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Floating architecture is not only an issue for luxurious tourism, but with 
the climatic change the building of floating structures becomes relevant for 
many areas in the world. In regions with rising sea levels, frequent flooding, 
or thawing permafrost, floating structures can be a solution to adapt exis-
ting settlement areas to these new conditions.

The self-sufficient energy and supply systems required for floating settle-
ments can also be used in rural areas with a lot of migration.
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Opening remarks  
  
For many years, the Faculty of Architecture and Urban Planning at Brandenburg University of 
Technology Cottbus-Senftenberg (BTU) has carried out research on the topic of “Floating 
Structures”. 
At first glance, one might wonder how BTU, located in Prussia, an area nicknamed the “box 
of sand,” deals with this topic. It all started with the local problem of abandoned open cast 
mines and the resulting abandoned mine pits. Within the context of the International Building 
Exhibition „IBA Fürst Pückler-Land“, the idea was created to revitalise the post-mining land-
scape by flooding the mine pits in order to transform the whole area into a lake district called 
„Lausitzer Seenland“. Since made-up shore areas cannot be used for construction activities, 
the idea arose to build floating structures for tourism purposes on the lake.  
Since this project was started, it has resulted in the research of a lot of questions about con-
struction and urban planning by faculty members at BTU. At scientific conferences on this 
topic, it was quickly found out that not only luxurious tourism is a central issue but with the 
climatic change the building of floating structures also becomes relevant for many areas in the 
world.  
In regions with rising sea levels, frequent flooding, or thawing permafrost, floating structures 
can be a solution to adapt existing settlement areas to these new conditions. 
The self-sufficient energy and supply systems required for floating settlements can also be 
used in rural areas with a lot of migration.  
In Lusatia, with the flooded open cast mines, BTU has a real-world laboratory that is perfectly 
suited for applied research into “Floating Structures”. 
This topic is a research priority of the Faculty within the complex of studies on „Building for 
Climate” and „Energy Efficiency and Sustainability“ studied by BTU. In recent years, a net-
work comprising regions in Europe and Asia dealing with similar research tasks was estab-
lished. 
In-depth research at BTU and an expansion of the existing network in Lusatia are the aims of 
research development in our faculty.  
 
 
 
Professor Dipl.-Ing. Markus Otto,  
Dean of Faculty 6  
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Editorial 
 
The publishers are receiving more and more inquiries about the topic “Floating Architecture”, 
particularly about technical details, water chemistry, as well as ice and wave problems. Since 
there is a lack of technical literature on this topic, most students working on projects or theses 
related to this topic send their inquiries. A time of general and quick changes results in a large 
number of daily publications. Therefore it is difficult to understand why there is a lack of lit-
erature about floating structures. One has to consider that sea levels will continue to rise and 
consequently a larger number of people will have to live on the surface of the sea. 
Obviously, some expert knowledge is required which needs a longer period of time to be 
gained through scientific advancements and experience.  
The publishers, who have been dealing with the topic of floating houses for some years, are 
grateful to the authors for their agreement to allow the publication of their papers on floating 
architecture. These papers were mainly prepared for two conferences on floating architecture 
held in the study centre of the IBA building, Großräschen. 
Therefore, the reader should know that, along with the usual papers, only a selection of self-
explaining transparencies is shown in order to meet the printing requirements. 
The included list of both the authors and their addresses makes it easy for interested people to 
send any inquiries to them. 
A short introduction as well as an outlook at the end of each paper is meant to draw attention 
to current events in order to be able to promptly identify opportunities and risks connected 
with living on the water. 
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1 Introduction   
Situation 
The popularity of floating structures is on the rise. This applies to regions and communities as 
well as touristic uses. Rotterdam with its floating pavilion and Seoul with a floating enter-
tainment centre, which can house more than 6,000 visitors, stand for municipal acceptance 
and self-representation of the administration and citizens. To promote tourism in South-East 
Asia, a centuries-old tradition of living on the water has been revived. Lower Lusatia in the 
east of Germany – a post-mining landscape with an exemplary structural change- showcases 
the largest artificially created lake scenery in Europe. In this region, floating houses with a 
variety of functions attract tourists. Through the construction of these structures, scientific 
progress has created the potential for job creation for the post-coal era. In the areas where coal 
is still being extracted and first areas were recultivated or marinas for floating houses have 
been made, a unique global scientific centre supported by university institutions is going to be 
established in the future.  
Not only do revitalisation and the creation of tourist attractions form the background for inter-
est in this topic, but so do rising sea levels caused by recent climatic change. 
More than just the infrastructure of shores is endangered. River basins are severely threatened 
by river backwater and reduced outflow gradients during flooding. On the basis of flood man-
agement guidelines set up by the EU administration, floating structures could improve the ef-
ficiency of future retention areas. 
Along with the transformation of abandoned industrial sites into tourist destinations, another 
advantage of floating architecture is its potential as a promising German export good.  
The Lusatian Lake District created with the support of the International Building Exhibition 
”Fürst-Pückler Land“, LMBV, (Lusatian and Central German Mining Administration Com-
pany) and BTU Cottbus-Senftenberg is a unique and eminent landmark of the state of Bran-
denburg. 
 
The concern 
The concern of floating architecture and thus the aim of the Institute for Floating Structures 
(IfSB) of Brandenburg University of Technology Cottbus-Senftenberg results from the exist-
ing situation. The latest IPCC report predicts an accelerated rise in sea levels that is a serious 
threat to developed coastal regions and flood plains.  
Construction on the water as a possible solution to this problem requires complex approaches. 
However, it also includes risks regarding material stresses, environmental pollution and social 
safety. On the other hand, it also offers opportunities in terms of the mobility of structures and 
the utilisation of alternative energy sources. 
The self-sufficiency, the supply with electric energy, heat energy, freshwater, and the dis-
charge of waste water and waste form the basis of future floating settlement structures. This 
fact has to be taken into consideration in order to be able to successfully compete in the world 
market and to avoid economic damage in the long run. 
The selected papers were read and discussed by experts at the last two “Floating Architecture-
Construction near and on Water” symposia, held in 2014 and 2016 at the study centre of the 
IBA, Großräschen. 
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Floating Structures – A Catalyst for Innovative Construction 
 
Water is life – life on earth is inseparably tied to water. When viewing the development of 
civilisations, we can see that their advancement was connected with the innovative use of wa-
ter (Romans – aqueducts, Mesopotamians and Egyptians - utilisation of rivers, East-Asian 
Civilisations – rice terraces).  
Throughout history, human development has taken place in coastal regions. By looking at the 
habitation of floating islands by ancient people such as the Uros in Peru and Bolivia and the 
ancient swamp settlers in Iraq, we can realize important characteristics for future develop-
ment: ecologically-related connections and a high degree of self-sufficiency. From these cas-
es, we can also conclude that floating structures are more effective when they take the form of 
connected housing systems rather than single settlement structures. 
With new materials, innovative energy generation, and computer-generated methods of pro-
duction, we are able to cope with climate challenges. In the future, we will not see water as a 
threat but as new living space with inexhaustible potential. Developments in the Netherlands 
and South-East Asia show us that floating structures can have functions outside of the realm 
of tourism. Rising sea levels and the growing world population result in alternative forms of 
living and settling with a high technological degree of innovation connected with knowledge 
gained from traditional settlements on water.  
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 Abstract— Climate change and sea level rise is one of the greatest challenges facing human beings in 
the 21st century.  Because of sea level rise, several low-lying coastal areas around the globe are at risk 
of being completely submerged, disappearing under water. Particularly in Viet Nam, the rise in sea 
level is predicted to result in more frequent and even permanently inundated coastal plains. As a result, 
land reserving fund of coastal cities is going to be narrowed in near future, while construction ground 
is becoming increasingly limited due to a rapid growth in population. Faced with this reality, the solu-
tions are being discussed not only in tradition view such as accommodation is raised or moved to 
higher areas, or “living with the water”, but also forwards to “living on the water”. Therefore, the con-
cept of a sustainable floating community with floating houses based on the precious value of long term 
historical tradition of water dwellings in Viet Nam would be a sustainable solution for adaptation of 
climate change and sea level rise in the coastal areas. The sustainable floating community is comprised 
of sustainability in four components: architecture, environment, socio-economic and living quality. 
This research paper is focused on sustainability in architectural component of floating community. 
Through detailed architectural analysis of current floating houses and floating communities in Viet 
Nam, this research not only accumulates precious values of traditional architecture that need to be pre-
served and developed in the proposed concept, but also illustrates its weaknesses that need to address 
for optimal design of the future sustainable floating communities. Based on these studies the research 
would provide guidelines with appropriate architectural solutions for the concept of sustainable float-
ing community with floating housing units  that are adapted to climate change and sea level rise in 
Viet Nam. 

I. INTRODUCTION 
The coastline of Vietnam is more than 3,260km long and stretches from north to south with two fertile 
deltas of Red river and Mekong river that discharge into the sea. The river system and the sea do not 
only provide water for rice cultivation and fishing grounds for inhabitants, but also become the habitat 
of many Vietnamese generations. It was observed that early in the twentieth century, Vietnam had 
many ‘floating villages’ which included groups of fishers or boatmen [1]. Figures for these groups 
were not provided. Other sources indicate that the number of floating villages was not high. At the 
beginning of the 19th century, there were 70 floating units in 12 old towns in the provinces of the Red 
River Delta and along the coast, from Quang Ninh Province to Ha Tinh Province [2]. In the 1930s, 
there were about 90 floating hamlets or villages located in rivers, and about 21 ones along the coast in 
the region from the Vietnamese/ Chinese border to the Tien Yen area [3]. In contrast, in the Central 
Region of Thanh Hoa to Binh Thuan provinces, where the rivers are short and the land is mountain-
ous, freshwater bodies cannot sustain fisheries big enough to support ‘floating villages’. Therefore, 
such communities are concentrated in estuaries and lagoons. Since 1955 the number of ‘floating vil-
lages’ has decreased, mainly as a result of the reorganization of rural management, irrigation devel-
opment, the destruction of riverine resources, and water pollution. Consequently, the Vietnamese gov-
ernment erased some floating villages and many families either switched to living on land or changed 
occupations entirely. As a result, nowadays the number of floating houses and floating villages has 
been decreasing rapidly in Vietnam. By contrast, in recent years, floating houses are an emerging 
household trend for many coastal communities all over the world. The majority of researchers have 
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appreciated that the floating house is an effective solution which helps coastal areas adapt to climate 
change and sea level rise. 
Therefore, the aim of research is not only preserving floating houses - a unique accommodation type 
of traditional architecture in Vietnam, but also developing the concept of sustainable floating commu-
nities with floating housing units that help coastal communities withstand dramatic changes in climate 
and sea level as well as ensure a stable and permanent living for water dwellers. Most of the water 
dwellers are poor and low-income people who have been farmers. Therefore, floating villages 
emerged from farming villages. Floating communities and floating houses reflect traditional Vietnam-
ese rural architecture. Based on traditional architecture, water dwellers modified and developed struc-
tures, materials and space of the house in order to adapt to the natural environment on the water, and 
to be suited to local culture. Through centuries, water dwellers accumulated valuable experience for 
designing floating houses with a view to the environment, the climate and the local culture. Based on 
analysing both the strengths of traditional architecture and the weaknesses of the current state of float-
ing houses and floating villages in Vietnam, this paper provides solutions which are going to be archi-
tectural guidelines for a proposed concept of sustainable floating communities with floating housing 
units. From that, lessons are drawn in 4 categories: site planning, building design, using energy and 
sanitation. 

II.OVERVIEW OF NATURAL CONDITIONS AND CULTURAL SETTING 
A. Natural Conditions 

Vietnam embraces around 3,260 km of coastline from Mong Cai in the north to Ha Tien in the south. 
Vietnam covers a relatively complicated terrain: countless mountains, criss-crossed rivers, stretching 
and meandering coastlines. Between the regions, the relationship between mountains and plains on the 
mainland differs. The coastal zones are divided into 3 regions; south, central and north with 28 coastal 
provinces. 

Located in a tropical monsoon climate region, Vietnam is influenced by natural calamities, such as 
typhoons, monsoons, storm surges, sea level rises and El-Nino phenomena. Scientific research, cur-
rently being undertaken in Vietnam, indicates that significant impacts due to sea level rise may already 
occur. Vietnam generally has a hot and humid tropical monsoon climate. The territory of Vietnam has 
a long S- shape and is entirely located in the tropical belt, stretching from 8°30´N and 23°22´N which 
causes a high solar radiation all the year round, and the sun mainly moves in the southern sky. The 
northern coastal zone has a humid subtropical climate, with four seasons and with short cold winters. 
The temperature rarely falls below 5°C and occasionally it reaches 40°C. Rainfall and rain intensity 
are quite intensive. Therefore, cold wind protection in winter is a specific requirement. The central 
coast has a tropical climate with monsoons. In summer, hot dry monsoon brings in extremely hot tem-
peratures, whereas the northern area is still affected by the cold wind in winter. Rainfall and rain in-
tensity are quite large, and typhoons frequently strike this area from June to December. Due to ex-
treme weather with massive flooding and typhoons, there are very few floating houses and floating 
villages in the central coastal zone. Preventing overheating and providing typhoon resistance are most 
crucial in this area. With its much hotter temperatures, the southern region of Vietnam has only two 
main seasons: a dry season and a rainy season. Genial climate with average temperature around 22°C 
to 27°C and storms are less common, as well as a criss- crossed river systems. There are a number of 
floating villages located in the southern coastal zone. There are different architectural solutions to each 
region that respond to a specific climate and natural environment.  

B. Cultural, Social and Economic Setting 
Fishing activities in the coastal areas of the north and south never were of major importance. Fur-

ther, the northerners were unfamiliar with seafood. Therefore, many spices were used while cooking to 
mask the taste of marine fish and make them resemble freshwater species. Southerners started fishing 
much later than the northerners. In addition, since the south of Vietnam is rich in freshwater fish, 
southerners never traditionally caught marine species [4]. They did not live from fishing in natural 
resources, but were also breeding fish in cages under or beside of their floating houses. Fishers moved 
from mobile living on the boat to a permanent living in floating houses used for both living and work-
ing. The situation is different in the Central Region, where agricultural land is poor and scarce, and the 
swift-flowing rivers do not have much fish. There, in contrast to the northern and southern parts of the 
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country, marine currents bring large fish stocks into nearshore waters. Therefore, migrants from the 
northern provinces of Vietnam who settled in the coastal area of the Central Region became marine 
fishers, and a new culture and way of life gradually emerged. Therefore, floating houses and floating 
villages are more often built in the northern and southern coastal zones than in the central ones. 
III. MAIN RESULTS 

A. Sight Planning 
1. Planning 
Asia is historically renowned for its local original principles of floating houses with a floating com-

munity which is called floating village (Fig 1). The village community has been the basic administra-
tive unit. in Vietnam for a long time. The floating village is a group of fishers and their families who 
permanently live on their fishing boats or their floating houses. There is a lack of both dwelling houses 
on land and farmland which forces the fishers and their families to live on rivers or in estuaries or 
coastal lagoons. Floating villages respect family and professional relationships. In a water-based ham-
let, people with the same family name always use the same fishing gear and gather together to form a 
hamlet, a traditional, small and self-managed community [4]. Some five or more family floating 
houses are always moored together and linked together by footbridges. Residents greatly respect 
neighbourhood relationships, because they live in a natural environment that combines both abundant 
resources and numerous challenges. The struggle for survival has increased the need for mutual assis-
tance among lagoon fishing community members [5]. All the rivers and waterways are more charac-
teristic for their local floating markets even if more conventional markets halls or market streets offer 
essential sales and shopping venues for the people who live on the water [6], (Fig. 2). 

 

  
Fig. 1 (a) Floating village, Ha Long Bay, Vietnam, (b) Planning of a floating village. 
 

 
  
 
 
 
 

Fig. 2 Floating market, Cai Rang, Can Tho, Vietnam 
 

The floating houses are divided into 2 types; one is used for living and another one for both living 
and working with cages built under or beside the floating houses for breeding fish. There are two types 
of compound housing in a floating village: 

- Individual houses. 
- Cluster of houses.  
Individual households are autonomous as regards spatial, technical and architectural decisions of 

building design and construction in accordance with preference, income and technical upgrade of wa-
ter dwellers. The autonomy seems to enhance creativity and flexibility of water dwellers in establish-
ing abundant structural solutions adapting to the environment and climate change. 
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Besides the strength as characteristics of a traditional community, floating villages also have obvi-
ous drawbacks. One of the problems facing many of floating villages is lack of urban planning and 
public buildings that are very important for the activities of a community such as kindergartens, 
schools, culture houses, playing grounds for children etc. In addition, floating villages also lack park-
ing space for boats for individual houses and public places. People could park their boat at any empty 
space on the water surface without a being restricted by lines. As a result, in the areas where plenty of 
floating houses are located, the boat traffic is hindered leading to a congestion of boat traffic and the 
flow of water. 

Lessons: 
- Planning of floating villages has to be in accordance with local planning. 
- Developing concepts for floating communities - floating villages including family floating houses, 

educational and recreational facilities such as schools, clinics, markets and public buildings etc. 
- According to the economic conditions, habits and purposes of owners, designers will develop two 

types of compound floating housing. Along the waterway routes and river banks, lines of detached 
floating houses are built for water dwellers who have good economic conditions and desire a private 
living (Fig. 3). The ownership of a floating housing unit imparts a feeling of responsibility for mainte-
nance of the house facilities. These houses will be linked together as well as (sai bỏ) linked with boat 
parking and transportation on land by floating bridges located behind the houses. Lines of housing 
compounds will be appropriate and effective to be built in narrow rivers and on nearby the river banks. 
On the other hand, groups of attached floating houses for water dwellers who live with families or 
with people of different professional relationships (Fig. 4). Some houses are separated or linked with 
each other. The group of houses provides an open space not only for social, craft, and cultural activi-
ties, but also for children playing. It is not only suitable for a traditional community but also makes a 
balance of a stable associated foundation for houses that struggle against and adapt to climate change 
such as storms, floods, sea level rise etc. Moreover, water dwellers would share responsibility and 
budge for maintenance of their facilities, such as sewage systems, water supply. It would be helpful 
for water dwellers to reduce the cost of the houses. The group of floating houses would be the basic 
unit of a floating community. Living in a group of attached floating houses, the autonomy of water 
dwellings would not be unambiguous. Their dependence would be reduced in the shared spaces with 
shared facilities. Therefore, households would have to make a clear distinction between the shared 
parts and individual parts, and raise their public awareness, respect and responsibility for both the in-
dividual parts and the shared parts.  
 
 
 

 
 
 
 
 
 
 

Fig. 3 Line of detached floating houses, Ha Long Bay,  
Vietnam 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4(b) Vision for a cluster of four floating 
houses, NLÉ’s proposed 'Lagos Water Com-
munities Project', Nigeria. 

Fig. 4 (a) Group of attached floating 
houses, Ha Long Bay, Vietnam,  
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2. Building Site and Landscape 
Orienting the houses is extremely vital when water dwellers start setting up a plan of a floating 
house. Living on the water is extremely affected by nature, wind and water waves. Therefore, floating 
houses and floating villages are often located in territories which are less influenced by strong winds, 
which have a slow water flow that is convenient for transportation. These territories also have a low 
salinity, the landscape and the quality of water resource are more suitable for living and breeding fish 
such as in the mouths of rivers, lagoons, bays which are located by the sea and protected from strong 
wind and tsunamis by mountains. Moreover, according to traditional experience, the south is the best 
direction for constructing a house. The main block frequently faces south to welcome the cool wind. In 
north and central coastal zones, the south direction prevents the house from solar radiation from the 
east and west and cold wind from the north in winter. 
In rural traditional houses, gardens and plants take a role as climatic mitigation, sources of daily green 
vegetables, seasonal fruits, construction timber and landscaping. Although, living on the water without 
land, water dwellers still keep planting trees in pots, flower vases located around their houses. These 
plants do not only provide a beautiful landscape for floating houses but also can take in as much cool 
air as possible and sunlight heat in winter as well as fence off cold wind and limit heat losses. The 
gardens which exist in rural traditional architecture inspire ideas of vertical garden that could be used 
as climate screen to prevent solar radiation, cold wind and rain, as well as floating gardens using hy-
droponic systems that could be built in proposed concepts of floating houses and floating villages. 
Vertical garden and floating gardens would provide green vegetables for the house owners around the 
year (Fig. 5 and 6). 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Vertical garden as a climate screen, designed 
 by H&P architects, Vietnam. 
 

B. Building Designs 
1. Organization of Space 

Space organisation of floating houses based on rural traditional architecture is established. The front 
garden, patio, main block, and back garden form the typical design chain of most rural houses in Viet-
nam (Fig. 7). Maintaining the characteristic of traditional architecture, fundamental spaces of floating 
houses also include potted plants instead of front gardens, shared patios, and main blocks. This setting 
creates a good microclimate for the house and convenience in daily life. The potted flowers located in 
front of the houses as well as the shaded patio or porch which is a transitional buffer space between 
the interior and exterior of the floating houses prevent flying rainwater and direct solar radiation. 
Floating houses also can take in plenty of cool air and sunshine, while being protected from cold wind. 
Furthermore, a large shaded patio seems to be an open space used for relaxing, social activities, craft 
or business such as cafés, tailor shops, barber shops, etc.  
The main block is usually divided into two parts. The main part includes a living room possible to be 
used for business, crafts, Buddha prayer niche, bedrooms. The secondary part includes a kitchen, 
sheds, toilet, storage space and working places (Fig. 8(a)). The whole block is not in a compact form. 
It is either a consecutive connection or a combination of various separate facilities including side 
blocks which are built for breeding fish, cattle sheds etc. The blocks are linked by narrow footbridges 
or terraces (Fig. 8(b)). In fish farm villages, except for the private main house and the guesthouse, 
there are fish cages below the houses. Inside the floating houses, beside common furniture, there are 
also prominent features such as simple power supply, antennas, generators, ventilators etc. [6]. 
 

Fig. 6 Floating gardens, Inle lake, Myanmar. 
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 2. Structure and Joining System 
In floating villages, there are two types of houses: stilt houses and floating houses. Others are designed 
as small boats which reside permanently on the water. The floating houses of the village are of various 
sizes and types depending on the owner’s economic conditions and their purposes. Some of the float-
ing houses are built on a platform which is made of empty oil drums or pontoon-like materials, 
whereas others are designed like rafts and simply float on the water [6]. 
The floating houses which are simple timber post and beam structures, are built predominantly from 
lightweight bamboo, mangrove, and wood. The flooring is made of timber planks or plywood sheets. 
The roof structure is mostly bamboo-leaf thatching, although corrugated sheet metal applications are 
often used as a substitute. Exterior and interior non-load bearing partitions are filled in with bamboo or 
light timber materials [8]. 
 
     
 
 
 
 
 
 
 
 
 

Fig. 7 Space organization of rural traditional houses [7] 

Fig. 8 Space organization of floating houses. Individual float-
ing house, Individual floating house combines with fish cage 

Fig. 9 Floating structure using 
recycled barrels, drums, etc. 
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b) 

Fig. 10 Proposed structures of floating houses, student research project, HCM University 2010. (a) 
steel post and beam structure of floating house, (b) timber post and beam structure of floating house.  
 

Lessons: 
- The technology of floating structures depends on owner’s economic conditions. For poor communi-
ties, water dwellers can use pontoons or recycled drums, barrels such as empty oil drums, steel drums 
or airtight plastic cylinder etc. to build floating platforms. Moreover, people can use wood frames or 
steel frames to fix drums together (Fig. 9). It would make floating platforms more stable and durable. 
For wealthier communities, designers can use innovative floating materials such as polystyrene EPS 
and concrete. 
- Using timber or steel post and beam structures or other innovative structures that are light-weighted, 
flexible and easy to assemble and construct (Fig. 10) 
 

3. Material Usage 
Materials used in floating houses are simple and delicate. Due to the economic status, water dwellers 
select locally available materials which are light-weighted and adaptive to climate conditions for set-
ting up low-cost floating houses. Most of the materials used in floating houses come from natural 
sources and are highly environmentally friendly. The floating houses, simple timber post and beam 
structures, as mentioned above, are built predominantly from light-weighted bamboo, mangrove, and 
wood. The climate screens on the facades, gables and roofs are typically made of steel sheets, tin, 
wood, bamboo, reeds, palm fronds etc. 
In addition, water dwellers also select recycled materials to build their houses. As mentioned above, 
some of the floating houses are built on a platform which is made of empty oil drums or pontoon-like 
materials, whereas others are designed like rafts and simply float on the water. Using recycled materi-
als is an effective solution to reduce the cost of houses with the aim to provide affordable floating 
houses in accordance with the economic status of water dwellers in Vietnam. 

Lessons 
- Using light-weighted materials such as wood, bamboo, steel, polystyrene EPS etc. 
- Using local materials and eco- friendly environmental materials. 
- Using recycled materials. 
 
4. Unique Features 

Lessons on improving the microclimate environment: Design for natural ventilation and minimum in-
sulation standards. 
- The facades of the floating houses are often designed to allow air and gusts of wind to pass through 
the material, which typically includes variants of wickerwork, latticework and reed weaves, in order to 
make the houses as pleasant as possible in day and night time. (such as doors, screens or windows etc.) 
[6], (Fig. 11). 
- Water dwellers maximise the area of windows (e.g. louvres) which should be shaded from sun and 
protected from rain. Windows are designed in the way to be able to catch the breeze and to be left 
open in wet conditions, such as louvres or using awning to shade windows as well as provide rain pro-
tection. Large entry doors can be opened and expanded under the hot weather conditions. 
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- Sloping roofs on two sides with steep slopes provide a rapid drainage of rain water. Roofing materi-
als utilise natural resources such as wood, bamboo, reeds, palm fronds etc. which are light-weighted 
and have a high foam thickness needed for effective insulation and ventilation. Moreover, roof ventila-
tion draws the heat out [9]. The roof structure is mostly bamboo-leaf thatching, although nowadays 
corrugated sheet metal applications are often used as a substitute (Fig. 12). 
- The organisation of architecture spaces is flexible and open to increase ventilation and reduce the 
level of humidity (Fig. 13). 
- The shaded patio or porch which is a transitional buffer space between the interior and exterior of 
the floating houses protects from flying rainwater and direct solar radiation. Floating houses can also 
take in plenty of cool air and sunshine, while being protected from cold winds.  

 

    

 Fig.12 Sloping roof structure of floating houses               Fig.13 Ventilation of floating houses 
 

C. Energy Usage 
    Lessons from the advantageous use of the rain water 
The natural water source inside a rural traditional house often allows an effective and sustainable use. 
Apart from the open well system, rainwater is also collected and kept in domestic tanks for use in 
daily life. However, few domestic water tanks on the floating houses are not enough to provide rain-
water for water dwellers. Therefore, they have to buy on land fresh water bottles for drinking and 
cooking. In the proposed concept of floating houses, designers will consider appropriate locations and 
capacities of domestic tanks. In addition, designers could offer an idea of converting salt water into 
drinking water. It is possible to get a feasible solution which provides a huge capacity of freshwater 
for daily life use.  

Lessons from taking advantage of the sunlight 
Water dwellers use the sunlight not only for drying clothes but also for drying sea food, storage or 
business. Moreover, designers could offer an idea for floating houses that are equipped with solar pan-
els to provide electricity. 

D. Sanitation 
Sanitation Almost all people living on the water use water from the river to wash their clothes, clean 
food and for cooking. There are not any sewage system and septic tanks for toilets. Everything goes 
directly into the river. Especially in the floating markets which attract a lot of tourists and business, 
there are no any public floating toilets. Domestic and business wastes which enter the river and float 
on the water surface lead to water and air pollution. The smell and bacteria in the sewage create health 
hazards for the water dwellers. Therefore, in order to build sustainable floating houses and floating 

Fig. 11 The façade of floating 
houses are made of wickerwork, 
latticework, and reed weaves 
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communities, designers should offer solutions and technologies for floating community waste man-
agement which is culturally appropriate, reliable, economically efficient and environmentally viable 
for the future, in particular toilets for floating family housing as well as floating community toilets and 
floating community waste management stations (Fig. 14). 
 

                                             (a)                                                                                    (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
                                      (c )                                                                                                  (d) 
Fig.14 (a) Idea of floating community waste management cycle (Michael Brown 2010), (b) Design of 
floating community waste management station (Michael Brown), (c) A floating toilet prototype under 
trial in Phat Sanday in March 2010 (Michael Brown ), (d) Community floating toilet project in Cai 
Rang floating market ( Vu Linh Tran 2010) 
 

IV. CONCLUSION 
Floating houses are an unusual type of accommodation which is built on the water. Due to transporta-
tion difficulties and extreme impacts on climate and the environment, the floating houses lack facili-
ties that provide a standard quality of living for water dwellers, such as water supply, electric and sani-
tary installations etc. Therefore, in order to develop a concept of sustainable communities with floating 
housing units, designers should propose solutions to solve the drawbacks of floating villages as well as 
preserve and develop precious values of traditional architecture which have to be adapted to climate, 
cultural and socio-economic conditions. In analysing the four components of architecture of floating 
houses in Vietnam, the research paper accumulates various helpful lessons for the design of floating 
houses and floating communities such as lesson on microclimate, lesson about garden and plants, les-
son on local and friendly environmental materials, and lesson on how to use natural resources etc. 
Based on these lessons, the research paper develops and establishes design recommendations to ap-
proach a concept of a sustainable floating community with eco-friendly floating houses. 

Recommendations for sustainability:  
A. Sight Planning 
1. Planning 
- Planning of floating villages has to be in accordance with local planning. 
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- Developing concepts of floating communities - floating villages include family floating houses, 
educational and recreational facilities such as school, clinics, markets, public buildings. According to 
economic condition, habits and purposes of the owners, the designers will develop two types of com-
pound floating housing: Line of detached floating houses; Group of attached floating houses (Table 1). 

2. Building Site and Landscape  
Lessons about plants and gardens. 

- Floating houses and floating villages are often located in territories which are less influenced by 
strong winds, have a slow water flow, and which are convenient for transportation. These territories 
are also characterised by a low salinity. The landscape and the quality of the water resources are per-
fect for living and breeding fish such as in the mouth of rivers, lagoons, bays located by the sea and 
protected from strong wind and tsunamis by mountains.  
- The main block frequently faces south to welcome the cool prevailing wind. The southern direction 
also prevents the house from solar radiation from the east and west and a cold wind from the north in 
winter in the north and central coastal zones. 
- Developing floating garden concepts. 

B. Building Design 
Lessons for improving the microclimate environment. 

1. Organization of Space 
- The organisation of architectural spaces should be flexible and open to increase ventilation, and to 
reduce the level of humidity. 
- The design would be based on local architecture, according to cultural, social-economic conditions. 

 
2. Structure and Joining System 
- The technology of floating structures would correspond to the owner’s economic condition. For 
poor communities, to reduce the cost of houses, floating platforms can be built with recycled floating 
materials such as oil drums, barrels etc. For wealthier people, designers can use innovative floating 
structure such as EPS, concrete etc. 
- Using timber or steel post and beam structures or other innovative structures which are light-
weighted, flexible and easy to construct. 
 
3. Materials 
- Using local materials and eco- friendly environmental materials 
- Using recycled materials. 
- Using light-weighted materials. 

 
4. Architectural Features 
- Architectural elements should be designed for natural ventilation, minimum insulation standards and 
adapted to tropical climate (patio, porch, door, window, roof etc.). Moreover, the form of floating 
houses should ensure their stable position on the water. 

C.  Energy Usage 
Lesson about natural resources such as rainwater, sunlight etc. 
- Developing a concept of self-sufficient floating houses using natural resources such as rainwater, 
sunlight and renewable energies such as solar panels, wind turbines. 

D.  Sanitation 
- Development of sewage systems and septic tanks. 
- Development of floating toilet concepts. 
- Development of floating community waste management cycles. 
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TABLE I 
PROPOSED ARRANGEMENT OF FLOATING HOUSES IN THE FLOATING VILLAGES 

Drawing by author 
 

Arrangement of floating houses 
For living Combination of living 

and working 
Individual houses 

 
Individual houses with 
fish cages 
 

 
Housing cluster 
Cluster configuration 
1.Straight line layout 

  

Housing cluster 
Cluster configuration 
1.Straight line layout 

 
2. Axis layout 

 

2. Axis layout 

3.Compact layout 

 

3.Compact layout 
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In the student project “concrete canoe regatta”, a floating structure consisting of functionally 
optimised concrete elements was built by applying innovative detailed solutions. The concrete 
canoe regatta is a combination of concrete and boat building technologies and a sports compe-
tition. 
About 1,000 students from more than 40 universities of applied sciences and universities from 
countries like Germany, the Netherlands, Austria, Switzerland and Belgium compete either in 
the “competition class” (canoe) or “open class” (motto: made of concrete and able to swim). 
The important criteria for evaluation in the “open class” are originality, construction, concrete 
technology, design, equipment as well as presentation. Taking these criteria into account, the 
students of BTU Cottbus-Senftenberg have designed a technically interesting and elaborate 
structure.  
It is the analogous reproduction of a bucket wheel excavator with a length of 13 m, a width of 
about 4 m, and a height of about 6 m with a mass of about 5 tons. The truss-like structure con-
sists of 135 hollow concrete bars and 42 concrete nodes tied together by tension cables.  
At the front of the structure, there is a bucket wheel with a diameter of 2.50 m completely 
made of concrete including bolts, nuts and ball bearings. At the rear, there is a mechanism 
functioning on the principle of a hand lever rail trolley. The whole structure rests on two large 
pontoon systems that consist of concrete tanks with a wall thickness of only 1 cm. The rear 
pontoon system was designed in such a way that the existing cavities can be” flooded” with 
water. Thus an optimal sinking depth and floating stability of the whole structure can be ad-
justed directly on site. 
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In order to meet both the high water-proof requirement of the pontoons and impact, bending 
and compressive stresses the different structural elements are subjected to, special high per-
formance concretes were developed that are reinforced with glass fibre fabric as well as glass-
fibre modified plastic bars. 
In total, among other things, more than 2 tons of cement, 400 m² of textile area reinforcement 
as well as about 1,000 m of high-quality, corrosion resistant reinforcement consisting of 
glass-fibre modified plastic were needed for construction. With respect to design and tech-
nical abilities, material and technical implementation, the variety of different individual com-
ponents, formwork requirements, and time expenditures, the structure was seen as a great en-
gineering challenge and awarded with the first prize by the organiser (German Cement – and 
Concrete Industry). 
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1. The beginning 
Due to the cessation of lignite mining Lusatia is rich in lakes. Floating structures can contrib-
ute to the development of these areas for cultural and industrial purposes. Research into water 
wave parameters and constructive measures to attenuate the wave effects on the floating struc-
tures play a decisive role in this development.  
With the beginning of the Autartec project (see Fig. 1) the opportunity arose to prioritize the 
research of wave parameters in the inland lakes of Lusatia. In earlier studies there were spo-
radic measurement sets of wave heights in relation to simultaneous wind parameters. Unfor-
tunately, high operational costs amounting to € 2000 annually meant that measurements could 
not be continually conducted. 
After considering the aspect of extensive autarky and modern approaches of the "smart 
home", the concept of floating houses was elaborated on in cooperation with two departments 
from the Fraunhofer-Gesellschaft as well as 13 regional partners. First components are al-
ready working. Implementation of this approach is in full progress at Lake Bergheide. 
In 2012 first contact was established, and with the help of the Chair for Optical and Radio-
based Communication the search for an affordable long-term solution for continuous meas-
urements using new sensor technology and data communication began. 
 
However, the suggestions, which were presented on the occasion of the 2nd Floating Struc-
tures conference on 28 November 2014 in Großräschen, ended in a fiasco, see Fig. 2. 
Therefore a new concept, now in the third generation, was required. This paper aims at pre-
senting different implementation methods and their advantages and disadvantages. 
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Fig. 1 The Autartec House (http://www.autartec.com) 

Fig. 2: Buoy with de-
stroyed electronic 
equipment drifting after 
dislodgement  
 
 
 
 
 
 
 
 

 
The storm “Niklas” brought with it blasts of up to 192 km per hour, which dislodged this 
buoy. When the buoy drifted and scraped along rocks near the shore, the electronic equipment 
and cable ducts were destroyed. As a consequence, water flowed into the interior part of the 
buoy and its electronic equipment became inoperative.  
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Fig. 3: Example of rudimentary data sets 
 
2. New conception of the approach 
2.1. Principle  
The main reason for using a new concept was the reduction of operational costs. At the same 
time it was also necessary to explore whether newer approaches could offer qualitative im-
provements. This includes the improvement of online access to current and archived data. 
With the new concept for the approach the chance to perform research regarding the optimum 
solution should be used. The latest advancements in sensor technology were investigated. 
Positive experiences in technical literature had to be included in the consideration, see [5], 
[6].  
2.2. Classic electricity supply using primary cells  
The most effective method to reduce operational costs is to substitute the single-use primary 
cells. A set of primary cells costs approximately €2000 and has a supply capacity of about a 
year.  
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Fig. 4: Electricity supply for the aquatic observation buoy, Datawell DWR-G  
 
Table 1: Battery set variants for the aquatic observation buoy, Datawell DWR-G  

Type  RC16R  RC20B  RC25GB  
Rechargeable:  Rechargeable  Non-rechargeable  Non-rechargeable  
Magnetic:  Non magnetic  Non Magnetic  Magnetic  
Colour:  Red  Black  Green  
Nominal voltage:  1.5 V  1.5 V  1.5 V  
Nominal capacity:  160 Wh  200 Wh  250 Wh  
Weight  1.37 kg  1.45 kg  1.48 kg  

  
In the available buoy (Fig. 16) 32 primary cells of the type alkaline manganese dioxide-zinc 
from the company Datacell were used. This set has 8,000 Wh of electrical energy.  
 
2.3. Classic solution using batteries  
When using batteries (i.e. secondary cells) it should be borne in mind that they will be used in 
the open and thus should be operational in temperatures of up to -30 °C. Due to this require-
ment, lithium iron phosphate (LiFePO4) or lithium-titanate-oxide (Li4Ti5O12) are to be primar-
ily considered. However, developments in the field of lithium-ion batteries take place so rap-
idly that in the future other variants should also be considered. 
Today lithium-NMC-cells seem to be a promising option, which, among others, Ford, Honda, 
Toyota and BMW have opted for. NMC stands for nickel, manganese and cobalt oxide. This 
type of battery is characterised by a high energy density with good temperature behaviour 
properties and is explicitly recommended for boats.  
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2.4. Energy-harvesting using photovoltaics  
The term "energy harvesting" refers to the "harvesting" of energy from the surrounding area. 
This would provide a method for maintenance-free operation of the observation buoys. The 
most famous and obvious method is using photovoltaics. Fig. 5 shows two variants of imple-
mentation. The disadvantages here are the possibility of ice formation in the winter and cloud 
cover in the summer. Extended periods of little sunshine restrict the power supply. 

 
Fig. 5: Design options for buoys using photovoltaics as a power source  
Left: Datawell horizontal,                       right: buoy near Warnemünde  
 
2.5. Alternative types of energy harvesting  
Due to the above-mentioned problems with photovoltaics, for the problem of icing we took 
another type of energy harvesting into consideration. Energy cannot be harvested from wave 
movement in winter since inland lakes are generally frozen over and thus there is no move-
ment. A better option is using the Seebeck effect, i.e. using Peltier elements for power genera-
tion and not for cooling. Although the < 15% efficiency it provides is not particularly high, 
we believe the Seebeck effect can be extremely useful for providing energy. An important 
factor here is that there are temperature differences around the buoy year-round (air tempera-
ture, surface temperature of the water, ice surface, water below the ice surface). Here the tem-
perature difference between the ice layer and the unfrozen water underneath could be used. 
Using heat pipes for heat transfer is essential for utilising the Seebeck effect for energy har-
vesting, because otherwise a sufficiently high heat flow cannot be generated. 
A temperature difference of a few degrees is sufficient for the generation of electrical energy. 
However, this is only sufficient to supply electronic equipment that uses low levels of elec-
tricity. 
 
3. Radio standards for buoy communication  
3.1. Radio standards of inland navigation  
The Datawell-DWR-G buoy uses high-frequency data communication between 27 MHz and 
40 MHz. In order to exclude interference from other buoys, an individual frequency is as-
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signed to each buoy. Though it is possible to transmit signals over a distance of 50 km a 
transmission range of only 5 km is used in order to avoid licensing fees. This frequency usage 
must follow the rules of inland navigation radio and requires a single frequency assignment. 
A new method for data communication is possible because of the Federal Network Agency, 
which has released usage of the so-called ISM bands free of cost. ISM stands for "Industrial 
Scientific and Medical", and relates to high-frequency applications in industry, science and 
medicine. A newly released frequency band of 169.400 MHz to 169.475 MHz is planned for 
the remote collection of measured values. This ISM frequency band is suitable for the data 
transmission of buoy measurements. One advantage of this system is that the permissible 
transmission power of 500 mW promises ERP with a transmission range of up to 25 km with 
relatively low transmission power. It should also be mentioned that the distance specification 
is considered as "line of sight", but this should be given for data communication above water. 

  
Fig. 6: Distance between Cottbus and Lake Partwitzer See   
 
3.2. ISM-short-distance radio  
The Federal Network Agency released various frequency bands for free use for applications in 
industry, science, and medicine. These ISM bands facilitate short-distance radio. The follow-
ing approximation calculation shows the expected radio range under the best conditions best. 
The difference between maximum transmission power (PTX) and minimum required received 
power (PRX) considering antenna gain is called the system budget. 
When using ISM short-distance radio, a distance of only 100 m with an unobstructed line-of-
sight is usually planned. The lower the frequency band the lower the free space attenuation of 
the air path DLuft.  For this reason, in Germany, the lowest ISM band of 169 MHz with DLuft  ≈ 
10 dB/km is of special importance. In addition, it is strongly recommended to plan path losses 
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of PReserve  = 20 dB for unpredictable obstructions of the radio signal (fading, people passing 
through etc.). Despite all calculations visual obstructions and fog can cause restrictions so that 
only the experimental determination of the range can capture the actual relationships of reflec-
tions and attenuations as well as the form or obstruction of the Fresnel zone. For the radio 
module ME70-169 the following applies assuming an isotropic emitter as antenna at the send-
er (GTX) and the receiver (GRX): 
PBudget [dBm]  = PTX [dBm]  -PRX [dBm] + GTX [dB] + GRX [dB] - PReserve    
PBudget [dBm]  = 30 dBm - (-120 dBm) + 0 dB + 0 dB - 20 dB  
PBudget [dBm]  = 130 dB        L = PBudget / DLuft      L ≈ 130 dB / (10 dB/ km) = 10 km 
  

 
Fig. 7: Radio module from the Telit Typ ME70-169 company 
 
This estimate shows that ISM short-distance radio does not guarantee a sufficient direct data 
link with the BTU Cottbus site. In any case, implementation by means of relay stations or in-
ternet connection will have to be planned.  
 

3.3. Data communication by mobile means  
Due to attenuation losses occurring in short-distance radio it may be useful to focus on mobile 
communication. There are different levels of communication speed. For simple data transfer 
(weather, wave height) the "Global System for Mobile Communication (GSM)" with its basic 
function of 14.6 kbit/s may be sufficient. As soon as basic tasks of remote control are includ-
ed, GPRS (General Pocket Radio Service) or the extended GSM standard EDGE (Enhanced 
Data Rates for GSM) are required. If in addition to this there is a desire to transmit weather 
images, UMTS (Universal Mobile Telecommunications System) or even faster methods are 
needed (see Fig. 9). The prerequisite for using mobile communication is having a good ser-
vice provider. Fig. 8 shows the supply conditions using the provider Vodafone, which has 
good coverage in this area, as an example.  
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Fig. 8: Vodafone in the area of the Lausatian lakes (as of 22 December 2016)  
The white spots in Fig. 8 indicate where the supply conditions can be considered borderline. 
The same can be said for Telekom. On the basis of these facts it can be concluded that no 
general guarantee for the availability of connection to a mobile network at the Lusatian lakes 
can be given.  

 
Fig. 9: Bit rates for different mobile radio standards 
 
3.4. Infrastructure of data communication  
It is self-evident that data communication and the components included are equipped accord-
ing to the latest technologies in the Internet of Things. This is the only way the investment 
reserve required can be guaranteed. 
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4. Sensor technology and mathematics for the calculation of the wave height 
4.1. Reference to GPS-Systems  
The four biggest satellite navigation systems worldwide are GPS (Global Positioning System) 
a product of the USA, GLONASS (Globalnaja nawigazionnaja sputnikowaja sistema) a prod-
uct of Russia, Compass a product of China, and Galileo a product of the EU/ESA. The com-
plete system comprising 30 satellites will presumably not be finished before 2020. By using 
dual-frequency receivers a position accuracy of 4 m will be achieved. 
Receivers that receive data from several satellite navigation systems provide more exact posi-
tion determination due to higher coverage. Additional advantages are the protection against 
failure or manipulation of individual systems.  
With the inclusion of different navigation satellite systems (e.g. GPS and Glonass) and multi-

ple satellites as well as corrections 
it is currently possible to make ac-
curate measurements at the scale of 
a centimetre in a vertical direction. 
In Germany correction data is pro-
vided by reference services, usually 
related to the reference system 
ETRS89/WGS84. By using this 
information, vertical accuracies of 
within 3 cm are estimated for 
Brandenburg. 
However, position determination 
via satellite cannot be utilised when 
wave parameters (especially ampli-
tude) are to be determined in real 
time with several measuring points 
in the waveform. This statement 
becomes comprehensible if one 
bears in mind that under these con-
ditions only 10 ms are available for 
every measuring point and thus a 
large number of random errors are 
to be expected. 

 
In March 2016, the company u-blox launched the smallest GNSS-RTK high-precision module 
with measurements of 12.2 mm x 16  mm x 2.4 mm (Real  Time Kinematic Typ NEO-M8P). 
It works using the satellite-based navigation systems of GPS and GLONASS. The rover with 
theNEO-M8P-0 from u-blox receives correction data from the basic receiver NEO-M8P-2 via 
its communication link which uses the RTCM protocol  (Radio Technical Commission for 

Fig. 10: Transformation accuracies in the individual 
Federal States 
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Maritime Services) and makes position determination with an accuracy of centimetres possi-
ble. 
The RTK algorithms have already been integrated into the module. Compared to the state of 
the art, electricity consumption was reduced to a fifth. Up to 18 measurements can be generat-
ed per second. 

 
Fig. 11: Real Time Kinematic using GPS and GLONASS  
 
 
4.2. Satellite-based measurement and acceleration sensors  
A promising approach to overcome system-dependent limits of satellite-based measurements 
is to connect GPS and inertial sensor technology. Temporally high-resolution acceleration and 
angular velocity sensors deliver short-term stable information on the position of the arrange-
ment being measured. In this case, GPS positioning has a supporting function because the re-
sults of inertial sensor technology alone randomly drift with time in all directions of the 2D 
space.  
In principle, low-g acceleration sensors can be used alone, i.e. without satellite support. Then 
one has to take into account that in inland lakes lift is generally by an order of magnitude 
smaller than in oceans. In addition, for floating structures, which are often positioned near the 
shore, harmonic waves in the wave movement can be observed to a greater extent. This is of 
great importance insofar as interferences of various wave fronts can lead to superpositioning: 
 
"As soon as waves in inland lakes reach shallow depths, the wave movement is significantly 
disturbed by the lake bottom. Under these shallow water conditions the waves at the surface 
become shorter and steeper; the frequency of wave breakers increases. If a group of waves 
approaches the shore above slowly rising ground, due to the low phase velocity in shallow 
water their crests are gradually positioned almost parallel to the depth contours; the distance 
from crest to crest becomes smaller, there is a shoaling effect for individual waves and the 
waves tend to break. Even long flat swells can develop into very high breakers with destruc-
tive power". [7] 
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When using low-g acceleration sensors the wave lift is calculated by double integration over 
the time. The corresponding numerics has to achieve a cumulation of da/dt values with cali-
bration and elimination of the influence of gravity, which can be handled for today's micro-
processors in life mode. With accelerations of 10-2 m/s² and frequencies in the range of 0.025 
to 0.035 Hz random measuring errors smaller than one millimetre are to be expected. In this 
case, the random drifts can be mathematically eliminated assuming a relatively constant water 
level and unchanged position (achieved by anchoring the buoy).  
But the buoy with its mass and buoyancy represents a spring-mass system. Such a system has 
an upper limit frequency. In this case this means that the buoy cannot make rapid vertical 
movements beyond its natural frequency. This brings up the question of the utilisation of free-
floating buoys in inland lakes, since in inland lakes shorter wave periods of up to 0.33 s are 
typical. Consequently, lighter free-floating buoys or other measuring principles are required.  

 
Fig. 12: Measuring problems caused by self-resonance with periods smaller than 333ms 
 
 
4.3. Utilisation of differential pressure sensors for measuring wave height  
A method to measure low wave heights, which has yet to be exploited, is using differential 
pressure sensors. The measuring would determine the differential pressure between the ambi-
ent air at water level and the pressure of the water column of an inert buoy, which cannot fol-
low wave lift. By doing so, the advantage is compensated for.  
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The following parameters show the potential of this approach:  

 < 1 mm zero point repeatability  
 16 bit resolution, i.e. differences of 1 mm 

in the water column can be recorded.  
 up to 200 measuring values per second  
However, such sensors must be protected 
against direct contact with water.  
 
 
 

 
5. State of work  
In order to solve the problem, techniques of SRD radio, UMTS communication, online web 
visualisation, GPS position determination and sensor technology, (temperature, brightness, 
wind and acceleration) as well as energy harvesting were integrated. During development a 
functioning prototype was set up and anchored in Lake Partwitzer See. In order to prove func-
tional capability endurance tests were conducted. Unfortunately, the accumulator cells failed 
twice, so the device requires further improvement.  

Furthermore, the data transfer system 
was upgraded in order to allow for 
direct transmission to the internet via 
UMTS. It is now possible to view the 
measurement results in real-time an-
ywhere in the world.  
Close to the shore, a weather station 
was installed on a floating house. 
Wind direction, wind speed, air pres-
sure, rainfall, and temperature can be 
recorded online (live broadcast).  

Fig. 15: Measurement of wind 
and wave parameters at Lake 
Partwitzer See 23 

Fig. 14: Differential pressure sensor from the company SENSIRION 
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The weather station positioned on the embankment of Lake Partwitzer See is operated parallel 
to the other weather station on the floating house. (see Fig. 16). 
In this way the influence of the microclimate and spatial distribution can be recorded. The 
weather station according to Fig. 16 has been upgraded with technology from the Internet of 
Things so that its data can be presented on the Internet in real time. The DEMO access is al-
ways open to interested parties. 
 

 
Fig. 16: Datawell buoy with new electronic equipment in its compartment at Lake Partwitzer 
See  

 
Fig. 17: Website showing weather and wave heights at Lake Partwitzer See 
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6. Suggestions for further research 
• It is suggested to consistently pursue the approach of using energy harvesting and to suc-
cessively improve the measuring system for the duration of project Autartec and to strive for 
permanent utilisation around the clock.  
• New sensor principles (e.g. differential pressure) are to be tested regarding their practica-
bility.  
• For the improvement of the reliability of the measurement results the construction of spe-
cial lightweight inland lake buoys would be useful.   
• The authors are of the opinion that several buoys should be used if the influence of wind 
speed and wind direction is to be investigated.   
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The problem of a constantly growing world population and the threat of a worldwide rise in 
sea levels due to climate change requires new comprehensive solutions. Floating architecture 
could be an answer to these problems.  
The construction of floating architecture on artificial lakes created through rehabilitation and 
recultivation of open-cast lignite mines results in new requirements for corrosion protection. 
The lakes created by flooding of empty open-cast mines are sometimes extremely acidic and 
have pH – values between 2 and 4. These values are the cause of both geogene 
impurifications of the overburden with iron sulphide as a consequence of the pyrite weather-
ing in the overburden dumps and the leaching of the weathering products. Besides the limita-
tion of biological diversity in the lakes, special and specific concepts for corrosion protection 
will be required.  
In the process of rehabilitating the Lusatian lakescape that is in the so called “stadium 
nascendi”, 20 artificial lakes are being created and transformed into holiday and leisure cen-
tres in the region. On the other hand, with the establishment of a diversified new economic 
structure, they provide one of the bases for the newly developing economic region. With the 
Lusatian Lake District, a holiday region is being transformed from a lignite mining region to 
one of the largest human-made lakescapes in Europe. For sure, the planned habitation on the-
se lakes is a unique selling point. For its implementation, special concepts have already been 
developed, the results of which can have a far-reaching influence and their amplification can 
be nationally promoted. 
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autartec® “FreiLichtHaus” – A new landmark of floating architecture 
Premium quality systems, which provide self generated power and heat for 
modern buildings, are already available in a wide variety on the global market of 
environmental technologies. 
One the other hand, water treatment technologies for self-sufficient drinking and 
service water supply are designed to solve problems of waste water treatment 
locally. 
Closing the loop of regenerative water cycles in urban areas as well as in float-
ing homes while simultaneously practicing a self-sufficient energy supply, the 
development objectives of the autartec® “FreiLichtHaus” project regarding 
power, heat and water are pursued as goals even worldwide. 
A consortium of small and medium-sized enterprises, consulting engineers, sci-
entific institutions as well as future operators will develop technologies for solar 
power and heat generation, decentralized electric and heat storage, microfiltra-
tion and disinfection. A distinctive conceptual feature is to integrate such tech-
nologies into the building shell. As a result, valuable space in such technologi-
cally equipped buildings is saved, but even more: it promises synergies in build-
ing physics.  
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With the background knowledge of a rapidly growing market of energetic com-
ponents and indoor air conditioning, all autartec® partners are united by an en-
trepreneurial vision: Providing a construction kit for almost self-sufficient – au-
tarkic - buildings by developing structurally integrated autartec® technology 
components and closely bring them to the market. The development goal can be 
achieved by several different configurations of wall shells, from conventional 
construction materials, structure support, lightweight design or up to ultra thin 
carbon concrete wall elements containing electric storage capacity. 
Due to the currently ongoing changes in energy supply new business and market 
opportunities emerge in all fields of building and construction industry, recon-
struction and building equipment. 
Architectural freedom as well as a strong demand for at least semiautarkic ener-
gy and water supply are characteristic of the sector of floating architecture and 
onshore settlement. 
The lighthouse project autartec® “FreiLichtHaus” is a demonstrative example of 
feasibility and integration of water and energy autartec® components, while 
having an instructive public demonstration with great architectural appeal. 
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By 2025, the largest water surface in the Lusatian Lake District will be created 
with the Cottbus Ostsee. In order to assess future use, a potential analysis is al-
ready under way, which in particular sees day tourism as an important target 
group. In a master plan, locations for swimming buildings are also named as 
holiday apartments. However, the region's tourist attractiveness must also be 
seen relating to existing offers nearby the lakes in the immediate surroundings. 
This leads to the consideration that floating buildings on the Cottbus Ostsee 
cannot constitute a special offer if (in case) a realization is economically mean-
ingful at all. The relatively expensive construction of floating holiday houses is 
viewed critically, as sufficient areas are available for holiday house settlements 
on the shore side of the country. The low water depth also allows simple and 
cost-effective pile foundations, if housing is aimed at the water. 
The Cottbus Ostsee needs a special perceptible profile in order to set itself apart 
from the competitors in the surrounding area. This can only be achieved through 
innovative and unique planning. Therefore, a project is presented, which pro-
vides for a floating city on the Cottbus Ostsee. The modular structure allows a 
wide range of uses as a holiday, hotel, meeting or an event facility. A "cruise" 
on the lake can be realized by means of several landing stages on the lake shore, 
which makes it possible to experience various attractions on the country side 
successively. 
The concept includes the linking and arrangement of different usage modules 
(housing, stay, conference /event /gastronomy) as well as the required technolo-
gy modules (drive/energy, supply/disposal, development). The floating settle-
ment will move at low speed autonomously across the water surface. 
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16 Outlook  
 
In these selections from symposia proceedings, very heterogeneous papers on floating archi-
tecture were deliberately chosen to demonstrate the complexity of the topic. Both opportuni-
ties and risks are studied here within and can be summarised  in this economic and socio-
political future directive:  
 
Nothing against the water, but with the water, i.e., construction near and on water! 
 
Worldwide population growth, expanding deserts, rising sea levels, as well as worsening cli-
mate change are considerably reducing the available building space in many regions of the 
world. Even if the global community’s K2 aims are met, which seems unlikely at this time, 
there will still be long-term effects due to a phase displacement between causes and chains of 
effects (Fig.1). 
  
  
  
  
  
  
  
Fig. 1  
Time difference be-
tween emission of 
CO2 and its effects 
according to IPCC 
(Intergovernmental 
Panel on Climate 
Change) 
 
The 5th IPCC-report is very clear about this. Regardless of the causes of climate change, all 
serious scientists, politicians, and governmental bodies must prepare to cope with its effects. 
Even if the rise in the average global temperature in the lower atmosphere is limited to the K2 
aim, a further rise in sea levels will take place due to a century-long phase displacement be-
tween the rise in temperature and its chain of effects. This will, of course, threaten existing 
settlement areas and their infrastructures. The demand for land suitable for construction pur-
poses is still increasing because of global population growth and increasing demand for 
homes and recreational space, especially the threshold and developing countries. In Germany, 
a country with a shrinking population, the additional and daily used areas still require 30-
60ha. These accelerating social and environmental changes necessitate a movement towards 
human settlement on water. The effects of rising sea levels are exacerbated by the backflow of 
rivers into lowlands. Additionally, global climate change brings with it the problems of inten-
sified rainfall and subsequent flooding. European guidelines for protecting against and man-
aging flood damage require the creation of retention areas for interim water retention. The 
efficiency of these areas is improved by the addition of temporary floating structures the use 
of which is supported by the region and the people living upstream. 
Enormous financial means are required to finance the acquisition of materials and labour for 
dyke, lock, gate, and other aquatic structure construction and maintenance projects. 
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Floating structures that adapt to the prevailing water level are superior to structures built on 
solid ground below sea level and houses on stilts, the construction of which is becoming 
popular in coastal regions.  
Floating structures do not simply have planning advantages in their adaptability to unknown 
future climate conditions. They also possess advantages in terms of mobility, access, and their 
response to flooding. 
Sufficient building space for future generations is available on the coasts of the world’s 
oceans and inland water bodies. Therefore, offshore structures with higher requirements for 
human settlement are a second choice.  
Similar to classical structures of different design with or without basement, single or multi 
storey in lightweight and heavy construction, floating structures will also demonstrate their 
manifold uses. 
When constructing floating structures a pontoon as useable area of high quality (need not be 
used in every case. If desired, a well-made pontoon can offer spectacular views of the under-
water world. Besides capillary-active insulating materials, condensation free and partially 
transparent wall and floor surfaces as well as energy efficient pontoons made of steel, plastic, 
water impermeable concrete and dense concrete with undamaged interior insulation, floating 
structures require hydrothermally active interior surfaces to achieve optimal climate control. 
Having this knowledge puts one ahead of the competition. It is obvious today that high re-
quirements on the room climate for pontoon rooms in use  can also be met with today’s air 
conditioning technology. 
However, the designer’s aim should be to achieve satisfactory results with the use of both 
commonly available building materials and those with improved properties. In the design of 
floating architecture and its technical and sustainable implementation, cultural and regional 
preferences have to be considered. Private floating gardens commonly found in South-East 
Asia can be installed as additional open spaces on floating water containers that store solar 
heat. This can be done in the same way as with seaweed beds and blooming water flowers 
used as food or for home decoration (Fig. 2).  
Aquaponics is implemented to create a sustainable closed loop economy. 
 
 
 
 
 
 
 
 
 
 
Fig. 2  
 
A fisherman standing on 
one leg in front of the 
floating gardens on 
Lake Inle, Myanmar. 
 
All current structural designs need to be assessed for suitability for floating structures. In this 
context, with a view to the increasing worldwide demand for energy and food as well as their 
availability for existing settlements, the energy political aims are in the focus. These aims 
require a precise utilisation of water as a free and accessible resource in the form of alterna-

 EBSCOhost - printed on 2/8/2023 10:19 AM via . All use subject to https://www.ebsco.com/terms-of-use



133 

tive energy. Besides the relatively high specific and absolute water capacity, the freely avail-
able temperature gradient between the surrounding water reservoir and the prevailing outside 
air can also be utilised. The latter allows for the use of the heat pipe principle. To figure out 
to what extent this principle thermal electricity, in the form of thermal batteries, represent 
technically applicable potentials, is the task of future studies. This needs to be done in order 
to implement the upcoming 2019 requirements of the European Buildings Directive for zero-
energy houses. 
In addition to the utilisation and preservation of traditional alternative energy sources, hydro-
gen technology and fuel cells remain relevant possibilities for future energy solutions. In 
connection with waste water treatment, the supply with freshwater has to be dealt with. Cur-
rent technology offering a decentralised, environmentally-friendly, and energy efficient 
treatment system for sea and waste water is promising for the development of self-sufficient 
floating systems. 
For floating structures, building materials such as steel, timber, and concrete will become 
more and more important. Due to varying water quality, as found in mining lakes and aban-
doned industrial waters, concrete will have to play a larger role as a building material. Com-
posite concrete used for both pontoons and their superstructures still offers a lot of possibili-
ties. This is particularly relevant to the use of pontoons as permanent living space for people. 
Timber in its natural and processed forms still has potential for construction on water. Its 
properties and sustainability make it a valuable building material. 
As regards the safety of floating structures, issues regarding fire protection have to be taken 
into account. Under all weather conditions, the floating access paths have to be slip-resistant 
and perform well in their function as emergency exits. In the cold season, it cannot be guaran-
teed that ice surrounding floating structures is load-bearing. Therefore, it does not provide a 
suitable emergency exit. There is also no guarantee that a boat would be available for evacua-
tion under emergency conditions caused by drift ice and high waves. The social component of 
living on water in single objects for tourism and larger settlements for alternative living has 
not been studied comprehensively. In connection with sensitive surroundings, targeted studies 
are required.  
In the Lusatian Lake District, there has already been a differentiated user profile. The district 
comprises different types of floating houses, for example, a diving school and a holiday house 
for sailors. “Wohnhafen Scado”, a marina combined with a residential complex on the 
mainland, will be built. In addition, there is the well-performing Senftenberg harbour facility, 
twelve connecting canals between the central lakes of the Lusatian Lake District and 
“Großräschen Süd”, a town harbour that is still under construction.  
The launching of a so-called open-air house on Lake Bergheide in 2017 will stimulate further 
interest in the development and continuation of architectural advancement in Lusatia. 
 
From a large number of possible topics, the following ones should be dealt with in the future: 

  
● unified recommendations (if necessary national/European standards) for floating housing 

and public buildings on the basis of existing structural and water relevant specifications, in-
cluding the preparation of safety regulations for objects functioning all year round. 
 

● economically reasonable and user-friendly structural solutions for floating structures re-
garding a low-time change of place and position.  

 
● comprehensive use of water as an energy resource in close vicinity to floating structures, 

storage of energy, and the decreased use of high-quality energy. This also includes tested 
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solutions for protection from ice encroachment and year-round temperature control of the 
structural shell through the use of alternative energy sources. 

  
● damping the vibration behaviour of floating bodies, particularly of steel pontoons and other 

lightweight pontoon structures.  
  
● validated prediction of former mining lakes swells on the basis of available techniques and 

measured data on wind and wind/wave parameters.  
 

● optimisation of heat exchangers as regards their design, dimensioning and positioning when 
used in stagnant and moving water.  

 
● design and structural solutions to achieve optically perfect views of the surrounding aquatic 

world from the used pontoon rooms of the floating structures.  
 

● overall concept for the supply and discharge of floating houses in using new membrane- 
cascade systems, including an overall energy balance in comparison with different energy 
carriers depending on the number of objects and the existing and future infrastructures.  
 

● proof of an improvement of the lake quality if purified water is led into. 
 

● feasibility study for energy self-sufficient floating structures on the basis of solar, wind, and 
wave energy production as well as fuel cell technology.  
 

● development of pontoons with usable living space taking safety into account. (installation 
of robust humidity sensors, warning systems, and smoke detectors).  
 

● material studies for the development and use of composite concrete as mass building mate-
rial for reasonable superstructures and pontoons independent of the water quality. 
 

● year-round accessible weather-independent access paths to floating structures regarding 
view, vibrations and safe walking without the use of both “chemicals” and high-quality en-
ergy.  
 

● studies on the efficiency of floating houses in different economic and cultural regions in 
Central Europe and South-East Asia in comparison with structures built on the mainland as 
a basis for Germany’s export policy.  
 

● establishment of a functioning and active scientific centre in the Lusatian Lake District, in-
volving local, experienced partners.  

 
In their complexity, the results achieved thus far by competent authors allow for further de-
velopment and expansion of this unique experimental field. This field also involves specific 
disciplines, BTU S-C, LBMV, the IBA study centre e.V. as well as the IBA terraces. In a re-
search centre for floating architecture, there exists the unique opportunity to address problems 
with floating settlement structures in good time. The topics of research are choice of location, 
design, use of water as an energy source and material, structural, interior climate control, le-
gal, economic, environmental, and political problems. 
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