


Table 04.01: Energy and power units

Table 04.02: Energy and power conversion factors



Table 04.03: Human activities (left) and technology around us (right)

 

 An empty Boeing 747-400 weighs 180 tons. A typical arrangement of the aircraft with 
three classes transports 416 passengers [www.airliners.net]. With 50-65 tons of cargo 
and 170 tons of kerosene it weighs 400 tons. 

 End of June 2012 the price of a gallon of kerosene was $ 4.00 [www.nyserda.org]; this 
equalled 4.00/3.8*1.25 = € 1.32/l of kerosene. Note that in the same period the price of 
petrol for cars in Northern Europe varied around € 1.75/l.  

 It is a 13 hour flight from Amsterdam to Singapore. With an average occupancy of 85% 
our Boeing 747-400 will carry 354 people. Fuel consumption is around 12 tons of 
kerosene per hour (3.3 litre per second – some figures state a gallon per second, which 
would mean 3.8 l/s), so 156 tons of kerosene in total. 156.000/354= 441 l/passenger, or 
882 l after returning. In total this costs € 1,164 per passenger. With European car fuel 
prices the expenses would have been € 1,544. 

 Aviation does not pay excises on fuel so we can travel wherever we want… 
 



Table 04.04: Energy in food and beverages

 

 It is a problem that a gas heating flame of 1200-1500°C  
should keep our homes at a level of 20°C. ‘Waste’ heat is not used. 

 





Fig. 04.01: Permanent polystyrene insulation underlayer for foundation beams (1982, left) and casting 
of the concrete inside the foundation insulation (2010, right)

Fig. 04.02: Polystyrene cushions placed between pre-stressed concrete beams



Fig. 04.03: The plasterers are working outside one of our well-insulated houses in the 1980s. Extra 
reinforcement was applied in fragile places at the edges of the window-frames. One had no 
experience, so everything was done as safe as possible.

Fig. 04.04: This is how the facade of the dwelllings 
eventually turned out. 



Fig. 04.05: Old details of a well-insulated house: horizontal section of a plastered gable (left) and 
vertical section of the connection of a slanted roof to a flat roof part (right)

Fig. 04.06: The piled-up rafter roof elements with thermal insulation (left) and the roof with integrated 
Velux windows just before the roof tiling works



Fig. 04.07: Changes to the heating season as a result of the 
internal heat production, and the difference of having 
shutters or not. Vertical are heat losses in kW, 
horizontal the outside temperature in oC; the dark 
grey area is a house uninhabited, the light grey area 
inhabited. The crossing sloped lines depict at which 
temperature heating is required when they cross the 
light or dark barrier: the dashed line is with shutters 
closed, the full line with shutters open. 



Fig. 04.08: Taliesin West, by Frank Lloyd Wright: meant as a winter palace, nowadays used as museum 
and air-conditioned all year round.

Fig. 04.09: The Danish 'zero'-energy house: simultaneous development of shutters at the Technical 
University of Copenhagen (above) and Hjortekjear, also in Copenhagen – dwellings with 
outside shutters that set the architectural scene (below)



Fig. 04.10: Test of thermally insulating shutters in the Beijum district of Groningen (left) and the ones 
applied in the neighbourhood of Woudhoek-Zuid in Schiedam (right) 

Fig. 04.11: Various examples of thermally insulating shutter principles



Fig. 04.12: Examples of sealing rubber gaskets for insulating shutters (left) and the original sketches of 
worm wheel for operating shutters (right)

Fig. 04.13: Folding shutters, operable by hand, in the Klarendal district in Arnhem



Fig. 04:14: Sliding shutters with the rail system of a van

Fig. 04.15: Translucent insulating shutters seen from the outside and inside



Fig. 04.16: Pre-manufacturing an insulating shutter

Fig. 04.17: Detail of the sill at the parapet, with external shutter (left), and of a window-frame connection 
with external shutter controllable from the inside





Fig. 04.18: Font side of the tenement flats in Schiedam after renovation

Fig. 04.19: Old kitchen



Fig. 04.20: Impression of the new balcony, removal of the balconies and a new one in place



Fig. 04.21: Floor plan, old (left) and new (right)

Fig. 04.22: 'Combiduct' installation of the energetic renovation in Schiedam



Fig. 04.23: Proposal of new facades, front (left) and back side (right)

Fig. 04.24: Temperature distribution before (left) and after renovation (right)





Fig. 04.25: Water/air Fiwihex heating/cooling (left) and air/air Fiwihex balance ventilation (right) 



Fig. 04.26: Three steps of Fiwihex elements, showing the twinning machine for the ø 0.1 mm copper 
wire at the back, an air-to-air heat exchanging element at the front and an element with air 
conductors behind it (left) and three steps for an element with heat transmission from air to
water or reverse, including interwoven thin water pipes (ø 2 mm) (right)11



Fig. 04.27: Fiwihex hanging in a rose greenhouse for heating and cooling



Fig. 04.28: Fiwihex box in a factory



l

Fig. 04.29: Certificate of the Royal Shell Prize for Science



Fig. 04.30: Breathing Window fine-wire heat 
exchanger element: 7.5 km of 0.1 
mm copper wires (400 g in total) run 
left to right; plastic partitions separate 
the canals where ingoing and 
outgoing air flows in turns exchange 
heat



Fig. 04.31: Standard ventilation system – cross-section of lowered ceilings = 0.6 m (left) and ventilation 
in the skin of building –15% less volume built (right) 



Fig. 04.32: The Breathing Window can be a jamb,
mullion or built in a wall (above); the first 
generation prototype design (right)



Fig. 04.33: Schematic cross-section of a building with a the Breathing Window principle in a cold climate 
(left) and a warm climate (right)

Fig. 04.34:  Test results in Iceland 2003 with reverse ventilators as the wind direction changes 180o;
result is approximately 50 % less geothermal hot water needed for heating in the dwelling



Fig. 04.35: Compact counter-current fine-wire heat exchanger fits into a dishwasher





Fig. 04.36: The test version of a double Breathing Window: two Fiwihex elements in a compact box



Fig. 04.37: Drawings of the Air Mover (prototype no. 1) magnetic blades principle, from the patent 
application12, 19 m3/h with 1.5 rotation per second (parallel principle)



Fig. 04.38: Principle of the Air Mover 
[drawing by Jón and Björn 
Kristinsson]

Fig. 04.39: Plexiglass model of the Air Mover (prototype no. 2)13,
double cylinder, 16 m3/h at 1 rotation per second (reverse principle)



Fig. 04.40: Technical scheme for a heavy 
duty Breathing Window for 
highrises and arctic ventilation



Fig. 04.44: The spectral capacity of the solar radiation

Fig. 04.41: Spectral permeability of double pane glass with colloidal foil as automatic sun blind in the 
roof windows (b), compared to 6 mm of polished plate glass (a). The colloidal foil turns white 
in sunlight (red area: incoming solar radiation heat when the foil is white).

Fig. 04.42: Image of a greenhouse with colloidal foil during cold weather (left) and warm weather (right)



Fig. 04.43: Functions of parabolic roof shells: collection of solar heat, PV, nocturnal cooling and water 
collector (from rain and condensation at night)

Fig. 04.44: Parabolic roof shells as 
designed for the Lelystad 
town hall (to be discussed 
in chapter 09)



Fig. 04.45: Resonance period in the bandwidth of 0.8 to 1 second from the lower to the higher tones of 
2000 Hz (left), and the desired background noise (right) in a fully occupied office space 
(band above) and for the building services (band below) 



Fig. 04.46: Desired intensity of light 
related to ageing, in lux 
(lm/m2)

Fig. 04.47: We all know this phenomenon: the 
misted up windshields of our car after a clear night. In 
wintertime a carport has its advantages…

Fig. 04.48: Free-cooling roof: infrared emittance and light reflection



Fig. 04.49: Free-cooling test roof in Haarlem15

Fig. 04.50: Free-cooling test roof in Haarlem16(left); energy balance of an open ice-skating rink (right) 
and an artificial ice-skating rink covered by a free-cooling roof (utmost right) – when 
compared a 75% energy saving!



Fig. 04.51: Indication of the relationship between the short-wave irradiation of sunlight and the long-
wave infra-red radiation of heat towards the sky: yellow is reflected sunlight; orange is the 
incoming light; blue is the radiation of heat through the roof foil; blue/green would be the 
radiation of heat without a free-cooling roof, i.e. in an open field. 

Fig. 05.52: Glass roof and a traditional insulated roof



Fig. 04.53: Photo of the ‘De Scheg’ sports complex scale model

Fig. 04.54: Closed and open axonometric views of the Kristinsson design of the Scheg sports centre



Fig. 04.55: View of the entrance side (above) and the station-side (below)



Fig. 04.56: Applications of the free-cooling roof (top to bottom): 
tents, sailing ships, stables, carports, campervans



Fig. 04.57: Smart Skin on a warm sunny day in connection with the groundwater heat and cold storage 
(left), and on a cold dark winter night: the inner glass plate is 21 - .



Fig. 04.58: The first ‘Smart Skin’ prototype with clear triple-
layered glass, upside down. 



Fig. 04.59: The temperatures within ‘Smart Skin’ injection during a field test in sunny weather (left), 
and an oval configuration of pipes under the experimental building (right)

Fig. 04.60:  Detail - Smart Skin façade connected with water pipes. The ground floor is of cellular concrete.



Fig. 04.61: The experimental building will be situated in an agrarian area near Enschede, the 
Netherlands. The building site is a water-logged meadow surrounded by solitary trees.   

Fig. 04.62: Multi layered polycarbonate sheet applied as ‘Smart Skin’ roof



Fig. 04.63: An impression of a ‘Smart Skin’ zero-energy building. Panels of thin Helianthos PV cells on 
the south-orientated roof 



Fig. 04.64: Outline of an energetic Smart Skin 
renovation of 400 listed half-brick houses 
called ‘de Hoogte’ in the city of Groningen, 
the Netherlands.



Fig. 04.65: Piping required to harness soil energy



Fig. 04.66: Assembly of the water tubes for supply and discharge on the head of the pile18



Fig. 04.67: Inventor Peter Peters and Pieter Geene in front of the storage of hollow piles

Fig. 04.68: Driving piles with a diesel engine19



Fig. 04.69: South west elevation of the Deventer fire station

Fig. 04.70: Scheme of piping under the garage 
(left). The air-pipes fall 1.5 m 
underneath the garage floor and 
about 0.5 m above the highest 
groundwater level.



Fig. 04.71: Garage (left) and north-west elevation (right). The air-pipes lay under the fire engine garage, 
which has a roof of steel Litzka beams. Grates for air inlet can be easily distinguished in the 
facade.

Fig. 04.72: Summer: soil energy substitutes air-conditioning, 
free cooling, failure free, simple, cheap. 
Autumn: transition period, no heating needed. 
Winter: smaller building heating service, heat 
exchange comparable to half the performance of 
a good air/air exchanger 20



Fig. 04.73: The Soest fire station, designed by Jón Kristinsson22



Fig. 04.74: Bird’s eye view of the fire-station, where a new fire hose tower is still drawn, which however 
was removed during the design process due to the substitution of the old hoses by light 
synthetic fire hoses that no longer had to be suspended.

Fig. 04.75: Soil energy principle of the Soest fire station.



Fig. 04.76: Canteen with light from above.



Fig. 04.77: Backside of the fire-station in Soest.



Fig. 04.78: Tube with connective ring and tight beech plywood pressed in-between the wooden joints. 

Fig. 04.79: Hammer-beam truss, covered  with transparent polycarbonate plates and with the old 
firehose tower on the background.

Fig. 04.80: The European Glulam Award logo 



Fig. 04.81: Front of the Greijdanus School, the new build left to the original building,

Fig. 04.82: Mesh foot-racks act as sunshading device at the roof cornice. 





Fig. 04.83:Piping scheme of the inter-seasonal heat 
storage (analogue to the electrical resistance model), 
the charging occurs from the central shaft (above left). 
Section of the one-pipe system in three layers, 
connected to three shafts, and the temperature 
composition by stratification (above right). 

Fig. 04.84 (right): An increasing amount of energy is 
stored in the 'battery'. In the second year neighbouring 
dwellings can also receive heat from the system.



Fig. 04.85: Installation of solar panels to be combined with an inter-seasonal store, extension Beijum,
Groningen, 1982.

Fig. 04.86: Dwellings with solar collectors (left) feeding the inter-seasonal heat storage (right) for 100 
dwellings in Beijum. 



Fig. 04.87: Early illustration of the storage strategy at Beijum, built in 1982 and still in operation. 

Fig. 04.88: Solar panels in-situ at the Prof. Van Koppen residence (Architect: A. Hoekstra), Eindhoven, 
1981 (left), with high-tech vacuum collectors and warm water storage tank of 3.7 m3. Detail 
of the vacuum tube heat pipe collector (right). 




