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HEAT UNDERGROUND = CONVERTED TO ELECTRICITY



ADVANTAGES OF 
GEOTHERMAL ENERGY

SUPPLY
ABBUNDANT SUPPLY

LAND USE
LOW AMOUNT OF LAND REQUIRED 

POLLUTION
REDUCE EMMISIONS IN THE ATMO-
SPHERE

RELIABILITY
24 HOURS AVAILABLE

COST
NO FUEL COST
LOW MAINTENANCE



COMPARISON
WITH OTHER 
RENEWABLE 
ENERGY



LOCATION
INDONESIA



INDONESIA is located in the area “ring of fi re”
surrounded by vulcanic mountains geothermal energy is a big opportunity

NL / 2,5 KM/ 70-80 degree Celcius
IND/ 500 m / 100-120 degree Celcius 



INSTALLED GEOTHERMAL CAPACITY
WORLDWIDE

SOURCE
WORLD GEOTHERMAL ASSOCIATION



INDONESIAN GEOTHERMAL POTENTIAL

LOCATION CHOSEN : SUMATRA
13.800 MW RESOURCES FROM THE 27.000 MW 

SOURCE:
Indonesian Geothermal Association



LOCATION
SAMOSIR, NORTH SUMATRA



PROBLEMS ON LOCATION SAMOSIR, NORTH SUMATRA

Environmental, Economic, and Social problems affecting the living quality of the inhabitants



 

PROBLEM STATEMENT
 ENVIRONMENTAL ISSUES ARE STILL COMPETING WITH PUBLIC 
 HEALTH AND SOCIAL ISSUES

 - Lack of education and knowledge 67,4% 0-30 years 
  (Big potential for the future) 
 - Lack of awareness of disposal of domestic waste 47- 58% dominant source of    
  the water pollution 
 - Lack of electricity 8 hours/day no electricity

PROBLEM APPROACH
STARTING WITH PROVIDING ECONOMY, SOCIAL, AND CLEAN ENVIRONMENT

 - Attracting more tourist to the area to provide extra income  
 -  Providing work fi elds  
 - Providing electricity  
 - Giving onsite educations  
 - Introducing clean energy and clean environment 

                                                                   USING ARCHITECTURE AS A TOOL ......



WHY SPA?

GEOTHERMAL WATER
BALNEOLOGY

ADVANTAGES
The hot water produced by 
the earth contains minerals 

that can be use to cure a lot 
of diseases 

 BALNEOTHERAPY
It may involve hot or cold wa-
ter, massage through moving 

water, relaxation or stimula-
tion. Many mineral waters at 

spas are rich in particular min-
erals (silica, sulfur, selenium, ra-
dium) which can be absorbed 

through the skin

EXAMPLES
Diabetes 

Rheumatism 
Skin diseases

Therapy for stroke patients
(depending on the minerals





ELECTRICITY 
SIBAYAK GEOTHERMAL 

POWER PLANT, NORTH SUMATRA

The only producing     
geothermal fi eld in     
North Sumatra with     
10 MW capacity

Producing  5.952.000 kWh 
in August 2009 

= 8.000.000 W

Capacity factor = 80 %

Target on producing    
61.752.000 kWh for 2009



ELECTRICITY SAMOSIR, NORTH SUMATRAEXCEL ANALYSIS

Energy needs of The 
Toba Samosir Region

Classifi ed in 

-Households type, 
-Public services 
(hospital and hotels) 
-Private offi ces

Energy needs for the region 
39.898.757,39 kwH/month

= 53.627362,083 W

Compared to Sibayak
80 % capacity factor 

Capacity power plant  
needed 67.5 MW 



ELECTRICITY SAMOSIR, NORTH SUMATRA



PUSUK BUHIT
THE POTENTIAL 

LOCATION PUSUK BUHIT
Resources 250 MW

FEASIBLE for 67,5 MW needed for the region

SOURCE:
Indonesian Geothermal Association



PUSUK BUHIT
THE LOCATION 



PUSUK BUHIT VOLCANO 



PUSUK BUHIT VOLCANO PUSUK BUHIT DEVELOPMENT PLANS
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THE LOCATION

GREEN MOUNTAIN 
STRUCTURES

TOP OF THE 
MOUNTAIN

WHITE MOUNTAIN 
STRUCTURES

THE LAKE

from pangururan



THE LOCATION

GREEN MOUNTAIN 
STRUCTURES

TOP OF THE 
MOUNTAIN

WHITE MOUNTAIN 
STRUCTURES

THE LAKE

from pangururan



THERMAL AQUIFER (GEOTHERMAL RESOURCES)

GENERATOR

DIRECT USE

CONDENSER

TURBINE

SEPARATOR

COOLING
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WATER FROM THE LAKE

THE POTENTIAL GEOTHERMAL SYSTEM IN THE LOCATION
 DERRIVED FROM THE GEOTHERMAL FLASH SYSTEM AND MODIFIED



TEMPERATURE
DIRECT USE

Applications of 
DIRECT USE GEOTHERMAL 

HEAT according to 
the World Geothermal 

Association

The applications are 
ordered according to 

different temperatures



120 °

50° - 60°

40 °

Welness Spa

30 °

Restaurant with
Fish Farming

Toba Lake

24 °

 THERMAL AQUIFER

Power Plant

Health Spa

CONCEPT 
TEMPERATURE FLOW

THE TEMPERATURE of THE GEOTHERMAL WATER  will varies throughout the functions
     



120°>220°

50-60°

40°

30°

POOL 1

POWER PLANT

HEALTHSPA

WELNESS SPA

RESTAURANT
LOUNGE

THE LAKE
24° -27°

POOL 2 (INSIDE)

THERMAL AQUIFER

DIRECT USE SYSTEM IN THE BUILDING(S)
HOT WATER



 CONCEPT
ROUTE AND FUNCTIONS

A series of different 
functions going along the 

route

Clustering the three 
functions

due to similar and 
overlapping spaces

and the minimum 
temperature drop

power plant

health spa
welness spa

restaurant with
fi sh farming

pavilion on the water

 CONCEPT
ROUTE AND FUNCTIONS

A series of different 
functions going along the 

route

Clustering the three 
functions
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overlapping spaces

and the minimum 
temperature drop

 CONCEPT
ROUTE AND FUNCTIONS

A series of different 
functions going along the 

route

Clustering the three 
functions

due to similar and 
overlapping spaces

and the minimum 
temperature drop



URBAN CONTEXT HOT SPRING AREA
WALKING ROUTE AND WATER FLOW



LYING DOWN WITH THE STEAM

WALKING ALONG THE STEAM

WALKING THROUGH THE STEAM WALKING ON TOP OF THE STEAM

SITTING BETWEEN THE STEAM

VIEWING THE STEAM

  BUILDING CONCEPT
 STACKINGS AND FUNCTION CONNECTIONS

HEALTH
SPA

WELNESS 
SPA

ENTRANCE

RESTAURANT



  BUILDING CONCEPT
PROGRAMMES

LAUNDRY ROOM

STAFF LOUNGE

ENTRANCE

INSTALLATION

EMERGENCY WATER 

OFFICES

EDUCATION

RESTAURANT

KITCHEN

STORAGE

FISH FARMING

TREATMENT ROOMS

POOLS

LOUNGE

MOVEMENT STUDIO

POOL INSIDE

POOL OUTSIDE

TREATMENT ROOM

DOCTOR PRACTICE

CHANGING ROOM

SHOWER/TOILET

TREATMENT ROOM

TREATMENT ROOM

TREATMENT ROOM

PUBLIC TOILET

MAIN LEISUREWELNESSHEALTH



  BUILDING CONCEPT
VIEW

IMPORTANT

LESS IMPORTANT

NOT IMPORTANT

STORAGE

KITCHEN

INSTAL-
LATION

FISH 
FARMING

RESTAURANT

HEALTH 
TREATMENT

DOCTOR
CONSULT

INSIDE 
POOL

OUTSIDE
POOL

TOILET/
CHANGING 

SHOWER

SWIMMING
POOL

MASSAGE
ROOMS

MOVEMENT
STUDIOS

LOUNGES

OFFICES

ENTRANCE

STAFF
LOUNGE

LAUNDRY

EDUCATION



  BUILDING CONCEPT
FORM AND VIEWING AXIS

GREEN MOUNTAIN 
STRUCTURE

TOP OF THE 
MOUNTAIN

WHITE MOUNTAIN 
STRUCTURE

THE LAKE



  GEOTHERMAL SPA 
SITUATION ON SITE 1:200 AND THE ROUTING



  GEOTHERMAL SPA 
ENTRANCE



  GEOTHERMAL SPA 
 WATERFLOW IN THE BUILDING



  GEOTHERMAL SPA 
OUTSIDE AND INSIDE

HEALTH SPA

WELNESS SPA

RESTAURANT



  GEOTHERMAL SPA 
SEMI -PRIVATE/PUBLIC SPACES

HEALTH SPA

WELNESS SPA

RESTAURANT



  GEOTHERMAL SPA 
PLANS



  GEOTHERMAL SPA 
WAITING ROOM



  GEOTHERMAL SPA 
VIEW TO THE LAKE



  GEOTHERMAL SPA 
PLANS



  GEOTHERMAL SPA 
HEALTH SPA



  GEOTHERMAL SPA 
PLANS



  GEOTHERMAL SPA 
WELNESS SPA



  GEOTHERMAL SPA 
PLANS



  GEOTHERMAL SPA 
RESTAURANT



  GEOTHERMAL SPA 
RESTAURANT



  GEOTHERMAL SPA 
CONSTRUCTION



  GEOTHERMAL SPA 
SECTIONS DETAILS



  GEOTHERMAL SPA 
TRADITIONAL ARCHITECTURE PRINCIPAL

COLOURS
RED CLAY : THE HUMAN WORLD
WHITE CHALK : THE WORLD OF GOOD SPIRIT ABOVE
BLACK CHARCOAL: THE UNDERWORLD

AXIAL LENGTH
FROM EAST TO WEST

CENTRAL SQUARE
ALL THE HOUSES FRONT DOORS ARE SITUATED 
ON THE CENTRAL SQUARE

TWO ENTRANCES
THE ENTRANCES ARE POSITIONED IN THE FRONT 
AND IN THE BACK FACADE

SPACE UNDERNEATH
THE SPACE UNDER THE TILTED STRUCTURE ARE 
USUALLY USE AS EXTRA SPACES (STORAGE OR
SHADED DAYTIME WORKSPACE) 

ROOF PROPORTION
THE ROOF PROPORTIONS ARE USUALLY
BIGGER THAN THE SIDE FACADE

Ew

SPACE

REPETITIONS
THE BUILDINGS ARE SITUATED NEXT TO EACH 
OTHER CREATING A LOT OF REPETITIONS

STACKING
BUILDING ON TOP OF A BUILDING
ALSO OCCURS IN SOME OF THE ARCHITECTURE

THE ROOF STRUCTURE
THE RIDGES ARE EXTENDED FROM THE MIDDLE
STRUCTURES

STRUCTURE POSTS
THE POSTS ARE THICK BEAMS WITHOUT NAILS
STACKED ON TOP OF EACH OTHER, THE WALLS
ARE USUALLY NOT LOAD BEARING

FOUNDATION (FLEXIBLE STRUCTURE)
THE FOUNDATION ARE CONSTRUCTED WITH
HIGH POLES ON STONE

LAYERING
THE BALCONIES IN THE FACADE ARE LAYERED AND 
TIERED ACCORDING TO FUNCTIONS



  GEOTHERMAL SPA 
SECTIONS WATER CASCADING



 GEOTHERMAL SPA 
CLIMATE ADAPTING

JANUARI FEBRUARI MAART APRIL

MAY

WIND DOWNHILL

JUNE JULY AUGUST

SEPTEMBER OCTOBER NOVEMBER DECEMBER



MATERIALS
MAIN MATERIALS

INDONESIAN MAHOGANY
(TOONA SURENI)
growth 4 cm/year

BAMBOO
growth 7 cm-40 cm/day

NATURAL LOCAL STONES CONCRETE 



  GEOTHERMAL SPA 
SECTIONS DETAILS: the materials

1

2

3

4



  GEOTHERMAL SPA 
SECTIONS DETAILS: Prefab woven bamboo wall

1

2

3

4



  GEOTHERMAL SPA 
SECTIONS DETAILS: Ceramic composite concrete

2

4



  GEOTHERMAL SPA 
SECTIONS DETAILS: roof panel

3



 GEOTHERMAL SPA
RAINWATER CATCHMENT



Containable rainwater
Total Roof surface 1827,623 m2
Month Jan Feb Maart Apr Mei Jun Jul Aug Sept Okt Nov Dec
mm/m² 137,22 155,44 192,33 125,11 34 89,44 180,78 185 135,11 73,2 187,11 211
days with rain 8 5 16 16 16 7 11 15 15 16 18 12
dagen zonder regen 23 23 15 14 15 23 20 16 15 15 12 19
No. Days in the month 31 28 31 30 31 30 31 31 30 31 30 31
mm/day 4,4 5,5 6,2 4,2 1,1 3 5,8 6 4,5 2,4 6,2 6,8
Containable rainwater 8042 10052 11331 7676 2010 5483 10600 10966 8224 4386 11331 12428

Water usage Water Tanks
No. Of visitors per day 60 5 water tanks with r= 0,96 m and h=3 m. 
Toilet water (L) pp/pd 10 Capacity per tank 8,681472
Mandi water (L) pp/pd 15 Total capacity in L. 43407,36
Total water per day(L) 1500
Total water per month (L) 46500
Largest amount of dry days 23
Needed water storage 34500

+

composting

roof catchment

 GEOTHERMAL SPA
RAINWATER CATCHMENT



 GEOTHERMAL SPA
CLIMATE ADAPTING



CONCLUSION
CHANCES

ELECTRICITY

TOURISM

CLEAN
ENERGY



THANK YOU

FIRST MENTOR
ANNE LOES NILLESEN

SECOND MENTOR
ARJAN VAN TIMMEREN

Royal Haskoning

BAPPEDA SAMOSIR

PERTAMINA GEOTHERMAL 
ENERGY

INDONESIAN GEOTHERMAL 
ASSOCIATION

UNIVERSITEITSFONDS DELFT

Question(s)?


