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LECTURE 1

GEOTHERMAL ENERGY IN HUMAN HISTORY, CULTURE, AND
PRACTICES – SELECTED HIGHLIGHTS

1. INTRODUCTION
In everyday practice, geothermal energy is treated both by us - professionals, and regular users as one
of renewable energy sources. Although we tend to concentrate on its utility and technical value,
geothermal is also part of our civilization and history. Therefore, it is worthwhile to spend some time
investigating this kind of energy to learn its role and place in historical and cultural heritage of the
World. This lecture is the result of personal interest of the author in geothermal in view of its
technical, natural and also humanist and social aspects, which allure new geothermal enthusiasts, and
inspire specialists with new ideas. The gathered knowledge not only demonstrates the variety of
relations between man and energy of the Earth, but also to the beauty and unique character of this
element of our Planet.
A number of ideas related to the man-geothermal energy relationship are enclosed in “Stories from a
Heated Earth. Our Geothermal Heritage” (Cataldi et al. [eds], 1999). Many cases presented in this
lecture have been taken from this book. This is a genuine and unique source of information about the
world‟s geothermal energy with a broad historical and cultural background. All geothermal specialists
should put this publication on the obligatory list. The use of geothermal water and steam for bathing
and health care has had a long tradition in many regions of the world. It goes back thousands of years
and has contributed to the development of the material culture, myths, and beliefs among many
civilizations and nations. People living in the vicinity of geothermal manifestations took advantage of
geothermal springs instinctively and naturally; in the same way they benefited from energy of the sun,
water, and wind. This was done with respect to nature or the divine powers, which according to the
beliefs, manifested through these phenomena.
Nowadays, hydrothermal phenomena such as hot springs, geysers, as well as other surface evidences
of geothermal activity are unique natural and tourist attractions. Indeed, the world‟s first national park
– Yellowstone (USA) was established in 1872 for the purpose of protecting, preserving, and providing
proper tourist access to natural hydrothermal phenomena. Today, geothermal energy plays many
different functions in tourism, from ecological heating of hotels and resort facilities to the use of
geothermal waters in recreational and therapeutic pools, as well as curative and therapeutic
procedures. Its growth in this “geothermal” direction will facilitate the “sustainable tourism” and
ecological development of many regions and countries. Recreation, rest, and health are among the
basic areas of direct use of geothermal energy. In many countries, this is an essential component of the
tourist industry in its broad sense. According to the data presented at the World Geothermal Congress
Japan 2000, geothermal fluids and energy are used for bathing and recreation in over 50 countries,
which amounts to more than 11% of total installed power and 22% of thermal energy consumed
overall annually in direct applications throughout the world (Lund and Freeston, 2000).
The paper indicates some selected historical and cultural highlights of relationships between human
and geothermal energy. It gives also several examples of contemporary geothermal balneotherapeutics
and bathing – a field of geothermal use which combines strictly utilitary as well as various cultural and
social aspects. Furthermore, the significance of this type of geothermal applications for tourism in
several selected countries is presented, involving economic and marketing aspects and issues which
are generally not well known. Some contemporary tendencies of development in this sector of tourism
are also pointed out. For many regions, this is a long-term opportunity for development in such areas
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as balneology, recreation, or agrotourism. The countries and regions described in the text are marked
on Figure 1.1.
Certainly, one of the best examples of the numerous man-geothermal energy relationships, and use for
balneotherapy, recreation and many others, is Iceland. All foreign visitors, including the UNU
Geothermal Training Programme Fellows have a unique chance to learn, experience and hear from the
Icelandic people about geothermal energy, and how to take advantage of it.
The author hopes that the subjects presented in this lecture enrich and broaden the strictly scientific,
technical and economic aspects of the activities aimed at practical use of geothermal energy, thus
making it more user-friendly and understandable, as well as indicating its role in the development of
civilization and contemporary life.

FIGURE 1.1: The countries and regions mentioned in the text (marked by the asterisks)

2. PREHISTORIC ORIGIN OF MAN - GEOTHERMAL ENERGY RELATIONSHIPS
Utilitary, rational, and also spiritual relationships with geothermal phenomena developed at the
prehistoric stage of human development. The first relations between man and geothermal energy date
back to the Paleolite period (Quaternary times up to 14,000 B.C.), when man might have discovered
the advantages of warm springs and started to use them. This could have taken place in the following
order: thermal bathing, geothermal cooking, and balneotherapy – healing of wounds and recreation
(Cataldi, 1999).
The numerous Neolite (7,000 to 3,000 BC) archaeological findings evidence the use of thermal waters
by man. Men used to settle in the vicinity of geothermally active places, where they could bathe, rest,
cook or use hydrothermal or volcanic products. Reconstructed pictures from the Çatal Hüyük cave in
Turkey (Özguler and Kasap, 1999) show volcanic eruptions, outflows of waters and steam emanations.
Man used to settle also near hot springs. Traces of this could be found on the Japanese islands 11,000
years B.C. (Fridleifsson, 2000), whereas archaeological findings on the Asian continent show the use
of hot springs for bathing as far back as 5,000 years B.C. (Lund, 2001a). Greek islands abound in
examples of thermal energy use for therapeutic and cosmetic purposes, as well as geothermal by-
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products; e.g. in Crete, some skin problems were cured by bathes in thermomineral muds. Hot springs
were also part of religious rites and beliefs in Egypt, Palestine and Israel.
In the Bronze Age (3,000 to 700 B.C.), the Etruscans – historical “fathers of geothermal industry”
developed their civilization in the central part of Italy (1,200 to 300 B.C.) (Cataldi and Chiellini,
1999). Many Etruscan settlements and cities were established in the places of springs, geothermal
manifestations, and products of hydrothermal activity. They were of great economic value to the
Etruscans. The Etruscans achieved a high level of trade, metal working and handicraft. They also
developed mining. In the area of the present Tuscany, they excavated the ores of a number of metals,
e.g. silver, copper, iron, lead, zinc; they exploited alabaster, and also other minerals and hydrothermal
products, e.g. alum, borate, kaolin, iron oxides, sulphur, silica, travertines, and thermo-mineral muds.
They abounded in the triangle of Pisa, Siena and Grosseto. These minerals were mainly used for the
production of pottery, enamel, paints, dying of glass, wool and cloth, production of ointments and
other medicines. The Etruscans developed many of their own original technologies, e.g. covering
pottery with enamel. The enamel was made of borax, which was recovered from boraciferous springs
(still active in the Larderello region, Italy). Travertines and alabasters were a precious material used in
art, sculpture, and construction.
In ancient times, the Etruscans were most active in the recovery, processing, and use of geothermal
products. They were also known for their trade in the Mediterranean Basin, thus popularizing many of
the hydrothermal products. Apart from economic and social aspects, the Etruscans valued
hydrothermal waters and products for their healing properties. They developed many healing methods,
employing geothermal waters as well as salts and thermo-mineral muds (even today these products are
applied in balneotherapy in the Toscanian centres; Cataldi, 1999). They developed practises of
geothermal bathing and balneotherapy, thanks to which the first public baths could be established
(balnea and thermae). They made water intakes, built pools, and surrounded them with paid recreation
and leisure objects. Actually, it was the Etruscans who developed versatile and multi-scale use of
geothermal energy.

3. GEOTHERMAL ENERGY IN HISTORY, MYTHS AND TRADITIONS THROUGHOUT
THE WORLD – SOME FACTS
The place and role of geothermal energy can be found in history, culture and myths and traditions of
many countries on various continents. Several cases from Africa, Asia, the Americas, Oceania, and
Europe are presented in this chapter. They are so prominent that they cannot be ignored even in a very
general paper.
3.1 Africa – the Great Rift and the myth of the phoenix
The eastern part of Africa is crossed by the Great East African Rift – one of the most spectacular and
important rift zones of our planet. Active volcanoes, volcanic lakes, hot springs and hydrothermal
deposits are typical of this area (Lund, 1999). The Great Rift is often called a cradle of the human race.
The pre-human remains of Australopithecus anamensis, the earliest known human ancestors dating
back to about 4 million years, have been discovered within the Rift area, in Northern Kenya. Traces of
successive, younger human ancestors have been found there, too.
Millions of years later, the Africans incorporated geothermal and volcanic phenomena into their
religious beliefs, often treating their manifestation as sacred places of spiritual importance. Many
myths, legends, and tales were handed down from generation to generation. Among the most
spectacular phenomena within the Great African Rift is the system of warm alkalic lakes, from Lake
Natron to Lake Nakuru, in Kenya and Tanzania. These lakes are associated with a unique population
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of flamingos, who adjusted to extreme conditions. The temperatures of water in lakes and adjacent
springs are up to 60ºC, and waters are highly alkaline (up to 10.5 pH). It is assessed that about 4
million of these birds live there. They live on blue-green and reddish algae, abundantly growing in
shallow and warm lake waters.
A version of the myth about the phoenix – an immortal bird resurrected from the fire - incorporated
the idea of the scarlet-coloured flamingos and lakes. This myth was based on the fact that flamingos
incubate their eggs in hot mud accumulated in the shallow waters of the lakes and surroundings.
According to Lund (1999), “long ago when people saw young flamingos emerging from the lakes to
their first flight they thought they saw resurrection of the phoenix coming for a drink at the shore”.

3.2 Asia
3.2.1 Cult of geothermal waters in India
Like in ancient times, contemporary inhabitants of India are strongly attached to their religion and
beliefs. Siva is one of the most prominent gods, whose cult is related with sacred hot springs, given by
gods to man. In India, there are over 320 geothermal springs now. They are related with the active
zone of tectonic subduction of continental plates (Chandrasekharam, 1995). Man‟s settlements were
generally established far away from hot springs – sacred places could not be inhabited! The small
village of Devnimori in the state of Gujarat is an exception. According to a legend, one of the hot
spring gods descended to Devnimori and the grateful village people started to worship this holy place
by erecting numerous temples. This was a place of pilgrimages. The cult of Devnimori has lasted until
the present day. People worshipped the hot springs and were aware of their therapeutic value. Special
attention was paid to the possibility of restoring physical, but before all spiritual and intellectual
powers. Baths in thermal waters, considered a religious rite, were joined with a variety of religious
ceremonies and prayers in the nearby temples. Mass pilgrimages to sacred hot springs and the
protecting temples were undertaken as a beginning of “therapeutic tourism” and “pilgrimage tourism”,
popular in many regions of the World even nowadays.
In the 20th century, in the years 1940 to 1950, some of the geothermal springs considered as not sacred
and which were not cult places, were subjected to chemical experiments. The quality and chemical
composition of many of them was compared with mineral waters brought to India by Englishmen from
the European countries (!). Some of them were classified as fit for therapeutic purposes or as mineral
or table waters. Then they started to be bottled and sold on a local market (Chandrasekharam, 1995).

3.2.2 Geothermal waters in Chinese medicine
Chinese traditions of geothermal water usage date back to at least 3,000 B.C. Such waters were used
for watering cultures, washing, cooking and for therapeutic purposes. Li Shi-zhen, a famous physicist
of the Ming Dynasty (1368-1644) advised: “the best cure for illnesses is a bath in hot springs” (Wang
Ji–Yang, 1995). Like in many countries throughout the World, there are many Chinese myths and
legends related with hot waters.
The Chinese wanted to learn about the origin of springs and other geothermal phenomena. In the
process of explaining them, they frequently managed to arrive at strikingly correct geological and
scientific observations, e.g. one of the poets of the Song Dynasty (1127 to 1279) writes: “in the places
of mountains of fire [volcanoes], you may surely look for hot springs” (Wang Ji–Yang, 1995).
Some of the geothermal springs had a strategic significance and were not imparted to civil population.
They could be used only by the army. Jiunquan – Golden Intake in Gansu Province (near the Silk
Trail) was attended by soldiers wounded during the wars of the Han Dynasty (140-117 B.C.). In 644
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A.D., during the Qin Dynasty, springs were used for recreational purposes. A special palace was
erected in Tangquan, where apart from baths, people could also heal their ailments by drinking water
from special holes in the rock. The palace was reconstructed several times, to achieve the most
luxurious form during the Tang Dynasty in the year 747. A number of facilities were built, including a
new pool for the personal use of the Yang Gui–fei emperor‟s mistress. She used to come there with
her court to enjoy the healing baths. There was a joke describing the life of the mistress: “If you bathe
in the Huaqing springs, you will feel much better. They will clean you of all the filth, just like Yang
Gui–fei cleanses away the paint from her face” (Wang Ji–Yang, 1995).
There was, however, another way of using geothermal waters in China. Frequently low-mineralized,
tasting like drinking-water, geothermal waters found their place in the famous “wine, liquor and tea
culture”. They were used for the production of wine, liquors, and tea. The famous high-quality Maotai
liquor, Qingtao beer, and Zhangyu wine were made using geothermal waters. Tea was specifically
made of Hupao – Running Tiger spring, which had the purifying qualities, restored physical and
spiritual strength, and before all was exquisite in taste! Traditional Chinese medicine is famous for
water therapy. The so-called “cold” diseases, e.g. artretism, rheumatism and all kinds of problems with
mobility should be treated with warm water (geothermal waters were used as a rule). All diseases
accompanied by high temperature had to be treated with cold water. No warm spring water could be
used in such cases. All skin diseases were treated with sulphided waters. Other types of water were not
recommended. The accuracy of diagnosis is amazing! Also contemporary geothermal spas and
recreation centres in China widely use both traditional methods of curing and traditional architectural
patterns (Figure 1.2).

FIGURE 1.2: Beijing, China – traditional Chinese entrance gate to the Jiuhua spa
using geothermal water for healing and recreation (photo B. Kepinska)

3.2.3 Geothermal bathing and healing treatment in Japanese courts
Japan is located on volcanic islands, therefore abounds in warm springs, steam emanations, and other
geothermal phenomena. Just like in other countries, there are many myths, beliefs, and legends about
geothermal and volcanic manifestations. The oldest centres of Japanese culture were sited near the hot
springs. Among the oldest ones were Yuda springs (Iwate), dating back to 11,000 B.C. (Fridleifsson,
2000). The first records documenting geothermal medicine and recreation come from 794 A.D. The
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development of these two domains reached a very high level, frequently owing to the contribution of
the successive dynasties (Sekioka, 1995).
Geothermal sources gave birth to the construction and development of many spas visited by Japanese
noblemen for therapeutic and recreational purposes. One of the oldest preserved documents on
geothermal comes from 998 A.D. It reports on a visit of a Japanese lord to hot springs near Nagano to
improve his health. In the successive years and centuries, numerous geothermal spas started to be
visited by crowds of samurai, gentry, and royal court members. Geothermal waters were so popular
that in the Kamarura times (1192-1393), water from some springs was put into barrels and transported
to the royal castle in Kyoto (even to 100 km of distance). Also, warriors returning from wars used
geothermal springs for healing their wounds.
Over centuries, a number of temples have been erected devoted to the hot springs and their gods.
Sacred springs and temples had a positive influence on the development of the pilgrimage movement.
The main routes led to the spas, which started to develop and grow in a number of places where the
travellers could rest and eat. New water intakes were made and the old ones improved to provide good
conditions for religious practices and for healing baths.
Edo time (1603 - 1868) was most favourable to the development of geothermal spas. According to the
old documents from 1644, the emperor and his court had been sent water from selected springs several
times a year. Each time, the water was transported in barrels of 300 m3 capacity for bathing. This
custom became so popular that the authorities of one of the cities in Ishikawa started to profitably sell
geothermal water at very high prices to Kyoto, Osaki, and Edo (now Tokyo). In 1710, the first medical
books describing baths in hot springs, their curative properties, popular spas and the offered treatments
were published. These books were a kind of guide for tourists informing them about places worth
seeing in the vicinity of the spas, advising on the souvenirs, etc.
Studies were also made on therapeutic properties of geothermal waters. In 1734, Doctor Konzan Goto
selected Kinosaki spa and studied it for its therapeutic properties. He observed good results of treating
chronic diseases with hot water. The symptoms could be much reduced by applying an appropriate
hydrotherapy (Sekioka, 1995). Even now this approach is still used in balneology.

3.3 Oceania - geothermal energy in the life of Maori in New Zealand
The life of Maori – the native population of New Zealand – has always been closely connected with
nature, and so with the geothermal and volcanic phenomena, in which the country abounds. All natural
resources used to be treated as precious gifts of the gods, deposited to them to be later handed down to
the next generation. The Maori had a holistic approach to geothermal energy. They knew that energy
was generated underground, and it also had its surface manifestations, e.g. hot springs, geysers and
other manifestations, being the “eyes” or “face” of the geothermal system. A combination of myths
and beliefs, closely connected with “sacred rules” was an efficient protection of all geothermal
phenomena against any kind of misuse. Maori families and tribes lived in strictly defined areas of
geothermal activity; crossroads and meetings places were often made at geothermal springs. The
“guardians” played a special role. They lived in the vicinity of the springs, taking care of hot waters on
behalf of the whole family or tribe. Or, to express it in our words, Maori used to protect the
environment and natural resources, preserving utility and spiritual properties for the future
generations. They were forerunners of the idea of “sustained development” and preservation of
national heritage. It is worth noting that Maori did not want to overtake the white culture, therefore,
consequently refused to share geothermal phenomena with white people as they were sacred (Severne,
1995).
Waters and other geothermal phenomena were an integral part of life of Maori, who were born and
lived there; they bathed, cooked, relaxed, heated and socialized near geothermal manifestations and
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were prepared for their last journey. Maori classified and named the geothermal, hydrothermal, and
volcanic phenomena (just like the Icelandic people did on their island in another part of the globe).
„Taha wairua” is a spiritual aspect of the Maori, according to which the Maori were obliged to keep
their bodies and spirits in a good condition. All natural springs were considered to be “taonga”, i.e.
purifying. One of the first functions of geothermal waters was healing. Other ones were related with
rest and heating. Apart from this, geothermal heat was used for cooking and stewing of food
suspended in special baskets in geothermal steam. This aspect has remained important for the tourists
coming to Maori.
Maori also developed cures for various diseases with the use of hydrothermal waters and products.
Many healing methods and rites have remained sacred for a number of tribes and thus kept in secret.
Skin diseases were cured with ointments made of animal fat and sulphur near the springs. Maori knew
that different types of geothermal waters could be used for healing different kinds of illnesses.
Therefore, they selected special ponds where specific diseases were cured. Only patients suffering
from the same disease could use the same pond.
In 1840, representatives of Maori and the British Queen signed the so-called Waitangi treaty,
according to which the natural resources of New Zealand were treated as “taonga katoa” – Maori
treasure which could not be overtaken by anyone. It incorporated Maori language, cultural heritage,
customs handed down and preserved for the future generations. Although Maori treated geothermal
and volcanic phenomena in a very special way, the government authorities were less attached to them.
In spite of many efforts, the ownership of geothermal resources has not been regulated by law yet, and
the Maori insist on being their only proprietors.
In the middle of the 19th century, geothermal phenomena started to be a tourist attraction, e.g. famous
purple and white terraces of Otukapuarangi, as well as hot springs and geysers. Some tribes were
involved in the tourist movement as, e.g. guides. Nowadays, geothermal phenomena are one of the
main tourist attractions in New Zealand because of their beauty and also unique relation with history,
culture, and everyday life of its inhabitants.

3.4 The Americas - religious and utility aspects of geothermal energy for native inhabitants
North, Latin, and South America abound in areas of geothermal activity. They are mainly located on
the western part of the continents and are related with the zones of subduction of continental plates.
Archaeological findings show that man‟s settlements were established near the hot springs in North
America as far back as 10,000 years ago (Lund, 1999). Geothermal springs and other phenomena in
the Americas were sacred places of worship where spirits resided. Volcanic and hydrothermal
phenomena were subjects of numerous myths like, for instance, myth and cult of the cruel goddess
Pele in Hawaii. Areas with hot springs created shelters and asylums for warriors during their tribal
wars.
The relationship of Indians – native inhabitants of the Americas – with geothermal phenomena
covered the area from Alaska, through Mexico to Bolivia, Peru, and Chile (Calderon, 1999; Suarez
and Cataldi, 1995). It is enough to mention that the Aztecs and Incas living in these areas developed
one of the most advanced civilizations, as did the Indians of North America, inhabiting the areas
known today as The Geysers and Yellowstone. Life, customs, and beliefs of the Incas living in the
high mountains of the Andes were closely connected with various energy manifestations, e.g.
earthquakes, hot springs, fumaroles, etc. The first descriptions of geothermal applications by Incas for
bathing and healing were made by the Spanish conquistadors, historians, and missionaries. They saw a
great number of palaces and temples built near natural geothermal ponds and hot springs which were
equipped with bathing facilities with hot and cold water supplied through a system of pipelines. Both
aristocracy and common people could enjoy baths in warm spring waters. Pools and bathing facilities
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were described, e.g. in Cuzco – the latest capital of the Incas. What the Spaniards saw in Cajamura
province after defeating King Atahuallpa in 1531 was luxurious royal geothermal baths capable of
serving crowds of people. The conquistadors paid special attention to the rich decorum of the baths‟
interior. They robbed all precious elements of the equipment and belongings of the visitors.
Geothermal springs played a very important role as places of religious rites (Calderon, 1999). Just like
the Etruscans and other inhabitants of the Mediterranean area, hydrothermal and volcanic products,
e.g. obsidian, chalcedony, and rock crystal were sold or used as money by the Indians.
A number of names in the Pre-Columbian Americas were related with geothermal phenomena. And
so, in Mayan language the names of many towns referred to geothermal characteristics of a place, for
example: Popocatepetl (popoa, “steam”; tepetl “hill”) – volcano, or Atotonilco (a[tl], water; “totoni”
[li] hot; “co”, place) – means “place in the hot water” (Hernandez Galan et al., 1999). The origin and
meaning of these words correspond to the Icelandic “Reykir” or “Reykholt” known also to all the
UNU-GTP Fellows.
In North America, special attention should be paid to Yellowstone and The Geysers. Yellowstone was
the first national park in the world established by president Ulysses S. Grant in 1872 to provide
protection, preservation, and popularization of natural hydrothermal phenomena. Today, in over
10,000 spots, the visitors may see active geysers, hot springs, boiling ponds, mud geysers, steam
emanations, and colourful secondary mineral precipitations from hot waters and steam. Yellowstone
covers about 9,000 km2, and is the biggest national park in the U.S.A., a Biosphere Reservation and
center of the World Geological Heritage. Thus, one may conclude that the history of environmental
protection has been related with geothermal energy from the very beginning.
Before the coming of the first white settlers in about 1800, The Geysers were inhabited by some
Indian tribes who divided the area among themselves. The geothermal manifestations were treated as
sacred and used with great care. Shamans were very proficient in making medicines based on
geothermal waters and hydrothermal products. The Geysers gave birth to organized tourism in the
U.S.A. Local Indians were the first guides, who accompanied the white tourists but refused to enter
certain places and canyons with geothermal manifestations, as protected by evil spirits. In 1840 to
1850, the region started to be developed. Hotels and roads for coaches were built, adding greatly to the
popularization, and consequently, profitability of this region. Crowds of tourists started to come. In
1890, somebody wrote: “these famous springs are admired and enjoyed by thousands of people
coming here each year” (Hodgson, 1999).

3.5 Europe
3.5.1 Greece – geothermal energy in a cradle of European civilisation
Abundant warm springs and other geothermal and volcanic phenomena greatly influenced the life of
ancient Greece – a cradle of European civilization, a civilization that greatly contributed to the
development of culture and science in the World‟s history. For centuries, they inspired many myths,
religious beliefs, raised scientific interest in their description, understanding, and practical
implementation. It was Greece where balneology was born as a science. This interesting, multilayered
subject can only be outlined and exemplified by evidences deeply rooted in the European and world
cultural and historical heritage.
The myth of Atlantis – a “lost” continent. The myth of Atlantis, a famous “lost” continent, forms an
unusual combination of legends as well as geological and historical facts. It is known, thanks to Plato
– great philosopher, scientist and teacher (427 – 347 B.C.), who wrote down all the oral relations
handed down from generation to generation. Although there are many speculations and versions, and
the investigations are in progress, the “lost” continent is believed to be a Greek island Thera (now
Santorini) destroyed by an enormous eruption about 1628 B.C. As a result of the literary idea of Plato,
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it was believed that the continent was “larger than Libya and Asia [i.e. little Asia – known to Plato]
together” (Fytikas et al., 1999). However, during the eruption a large portion of land, about 4x8x1 km
sank. Plato‟s descriptions of a high culture in the Thera island and its riches certainly could be
attributed to the Minoan civilization on Crete island which may have been destroyed by a tsunami, a
result of a huge explosion of the Thera volcano. Since 1628 B.C., volcanic episodic activity at Thera
has occurred several times, most recently in 726 A.D. The island and the islets continue to be
geothermally active and extremely popular for tourists. They are also the subject of various
volcanological and archaeological investigations, carried out to unravel the mystery of Atlantis some
day.
Development of advanced balneotherapy. It was the Greeks who wrote the motto “health through
waters”. It was then overtaken by the Romans and known so far as “spa” – “salus per aquis” (Fytikas
et al., 1999). The word spa is used today to name thermal springs, health resorts (both with warm as
well as cold waters) and a wide spectrum of related facilities. Balneotherapeutic practises in Greek
mythology were the domain of gods and heroes of Mount Olympus. However, there were also
“regular” people who took advantage of water treatments. In this context, one should recall
Hippocrates of Kos – the first physician who used thermal waters for curing his patients (Fytikas et al.,
1999). A number of thermal stations were dedicated to Asclepios – god of medicine, and the treatment
was accompanied by prayers in dedicated temples. One of the best known places dedicated to
Asclepieion (Hierapolis) lies close to Pergamon, now in Turkey. It was flourishing during the
Hellenistic times (Section 3.5.3). Greece in antiquity was a centre where geothermal bathing and
balneotherapy developed and propagated to the Mediterranean area.
Greek and Roman literature and mythology. Geothermal springs and other geothermal and volcanic
manifestations found their places in ancient literature and mythology. They were mentioned and
described by many famous Greek (and then Latin) poets, philosophers and scientists including Homer
(7th century B.C.), Hippocrates (460 – 377 B.C.), Plato (427 – 347 B.C.), Aristotle (384 – 322 B.C.),
Pliny the Elder (23 – 79 A.D.) and many others (Fytikas et al., 1999).
The use of geothermal by-products. The Greek mainland and Greek islands abound in volcanic and
hydrothermal by-products. The most important was obsidian from Milos island where its exploitation
probably started in the 3rd millennium B.C. The volcanic glass – obsidian was used for producing a
wide variety of tools (Fytikas et al., 1999). It was exported to Crete, Cyclades islands, Macedonia,
Thrace, and Anatolia. Among other hydrothermal by-products used were bentonites, kaoline, silica,
sulphur, ore minerals, and travertines. In many cases, the tradition of mining some of them is still
being continued, as in the case of bentonite and kaolinite mined on Milos island (Figure 1.3).
Historical importance of geothermal localities. Some geothermal stations in ancient Greece were so
crucial in history that their fame extended to the present times. As an example, one can mention
Thermopylae – a narrow gorge near the Tessaly coast in front of the Eubean Straits. The name of this
gorge came from a cluster of warm springs used there for healing. However, this place is renowned for
one of the most famous battles of the Antiquity. This war against Persian invaders took place in 480
B.C. (Fytikas et al., 1999). A small group of 300 warriors headed by the king of Sparta Leonidas
bravely fought to the last drop of blood with the enemy to stop the Persian invasion on Greece.
Thermopylae is regarded as a symbol of patriotism and brotherhood in the service of Greece. What
can also be added about geothermal springs in Thermopylae – they are still active and used for healing
purposes.
3.5.2 Rome and Italy – from thermal baths to the first geothermal power station
Italy has a considerable potential of geothermal waters and steams. Presently, it is known for a variety
of geothermal applications, but thermal baths are its trademark. In the Roman Empire times,
geothermal reached such a high level that it was treated as a place fit for rites, leisure, as well as social
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and political life. The Etruscans
were the first to use thermal baths.
Their tradition was overtaken and
perfected by the Romans, who also
employed the Greek traditions and
patterns. Since the Medieval times,
scientific bases of geothermal and
geothermal industry have developed
in Italy. In 1904, the world‟s first
geothermal power station was
started in Larderello (Cataldi and
Burgassi, 1999a; Cataldi and
Burgassi, 1999b; Burgassi, 1999).
In the 2nd century B.C., with the
development of the Roman
civilization, baths and bathing
FIGURE 1.3: Milos island, Greece – a mine of bentonite
places started to be built. They were
and kaolinite. These hydrothermal deposits have been
supplied with natural warm spring
mined there since the ancient times (photo B. Kepinska)
waters or heated water. The baths
were used for washing, rest, sport, relaxation, and team plays. What is more, additional facilities and
places created favourable conditions for social, business, and political meetings. Baths were equipped
with libraries as well as special places for meditation and discussion. The interiors of the bathing
places themselves were works of art covered with mosaics, handicraft, and sculptures. They had a
spectacular layout where the individual parts could be used for specific activities and therapies. They
played special functions in the bathing rites and the accompanying activities (Cataldi and Burgassi,
1999b).
In Rome, the capital of the empire,
over a thousand thermal baths
existed during the peak period of
bathing in the 3rd century A.D. A
variety of services of various
standards were offered to the
visitors representing all social
classes. Trips to baths in other cities
close to Rome were another
attraction (Cataldi, 1995; Cataldi
and Burgassi, 1999b). These places
were frequented by the Roman
emperors. In the Medieval times,
even popes used to visit such places
as Tivoli (Figure 1.4). Military
FIGURE 1.4: Tivoli, Italy – health resort founded by the
camps were built in such places that
Romans. A fragment of a garden where geothermal water
thermal waters could be used for
is used for various arrangements and fountains
massages and healing wounded
(photo B. Kepinska)
soldiers. With time, some of these
camps turned into spas. Thermal baths played a significant role in forming municipal societies, and
establishhing trade and market relations. Leading numerous wars, the Romans brought their tradition
of thermal baths to a number of the Mediterranean countries, as well as to the northern part of Europe
(presently, e.g. Hungary). Ruins of Roman baths (thermae) are an important part of the ancient culture
and tradition. Among the most famous ones are the Caracalla‟s therms in Rome, where concerts and
other cultural events are organised.
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Geothermal springs and other manifestations are related with the cult of numerous Roman gods and
divinities. Those springs, giving health and wellbeing, were treated as sacred. Statues of the most
important gods from the Roman Parthenon were put in the temples established near the bathing places.
The Romans also used the hydrothermal by-products. In Rome, travertine was used for the
construction of the Colosseum and Caracalla‟s therms.
A number of municipal centres in the present Italy were formed in the prehistoric times. Many
consular roads overlapped older Etruscan roads leading to the geothermal manifestations. What‟s
more, some of the cities keep on developing their tourist and therapeutic character in the present times,
e.g. in Bologna region where several cities make use of geothermal waters, offering therapy, leisure
and sport to the visitors.
Since the early Medieval times, the Italians had developed scientific and utilitary interest in
geothermal energy. The main centres related to geothermal use concentrated on the Larderello region
in Tuscany. This region abounds in geothermal manifestations and reservoirs. The first contemporary
author of scientific surveys on Larderello was Ristoro d'Arezzo, who in 1282, described local hot
springs and steam emanations. In the 16th century, the region of Larderello was analysed by a German
physician Georg Bauer (1495-1555), commonly known as Georgius Agricola – “father” of
mineralogy. Between the 16th and 19th centuries, further surveys were made by researchers, engineers
and physicians all over Europe. They gave rise to geothermal geology and geothermal industry in
particular. In the latter case, it was especially important to learn the nature of boric acid – a typical
component of the local hot springs, commonly used for making medicines at that time (Cataldi, 1995;
Burgassi, 1999).
From the technological point of view, the studies and experiments resulted in the development of
practical management of geothermal energy and the genetically related raw minerals, e.g. recovery and
processing of minerals and some chemical compounds from geothermal springs, in the technology of
boric acid production, use of geothermal steam for driving pumps and mechanic engines, heating of
industrial buildings, residential housing, and greenhouses.
In 1904, the first geothermal power station was launched in Larderello (Figure 1.5) (Burgassi, 1999).
Now, apart from the local museum of geothermal industry, it is a great tourist attraction, where
“geothermal souvenirs” can be bought, e.g. copies of 19th century lithographs showing geothermal
manifestations in Larderello. Apart from Iceland, the Larderello region belongs to the most important
of the World‟s tourist places where one may learn about the nature and possibilities of versatile
management of geothermal energy.
3.5.3 Turkey – descendant of the Roman baths
Owing to its geotectonic location, Turkey abounds in geothermal waters and steams. Old traditions of
geothermal utilization are deeply rooted in myths and history. The oldest prehistoric traces
documenting geothermal applications - wall paintings in Çatal Hüyük cave - come from the area of the
present Turkey. They are 12,000 years old (Özguler and Kasap, 1999).
The custom of thermal bathing and cult of warm springs flourished in the area of present-day Turkey
during the Hellenistic and Roman periods. The Romans had a great contribution to the Turkish baths,
both in the architectural and social aspects. It happened mostly during the Seljukin (1071-1308) and
Ottoman Empires (1299-1308). The traditional Turkish baths are the direct and only descendant of the
Roman baths of antiquity (Özguler and Kasap, 1999). Some of them are used even today in Turkey
and in the countries of the former Ottoman Empire, e.g. Bulgaria, and Hungary. They are examples of
precious historical places and objects.
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FIGURE 1.5: Larderello, Italy – general view. Round
building on the left hosts a geothermal museum. In the
background, a geothermal power station facility
(photo B. Kepinska)

FIGURE 1.6: Pamukkale, Turkey – famous travertine
terraces formed by calcite precipitation from
geothermal water (photo Z. Malolepszy)

FIGURE 1.7: Izmir Balcova, Turkey – contemporary
geothermal spa (photo S. Simsek)
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The most important and renowned antique
geothermal worship and healing places is
Hierapolis
(now
Pamukkale)
and
Asclepieion in Pergamon. They are
considered to be natural wonders
attracting most of the tourists coming to
Turkey. “Pammukale” means “cotton
castle”, owing to the white stalactites
looming from water, and forming a huge
stronghold. It was made of calcium
carbonate, precipitating as a secondary
hydrothermal mineral from warm springs.
Water runs down from the plateau at 100
m of height through a system of terrace
ponds down the slope (Figure 1.6). It cools
down and fills the upper and then the
lower ponds (Özguler and Kasap, 1999).
The ancient name for the place was
Hierapolis – “sacred city”, established in
the 2nd century B.C. Ruins of temples,
theatres and baths constructed by the
Romans have remained until the present
times. Thermal water was used for bathing
but not only. Its unique qualities were
such that wool and carpets dyed in it
maintained the vividness of colours.
Presently, Pamukkale belongs to the most
commonly visited places for landscape
and therapeutic advantages. About 5 km
from Pamukkale, a therapeutic centre in
Karahayit was established. It abounds in
geothermal water springs, as well as
thermomineral red iron muds.
Asclepieion in Pergamon is known for
Hellenistic culture and architecture. It was
established for rite and healing purposes.
This most beautiful and big city of ancient
Greece was an example of a political and
cultural leader in the Hellenistic world.
Pergamon had its own “sacral-healing
centre” – Asclepieion, built as a place of
worship and cult of Asclepios, a Greek
god of medicine. A system of temples and
other objects were built in the place of
occurrence of radioactive geothermal
springs. The oldest temple dates back to
the 4th century B.C. The architectural
layout of Asclepieion was monumental in
character, with an 800 m colonnade
“sacred passage” leading from the city.
The Greek priests, physicists, and
philosophers developed a school of
healing in Pergamon, which can be called

Kepinska

13

Geothermal energy in human history

the first and best example of organized natural healing and physiotherapy. Special care was taken to
restore the health in its physical and spiritual aspects. A combination of treatments were applied there.
Among the most fundamental ones were hot waters and herbs. Patients were treated by baths in
geothermal waters, drinking of thermal waters, irrigations, massages, herbal therapies, diets, fasts,
therapy through dreaming, autosuggestion, guided suggestion, and music. Many of the pools and
bathing facilities in Asclepieion were filled with water from the local warm springs. Water was not
transported to further distances as, according to the local beliefs, it could lose its therapeutic
properties. The Pergamon area is known for its geothermal springs even today.
Apart from the heating industry, bathing and balneotherapy are the main geothermal direct uses in
Turkey nowadays (Batik et al., 2000; Table 1.1) as the former contributes to over 47% of installed
power and 27% used heat) while the latter 40% and 65%, respectively.
TABLE 1.1: Geothermal direct utilization in Turkey, 1999 (according to Batik et al., 2000)
Application
Space heating
Greenhouses
Bathing and balneotherapy
TOTAL

Installed capacity
(MWt)
(%)
392
47.8
101
12.3
327
39.9
820
100.0

Heat production
(TJ/a)
(%)
4,327
27.5
115
7.1
10,314
65.4
15,756
100.0

There are about 1,000 geothermal springs and 194 geothermal spas in Turkey now (Batik et al., 2000).
In a number of centres, cascaded use of geothermal waters is applied for heating, bathing and healing
treatments. Baths of varying standards can be found in most Turkish cities where water from springs
or geothermal wells is employed. The biggest and best known spa is Izmir Balcova (Figure 1.7).
According to the plans of geothermal development, by 2020 the use of geothermal waters for heating
purposes will be increased. A significant development of medicine based on geothermal waters is
planned in the coming years to a level of 2,300 MWt from 327 MWt installed power in 1999, mainly
to satisfy the Turkish demand.

4. GEOTHERMAL ENERGY IN CONTEMPORARY BALNEOTHERAPEUTICS AND
TOURISM
4.1 Statistics
According to the data presented at the World Geothermal Congress 2000 in Japan (Lund and Freeston,
2000), direct geothermal uses were operational in at least 60 countries. The biggest share of installed
power and heat production can be attributed to the heating industry and heat pumps. Geothermal
energy used for bathing and swimming occupied the third place (Table 1.2). In many countries,
bathing and swimming are important and attractive aspects of geothermal direct uses. Geothermal is
utilized in this way in at least 51 countries, i.e. over 11% of total installed power and 22% of thermal
energy for direct uses worldwide.
Nowadays, recreation and healing based on geothermal water, steam, and energy are a very attractive
and perspective branch of tourism where the demand exceeds the supplies. Geothermal plays a number
of functions in tourism, e.g. swimming and therapeutic pools, curative geothermal by-products (e.g.
salts), ecological heating of hotels and spas. Hydrothermal phenomena themselves (warm springs,
geysers, hydrothermal minerals, etc.) are tourist attractions, similar to the historical objects or ruins
related with geothermal use. Incorporation of these phenomena and objects in the common domain of
tourism favours the idea of “sustainable development” and pro-ecological development of many
regions and countries.
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TABLE 1.2: Geothermal direct utilization world-wide, 2000 (according to Lund and Freeston, 2000)
Application
Heat pumps
Space heating
Greenhouses
Aquaculture
Drying of farm products
Industrial application
Bathing and balneotherapy
Air conditioning and snow melting
Other
TOTAL

Installed capacity
(MWt)
(%)
6,849
42.25
4,954
30.56
1,371
8.46
525
3.24
69
0.43
494
3.05
1,796
11.08
108
0.67
43
0.27
16,209
100.00

Heat production
(TJ/a)
(%)
23,214
14.33
59,696
36.85
19,035
11.75
10,757
6.64
954
0.59
10,536
6.50
35,892
22.15
968
0.60
957
0.59
162,009
100.00

4.2 Healing and therapeutic value of geothermal waters
Generally, cold mineral and geothermal waters can be treated as “therapeutic” or “having healing
properties” if they meet at least one of the following criteria: 1) chemical (chemical composition); and
2) physical (temperature, radioactivity). Both these criteria are met by geothermal waters which can,
owing to their physical (over 20oC) and chemical properties, naturally play healing or therapeutic
functions.
Temperature is one of the main factors thanks to which geothermal waters (just like regular mineral
waters heated to a proper temperature) are applicable to healing, rehabilitation, and prophylaxy of
diseases and dysfunctions of muscles, rheumatism, neurological diseases and many other ailments.
Chemical composition greatly determines the application of geothermal waters for a spectrum of skin
and internal diseases.
Individual countries have their own legal regulations and criteria for therapeutic waters and their
applicability. For instance, in Poland, according to the Geological and Mining Law (1994), natural
mineral waters or weakly mineralized waters (from 1 g/dm3) are called therapeutic, if they are used for
drinking treatments, baths, or inhalations. They are also used for the production of therapeutic salt,
leaches and evaporated salt. The total dissolved solids of such waters cannot exceed 60 g/dm3 and
pharmacological-dynamic factors are taken into account. These minimum concentrations of chemical
components dissolved in water or physical properties of water make up a threshold for biologically
active waters. As an example, Table 1.3 lists pharmacological-dynamic coefficients that are used in
Poland. Therapeutic waters cannot be contaminated with bacteria or chemical compounds. Their
curative properties must be proven by tests, and the oscillations in chemical composition and physical
properties of waters may change only in a very small range.

4.3 Therapeutic tourism
Geothermal balneotherapy and spas are basic elements of therapeutic tourism, one of the most
important forms of recreation nowadays. Healing purposes can be acquired through various forms of
tourism (spas, weekend tours, general healing tours, healing tours dedicated to specific diseases, etc.)
Today, therapy is one of the fundamental functions of tourism, thanks to which the negative effects of
civilization, e.g. stress can be reduced, and the inner force and feeling of integration reinforced
(Gaworecki, 1997). Over the centuries, these purposes have been most successfully realized in health
resorts, i.e. spas, especially those with geothermal water. Spas are also attributed to a specific lifestyle,
leisure, healing and biological rejuvenation, an aspect of cultural and social life.
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TABLE 1.3: Pharmacological-dynamic coefficients and relevant names of therapeutic waters
used in Poland (based on Dowgiallo et al., 1969)
Content in 1 dm3 of water, more than
+

+

10 mg Fe2 + Fe3
0.7 mg As in the form of AsO2- (1 mg) or HAsO4- (1.3 mg)
1 mg F5 mg Br1 mg J1 mg S – determined iodometrically (H2S + HS- +S2-+ S2O32- + HSO3- + HS3-)
5 mg HBO3
100 mg of dissolved SiO2
1000 mg dissolved natural CO2
2x10-9 Ci (2 nCi, 74 Bq)
Temperature of water at the outlet,  20°C

Type of water
Ferruginous
Arsenic
Fluoride
Bromide
Iodine
Sulphide
Boride
Siliceous
Carbonated
Radon-active
Thermal

The word „spa‟ was used for denoting places where balneotherapy had been used since the times of
ancient Greece and Rome (Section 3). Over the centuries, it gained new connotations, i.e. in 19th
Century Europe „spa‟ was also a social and cultural centre, frequented by noble and rich people. Even
today, apart from strictly curative functions (under supervision of physicians and specialists), the
cultural and social aspects became very important in Europe. In the U.S.A., however, spas are mainly
centres with a variety of accompanying treatments including fitness, rejuvenation, weight-loss, sport
programs, and curing in mineral waters and thermomineral muds. Contemporary spas should offer:
water (therapeutics through heat and chemicals); movements (exercise, massage, and fitness); herbal;
dietary; and life-style patterns (Lund, 2001a). Another significant aspect is the attractive landscape and
climate in the spa. They may considerably add to the efficiency of therapy. Therefore, apart from
water, there are also spa muds (peloids) which are an important therapeutic medium. Their use
increases body temperature, lowers blood pressure, and influences mineral metabolism and blood
chemistry. It should be remembered that different assumptions are made for spas in the U.S.A. and
Europe and are different for such countries as, e.g. Japan, which employs its own tradition and
philosophy of life in harmony with nature.
4.4 Geothermal energy in tourism, therapy and recreation – selected cases
4.4.1 Geothermal spas in Hungary
Hungary abounds in rich geothermal resources in the large Pannonian Basin (Tertiary - Neogene), its
Mesozoic basement as well as Tertiary and Quaternary volcanites. In 1999, the installed power for
direct uses was 342.6 MWt, and heat production 3182.5 TJ/year (Arpasi et al., 2000; Lund, 2000).
Geothermal energy has been used on a great scale for greenhouses (over 60% of installed power and
56% of heat production), giving Hungary the world‟s first place in the coverage of geothermally
heated greenhouse cultures. Among other direct applications in Hungary are central heating, industrial
applications, swimming pools and balneotherapy; the latter constitutes about 13% of other applications
(Table 1.4).
Bathing places and spas employing geothermal waters belong to the biggest tourist attractions of
Hungary, which is a leader in Europe and in the world. Geothermal traditions date back to the Roman
Empire, when a demarcation line between the northernmost part of the Empire came through this area.
The Turks had also their impact in the application of hot waters. They built large baths and objects for
recreation and biological rejuvenation. Most of these centres are in Budapest, the capital of Hungary.
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Geothermal waters, similar to mineral waters of Hungary, vary in chemical composition, thus creating
a number of possibilities for therapy.
TABLE 1.4: Geothermal direct utilization in Hungary, 1999
(based on Arpasi et al., 2000; Lund, 2000)
Application
Space heating
Greenhouses
Industrial applications
Bathing and balneotherapy
Heat pumps
TOTAL

Installed capacity
(MWt)
(%)
73.1
21.3
206.7
60.3
14.2
4.1
44.8
13.2
3.8
1.1
342.6
100

Heat production
(TJ/a)
(%)
631.6
19.8
1785.8
56.1
358.2
11.2
386.7
12.3
20.2
0.6
3182.5
100

Hungarian geothermal spas and baths are a strategic tourist attraction, known all over the world. In
international touristic campaigns, Hungary is recommended as “a country of healing waters” while
Budapest is called a “capital of bathing and swimming”. Geothermal baths, being one of the greatest
attractions in Hungary, are offered by a number of foreign travel agencies. Some of them specialize in
therapeutic tours to Hungary. They offer their biggest and best organized geothermal spas, e.g. in
Budapest and Heviz – two renowned places.
Budapest. Budapest was formerly known as Ak - ink. In Celtic, it signified abundance of water, one
of many natural goods. Aquincum – the Roman camp and baths were built by Emperor Claudius (260
to 268 A.D.). Roman emperors - Mark Aurelius and Traian stayed in Budapest, enjoying curative
properties of hot springs. The Romans constructed a system of aqueducts supplying water for the city
and baths. At the beginning of Hungary in 896, water from Aquincum springs was transported through
a 10 km timber pipeline to the castle of Buda. Remnants of Aquincum are one of the greatest
archaeological and tourist attractions of Budapest (Cohut and Arpasi, 1999).
Another stage of geothermal spring applications in Budapest is related with the times of Ottoman
Turkey. In the 16th to 17th century, they constructed numerous baths (ilidse). Ilidse were very spacious
and they could house thousands of people daily. The most renowned Hungarian ilidse were
constructed by Mustafa Sokoli – Pasha in 1566. It is worth noting that baths were sited near warm
springs, so that the visitors could use them directly. They wanted to avoid transportation of water over
great distances (as the Romans did using their aqueducts). Such popular and attended baths as Rudas
and Király were constructed in Ottoman times. Five pools for therapeutic and recreational purposes
have been preserved in Rudas baths. Nowadays, geothermal waters are used in a number of treatments,
including drinking therapy.
In the times of a great advance in medicine, healing with geothermal waters started to flourish in
Hungary in the second half of the 19th century. At that time, Budapest was one of the most popular
metropolises in the whole of Europe. Since the Millennium of Hungary in 1896, Budapest started to
bloom as the capital city and centre where such natural goods as geothermal springs were used. A few
more baths were constructed at that time. They are operational today. At present, the citizens of
Budapest (2.1 million) use about 130 springs and geothermal intakes. Geothermal baths in Budapest
can be divided into: therapeutic baths, all kinds of recreation swimming pools (open all year long), and
seasonal recreation swimming pools (Wolski, 1988).
Budapest is one of the biggest geothermal bath-cities in Europe. It very much resembles Reykjavik –
the capital of Iceland, known for numerous bathing and swimming centres operating on geothermal
waters. In 1934, Budapest was put among resorts. This city fully employs its natural geothermal
wealth in about 40 baths, pools, and therapeutic centres. Each of them has a different architectural
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layout. Among the most beautiful
and at the same time very functional
ones are objects built in Secession,
Neo-baroque, and Classicist style. A
number of these precious historical
objects, often over 400 years old (!),
are still used as Turkish baths. All
geothermal objects have been so
designed as to attract the patients to
revisit the place. The Gellert Hotel,
sited on a steep slope of the Danube
River, is such a place where apart
from regular hotel services it also
offers a variety of therapeutic
treatments in gorgeous Secession
interiors (Figure 1.8). A great
FIGURE 1.8: Budapest, Hungary – geothermal indoor pool
number of such centres in Budapest
in Gellert Hotel and Spa (www.budapest.info.hungary)
itself intensify their promotion
policy to invite as many foreign
tourists as possible. Thus, apart from its various attractions, Budapest allures people coming from
abroad with its geothermal leisure and therapy centres.
Heviz. Heviz resort is sited near
the Balaton Lake – the so-called
“Hungarian Sea”. Heviz is known
for its unique (the biggest in
continental Europe) warm lake fed
with spring waters at 38-40°C.
Therefore, it slightly reminds of
Myvatn Lake in Iceland, which is
supplied by hot springs, too. The
Heviz Lake covers ca. 48,000 m²
(Figure 1.9). Springs have been
active since the Tertiary times, and
the hot waters were used for
bathing in the Bronze Age when the
Romans had restructured them to a
spa (Cohut and Arpasi, 1999).
FIGURE 1.9: Heviz resort, Hungary – a lake recharged by
Water temperature in the lake is 26geothermal springs (www. hungarytourism.hu)
28°C, thanks to which this naturally
warm pool can be used all year
long. The mud in its bottom has curative properties and is used for treatments. The banks of the lake
are grown with tropical vegetation, water lilies, and cypresses. Heviz offers both hotel services and the
therapy treatments and tours. They are very attractive and versatile – from typically therapeutic to
“cure and fitness”.
It would be difficult to present all spas and resorts in Hungary with their rich offerings. It is worth
noting that apart from big centres, there are plenty of smaller towns and localities. They are adjusted to
the needs of local population and a smaller number of incoming tourists. They are usually equipped
with basic utilities and infrastructure. Therapy, rehabilitation and tourism in Hungary are provided on
the same level as their counterparts in Western Europe, however much cheaper. Therefore, no wonder
that so many travel agencies offer “Cure and Fitness” tours in Hungary.
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4.4.2 Japan - tradition and advances in geothermal tourism
Japan has about 200 volcanoes, out of which ca. 80 are active now. Besides, Japan abounds in rich
reserves of geothermal steam and water. They are used both for electrical energy generation and many
other direct uses, which place Japan in second place in the World (Lund and Freeston, 2000). These
are, e.g. recreation and balneotherapy – both having a very long and interesting history (Section 3).
The present situation in direct geothermal uses can be characterised by data of 1999 (Sekioka and
Yoshii, 2000), according to which the installed capacity for these applications was 270.40 MWt, and
heat production 5455.2 TJ/year. Geothermal energy is mainly used for space heating and warm useful
water production (over 50% of installed power and heat production), then for greenhouses (over 12%
of power and heat) as well as for recreation and balneotherapy (over 10% of installed power and heat
production); see Table 1.5).
TABLE 1.5: Geothermal direct utilization in Japan, 1999 (Sekioka and Yoshii, 2000)
Application
Space heating
Air conditioning
Greenhouses
Fish farming
Industrial applications
Snow melting
Bathing and balneotherapy*
Other
Heat pumps
TOTAL

Installed capacity
(MWt)
(%)
136.71
50.6
5.43
2.0
34.59
12.8
23.76
8.8
2.12
0.8
31.85
11.8
28.89
10.7
2.78
1.0
4.28
1.5
270.40
100

Heat production
(TJ/a)
(%)
2953.32
54.2
58.50
1.1
653.77
12.0
576.99
10.5
42.78
0.8
494.71
9.1
551.83
10.1
67.74
1.2
55.57
1.0
5455.20
100

* List of geothermal applications for bathing and balneotherapy is not complete (see the text)
As to the use of geothermal steams and waters in recreation and therapy, the data listed in Table 1.5 do
not reflect the actual scale. Paradoxically, this is due to the huge number of places where geothermal
utilities are operational. Japanese statistical offices fail to make a reliable inventory of these places.
Japanese treat baths and leisure in geothermal utilities as a very popular and common way of spending
time. This is a part of Japanese rites, culture, and lifestyle; therefore they pay no attention to
evidencing geothermal objects, especially the low-temperature ones. Taking into account springs and
wells used for recreation and therapy, the installed power and geothermal heat production is about
1,159 MWt and 7,500 TJ/year, respectively. Balneotherapy, biological renovation, and recreation
occupy the first place among direct uses of geothermal energy in Japan and in other countries all over
the World (Lund and Freeston, 2000).
Tourism in Japan is closely connected with geothermal, hydrodynamic, and volcanic phenomena, e.g.
Fuji, which is a sacred mountain, a symbol of the country and place where numerous pilgrimages
come. Japan has specific legal regulations known as “Hot Springs Law” addressing the protection of
springs, other geothermal phenomena, and landscape. It forbids or limits their practical exploitation in
places considered to be especially valuable geologically or environmentally.
Japanese national parks are a great attraction. Geysers, hot springs, and volcanoes are protected in 15
out of 24 of the parks. Attention should be paid to the promotion of these places and good information
abounds in interesting details on geology and geothermal.
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Tourism started to grow around hot
springs
and
hydrothermal
manifestations, e.g. Beppu on
Kyushiu – the venue of the first part
of the World Geothermal Congress
2000 in Japan. It is known for the
abundance of natural steams and
geothermal springs, and also the
first Japanese experiments on the
use of geothermal steams for
electrical energy generation. Beppu
is a big (ca. 400,000 population),
frequented and well organized
resort. There are a number of hotels
of varying standards, offering the
FIGURE 1.10: Beppu, Japan –„Jigoku Park”. An example
whole spectrum of treatments and
of joining the traditional and contemporary touristic
therapies based on traditional
arrangement of a geothermal area. A figure of the
Japanese medicine, employing
devil – believed to be a guard of geothermal
geothermal waters, thermomineral
manifestations, and a table explaining the origin and
muds, and hydrothermal minerals.
composition of hot springs (photo B. Kepinska)
In Beppu, just like in other cities in
Japan, many of the hotels were
designed especially for rejuvenation and curative purposes in the place where geothermal springs
occur. These hotels are called “onsen” (no counterpart in other languages).
A special tourist attraction, Beppu, is sited on the slope of the volcano, an area of hot springs, geysers,
fumaroles and hot muds. It is called the burning hell – “Jigoku”. This area is protected and popularized
by a special Association of Jigoku in Beppu. Water in individual springs and ponds differ in colour,
depending on the chemical composition and temperature, from emerald, red, milky white to green.
Specific places bear meaningful names, e.g. “Sea Hell”, “Mountain Hell”, “White Pond Hell, “Golden
Dragon Hell, and “Blood Hell”. They are linked by a few kilometre long tourist route. A number of
small temples and meditation spots were elected around the springs and ponds. A new tourist
infrastructure was created with information centres, restaurants, shops with souvenirs, e.g. therapeutic
salt or table salt extracted from
local springs, and clothes dyed
in paints made of local
hydrothermal minerals (Figure
1.10). Among other attractions
are a zoo, tropical garden, and
before all, a crocodile and
alligator
farm,
bred
in
geothermally-heated pools. The
farm can be entered through the
shop offering products made of
crocodile skin and meat, i.e.
jewellery, leather products,
medicines, ointments, and food
products. In “Jigoku”, the
FIGURE 1.11: Beppu, Japan – “Jigoku Park”. One of the
visitors have a chance to buy
natural ponds fed by hot springs. A basket with eggs is
food cooked in “geothermal
submerged in steaming water. When cooked, the eggs are
ovens”, simple devices heated
sold as “geothermal food” (photo B. Kepinska)
by natural steam or bamboo or
metal nets hung over the
steaming ponds (Figure 1.11).
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Geothermal waters are also used for gardening. Japan is famous for its art of growing plants and use
geothermal water for greenhouses where exotic plants are grown. Geothermal energy is used for
heating greenhouses with exotic species, and watering plants which are an important element of
famous Japanese gardens.

4.4.3 Bulgaria
Bulgaria is very fortunate to have a variety of cold and geothermal mineral waters. They are issued by
thousands of natural springs, including more than 500 geothermal (Bojadgieva et al., 2001). Waters
with high alkalinity, low levels of TDS, and high purity are predominant. These features place them
among the best ones in Europe regarding their use for recreational and therapeutic purposes. Bulgaria
is a very attractive country for European tourists because of its healing and recreational possibilities.
The tourist offerings are exceptionally alluring owing to an extraordinary combination of such factors
as: abundance of geothermal waters and the traditions of their use for treatment, mild Mediterranean to
moderate climate, variety of landscapes (sea, mountains), rich folk culture, and customs.
In 1999, the installed capacity for geothermal direct uses was 95.3 MW t (Bojadgieva et al., 2000).
Geothermal energy has been implemented on a large scale for balneotherapy and bathing (46.4% of
total geothermal water flowrate), followed by space heating (20.3%), sanitary water preparation
(14.8%), greenhouses (10%), and water bottling (5.1%).
The tradition of geothermal bathing and balneotherapy in Bulgaria dates back to the ancient times. A
number of large spa resorts have developed in places of Thracian or Roman residential areas (Figure
1.12). Also Sofia - the capital city, was established close to geothermal springs in the 3rd century B.C.
(Bojadgieva et al., 2001).
There are many spas using geothermal waters suitable for disease prevention, treatment, and
rehabilitation of many illnesses. They are used for drinking, bathing, inhalations, in combination with
herbs, bee products, climatherapy, aromatherapy, and exercise.
A unique combination of sea resorts and geothermal spa centres can be met in the North Black Sea
region. Geothermal springs and pools are located very close to the seashore or even directly at the
beaches. Geothermal pools are also placed there. Among the best known modern resorts located there
are Varna, the Golden Sands, Albena (Figure 1.13), St. Constantin and Elena. They provide a very
attractive combination of seawater baths with geothermal water and mud baths. In several resorts,
geothermal energy is also used in a complex way, i.e. for heating, air conditioning, and warm water
preparation for balneotherapeutical complexes, sanatoriums, public baths, etc.
Balneotherapy has reached a very high level in Bulgaria. The same can be said about the medical level
and efficiency of treatment. In this country, there are good prospects to develop geothermal recreation
and balneotherapy not only in big centres but also small local ones in line with the trends of “the
countryside tourism”, similar to several other European countries, for instance Poland or Slovakia.
It is worth noting that Bulgaria specializes in microalgae cultivation using geothermal energy, water,
and carbon dioxide (Figure 1.14). This provides high process optimization and considerably reduces
the production costs (Fournadzhieva et al., 2003). Microalgae biomass is produced from three species
of microalgae: Chlorella, Scenedemus, and Spirulina. It is a natural material rich in biologically active
and harmless substances for the pharmaceutical, cosmetics, and food industries. It has a very high
protein content, rich mineral content, vitamins, antioxidants, essential fatty acids and polysaccharides.
They are used for stimulation of the immune system, support for the cardio-vascular system, reducing
the risk of cancer, etc. Microalgae biomass is available at the market in the form of tablets or
cosmetics. In this field, Bulgaria is a leading country in Europe, along with Greece.
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4.4.4

Poland

4.4.4.1 General remarks
Poland possesses rich low-enthalpy
geothermal resources predominantly
connected with extensive sedimentary
formations
(Sokolowski,
1993;
Sokolowski [ed],1995; Górecki [ed],
1995). Although this country has a long
tradition in geothermal bathing and
healing, dating back to the 13th
century, it is also involved in the
process
of
geothermal
heating
implementation, started in the end of
FIGURE 1.12: Hisarja resort, Bulgaria – geothermal water the 1980s. The latter line of uses is
treated in detail in Lecture 3. In 2003,
fountain. Hisarja is one of the largest spas in Bulgaria
the total installed power amounts to
known since the ancient times (photo K. Bojadgieva)
108.2 MWt, and heat production 455.5
TJ/a (Kepinska, 2003). Geothermal is
primarily used for heating and domestic
warm water preparation (72.3% of
installed power and 73.7% of produced
energy) while balneotherapy and bathing
occupy the second position (17.3% and
7.6%, respectively; Table 1.6).

FIGURE 1.13: Albena resort, Bulgaria – outdoor
geothermal pool placed close to the Black Sea coast
(photo K. Bojadgieva)

In Poland, there are 36 spas applying
underground waters for balneology and
bathing. Among them, seven spas use 2062°C geothermal waters delivered by
natural springs or discharged by wells.
Although not too numerous, geothermal
spas offering curative and recreational
services are an important element of health
resorts in Poland.
The first written records report that since
the 13th century, warm spring waters have
been used for balneotherapy in some
localities. Yet undergoing up- and downperiods, this practise developed much in
time, to the point that some stations
became quite renowned spas in Central
Europe. With time, several other spas
using geothermal waters have been
founded and they are still in operation
(Sokolowski et al., 1999).

FIGURE 1.14: Rupite region, Bulgaria – open mass
cultivation of microalgae using geothermal water and
energy (photo K. Bojadgieva)

Polish spas (also geothermal ones) act
according to legal regulations on spas and
balneology, adopted in 1966 and amended
in 1990. The spa localities hope for
prosperous,
sustainable
economic
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development resulting from recreation and balneology. It is expressed by establishing many so-called
spa boroughs within the entire country. The development of balneology and spa services in Poland
require support by the state and self-governments. Among others, the Economic Chamber – Polish
Spas was created for that purpose. It gathers companies and institutions dealing in spas. Its main
objective is representing spas‟ interests against home and foreign bodies, acting for the development
of the existing spas and establishing new ones, participation in legislative works, promotion, and the
elaboration of the spa standards. The role of the local self-government in spa management, as well as
the other activities serving the sustainable development of such localities should be emphasised.
TABLE 1.6: Poland – summary of geothermal direct uses, early 2003 (Kepinska, 2003)
Type of use
Space heating and domestic warm water
Balneotherapy and bathing
Greenhouses, fish farming, drying
Other – extraction of CO2 and salts
Heat pumps (estimated)
TOTAL

4.4.4.2

Installed capacity
(MWt)
(%)
78.2
72.3
18.7
17.3
1.0
0.9
0.3
0.3
10.0
9.2
108.2
100

Heat production
(TJ/a)
(%)
336.0
73.7
34.5
7.6
4.0
0.9
1.0
0.2
80.0
17.6
455.5
100

Geothermal spas – a review

To give insight into geothermal spas in Poland, a selection of cases is presented in this chapter. Each
of them has its own interesting history distinguishing it from other ones. The oldest spas in Poland are
located in the Sudetes Mts. (SW-Poland). Abundant mineral springs have been used there for healing
purposes. Some of them produce geothermal water that has greatly contributed to the development of
certain resorts, e.g. Cieplice Spa, Ladek Spa, and Duszniki Spa. Warm waters are connected with
fractured Pre-Cambrian and Palaeozoic metamorphic or magmatic formations. The convenient
location of these resorts close to the frontier attracts patients and tourists from the neighbouring
countries – Czech Republic and Germany. In the central part of the country, cold and geothermal
waters connected with Mesozoic sedimentary formations and discharged by the wells are used for
curing in Ciechocinek and Konstancin. Three resorts using geothermal waters are situated in the
Carpathian Mts. (S-Poland): Iwonicz, Ustron and Zakopane. This region abounds in low-temperature
mineral springs, which gave rise to numerous health resorts. However, warm waters are used only in
three of them.
Ladek Spa. Ladek is the oldest spa resort in Poland. The first records of warm waters come from
1242. The first bathing house was built at the end of the 15th century. Among numerous visitors who
stayed at Ladek for curing, was John Quincy Adams, the sixth President of the United States of
America (1825-1829). At the end of his visit in Ladek he said: “I have never seen a spa, the location
and appearance of which would be as much favourable to health preservation and restoring as Ladek”
(Sokolowski et al., 1999). These words have remained the best advertisement of this spa so far.
Radioactive waters with temperatures of 20-44C and rich in fluorine ion F (up to 11 mg/l) and HSiO3
(up 70 mg/l) produced by several springs and wells are suitable mainly for treating patients with the
motor system, vascular, oral and dermatological diseases. Among Polish resorts, Ladek Spa possesses
one of the greatest therapeutic bases (Figure 1.15). Wide promotion and advertising of the spa, also
addressing foreign clients, especially from the nearby Czech Republic and Germany are conducted.
The cultural performances are organised and sponsored. A system of preferences and discounts was
introduced. Some interesting offers for investors were prepared. Ladek is a good example of a spa
town which offers not only curing services, but also a variety of rest, health preventive treatment, and
physical recovery possibilities.

Kepinska

Cieplice Spa. Cieplice is one of the
most famous and visited spas in
Poland. The oldest historical record
of Cieplice comes from 1281 when
warm springs were already applied
for curing (Sokolowski et al., 1999).
The spa of European fame already
operated in the 17-19th centuries.
Currently, the water flows out from
several natural springs (ca. 20-44C)
and from one well (wellhead
temperature of 60-68C, TDS ca.
600-1000 mg/l). The content of
H2SiO3 amounts to 100 mg/l and is
the highest among all geothermal
waters in Poland, very high is also
the content of fluorine ion – up to 12
mg/l (Dowgiallo, 1976; Dowgiallo
and Fistek, 1998).
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FIGURE 1.15: Ladek Spa, Poland – balneotherapeutics
station ”Wojciech” using geothermal water for healing
treatment. Built in the 17th century in Baroque style
(photo L. Zimer – Skarbinska)

In past centuries, the most
magnificent patient who visited
Cieplice was the Polish queen Maria
d‟Arquien Sobieska who came there
in
1687.
The
queen
was
accompanied by about 1,500 people
of court. She was the beloved wife
of one of the greatest Polish kings
Ian III Sobieski whose army stopped
the Turkish invasion in Europe in
the famous battle of Vienna in 1683.
Two of the warm springs in Cieplice
were named after King Sobieski and
his wife.
In the end of the 1990s, the other
existing well in Cieplice was
FIGURE 1.16: Cieplice Spa, Poland – one of the indoor
deepened from 661 m to 2,002 m.
curative geothermal pools (photo L. Zimmer – Skarbinska)
The self-outflow of ca. 90 m3/h
water with a wellhead temperature
of 87.9C was obtained (Dowgiallo, 2000). Those works were carried out in response to the growing
demand for curative water, planned sport and recreational facilities, and the project of utilisation of the
water for space heating purposes (Figure 1.16).
Duszniki Spa. The first records on warm springs from Duszniki come from 1408. Currently,
geothermal waters are produced under artesian conditions from several shallow (up to 160 m) wells
and one spring. The wellhead temperatures are 17-18C. These relatively low temperatures result from
the fact that waters are cooled down on the way to the surface due to expansion of dissolved CO2
(Dowgiallo, 1976).
Duszniki Spa is famous thanks to Fryderyk Chopin - the great Polish composer and pianist (18101849) who stayed there for a healing treatment in 1826. He was only sixteen when he came to the
resort along with his mother and sister. During his stay in Duszniki, the young artist gave one of his
first public concerts raising sincere admiration of the audience. This was one of the first performances,
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FIGURE 1.17: Duszniki Spa, Poland – warm spring named
“Pieniawa Chopina” (the Spring of Chopin)
(source: www.duszniki.pl)
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which opened the gateway to the
world‟s artistic career to Chopin
(Sokolowski et al., 1999). To
commemorate the artist‟s genius
and his stay in Duszniki, the warm
spring was given the name
“Pieniawa Chopina” (the Spring of
Chopin; Figure 1.17). Each year, the
Chopin international music festival
is organised, where outstanding
musicians
and
numerous
international audiences come. The
spa conducts a wide policy of its
development, namely: expansion
and modernisation of recreation and
tourism infrastructure, sustainable
development, Chopin Festival of
Music, promotion and advertising,
co-operation with other spas in this
region, joint promotion of the

curing advantages, and offers for investors.
Ciechocinek. Ciechocinek spa (Central Poland) started to operate, making use of cold therapeutic
brines. In the first half of the 19th century, the spa started its “geothermal” stage of development when
the first “warm water” wells were drilled. At present, both cold and warm waters are used in
Ciechocinek for therapeutic purposes. Geothermal aquifers are found in the Jurassic sandstones.
Currently, the spa is supplied with cold and geothermal water, discharged by several wells. 29-37C
waters are produced by two wells (ca. 1300 m and 1380 m depth). The TDS varies from 3 to 72 g/l
depending on the depth of the aquifer. Waters predominantly represent Cl – Na + F + Br + J +B +
(SO4 + H2S) type (Krawiec, 1999). The iodine and bromine content is generated by the extensive
Zechstein salt formations. The salt minerals are dissolved by waters of probably paleoinfiltration
meteoric origin. Along with exploitation of water for curing and bathing purposes, the table salt (with
iodine content), some kinds of mineral waters, lye and crystalline slime have been produced as well.
The development of the town and its neighbourhood commenced after the first partition of Poland in
1772 when the central part of Poland lost its access to the Wieliczka salt mine. At that time, brine
sources for salt extraction were sought (Sokolowski et al., 1999). In 1836, the saline springs started to
be used also for healing purposes.
From 1841-1860, the first shallow
wells were drilled. They discharged
warm brines with temperatures in
the range of 18°C. According to the
project of Stanislaw Staszic – the
pioneer of Polish geology and
mining
specific
wooden
installations (2.5 km long) were
built, referred to as the graduating
towers, and used for spraying
iodine-bromine brines. In such a
way, an ocean-like microclimate
was created, especially suitable for
natural curative inhalations. These
FIGURE 1.18: Ciechocinek Spa, Poland – one of the
installations are still in use (Figure
graduating towers spraying warm brine and creating
1.18)
an ocean-like microclimate (photo A.Krawiec)
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At present, Ciechocinek is one of the main Polish resorts. The number of cured persons exceeds
30,000 per year. The following elements add up to the success and reputation of the spa:







Variety and high quality of curing service;
Production of curing means in a wide range;
Spa facilities strictly satisfying the requirements of curing people;
High quality and volume of the accommodation and catering base (19 sanatoriums, 8 spa
hospitals, numerous lodging houses, restaurants etc.);
Excellent urban layout of the spa – four spa parks, gardens, nature reserves;
Wide promotion and advertisement.

Iwonicz Spa. Iwonicz Spa is located in the Carpathians. Geothermal brines (ca. 20°C) occur within
the Eocene sandstones. They are currently produced by several post-extraction oil wells (to 1000 m
depth). The TDS vary from ca. 8 to 20 g/l. The brines represent the type Cl - HCO3 – Na + Br + J +
(CO2 + H2S). Opposite to many other cases, geothermal waters of Iwonicz occur in specific
geological-reservoir conditions, filling local traps in sandstones. Their reserves are non-renewable thus
must be exploited with special care.
The first records of the use of warm springs in this locality date back to 1578 and 1630, when they
were described by the royal physicians. In 1856, Jozef Dietel - professor of the Jagiellonian
University, called Iwonicz a “prince of iodine waters” (Karwan, 1989). Iwonicz water was bottled and
sent around Europe (!). The first wells (400-600 m deep), supporting the existing springs, were drilled
at the end of the 19th century. With time, the former springs vanished, and exploitation started from
the post-extraction oil wells (Sokolowski et al., 1999). Warm brine discharged by one of them has
been used until now
Waters are used for drinking and bathing treatments (including peat baths), and also for curative and
cosmetic salt extraction. The patients are also offered a number of therapeutic products. Apart from
cold and warm waters, Iwonicz therapeutic salt is also used (its large-scale production started after
1918). In 1926, the peat bricks “Iwonka” (a mixture of dry forest peat and iodine-bromine salt and
mud from salt factories) started to be extracted. Even now this kind of treatment is provided for
compresses and post-accident rehabilitation treatments. Recently, a new line of hypoallergenic
cosmetics based on the Iwonicz geothermal water was started. This is the first case in Poland where
geothermal water has been used for cosmetics production.
Balneotherapy in Iwonicz is mainly based on local products which greatly adds to the success and
popularity of the spa. It belongs to one of the best known and most frequented Polish resorts (over
30,000 patients and tourists per year).
Zakopane and Podhale region. Zakopane (S-Poland) is located at the foot of the Tatra Mts. (the
highest part of the Carpathians). The Tatras, Zakopane and the Podhale region, constitute the main
centre of tourism and winter sports in Poland. Over 3 million tourists visit this place each year. In the
last few years, construction of a large-scale district heating system and other types of direct
geothermal utilization started to be carried out there (see Lecture 4) including balneotherapy and
bathing.
The tradition of using warm waters for bathing is connected with a 20C natural spring. It was used by
the local highlanders long before the middle of the 19th century. In the period between the 1970s and
2001, a small geothermal bathing centre was operating in Zakopane downtown. It used warm (2636°C) waters from two wells (Figure 1.19). Construction works on a large geothermal spa and
recreation centre started in 2001. This investment is financed from Polish and European Union
sources. This is a long-awaited project, indispensable to broaden the offer of the city and to improve
the quality of recreation for winter tourism in the Polish capital.
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Over ten geothermal
wells have been drilled
within this area so far.
They yield 20-87ºC
waters which have
curative
properties
suitable
in
many
diseases. They create
exceptionally
great
possibilities to build
water centres in this
region. In fact, every
locality, where wells
discharging geothermal
waters appear, can
have
its
own
FIGURE 1.19: Zakopane, Poland – geothermal pools existing until
geothermal
centre
2001 (since 2001 construction of an aqua park) (photo M. Kowalski)
tailored to the needs of
both the inhabitants and tourists. These can be both large and smaller centres fitted in local
architecture and landscape, following the trend of „countryside tourism‟.

4.4.4.3

Some prospects for the future

In recent years, growth of interest in recreation and water centres development, as well as water
therapeutics including geothermal water applications has been evident in Poland. This interest
concerns the operational spas as well as – it„s worth noticing – the localities in Central Poland which
have never dealt in this field and which plan to develop that activity from the very beginning, using
the geothermal waters discharged from existing or planned wells. In some cases, also the existing
geothermal spas initiated the activities aimed at increasing the amount and quality of warm waters
accessible for curing. It was done in two resorts in the Sudetes, where the existing wells were
deepened and new ones were drilled.
In recent years, apart from projects for the comprehensive and multipurpose use of geothermal energy
in Poland, there have appeared opportunities to develop new geothermal spas and water parks near the
city agglomerations, where political, economical, and business centres exist. Such centres express
great and constantly growing need for recreation, biological rejuvenation and treatment services.
These facts are an important stimulus for the creation of new bathing facilities. Therefore, they should
raise interest among investors and in the future also generate financial benefits. Although not fully
understood and exploited, geothermal therapy and recreation are a promising line of business with
great opportunities for development in Poland. One of the limitations of wide, adequate development
is still insufficient promotion and funds.
Besides the already existing structures, there are plans to build new geothermal health and recreational
spas. The popularity of the water centres, several of which have already been constructed (nongeothermal), raises the interest and gives a spur to build more such facilities, including geothermal. In
general, the centres could be one of the elements of integrated or cascaded geothermal systems. They
would be designed to use waters from deep and shallow wells, or thermal energy stored in shallow
ground horizons, often with additional use of heat pumps and other renewables.
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5. CLOSING REMARKS
Geothermal energy occupies a significant place in the development of human civilization, and also in
the formation of various historical relations of man with Nature and its resources, their understanding
and proper implementation. The author hopes that the presented cases and aspects will help to realize
that geothermal belongs to such energy sources, or more broadly – natural resources, which have had a
great positive impact on the development of material, spiritual and social culture of a number of
countries. Over the centuries, man‟s relationship with geothermal has greatly improved the
understanding, application and protection of geothermal. This kind of experience can also be extended
to other natural energy sources. Nowadays, geothermal energy has much to offer to generate power
and heat, for industry, and also for medicine, tourism and recreation. It is a great challenge and an
amazing source of possibilities, thanks to which the idea of sustainable development can be realized.
“Geothermal energy for the benefit of people” – with these words numerous profits related with
everyday use of geothermal energy are defined. If geothermal is applied for recreation and therapy,
these words seem to be particularly adequate to represent the actual positive influence of this kind of
energy on the physical and spiritual condition of man.

