 16th most densely populated area in the world. 
99.6% of the population live in Taiwan mainland island, the rest 0.4% live on offshore islands 
(Penghu (Pescadores), Kinmen (Quemoy), Matsu). 70% of the whole population lives in 220 
cities and the rest live in towns and villages. The height of the country landscape rises from 
the East lowlands, Chianan Plains (the home of most of the population of Taiwan) to the 
Western mountain line (Taitung Coastal Mountain Range (=Hai-an Shan-mo), Central 
Mountain Range (=Chung-yang Shanmo), Snow Mountain Range (=Hsue-shan Shan-mo), 
Jade Mountain Range (=Yu-shan Shanmo), and Ali Mountain Range (=Ali-shan Shan-mo). 
The overall relief of Taiwan R.O.C. is predominantly mountainous (30% of the landscape is 
created by mountains and 30% hills and plateaus ranging from 100 – 1,000 metres; the rest of 
landscape (40%) is formed by plains) where mountains cover 70% of the landscape. The 
highest peak is Jade Mountain (Yu-shan), 3,952m. high (the highest peak of the Tropic of 
Cancer) located in Jade Mountain Range (Yu-shan Shan-mo) that makes Taiwan the 4th 
highest island. Mountains in Taiwan are a result of tectonic movements (collisions) of the 
Eurasian Plate and the Philippine Sea Plate (during late Palaeozoic era) leaving a series of 
terrains, mostly old island arcs; the suture zones that occur between various terrains result into 
many earthquakes that happen in Taiwan. Thus, the Eastern Coastal Range of Taiwan is a 
vestige of volcanic activity of Luzon Volcanic Arch. Taiwan has 8 national parks and 13 



JBU II (2012) 2 ·  
 

___________________________________________________________________________ 
 

© 2012, 2013 Journal of Biourbanism 

114

national scenic areas. Cave systems are mostly made by sea water; the most famous is 
Bashian Cave. Taiwan has abundant mineral and thermal underground springs with various 
characteristics, in many cases used as hot spring resorts. Zhuoshui River, the longest 
Taiwanese river, is 186 km long. Water reservoirs consist of more than 10 natural lakes, but 
also artificial ones were built for recreation, energy, irrigation and retention (drinking water 
and flood control) purposes: Shimen Reservoir – 309 million m3, Sun Moon Lake – the 
largest body of water in Taiwan – 7.93 km2 and 27 m deep located 748 m above the sea 
level). Climate in Taiwan R.O.C. is divided by the Tropic of Cancer (23.5° N) running 
through the middle section of Taiwan; it divides the island into two climates, the tropical 
monsoon climate in the south and subtropical monsoon climate in the north.  
 

 
Geomorphologic similarities 

Slovak Republic Taiwan R.O.C. 

Long high mountains line along the whole 
country (mountainous character prevailed) 

Western Carpathian mountains 

Long high mountains line along the whole 
country (mountainous character prevailed) 

Central Mountains 
National Parks, protected reservations, 
location of forests and water reservoirs 

National Parks, protected reservations, 
location of forests and water reservoirs 

Large artificial water reservoirs Large artificial water reservoirs 

Location of the major cities (around 
railway and highway – main traffic corridor 

– in the mountain because lowlands path 
not properly developed for strategic 

historical reasons) 

Location of the major cities (around, HSR, 
railway and highway - main traffic corridor 

– located on the coast line and lowlands) 

Location of the capital and the second 
biggest city (opposite side of the country – 
if turned in 90 degrees clockwise even the 

same structure as Taiwan) 

Location of the capital and the second 
biggest city (opposite side of the country – 
if turned in 90 degrees anticlockwise even 

the same structure as Slovak Republic) 
Large hydro-potential in micro-urban scale 
(small water sources e.g. village rivers as a 

flood regulation, local drinking water 
reservoirs for energy purposes) 

Large hydro-potential in micro-urban scale 
(small water sources e.g. village irrigation 

channels, local rivers and streams as a 
flood regulation, local drinking water 

reservoirs and energetic purposes) 
 

Table 1. Basic Geomorphologic Similarities in Taiwan R.O.C. and Slovak Republic. 
 
 
Average temperature is 22oC, however the temperature varies from -5 to 38o C with hot and 
humid summers (June to October and heavy rain falls and South – East typhoons) and winter 
seasons (October to March monsoon season), snow appears only on the top of the high 
mountains. Whole landscape is influenced by the Pacific Ocean. Average low lands 
temperature is 12 to 17oC, whilst high mountain region temperature is only -5 to 4,5oC. 
Taiwan has got approximately 1644 hours of sunlight annually. Average annual precipitation 
rate is 4,000 mm (usual humidity is 80%); Taiwan suffers from various climatic extremes like 
regular monsoons and typhoons, floods, droughts, storms with strong wind impact and major 
and minor earthquakes. 
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SIMILARITIES IN GEOMORPHOLOGY 
 
The Slovak Republic and Taiwan R.O.C. have both similarities in geomorphologic landscape 
structures and urban divisions that create notable energy potential premises. Large population 
difference makes also a good prognosis study potential. Currently Taiwan imports over 99% 
(large.stanford.edu, 10/12/2010; Chen et al, 2010) and Slovakia almost 90% 
(www.economy.gov.sk, 01/11/2012) of energy consumables annually. Sustainable 
development is a priority factor in the European Union as well as in Taiwan R.O.C. So far 
Taiwan has successfully applied coastal wind turbines and is actively engaged in solar power 
as an additional energy source.  
 
 
 

 
 
 

Figure 1. Origin of the “Efficiency electric power grid circles”. 
 
 
Water power plants are used in large scale, facing possible earthquakes and typhoon failures 
(Charlwood et al, 2000), but this solution covers only 6% (www.nationmaster.com, 
15/01/2013) of the energy from renewable resources in contrast to 16% 
(www.nationmaster.com, 15/01/2013) of the Slovak Republic rate. In Taiwan the 
development of small scale hydro-power plants for local farmers apply water from irrigation 
canals or reservoirs, thus becoming more interesting, as for example, the Hsikou hydro power 
plant project (www.google.sk, 20/02/2013) located in Tainan in South-Western Taiwan, 
which is owned by Farmland Irrigation Associations. The Slovak Republic lacks wind power, 
but there is a great potential in geothermal and biomass energy. Solar and hydro energy are 
both currently donated by government programs for development; hydro-energy in Taiwan is 
mainly managed by the government TPC (Taiwan Power Company) (info.taipower.com.tw, 
20/02/2013). In Slovakia, although the Italian energy giant ENEL group (www.seas.sk, 
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15/02/2013) covers most of the energy, the market is more open to individuals (37 private 
companies).  
 

 
 

Figure 2. Selected examples for differences in micro-urbanism for both study areas. 
 
 
Most of Taiwan’s hydro-power projects need revitalisation as they were built in the 70s – 80s 
or even during the Japanese occupation period and, if it comes to small modern hydro-power 
plants, Taiwan is still in the learning phase (www.youtube.com, 20/11/2012). Small scale 
hydro-power-plants are seen to be economically viable, easily manageable; they resist natural 
disasters in a wider scale and can boost local businesses in farmlands across the country. 
Since the water supplies for irrigation systems are relatively stable, so is the production of 
energy which is different from the volatile wind or solar energy. Small scale hydro-power-
plants also resist natural disasters as well. As a matter of fact, Taiwan’s Water Resource 
Agency in Economic Revitalisation Policy – Project to Expand Investment in Public Works 
(eng.wra.gov.tw, 25/11/2012) promotes repairs, improvements and research in irrigation 
systems. Information about the private sector non-impact locations for small scale hydro-
power plants are provided, too. On the other hand, Slovak Republic promotes small scale 
hydro-power plants. In 2011, the Regulatory Office for Network Industries (ÚRSO) issued a 
final decision for 30 hydro-electric power plants. 200 small hydro-power-plant projects also 
approved the new concept of using hydro energy potential from Slovakian rivers. From 
09/02/2011 and until 2030 (www.minzp.sk, 25/09/2012) a new program will provide for the 
development of more than 368 new small hydro-power plants with 160 MW and 797 GWh of 
annual energy production. Private companies and local public initiatives in Slovak Republic 
are developing projects for the revitalisation of historical small scale hydropower plants like 
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the one in the village Lubochna, for instance. In Slovakia hydro energy has a long tradition; 
there were more than 1000 small hydro-power plants listed in the inventory of water works 
from 1930 onwards. Currently the number of small hydro-power plants is around 180 and 
rising: all plants are in active service, most of them managed by individual owners.  
 
 
URBAN IDEAS FOR IMPLEMENTATION 
 
 
Efficiency electric power grid circles - scheme proposal 
 
In this work, the City is introduced as the macro-urban unit that historically evolves, either 
under some regulations or at irregular intervals. As the city is constantly growing, its general 
consumption is growing, too. In the urban scheme of Slovak Republic, the city macro-urban 
structures surrounded by micro-urban structures creating a micro-urban region (Fig. 2 right) 
could be clearly observed. Many citizens are moving in dwellings around the city, as they can 
reach it at any time they need, while at the same time, they also maintain their private space; 
life in micro–urban structures starts to expand rapidly. On the other hand, the Taiwanese 
merged micro-urban and macro-urban schemes (Fig. 2 left) do not give the people chances for 
choices and, thus, many people are moving into already densely populated cities. If it comes 
to any kind of change in urbanism, it is always easier to implement new ideas in small groups 
rather than moving huge masses or changing a system that people are used to for many years. 
The case of Slovak Republic is quite the same as that one in Taiwan before the Japanese 
occupation era. During and after that era, cities grew unnaturally fast, mostly without clear 
urban attention. Nowadays, it is hard to track back the micro-urban centres or villages 
surrounding mega urban structures, which became a major issue in energy distribution. Black 
outs are common issues in larger cities of some regions. Dealing with micro-urban 
development in smaller communities usually at town or village levels is not unusual, such as, 
for example, Feldheim, in Germany, a 100% energy self-efficient village, 
(www.huffingtonpost.com, 21/02/2013) or GEN – Global eco-village network (www.gen-
europe.org, 21/02/2013) are amongst of the most pioneering eco-village projects showing 
feasibility globally. Each village is a historical settlement and uses some local energy 
resources.  
  
In the 21st century, research focused on micro-urban energy resources (Fig. 4) should be 
embedded in the strategic plan for each village, as it could support many future developments 
and mainly their possible autonomous management. Making the community involved and 
understanding the technology used, it could be the key for success in all sustainable models. 
The way on how to reach the energy self-efficient community might be feasible by 
introducing tailor-made multimode technology for basic everyday personal use. The fact is 
that, almost all the systems for renewable energy conversions are already of general 
awareness. As a matter of fact, some systems, such as photovoltaics or micro-hydro are 
already commercially available in quite a large scale. The price of personal scale renewable 
systems, which will be commercially available, could be another convincing factor. The key 
might be a distribution system between a centralised source, owned by the city or government 
and local power plants owned by individuals in micro-urban structures. As the city grows, the 
centralised energy regulation has become more difficult. But, is the city the only urban unit 
that it is involved? Pre-industrial revolution models show cities, which are supplied by chains  
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Figure 3. Distribution within the “Efficiency electric power grid circles”, between the city 
and satellite villages. 
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of villages. Today this model could be feasible as well, but the traded goods will be energy in 
the terms of energy supplies. According to Fig.s 1 & 3, as far as macro-urban scale impact is 
concerned, these micro-urban structures/villages consist of micro-urban units, mostly 
individual dwellings, which could create the LCPG - Local Community Power Grid. In the 
case of energy overproduction in the LCPG, direct support of the city supply, energy storage 
for later use or emergency scenarios, like local black outs, might be covered. According to 
Fig. 1, villages surrounding the city are called satellite villages. These satellite villages form 
circles with radiuses equal to efficient distribution distances in low voltage wiring, which is 
calculated by the energy losses in wires and usually represents 10% (Kolcun et all, 2013) 
 
 

 
 
 

Figure 4. Preliminary study of micro-urban units’ division and the concept for RES in the 
micro-urban structure. 
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from the overall energy distribution. Each circle produces energy for itself and trade energy 
among the villages on the same level. Additionally in case of energy overproduction, the 
primary circle usually includes largest villages and is the closest to the city centre. So, it plays 
the role of a direct city grid support (“opposite grid flow”) with the lowest losses in wiring in 
emergency scenarios or off-peak, secondary, tertiary, etc. support; these villages play the role 
of backup and support for themselves and the primary ones as well. All villages play the role 
of energy storages by short batteries or long term period hydrogen power cells. Assuming that 
villages promote micro-urban renewable policy, as pictured in Fig. 3, individuals will be able 
to create micro-power stations from their house by producing home energy from available 
renewable resources and for their personal use or even under regulated development support 
LCPG from which, energy will be distributed into the next village or directly into the CPPG - 
City Public Power Grid. This community inclusion, due to individuals, may also contribute to 
boost the micro-urban trade and economy. Even the high voltage wiring could change into 
low voltage as the distance shortens.  
 

 

 
 

Figure 5. Hydrological research: concept for random village from Slovak Republic and 
Taiwan R.O.C. 
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MICRO-URBAN MULTIPURPOSE TURBINE 
 
 
Current stage of research and development 
 
The experimental micro-urban multipurpose turbine is successor of the ‘UFO’ micro-urban 
multipurpose turbine (Tkác et al, 2012) that was originally designed for gas mode. Lately it 
was adapted to water medium focused on high heads and small flow volumes as well as 
runoff river systems, due to larger application range in most of the micro-urban structures 
located on planes. 
 
 

 
 
Figure 6. Design drawings of the micro-urban multipurpose turbine and pictures from recent 

functionality testing. (Legend: 1- Stator, 2 – semi-torus surface, 3 – stator canals in 
anticlockwise direction, 4 – inflow opening, 5 – bearings, 6 – surface, 7 – rotor, 8 – partial 
torus curve, 9 – rotor canals in clockwise direction, 10 – self stabilizing cone, 11 – buffer 

spring, 12 – shaft, 13 – shaft-to-rotor connection, 14 – opening for shaft-to-rotor 
connection, 15 – inflow and outflow of the working medium, 16 – axis of rotation). 

 
 

Further ongoing laboratory works on functionality research with improved demonstration 
model at a scale of 1:2 as shown in Fig. 6, are in progress and, results and procedure are 
shown in Table 2. Laboratory research showed that, the turbine could be a possible match for 
the needs of micro-urban canals, reservoirs or irrigation systems. However, the precise urban 
and hydrological research on these fields, as in Fig. 5., must be done first. In addition to gas 
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and water mode, hot pressurised steam and saline water mode is thought for future research, 
too, because the commercial model requires it. It is expected that, within two years, this 
device could be applied in real micro-urban conditions, mostly as part of urban renewal 
projects, at least for selected recently and non operable structures, which are located within a 
large villages and in both study areas.  
 
 
 
CONCLUSION 
 
Research involved countries that possess remarkable similarities in hydro-potential connected 
with geomorphology, still waiting to be used. This potential is hidden also within the chains 
of small scale hydro-power plants owned by individuals. Application of the urban model 
presented above would mean decentralisation of small energetic sources that might 
remarkably influence balanced development in economy, employment. And, last, but not 
least, it could affect the self-efficiency energy policy of both countries at the same time, as it 
could increase considerably general awareness of current and future renewable energy 
significance. 

 
 

Turbine Functionality Tests 

Type of test Applied test medium 
(value) 

Equipment Defects Results 

Surface tests of stator and rotor no shaft, only behaviour of the medium in the canals was tested 
Gas mode 

Water mode 
Compressed air (0,9 MPa) 

Pressurized water (0,3 
MPa) 

Air compressor 
Water pump 

Not applicable  
Not applicable 

Test positive 
Test positive 

Stator to Rotor configuration testing, no shaft applied 
Gas mode 

Water mode 
Compressed air (0,9 MPa) 

Pressurized water (0,3 
MPa) 

Air compressor 
Water pump 

Not applicable 
vibrations detected 

Test positive 
Test negative 

Whole configuration without dynamo (short shaft (10cm), long shaft(20m)) 
Gas mode 

Water mode 
Water mode 

Compressed air (0,9 MPa) 
Pressurized water (0,3 

MPa) 
Pressurized water (0,3 

MPa) 

Air compressor 
Water pump 
Water pump 

Not applicable 
high vibrations 

detected 
low vibrations detected 

Test positive 
Test negative 
Test negative 

Whole configuration without dynamo and buffer spring short shaft (10cm) applied 
Gas mode 

Water mode 
Compressed air (0,9 MPa) 

Pressurized water (0,3 
MPa) 

Air compressor 
Water pump 

Not applicable 
vibrations detected 

Test positive 
Test negative 

Whole configuration with 750 W dynamo included 
Gas mode 

Water mode 
Compressed air (0,9 MPa) 

Pressurized water (0,3 
MPa) 

Air compressor 
Water pump 

Not applicable 
Not applicable 

Test positive 
Test positive 

Note: produced energy was not measured during the feasibility tests as the applied dynamo only plays 
the role of shaft fixation that also helped to remove undesirable vibrations in water mode. 

 
Table 2. Stages of procedure and results of the basic turbine experiments 
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One of the most important objectives in energy planning could be the use of suitable devices 
in micro-hydro power plants or directly in the micro-urban units in order to obtain the most 
feasible efficiency. However, basic water turbine principles do not vary; they only improve 
with time. The proposed different design approach to water turbine development in this paper 
demonstrates that, there are still undiscovered ways of water energy conversion, which are 
worth to be researched, especially as part of sustainability in remote areas with unique genius 
loci environment to be preserved for the future generations.  
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