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It is hard to imagine now a world without electricity, a world without the convenience of lighting. It is even harder to realize that it took humanity millennia to discover an alternative to fire as a source of light and only a couple of centuries to develop all the variety of lighting that exists today.

The quality of lighting hasn’t been a big issue in domestic lighting until recently when saving energy through lighting is at the point of being legally enforced as a matter of governmental priority.


This dissertation will explore the different ways to efficiently light the home, the growth in lighting design and the impact on society.


There has always been a gap between the advances made in technology and their application in the domestic/public environment. With the explosive growth of improvements in technology in the last 10-20 years this gap has become narrower perhaps with the risk of being embraced by a significantly smaller segment of population that could understand, afford and adopt these changes.


Saving energy is not a new concern. Lighting has always been an expensive commodity, both fittings for illumination and electricity or in the past gas, oil, wax etc. Fluorescent lighting was used during the Second World War as it was cheap to run, long lasting and easy to replace, but it was far away from the sleek looking, easy to replace and warm coloured fluorescent lighting of today. But despite all the improvements such as quicker start-up time, ballasts that prevent flicker and even dimmable options, energy saving bulbs are perceived especially by the elderly and people with eyesight problems as giving a lesser quality of light. The social aspect of lighting and how designs based on latest technologies could overcome and exploit this aspect is another direction this dissertation will explore.


New discoveries and theories related to the economical and lately ecological aspects of lighting will help me and the reader to better understand how to save energy through better design, thus making the energy saving lighting as versatile and accepted as the incandescent. 

The resources I referred include: 

· Books such as Brian Bowers, Lengthening the Day – A History of Lighting Technology; William T. O’Dea – The Social History of Lighting; Brian Fitt – A-Z of lighting terms; Peter R. Boyce – Human Factors in Lighting.

· reliable web-sites (for images and updated statistical data) : http://ec.europa.eu/enterprise/policies/sustainable-business/sustainable-product-policy/index_en.htm;

http://www.defra.gov.uk/environment/climate/legislation/index.htm


http://ec.europa.eu/enterprise/policies/sustainable-business/sustainable-
product-policy/ecodesign/index_en.htm


The history of lighting is a relevant resource to reference in relation to issues such as safety, reliance, economy and aesthetics and it is interesting to see how technological discoveries make new challenging issues to appear thus providing lighting design with new opportunities to be creative. 
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CHAPTER I SHORT HISTORY OF DOMESTIC LIGHTING
1.1 Pre 20th Century Lighting 

1.1.1 Primitive lights
· Firelight 

“ The first lighting device used by man must have been fire, with a branch taken from the fire used as a primitive torch, to extend its range.[…] A firebrand –- a piece of resinous wood – could be taken from the fire to serve as a portable torch. A ‘link’ or ‘flambeau’, usually of rope impregnated with tallow, pitch, or resin, lasted longer. In medieval cities ‘link boys’ earned a living by escorting people through the streets at night.” (Bowers, 1998, page 9)

Link extinguisher holders still remain in some parts of London, left as ornaments and the presence of link boys is recorded as late as the middle of 19th Century. The open fire feeling it is still enjoyed in modern days in the safe, economical, no thrills way of using ‘coal effect’ electric fires or flickering bulbs. 
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         Fig.1 ‘Link-boy’,






         Detail from ‘Night’ by William Hogarth, 1738
· Simple oil lamps


It is very difficult to say when exactly humans started to use fire in a controlled way as a source of lighting. 


Lamps made from hollowed stoned were used by cave-men 15,000 years ago when painting the walls of Lascaux caves in France and traces and marks of torches have been noted on the walls of Altamira cave in Spain dated around the same period.
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Fig.2 Large terracotta oil lamp from 
             Fig. 3 Wheel-made archaic/classical 

Palestine, first Millennium B.C.

   Greek lamp, 6th-5th Century B.C.

From sea-shells, hollow stones to pottery, alabaster, copper or bronze and even gold used to make oil-lamps, the ‘design’ is more or less the same for thousands of years (3500 to 2500 B.C.).


Fish oil, animal fat, crude petroleum, vegetable oil was used as fuel. Variations with 2, 3 and multiple spouts were found. (O’Dea, 1958). “Where oily birds or fishes were in abundance, it was only necessary to thread a wick through the body..”
(Bowers, 1998) 
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Fig.4 Iron Age II lamp with seven 
     
       Fig.5 Three spouted bronze oil

spouts, 100 – 800 B.C.


  lamp, 664 – 343 B.C.
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Fig.6 and Fig.7 Typical 19th century metal single or multiple wick open flame oil lamp

Oil lamps have been widely used until the beginning of the19th Century and a lot of details and tools have been designed in order to manage the light and make it more efficient and reliable but less smokey: a second vessel beneath the main pan to catch the drip, forceps for adjusting the wicks, receptacles for charred pieces, extinguishers for putting lights out and even adjustable brass screens to shade the user’s eyes. 

 (Bowers, 1998)


The oil, especially the cleaner burning ones such as olive oil, was expensive so saving it was important. A balance between the thickness of the wick and the amount of oil to be burnt for the light needed would have been taken into consideration by the user. It was usually the master and not the slaves taking such an important decision, even the slaves were the ones generally tending the oil lamps.

· Rushlights 

Rushlights were the cheapest form of lighting (cheap to make and no tax to be paid for their production or use) and they were used well into the 19th century and in some isolated rural areas into the 20th century.

“They are made from dried rushes, with some of the outer bark peeled away to expose the pith, and drying them. The rush is dipped in melted fat to form a candle with the pith as its wick”.  The fat used was mainly sheep’s fat but any rendered fat would have been used (oil, pig’s fat etc) or combination with bee’s wax to make the rushlights burn for longer. It was the duty of ‘decayed labourers, women and children’ to gather, prepare the rushes and ‘dip them in scalding fat’ and a way of contributing to surviving on a very tight family budget. (Bowers, 1998) 
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             Fig. 8 Rush light and candle combination holder          Reproduction after 18th century original

Fig.9 18th century wrought-iron candle stand with a rooster finial above a rushlight and single candle socket on ; mounted on adjustable bracket

Rushlights were up to five times cheaper than the cheapest candles and even they were prone to breaking and needed constant attention. However they could provide enough light for reading or sewing thus contributing to improving socially and economically the welfare of the family.


If more light was needed, the rushlights could be burned at both ends, and it is from this practice that the expression 'burning the candle at both ends' originated. 
· Candles


A candle it is in fact a form of oil lamp as the wick burns in a pool of oil resulting from the melting of the material used in making the candle.

“The first positive evidence of the candle dates only to the 1st century A.D. when Pliny the Younger described candles made from threads of flax coated with wax …. The candle was regarded as inferior to the lamp at this time.” (O’Dea ,1958)

Beeswax and tallow were used. Tallow was much cheaper and easier when used in manufacturing candles but it was smelly. The candles were so expensive that dyes were added to the candles used in mines so any theft could be detected if workers used the candles provided for work at home. Sometimes musk was added to the beeswax candle composition so they would exude perfume when lit up. 


To make better use of the light produced by candles, adjustable candle holders were designed in various shapes. Lanterns were used to safely carry lit candles, some 

having glass lenses to concentrate the light.

[image: image20.jpg]


[image: image21.jpg]Photo by Hoag Levins | HistoricCamdenCounty.com |  HoaglL@earthiink.net

‘CAMDEN, N.J.(Aprl 25, 2004) ~ Docent Shannon Lew
chandler craft exhibit area on the second floor o the two-story Camden County Historical
Society Museum, After hearing a New Jersey state bee expert explain and demonstrate the

craft o beehive keeping, visitors could aso lean about the tools and techniques used for
18th-century candle making in the Camden County area.

holds a piece of beeswaxin the




[image: image22.jpg]LIGHTING

il F/J"»\
Candle
Jnuffers






   Fig.9


      Fig.10


          Fig.11

Fig.10  Early 19th Century tinned iron lantern with reflector
Fig.11 Early 19th Century punched tin iron lantern

Fig.12 A 19th century triangular lantern with sliding door, double domed top with a hook
“ A more developed lens is the ‘lacemakers’ condenser’ – a water filled globe used to focus a candle’s light on to a small area of work”. ( Bowers, 1998)
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Fig.13 19th Century ‘Lace maker’s condensers’   Fig.14 18th Century candle making (modern 






reproduction)


At the beginning of 19th Century new materials were used to make candles : spermaceti – derived from oil from the head of the sperm whale, stearine (stearic acid) extracted from tallow (and less smelly than tallow candles), extracts of palm and coconut oil. The use of arsenic in making stearine candles in order to prevent crystallization made this type of candles highly poisonous for humans.

The crystallization problem was later solved by pouring the material nearly set into warm moulds, avoiding the use of arsenic altogether.
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Fig.15 19th Century candle accessories


In order to have a good, constant light and to limit the damage done by smoke and dripping wax, and extend their use in draughty conditions candles needed a lot of accessories: ‘prickets or vertical spikes, candle boxes, shields to protect from dazzle, flint and steel(for lighting up ) ‘smoke-bells’ ( bell shaped glass hung over a candle or oil lamp used to collect soot ), extinguishers (little metal cones or douters – flat ended scissors like devices allowing smokeless extinguishing of candles) and the most important of all the ‘snuffer’.

Tallow candles gave only a seventh of the light and burned twice as quick after half an hour if left unattended. Constant snuffing or shortening of the wick was required in order to obtain maximum luminosity but in doing so very often the light was extinguished (in fact snuffing has to come to mean extinguishing). (O’Dea, 1958) 


It is ironic that two potentially great discoveries: the invention of ‘snuffless wick by Cambacères in 1820 and the discovery of stearine (that made possible the make of self consuming wick) were superseded by the invention of gas illumination and later on electricity (1805 – 1860 gas lighting and from 1878 the electric lighting).


The candles made of wax and lighting in general was so expensive (wax as material was expensive, candle making and candle using was subject to taxation) for centuries that “the reluctance to squander has become so ingrained that many people, with electricity freely and cheaply available, will still indulge in the most needless economies such as putting low-power lamps in toilets where the daily use is so small that a high wattage lamp would only cost a penny or two every year. This atavistic reaction is not a matter of income” (O’Dea, 1958)


1.1.2 Advanced Oil Lamps: 

· The  Argand burner 


“From fifteen or more millennia before Christ to A.D. 1782 there was practically no improvement in lighting at all.”(O’Dea, 1958).
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Fig 16. Argand’s burner components 

Fig.17 Argand lamp cca 1817

It was nevertheless Argand’s (1750-1803) merit to introduce  a flat ribbon wick, bent to fit inside a cylinder, and to draw the air to reach the flame from inside and from outside in order to increase the burning efficiency. He also introduced the glass chimney and designed a mechanism for winding the wick up and down. (Bowers, 1998).


“He demonstrated his lamp to King George III and in 1784 he was granted an English patent for a ‘lamp that is so constructed to produce neither smoke nor smell and to give considerably more light than any lamp hitherto known’. The patent specification makes it clear that his invention improved lamps by ‘wholly converting into flame and light any inflammable or combustible matter whatever’ in the lamp fuel.” (Bowers, 1998).


The lamp gives very bright light, it was efficient and clean but the lamp alone was very expensive.

· Carcel’s lamp

Patented in 1800, Bernard Guillaume Carcel’s oil lamp transfers fuel to the wick through a mechanism using a clockwork-driven pump. It was popular in France but never much used in England partly because of the taxation on colza oil (rape-seed oil) used in this lamp.
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Fig.18 Carcel’s ‘Moderator’ lamp, a strong spring pressed down a piston which squirted oil up a narrow tube; the flow was controlled by a needle valve, 1805

· The Paraffin Lamp


Mineral oil (petroleum from Latin petra – ‘rock’ and oleum – ‘oil’)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      from surface seepages has been obtained and used in primitive oil lamps for thousands of years mainly in the Middle East. 

“In Britain James Young began producing paraffin from shale oil in 1847, but the large-scale production of paraffin (known in America as kerosene) and also paraffin wax for candles, began with the American oil industry in the 1860s. The name ‘paraffin’ comes from Latin parum and affinis, meaning to have low chemical affinity; ‘kerosene’ comes from the Greek word for ‘wax’. (Bowers, 1998)


The paraffin lamp was introduced about 1869 and it was simple, reasonably safe, and easy to manage, gave good, bright light and was almost odourless. Late Victorian lamps were very ornate and many of them have been converted later to electricity.
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Fig.20 Late 19th Century kerosene lamp

Fig.19 Late 19th Century Victorian lamp

1.1.3 Gas Lighting


“William Murdock in England was the first to install pipes for the conveyance of gas for lighting purposes…

 Up to the beginning of the nineteenth century the civilized world had only a faint glimpse of the illuminating property of gas, but practicable gas-lighting was destined soon to be an epochal event in the progress of lighting. The dawn of modern science was coincident with the dawn of a luminous era.”(Luckiesh, www.gutenberg.org)


Between 1805 and 1860 gas lighting spread rapidly from street lighting to factories and homes. Very few gas fittings are still in use in their original state, most of them having been converted to electricity.
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Fig.21 Drawing of a 19th Century gas lighting fixture




Fig.22 19th Century restored chandelier with 





open flame gas lighting, U.S.A.


The invention of gas ‘mantle ‘ in 1890 gave the gas lighting a new lease of life and for a decade it superseded illumination by electricity. A mantle was a fragile netting of oxides that will illuminate when a constant flame was generated by burning gas. ”Gas mantle manufacture ... like electric filament lamp manufacture provided employment for women’s delicate fingers”. (Bowers, 1998)

1.1.3 Electric Filament Lamps


The electrical filament lamp had a very slow start compared with gas or kerosene and it took a long time to have a practical variant of what we know today to be an incandescent light bulb.


“Many people had produced electric lamps, from 1845 onwards, but none of them were practical until Swan in 1878 and Edison in 1879 both produced lamps that would last for an appreciable time by using the vacuum pump, invented by Sprengel and improved by Crookes to produce a fairly good vacuum within the glass bulb containing the filament.”(O’Dea, 1958) 
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a.)             

              b.)

Fig.23 a + b (detail) Bamboo Filament with Copper Clamps Edison lamp 1884 –1886 
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a.)
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         b.) 



Fig. 24. a + b (detail) New Type Edison lamp with Cellulose Filament (invented by Swan)
used between 1893-1899. It has platinum wires wired straight to filament (no copper used) and a porcelain insulator (stronger than plaster of Paris used before)

The advantages of electric lighting in comparison with gas or other kinds of lighting are obvious now. 


It is hard to believe that in 1882, after six months of operation in Godalming, Surrey, Sir William Siemens admitted in front of the House of Commons Committee that no more than 10 private customers had been persuaded to take electricity supply in their home. 


In New York, Edison’s electric distribution system (using his lamps) had a much better reception: by December 1882 he had 203 customers and 3,144 lamps connected in circuit. “Ten years later the figure were 9,900 customers and 443,074, and ten years after that, in 1908, there were nearly 3 and a half million lamps connected, plus over 54,000 arc lamps for street lighting.” (O’Dea, 1958)


On the other hand Edison was so convinced about the potential of electricity that he built the Pearl Street Power station in New York for supplying public electricity for his lamps. He also devised a meter and methods of payments for the actual consumption of electricity quite revolutionary for his time.


The price of lamps was different: the Swan lamp costing about six times more than the Edison. Eventually Swan lamps dropped down in price once he invented ‘squirted cellulose’ filament came in (and was adopted by Edison) but they were still more expensive than the American equivalent. 60 watt lamp was rated at 20-candle power. In Britain it was usual for a prospective user to install his own plant/power supply (from water turbines, steam engines). Electricity was very prohibitive for the majority of households.


A big step towards a universal, standard system of producing and distributing electricity and lamps was made when the two great men established The Edison and Swan Electric Light Company Ltd. in Great Britain. 
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Fig. 25 “The Electric Light - MR EDISON in his laboratory: a sketch from life. This famous man shown experimenting with electricity. Full Page. 1880”  

It is interesting to see that from the beginning of bulb making there was a real competition for making the most efficient lamp and research paid of in terms of sales as it will be shown in the following chapter. 

	Maker
	Efficiency: candlepower per horsepower
	Efficiency: lumens per watt

	Thomas Edison

Joseph Swan

St. George Lane Fox

Hiram 

Maxim 
	196

178

174

151
	3.3

3.00

2.93

2.54 


Table 1. Efficiencies of lamps by different makers exhibited at the Paris Electrical Exhibition, 1881 (Bowers, 1998)

Also Edison had all the parameters of his bulb under tight control and from the technical data sheet we can see how he started to standardize some of the parameters such as cap type (Edison Screw), voltage and bulb type

	Manufacturer:
	Edison Lamp Company

	
	

	Lamp Power:
	Approx 90 Watts

	Lamp Voltage:
	110 Volts

	Lamp Current:
	0.8 Amperes

	Cap Type:
	Edison Screw
	Open top 1884-1888 style

	Bulb Type:
	SA-56
	SA-18 in eighths/inch

	Bulb Finish:
	Clear
	Soda-lime glass

	Filament Type:
	Bamboo strip, rectangular
	Enlarged end sections

	Atmosphere:
	Vacuum
	No getter

	Luminous Flux:
	201 lm
	16 Candle Power

	Luminous Efficacy:
	2.2 lm/W
	5.6 Watts per Candle

	Beam Intensity:
	N/A

	Beam Distribution:
	N/A

	Colour Temperature & CRI:
	CCT: 2000K
	CRI: Ra 100

	Chromaticity Co-ordinates:
	CCx: 0.527
	CCy: 0.413

	Rated Lifetime:
	Approx 800 hours

	Burning Position:
	Vertical only
	(to avoid filament sag)

	Overall Length:
	140mm
	5¼ inches

	Light Centre Length:
	82mm
	3¼ inches

	Factory:
	Harrison, N.J.
	U.S.A.

	Date of Manufacture:
	1884 - 1886

	Original / Present Value:
	Unknown
	Unknown


Fig.26 Technical data of an early Edison bulb (1884 – 1886)

The ‘Bayonet Cap’ specific to Swan incandescent bulbs is the first one to provide safe and convenient fitting of a bulb into the socket. 
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Fig. 27 Diagram of ‘The First Swan Commercial Lamp’ 
1.1.4 Arc Lights 


Even though it doesn’t concern domestic lighting it must be said that London was the second town in the world to use electricity for public lighting in London, 1878 same year as Paris. Arc lighting was used in the form of Jablochkoff Candles for most of outdoor illumination as opposed to filament lamps. Arc lighting as a phenomenon was first discovered and experimented with by Sir Humphry Davy in 1801. 

A Jablochkoff  Candle is an advanced mechanism using this principle and consists of two parallel carbon rods, positioned vertically and electrically connected at the base by a brass holder, with a graphite joining link acting as an incandescent arc when electric power is applied. This principle was greatly improved by the British Electrical engineer R.E.B Crompton. He partially enclosed the ‘arc’ in a small glass tube, restricting the air flow and reducing the consumption of carbon. Also he introduced ‘cored’ carbon rods which contained a mixture of flame-producing salts: fluorides of magnesium, strontium, barium and calcium as cores.


 For the first time there was a measure of control over the colour of the light. Arc lamps were used in lighting railway stations, markets, and factories.

Arc lamps were widely used during both World Wars as anti-aircrafts searchlights and to create special lighting effects as theatre spotlights. (Bowers, 1998)
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Fig.28 Jablochkoff Candles 
Fig.29 An arc lamp. The clockwork mechanism at the

on the Victoria Embankment          base kept the carbon rods together as they burned away
December 1878 
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CHAPTER II  ELECTRICITY – THE NEW, CLEAN FUEL
2.1 20th Century Lighting 


2.1.1. THE FIRST DISCHARGE LAMPS


“ The first electric discharge lamps to be used for practical lighting…employed mercury vapour. Such lamps were introduced by Peter Cooper Hewitt around the year 1900. His first lamps were glass tubes about 100cm long and 2.5 cm in diameter, mounted horizontally and containing enough liquid mercury to make an electrical connection between electrodes at each end. To turn on the lamp, a voltage was applied across the tube and the tube tipped slightly, so that the mercury ran to one end and an arc was struck as the mercury connection broke.” (Bowers, 1998)


Before applying driving voltage this early working discharge lamp needed pre-heating the tube with a Bunsen burner or an electric heating coil. It shows a great determination in finding alternative, more efficient types of lighting. The lamp was very efficient even for today’s standards: 40lumens/Watt but it had a tendency to flicker, the light was bluish-green and the efficiency diminished significantly in time. 
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Fig.30 A Typical Cooper Hewitt Lamp of the 1901 Pattern
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        Fig.32Cooper Hewitt fitting

Fig.31 Cooper Hewitt Lamp Lumen Maintenance vs. Lamp’s Life

It also lost efficiency because of the rudimental control gear used. 

Hewitt Cooper made an amazing statement about the bluish-green light emitted by his lamps, basically promoting them as ‘healthy’ lighting:

“It is well known physiological fact that fatigue of the eyes produced by close work under artificial light is due almost entirely to the harmful effect of the red rays. It is for this reason that most artificial lights, being rich in red rays, are more trying to the eyes than daylight. The introduction of red into the vapour lamp could after all serve only a sentimental effect, for the Hewitt light is far more suitable for many important purposes than any light containing red rays possibly be.” (Cooper Hewitt Electric Company, The Hewitt mercury vapor lamp, 1903 in Bowers, 1998)

 Some years late, following the work of Küch and Retschinsky, a much more efficient quartz Cooper Hewitt style lamp was made.
The financial backers of this lamp, undertook the manufacture of quartz products from 1908 onwards and sold them as sun-tan lamps for many years. The Cooper Hewitt mercury lamp was used in workshops and warehouses and it was considered good enough for use in the photographic studios of the time.

Colour rendering was a disadvantage corrected in some measure by the high-pressure lamp of 1939. It wasn’t until 1940 when the fluorescent tubular lamp was used extensively in workshops and factories due to its illuminating qualities and its cheap running costs. 

The table lamp from Fig. 33 is an example of simplicity and universal design by Achile Castiglione embodying his appreciation of Hewitt Cooper contribution to the lighting development.  
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Fig.33 ‘Lampadina’ table lamp by Achile Castiglione (1972) for Hewitt Cooper, Design Museum, New York 

2.1.2. Metal Filament Lamps: modern lighting


By the end of the 19th Century there were two main categories of lamps using electricity: the arc lamp, used only for outdoors due to size and the carbon filament lamp used for indoor use.


The beginning of 20th Century saw the gas lighting taking over electricity run lighting especially for indoor use. Inverted gas burners, allowing the light to point downwards, gas mantles for steady, uniform light, dimming capabilities and devices for fumes and smell reduction, on/off switches and most importantly cheaper installing and running costs made gas the preferred choice over electricity.

New inventions were needed in order to make the electric lamp the obvious choice. Another factor that pushed research into new ways to make a more efficient and cheap light bulb was that most of the patents given for pioneering discoveries of Swan and Edison were about to expire. The most important improvement was the ‘coiled coil’ filament that gave a brighter light and a longer life to the filament bulb.
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Fig.34 Diagram of an ‘ordinary’ modern tungsten filament lamp, almost unmodified for the last 80 years
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Fig. 35 Detail of manufacture of a coiled-coil filament, improvement that doubled the efficacy of the filament bulbs

Few manufacturers seized the opportunity to be leaders in the world market: General Electric Company with GEM lamp (General Electric Metallized) which was the work of Willis R. Whitney (1868-1958), Verkaufstelle Vereinigter Glülampenfabriken Cartel (Germany and some smaller European lamp manufacturers), Gerard Philips Company (Holland)  and Osram Lamps Works In Britain. Osram (from combining Osmium with Wolfram) remained the name for tungsten lamps even they ceased to contain any of the metals mentioned. 

British Thomson-Houston, GEC and Siemens formed the Tungsten Lamp Association that later merged with Carbon lamp Association to form Electric Lamp Manufacturers’ Association of Great Britain, a cartel that controlled more than 90 per cent of the lamp market.

“The end of Edison& Swan monopoly had an dramatic effect on prices. Before 1983 each lamp sold at 3s and 9d. After 1893, this price quickly dropped to about one shilling.”(Bowers, 1985)

The fierce competition between the manufacturers lead to cheaper light bulbs but the quality of the lamps deteriorated also.

The metal filament lamps were promoted through massive advertising campaigns. Osram led an annual ‘Osram Sales Making Week’ each October from 1902 until the First World War. Advertisements in trade papers such as ‘Hairdressers’ Weekly Chronicle’, ‘Grocers’ Gazette’ and ‘Drapers’ Record’ encouraged using lighting as means to attract customers and a cheap way to make the merchandise look more appealing. Lighting encouraged directly and indirectly the development of economy: more products to be made, more jobs, better quality of life, new areas of research and improvements from medicine to mining. 

Other campaigns followed such as Ediswan’s ‘Let’s see!’ and ‘Pearl Mazda lamps certainly make me look my best’ promoting the attractiveness of the electric lamps or the strength as in ‘Osram the Strong’.
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Fig.36 Ediswan advertisement, 1931
         Fig.37 Royal Ediswan advertisement, 1939

British territories are show glowing

“Ediswan’s ‘The lamp that lights the empire’ of 1931 had a world map with the British Empire glowing whilst the rest of the world was in darkness …(while) Siemens (a British Company of German origin) combined patriotism and reliability by proclaiming that its lamps ‘were used for lighting Big Ben and just as reliable’.(Bowers, 1995) 

Other campaigns cleverly promoted the efficacy of electric lamps by coming up with terms such as ‘half watt lamp’ claiming it gave one candlepower of light for every half watt of electricity intake.
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Fig. 38 Advertisement by BTH, of ‘pearl’ bulbs,
Fig.39 The new coiled coil lamp is 


subsidiary of G.E.1939



compared with the running cost of a 






candle, 1936 

The public electricity supply developed slowly and only reached one million of households connected to it after the First World War. The complete electrification of Britain was reached in the 1960s, many people in the rural areas using paraffin lamps or gas transported in cylinders for lighting.

The tungsten filament lamp established itself as ‘the universal lamp’ and from 1934 the ‘coiled-coil’ filament lamp had an efficiency of up to 15 lumens per watt compared with 7 lumens/watt in 1909 and 10lumens/watt in 1913. 


To reduce glare the technique of frosting or pearling the bulbs was used (Fig.38.). Technical problems were surmounted step by step. “In 1978, when the British lamp industry celebrated the centenary of the filament lamp, GEC-Osram proudly exhibited at the Institution of Electrical Engineers their newly developed 240 volt, 100 watt lamps with only a single support between the ends of the filament” making the bulb very cheap to produce through a simplified manufacturing process. (Bowers, 1995)

The electrification of households encouraged the design and manufacture of other ‘aids’ for improving every day life: fridges, carpet sweepers (primitive vacuum cleaners), irons and hot plates. 


There are a lot of testimonials reflecting the excitement for or the opposition against the ‘new’ type of lighting. It makes more understandable the attitude of a segment of today’s population that still refuses to acknowledge the ‘updating’ needed in order to fully benefit from the economical but different way of lighting the modern home.


Here there are few examples: 

“ Don Haworth was born in Bacup (Lancashire, UK) in 1924. His family moved to Burnley in 1929, where his father managed a Co-op branch shoe shop…one of the shoe repairers working under his father lived on a new Council estate.


Harold Breckell had children of about our age. Our visits to his family were adventures into a different world. They lived ‘on t’ scheme’…the slum clearance programme under which families were moved to the brick and pebbledash council houses bounded on one side by farms and on the other by Cherry Fold playing fields. Everything smelled of wood and new concrete…The house had electricity. At Breckell’s we trooped up and down stairs and saw the light switched on in each room… 

Meanwhile in Lincoln the Skinners welcomed the change:


By 1930 the front room had been furnished, a gas heater had been installed over the kitchen sink which meant that the old kitchen range and its boiler could be replaced by sitting room grate. Electricity had been put into the house (but not in the washroom or lavatory) and it was possible to read in bed at night! There was a cheap offer going of seven electric light points so we have them put in the kitchen, the two rooms downstairs and the three bedrooms. There were no power points but we cheated with an adaptor and ran the iron and the carpet sweeper from the lights, being careful never to overload the system.” 

“But electricity was not universally welcomed:


When the marvels of modern technology presented the people of Saxby-All-Saints on Humberside with the possibility of an electricity supply, the squire and owner of the three-thousand-acre estate vetoed the idea. Many villagers too claimed that they preferred to remain lightening their darkness with the friendly glow of oil lamps that had served the village for generations. To any voices raised in surprise at this decision, the clerk to the council had a ready answer: ‘The question of electricity in our homes is not the parish council’s affair. We must accept the squire’s decision’.

Jean Metcalfe wrote of her childhood home:


…Aunt Daisy and my parents have gone halves on the cost of electrifying our house without a bathroom. There are light bulbs in the cupboard under the stairs where the gas mantles used to be. The bright new light makes the whole house look like a jumble sale, says Mother, and wouldn’t I like some nice new paint in my back bedroom?..For the first time in my life everything is changing. 

Lilian Beckwith wrote stories set in the Scottish islands. Someone speaks of ‘when we get the electric’:


‘I don’t like the electric’, said Morgan flatly. ‘There’s no heart in it.’ ‘It’s no heart but heat you’ll get from it, you silly old cailleach’, Tearlaich told her. ‘No, but what I was meanin’ was the light’, she explained, ‘It’s no lamplight. It’s that quick it makes me jump.’ (Bowers, 1995)

Light fittings came in various shapes and styles, reflecting the fashion/art movements of the time. The cheapest way to make the bright light less glary was to cover them with shades: silk, paper, glass were the most popular and effective.
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Fig. 40 Advertisement to G.E. light bulb,
       Fig 41 In 1910 electricity was a novelty,  

1910 featuring a ‘Tiffany’ table lamp

       people believed the electric lighting was 





       unpredictable and unhealthy
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Fig.42 1920s reflector lighting


Fig. 43 1930’s Art Deco pendant


2.1.3 Halogen Lighting


It is interesting to see that despite huge competition between manufacturers there was co-operation between research laboratories and annual meetings were established in order to maintain standards and share ideas and results in order to make interchangeable/universal working light bulbs.

The quest for manufacturing a lamp more efficient and with a longer working life made possible the discovery of halogen lamps.

Initially the inclusion of chlorine in the bulb was done to prevent the bulb from blackening and attempts are recorded as early as 1882. The reaction with carbon will form a transparent compound, preventing the blackening of the carbon filament bulb. 
Even if it wasn’t successful with the carbon filament lamps of the time because of technical difficulties such as glass breaking because of the higher operating temperature of filament, the halogens (iodine, bromine, chlorine and fluorine) proved to be very useful in extending the life of tungsten filament lamps or improving the amount of light by operating the filament at higher temperatures.

The problem of glass melting was solved by making the bulb from fused silica (quartz). These early halogen lamps were known as ‘quartz iodine’ because the encasing was quartz and the gas was iodine. The quartz was superseded by hard glass and other halogens were being used e.g. bromine, fluorine and this kind of bulbs are known as tungsten halogen lamps.


“Halogen lamps first went on the market in the USA in 1960. They were tubular lamps, rated 1.5 kW and used for floodlighting. They had a life of 2000 hours and their efficiency was 22 lumens per watt. The first halogen lamps used commercially in Europe were 200 watt lamps designed for airfield lighting and installed at Luton Airport in 1961. They were then quickly adopted for motor car headlamps where the small size of the light source was particularly advantageous”. (Bowers, 1995)

Since 1990 tungsten halogen lamps have been marketed for domestic use both mains voltage and low voltage, either as capsules or spotlights. 
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Fig. 44 Most common halogen bulbs
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They proved very popular and are associated with modern, contemporary lighting. From the safety point of view they are widely used in showers and outside flood or security lights (low voltage/mains and with the appropriate IP rating).

Fig. 45 Comparison and contrast of common vision lighting sources

Fig. 44 shows the advantages and disadvantages of fluorescent, quartz halogen, and LED lighting types, and relevant selection criteria, as applied to vision.  For example, whereas LED lighting has a longer life expectancy, quartz halogen lighting may be the choice for a particular type of lighting because it offers greater intensity.


2.1.4  Reflective Coatings


It has been known for quite a long time that a high percentage of the energy intake of a filament lamp is dissipated as infra-red radiation or heat and if some of the energy lost as heat could be used somehow the overall efficiency of the lamp could be improved.


“In 1912, S.O. Hoffman obtained a patent in the USA for a system of prisms and mirrors designed to separate the infra-red radiation and reflect it back to the filament…It was not until 1970s however that a potentially practical, infra-red reflecting layer was demonstrated. This used a ‘silver sandwich’ with multiple layers of silver and titanium dioxide. The thickness of each layer corresponds to half the wavelength of visible light, which is transmitted, while the longer wavelengths of infra-red are reflected.” (Bowers, 1995)
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Fig. 46 Simple reflective layer is applied 
      Fig.47 Reflective coatings improve efficiency

on a photo-cell, application derived from 

lighting. The dichroic coatings are 

extensively used now on various surfaces 

from sunglasses to buildings
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  Fig.48 Dichroic coatings for different colour renderings, for domestic use or shop display

Dichroic coatings will transmit some of the colours while reflecting back others thus acting as colour filters. Other coatings will reflect the heat backwards making it ideal for display purposes, especially where the items illuminated need protection from heat.


2.1.5 Fluorescent Lighting


Fluorescent lighting is now widely used in shops, offices, warehouses and increasingly in the home mostly because of cheap running costs.

The modern fluorescent lighting has overcome the problem of flickering to a big extent and the problem of fitting into existent sockets as well as the big disadvantage of poor colour rendering.


A variant of fluorescent lighting “cold cathode fluorescent tubes, operating at high-voltages – up to several thousands volts – were introduced for general indoor lighting in 1938 (though they were very quickly superseded by the familiar hot cathode tube). Cold cathode tubes were up to three metres long and favoured for locations such as railway stations where long life of life was important and the high voltage equipment could be high up and out of reach. Hot cathode lamps were soon preferred however, because they did not require high voltage supplies and were efficient in shorter lengths.” (Bowers, 1995)
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Fig 49. 1940 Cold cathode lighting, a school in U.S.A.


Second World War delayed the commercial exploitation of fluorescent light in the home but the post-war reconstruction encouraged installation of this type of light in the domestic environment. Kitchen and bathrooms were the main areas using fluorescent lighting until recently as the light given was considered too cold to be used in living rooms and bedrooms.


The size of most fluorescent tubes varied from 38mm diameter, 40watt and 1200mm length in early 1970s to ‘slimline’ to 28mm in diameter , in 1975 that gradually superseded the 38 mm ones and 16mm diameter introduced in 1995 and filled with a more efficient phosphorus material.


The colour of the later kind of tubes can be customized by adjusting the composition of the fluorescent minerals used e.g.:

Phosphor





Colour produced

Barium titanium phosphate



Blue-white

Calcium silicate




Pink

Magnesium fluoro-arsenate


Deep red

Zinc silicate 





Green
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Fig.50 Mood lighting could be created using cold cathode tubes


In choosing the combination of fluorescent materials there is always an element of compromise between colour and efficiency because the most efficient lamps do not have the best colour rendering properties and the high rendering ability ones are not highly efficient.


2.1.6 Compact Fluorescent Lighting


“The compact fluorescent lamp was launched publicly on 28 March 1980 at press conference held by Philips in Amsterdam and New York. They described the new lamp as ‘a revolutionary type of lamp which can replace an incandescent lamp with the existing type of base’. The new lamp required only one quarter of the electrical input taken by a filament lamp giving the same output….The first of the new lamps,
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the Philips ‘SL’, was rated at 18 watts and gave 900 lumens – about the same output as 75watt filament lamp.” (Bowers, 1995)
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iluwminance (1x)  illuminance (1x)
Emmetropic 50 White 9200 329-2,072
20-30 years ‘Warm-white 1,000 600-2,127
Daylight 1,055 426-2,090
Emmetropic 50 White 268 75-817 )
40-79 years Warm-white 260 105-1,527
Daylight 315 162-1,753
Cataract — 75 White 325 98-1,800
pre-operative Warm-white 300 45-1,496
40-80 years Daylight 448 52-1,450
Cataract — 50 White 121 70~1,162
post-operative ‘Warm-white 123 50-939
with intra- Daylight 140 60-1,197
ocular lens :
Cataract — 25 White 119 75-439
post-operative Warm-white 128 39-629
with spectacle Daylight 195 54-656
correction
Glaucoma S0 White 596 100-1,071
40-82 years Warm-white 480 85-1,278
Daylight 675 67-1,866
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Fig. 51 Various Compact Fluorescent light bulbs

Another big improvement in CFLs was the introduction of ‘2D’ lamps in 1982 by Thorn Lighting in Britain. The lamp and the control gear are separate elements but the control gear was designed to plug into a conventional holder.

Electronic ballasts and miniaturization further improved the quality of CFLs by making them almost instant starting and flicker-free.


“Compact Fluorescent Light Bulbs (CFLs) are fluorescent bulbs designed to fit light fixtures that accommodate traditional incandescent bulbs.  Compact fluorescent light bulbs are four times more efficient than incandescent bulbs.1 Therefore, their use may decrease demand for electricity and the associated emissions of greenhouse gases from power plants. One drawback of CFLs is the small amount of mercury contained in each bulb, which could pose a health and environmental hazard.  However, using CFLs means less energy required as opposed to incandescent bulbs.  
And since coal fire plants, which provide 54 percent of electricity in the U.S., release large amounts of mercury in their emissions, 2 using CLFs could actually reduce the amount of mercury going into the environment by reducing the demand for coal power energy. CFLs use approximately 75% less energy than incandescent light bulbs.3 Incandescent bulbs used for household lighting typically require 60-100 watts compared to the 13-25 watts required by CFLS. 4 Incandescent bulbs use a  heat-based lighting mechanism. An electric current heats a tungsten filament until it glows.  As a result, a large amount – approximately 90% – of energy used by an incandescent bulb is wasted as heat 5. Since lighting accounts for 20% of an average house’s electricity bill 6, homeowners can save large amounts of money on utilities by exchanging their incandescent bulbs for CFLs, depending on local electricity costs.


In addition to reducing electricity use devoted to lighting, outfitting fixtures with CFLs can help to decrease home cooling costs. The large amount of heat that incandescent bulbs generate can raise indoor temperatures, requiring extra energy-intensive air conditioning in hot weather.” (http://climatelab.org/Compact_Fluorescent_Light_Bulbs, 22/02/2010)





Fig.52 Health conditions could greatly affect the choice of fluorescent light


Another aspect in promoting fluorescent lighting consists in choosing the right white ‘colour’. One must be aware of different perception people have of light. Fig. 52 contains a table showing how complex could be a simple task such as choosing the right colour fluorescent light.

CHAPTER III  LIGHTING OF THE FUTURE
3.1 21st Century Lighting 


3.1.1 Light Sources’ Characteristics 

 
In the future a good way to have a better idea about how good a light source is would be to have the main characteristics clearly advertised on the packaging. At the moment only the wattage and the estimated lifetime in number of hours of use is obligatory. For fluorescent lighting the temperature in degrees Kelvin is given but for so called “full spectrum light”, even though it has quite a prohibitive price no other technical characteristics are given. Most of the fluorescent light has ‘warm’ or ‘white’ as characteristic colour of light and the ‘daylight’ could vary from 3900 degrees Kelvin up to 10.000 (very rarely) with no specification whatsoever other than daylight.


The content of light should be as important as the content of food if taking into consideration the effects a light source can have on human health especially long term and especially for people that already have health conditions: e.g. epilepsy could be triggered by the flicker of fluorescent lighting.


The dimensions mostly used to describe a light source are:

· “Luminous efficacy = the ratio of luminous flux produced to power supplied (lumens/Watt). If the lamp needs a ballast to operate, the watts supplied should include the power demand of the ballast.

· Spectral power distribution=the radiant flux (W) emitted at different wavelengths

· Correlated colour temperature

· CIE( Comission Internationale de l’Eclairage) of Colour Rendering Index

· Lamp life=the number of burning hours until either lamp failure or a stated percentage reduction in light output occurs. Lamp life can vary widely with switching cycle.

· Warm-up time= the time from switch-on to full light output” (Boyce, 2003)

To be fair it must be said that characteristics of the light emitted are dependent directly to the way the light it is received: state of adaptation of the eye, surroundings and health of the eye and condition of the neural paths and cells processing the information received. “As the saying goes, colour is the pigment of our imagination”. (Boyce, 2003)


3.1.2 Electrodeless Lamps


All the discharge light sources create light by applying a voltage across two electrodes placed in the arc tube but in the last 15 years some electrodeless lamps were introduced into the market mainly for the novelty factor.


Fig. 53 Diagram of an electrodeless lamp

Fig. 54 Example of a plasma light

“The electrodeless lamp using microwave frequencies produces an electromagnetic field in a cavity in which is rotating a small sphere filled with sulfur. The excited sulfur becomes a plasma that emits radiation with a continuous spectrum. The sulphur lamp, as this is called, is not currently in production but it offers an intriguing look into the possibilities for new light sources that combine high luminous efficacy with good colour properties (Turner et al., 1997 cited by Boyce, 2003)


“The lamp is a glass bulb the size of a golf ball containing sulphur and argon. When energized from a high-frequency source it gives a very bright, white light with a spectral composition similar to sunlight. It produces very little ultra-violet. One of the first installations of the sulfur lamp is in the Air and Space Museum in Washington DC, where 94 conventional lamps have been replaced by three sulfur lamps. The light is distributed by plastic ‘light pipes’ 25 cm in diameter and with a reflective internal coating, punctured at interval to let the light out. Each sulfur lamp absorbs 5900 watts but gives as much light as 25000 watts of incandescent lighting…The lamp itself is environmentally friendly, since it contains neither mercury nor any other toxic substances.” (Bowers, 1995) 


The first units available to the public (projects and experiments) under strict regulations will be available soon and the retail price expected is around £1500.

This type of lighting is ideal for green houses as it has the same spectrum as sunlight and the light output could be channeled through pipes very close to the plants and of course the very long life span of the light source. It is an open opportunity for lighting design. 


3.1.3 Light Emitting Diodes


An LED (Light Emitting Diode) is a semiconductor that emits light when a current is passed through it. Depending on the materials used in the composition of LEDs the spectral emission could widely differ: page 39
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Fig.55 L.E.D. frame and components

With a predicted life of 100.000hours, high resistance to mechanical damage caused by vibrations and a high efficacy, LED lights are predicted to be the better alternative to incandescent and even fluorescent light.

LED technology is very different from conventional light bulbs and CFLs. The LED is a solid state electronic component that has many superior benefits

· Tiny light emitters are no larger than a pin head and produce huge light output

· Can be produced in multiple strings to create large light engines.

· LEDs run on low DC voltages, typically 3-4 volts per emitter

· Very robust and enclosed in strong, inert epoxy clear resin

· Resistant to shock and vibration

· Resistant to temperature fluctuations

· Ultra fast start and stop times

· Long lasting, up to 100,000 hours before light quality deteriorates (not fails!)

· LEDs are often totally waterproof, (excluding wire terminations)

· Contain no mercury or other toxic materials

· LEDs use significantly less electricity that any other light bulb

· Will not degrade to produce chemical contamination risks

· RoHs compliant due to the above.

· Less risk of shock hazard due to low voltage designs.

· Can produce light of any visible wavelength, including IR and UV

· Can be dimmed and strobed with no increased deterioration of lifespan


A lot of scientific research and improvements in technology made this type of lighting to spread from use as aircraft reading lamps and exit signs, traffic lights or vehicle signal lights into domestic use.

Combining red, green and blue LEDs in one single unit widened the spectral emission and the rather cold appearing white light given has now values very close to the warm white spectrum of the light thus making them suitable for indoor applications. 

The following statistics will further prove the LEDs potential as saving energy light source.  

[image: image5.png]Electricity consumption
TWh of lighting
om0 Status Quo

Existing efficient

technologies
3500

3000

2500 LEDs

1500 F——F—————————
2005 2020 2030




Fig.56 Osram life-cycle analysis finds manufacturing of LED bulbs not that Energy-Intensive


They found that only about 2% of the total life-cycle energy used by a LED bulb will be used during its manufacturing. If you compare it to an incandescent bulb, that’s about 1/5 of the total life-cycle energy, a very significant saving:

25 light bulbs with 40 W each have a lifetime (all in total) of 25,000 hours. During that life they need 1,000 kWh of energy. One single OSRAM Parathom LED light source is needed for the same lifetime of 25,000 hours. But it needs only 8 W - that means only 200 kWh over the whole time. And it emits only 100 kg CO2 at a price of £36.

The study about the efficiency of L.E.D. bulbs and their ecological impact conducted by Osram used a well regulated methodology: ISO 14040/44 and the results were certified by three university professors in Denmark and Germany as adhering to the standard, so despite the fact that Osram isn't exactly an independent observer (they make LEDs), it seems like a trustworthy study.

The only problem I could find with the study is that they compare to 40W incandescents. That's because Osram doesn't yet have commercially available LED bulbs that produce as much light as a 60W or 100W incandescent. But the results should scale. Now we just have to wait for brighter LEDs...(Michel Graham Richard , Ottawa, Design and Architecture (Lighting) (www.treehugger.com/2009/11/29-week/, 08/02/2010)


The Surface Show held in 2010 at Business Design Centre had exhibited a wall of light made from LED strips and a specially adjusted prism that transmits the light which displayed uniform light. The maximum dimensions obtainable were 2000mmx3000mm and the fact the LEDs were linked to a DMX controller made possible a fine tuning of the colour desired. The reliability and the long life of this type of light combined with a very low consumption of electricity will counter balance the initial high cost of this type of lighting.   


3.1.4 Electro Luminescent Lighting


Electroluminescent lamps are a sandwich made up of a flat area conductor , a layer of dielectric-phosphor mixture, and another area conductor that is transparent. When a high, alternating voltage is applied across the two area conductors, the phosphor is excited and light is emitted. Light can have different colours depending on the dielectric-phosphor combination used and the frequency of the applied voltage. Blue, yellow, green and pink are the main colours obtainable. The lighting can be formed as rigid, ceramic or flexible, plastic sheets and has a long life, low power requirements but it has a lesser luminous efficacy than incandescent lamps.(Boyce, 2003)
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Fig. 57 The ilamp is made of white silicon with an electroluminescent polymer screen. 

Light emitting polymers are organic semiconducting materials that possess similar light emitting properties to the inorganic LEDs but also have the mechanical properties of plastics offering a new perspective and challenge to lighting design. 

3.1.5 Radioluminescent Lighting
Even if this type of lighting is not common and its use in domestic lighting is not on the agenda of the foreseeable future it offers an alternative to the conventional lighting.
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Fig. 58 Non electrical and maintenance free radioluminescent lighting

“These light sources consist of a sealed glass tube filled with tritium gas and coated with phosphor. Low-energy beta particles from the tritium are absorbed by the phosphor, which in turn emits light the spectrum emitted depending on the phosphor used. These lamps require no power supply, so they have an infinitely high luminous efficacy. Unfortunately, they also emit very little light, the luminance of the glass tube being about 2 cd/m2  (a T8 fluorescent tube has a luminance of about 10,000cd/m2). This low light output and the fact that their disposal is closely regulated have limited their use, one common application being for exit signs in situation where maintenance is difficult or where the atmosphere is hazardous, such as on an oil rig.” (Boyce, 2003) 

CONCLUSION
The last 100 years or so brought extraordinary improvements in lighting thus making possible the incredible diversity of lighting design. Exponentially growing and involving most of human activities, artificial lighting made possible round the clock work, brought culture, medicine, architecture, science etc to a level of development otherwise unreachable. 


As it was underlined in this dissertation the tantalum, the osram or the metalized carbon filament lamps although costing more in the first instance than carbon lamps, have become popular owing to their economy in current consumption and longer life. Increasing demand and demographic explosion of population will make this kind of lighting unsustainable hence the frantic research for better, more economical lighting. Some commercial applications have been suspended for the time being such as the sulphur lamp mainly because it requires highly specialized installation and design making this type of lighting very expensive to install. Maybe in time, especially where the quality of light is paramount such as museums or retail spaces, this type of lighting will be taken into consideration and long-term advantages will prevail over costs. 

Other directions such as the use of LED lighting is becoming more and more mainstream and its use in the home environment has spread from outside feature lighting of trees or statues to indoor mood lighting or just very efficient kitchen or bathroom lighting. Of course Compact Fluorescent Lighting was more quickly adopted because of the widespread compatibility with the existent fittings and the governmental support of these types of bulbs. There are still issues to be addressed with the CFL light bulbs such as flickering towards the end of their working life and mercury content or sensitivity to fluorescent light manifested by different age and health groups. “Observations of autistic children have demonstrated that repetitive behaviour does occur more frequently under fluorescent lighting than under incandescent lighting.”(Colman et al, 1976; Fenton and Penney, 1985 as cited in Boyce, 2003). “Observations suggest that light sources that have significant spectral emissions below about 450nm should be avoided for the very old, unless they are used in luminaries which filter out wave lengths below 450nm. Light sources which have radiant flux below 450nm are based on mercury discharge, such as fluorescent lamps …incandescent lamps have little energy below 450nm”. (Boyce, 2003) 

Of course there are undeniable advantages in using Compact Fluorescent Lighting the most important ones being the saving energy factor and the choice of ‘colour’ from warm white to daylight. Better design of light fittings using CFLs including filters for potentially harmful frequencies could make this type of lighting safer and more suitable and adopted by the elderly. 

As the impact of artificial light is better understood saving electricity could be obtained by better placing the lighting to suit different tasks and using the light not only for the basic purpose of illumination but for improving our health. This could have impact long term on an overall economic way of illuminating our homes. Developments in Organic Light Emitting Diodes and Light Emitting Polymers would eventually lead to development of very efficient, natural full spectrum light without any of the issues of CFLs. The impact of overall reducing the energy consumption in the home will contribute to a better life environment. 

Awareness of the complex implications in choosing light sources will make lighting design a highly specialized domain, catering for different needs and avoiding the limitations of the past. Taking into consideration direct chemical pollution occurring when lamps and control gear are scrapped and indirect chemical pollution occurring in generating the electricity required for operating the lamps will ultimately reduce the levels of pollutants in the atmosphere and would be beneficial to the global environment.

This dissertation has made me aware that lighting design has consequences beyond providing an aesthetically pleasing device enabling people with the ability to see in the absence of natural light. It has also provided me and the reader with a wide information basis about the most important component of a light fitting – the light source.
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