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ALTERNATIVE TECHNOLOGY 

AND ECODESIGN:

DESIGNING FOR A SUSTAINABLE WORLD
(Text of an address given to Heads of Three-Dimensional Design, June 1993)

The logic is compelling. A century hence there will be three times as many people in the world, mostly in countries we now consider underdeveloped. Their aspirations will be based on the living standards and lifestyles of the most "developed". If they make it, the overall consumption of energy and resources, and the impact on the world environment, could be ten times today's level.

It is widely agreed that this level of pressure on the natural environment cannot be sustained. But what level is sustainable? This is much more controversial and difficult to assess, but we can get a rough idea if we take the greenhouse effect and CO2 emissions as a representative indicator. If in the middle of the next century every nation has the same per capita level of CO2 emissions, a sustainable level - one that will not cause irreversible climate changes - is something like 10% to 20% of the levels now prevailing in developed countries.

If this is anywhere near correct, and if we assume that there must be approximate parity of living standards across the globe, the implications for the developed countries are pretty drastic. It would involve a complete reorganisation of manufacturing methods and product mix, of work-patterns, building, transport, domestic life....in fact more or less everything. 

Although many well-informed and responsible people, including planners and politicians, privately accept this, it is almost impossible to state it publicly. It is a message that nobody really wants to hear.

At the Centre for Alternative Technology (CAT), where I work, we consider it part of our job to assume the basic analysis is correct. Like everyone else, we hope it's not really true, that there must be a mistake in the assumptions or the calculations somewhere. But I must report that so far we have not managed to buck the figures or the ethics. So we are obliged to ask, what is a globally sustainable pattern of life, and how do we get there from here? 

And what has it got to do with design? Well, we are designers too. Like you, we love to have a crisp brief, a limited number of variables to deal with, and a tangible artefact at the end. The expression "alternative technology" suggests an array of designable, buildable, buyable chunks of hardware: "magic bullets" that will ingeniously and painlessly solve environmental problems. This is what a gadget-conscious public expects. 

Alas, it all too rarely works out so neatly; apparently straightforward problems are never what they seem. There are dozens, perhaps hundreds, of unquantifiable and conflicting variables to take into account, and a complete solution usually demands a complementary redesign of other elements which are outside the brief. Very often the best answers are an alternative to technology. So perhaps a better term for what we are trying to do is Ecodesign.

I want to illustrate some of the issues in Ecodesign by taking as a case study one the standard clichés of Alternative Technology, the solar water-heating collector. This is a classic "magic bullet" in that it is a discrete and highly visible artefact; the concerned but naive citizen imagines that a simple, cheap device on the roof will provide endless amounts of hot water; and that all it takes is a generous proliferation of such gadgets to Save the Planet. Would that it were as simple as this! What follows are eight reasons why a more subtle and fundamental approach is necessary. 

IT'S PART OF A SYSTEM
The collector is only the visible part of a water-heating system that includes pumps, tanks, sensors, control gear, heat-exchangers and great deal of pipework. Designing an effective collector is quite a small part of the overall problem; it's got to be compatible with the rest, and it has to suit the particular application. The full system is different in every case.  

The whole package may require liaison with architects, builders, plumbers, electricians and clients. In the real world ecodesign is a messy business and often requires an interdisciplinary team effort.

THE SYSTEM IS NOT JUST TECHNICAL
In Israel, building regulations actually require solar water-heating for all new dwellings. This is eminently sensible for a country with a sunny climate and no fossil fuel resources, and as a consequence a vigorous solar industry has grown up. But you can see that designing solar water-systems in such a situation is quite a different matter from doing it now in Britain, where there is no official sanction and only a scattered, small-volume industry. Ecodesign is always surrounded by a web of social and legal forces, and these can make a tremendous difference to whether a system is worth doing, or indeed works at all. But of course this social environment is outside the control of the designer.

You may design a recycling system for kitchens which sorts all the solid waste into suitable categories; but if, when it's put out for collection the dustmen just dump it all cheek-by-jowl into the wagon, you've wasted your time. Equivalently, it doesn't work if the dustcart has been designed to collect waste in separate categories, but householders don't separate the material. This is a perennial theme in ecodesign: there are both private and collective aspects to the system; some of the actors are individuals, some are institutions; as so often, the system is only as good as its weakest part.

To further complicate matters, the social context is always changing, so what looks like a viable design one minute will be a lemon the next - and vice-versa. Very often it seems that the most effective thing we can do as designers is forget the actual design and concentrate efforts on changing the context. Seriously.

THE ECODESIGNER AND THE MARKET MAY HAVE DIFFERENT AGENDAS
From an environmental point of view, the purpose of solar water heating is to reduce the use of polluting fuels for the least input of resources; the ideal solar collector is cheap, simple, small, easy to install, reliable and self-regulating. In the real marketplace, it turns out that the biggest category of purchasers is hobbyists who have little interest in the environment. They want a toy, a gadget; it must be conspicuous and fancy; they like showy complexity and are prepared to spend a lot of time fiddling and tuning; cost is not really a consideration.

Very little of what we buy is essential for life. Most is symbolic or cultural, and shopping/buying rituals are an important part of the process. For this reason, "green consumerism" is booming, and is an effective way to plug into contemporary culture. This urges ecodesigners to create commercial products that satisfy symbolic needs - but these may not be the best solution to an actual problem. Should we pander to Green Chic?

At CAT we have tested two containers for making compost from household scraps and grass clippings. One is a commercial plastic bin with a false floor and a tap from which excess liquid can be withdrawn. It costs £50 and looks very neat, but does not work nearly as well as a stack of used car tyres with the voids stuffed with newspaper and a lid on top. This arrangement allows the worms to regulate their optimum temperature, can be expanded and reduced according to demand, is easy to harvest and restart, is utterly rat proof, and is self-draining. It costs nothing and looks like, well, a pile of old tyres.

This is another standard dilemma for ecodesigners. If the best known solution is not a marketable product, do you labour to make it so, or switch to marketing or otherwise disseminating the information? Writing a pamphlet or making a video may well be the most rational approach, yet still people clamour for a ready-made product. Do you then attempt to customise a set of old tyres, make a smart lid with an eco-logo on it, and package it all with instructions printed on conspicuously-recycled paper? Or do you produce a fully-designed, smartly-bourgeois item that will fit neatly into a suburban garden without arousing the derision of the neighbours? 

DOES IT REALLY WORK?
Enquirers about solar water-heating are often disappointed to find that it doesn't replace the existing system. In sunny weather in the summer the sun can certainly provide lashings of very hot water, but most of the time it just preheats the cold water so the conventional system has less work to do, thereby saving fuel.

This sense of disappointment crops up all the time in ecodesign. Green cleaners and detergents; green pesticides; green cars. They just don't have the oomph that we have come to expect from industrial products.

When you think about it a bit, this is not surprising. It's indiscriminate oomph that is often the cause of the mess in the first place. Our problem as ecodesigners is that our products and ideas are very naturally compared with their conventional counterparts, and often (in conventional terms) found wanting. If they are perceived not to work, or to be feeble and ineffectual, we won't get very far. We can sometimes add back a certain amount of oomph, but this makes the price uncompetitive, and I'll come to that in a moment.

The comparison of conventional and eco-technology is well illustrated in the energy field. Fossil fuels, and even more so nuclear fuels, are concentrated: the energy-density is very high. They are therefore relatively easy to extract, convert and deliver at a prodigious rate. Furthermore they are easy to store; their energy stays locked up in them until you want it. Modern societies depend on this high rate of energy-flow, delivered on demand.

In contrast, the energy from the sun and wind is diffuse and intermittent. Although in principle there is a huge amount of energy to be had, there is only a limited amount at any one point; it doesn't always come when you want it; and it is not self-storing. To run a whole modern society largely on these resources is going to require a lot of reorganisation! 

Parenthetically, we could note that solar energy is the only form of renewable energy suitable for collection at the household level. Roofs are unquestionably useful in the rain, but they might as well make themselves useful when it's sunny as well. This could include photovoltaic electricity in addition to hot water.

Photovoltaic modules typically convert only 10% of the incoming radiation. Much of the rest goes into heat, which actually reduces their efficiency. They work better if cooled, so why not use water and do something useful with the heat? The Holy Grail of domestic solar energy is a therefore a modular system which will replace conventional roof claddings, generate electricity, and heat water all at the same time. A so-far unsolved challenge, here, for Ecodesigners.

The question of "does it really work?" requires a variety of responses. Of course it is wonderful if we can improve the green product so it is directly comparable in cost and performance in the raw marketplace. Such things exist: 

Ÿ The two fridges on the 1990 European market with the highest and lowest energy-efficiency have the same performance and the same price; 

Ÿ green hand-cleaner is better than Swarfega -  

and there's a lot more in the pipeline. 

Sometimes (in principle at least) all we have to do is present the figures: high-efficiency lamp units cost ten or more times more to buy than an equivalent light bulb. But they last eight times longer and save so much electricity that they cut your lighting bills in half. Such information needs to be communicated effectively to the consumer. Or we have to redefine the context so eco-products are not compared directly with their rivals: they are actually doing something different; this may entail changing various features so it is seen as different; sometimes it comes down to marketing information and appealing to the eco-conscience, or perhaps to eco-chic. In the end, it will depend on a revolution in what people expect.

DOES IT SAVE MONEY?

Generally no. Of course much depends on particular circumstances, but typically a solar water-heating system in a British home will save £100-200 of fuel a year. It is likely to cost £2000-£4000 to install, and a simple calculation shows that it has a hard time keeping up with the interest payments. 

Most renewable energy systems are expensive - or appear so - for reasons entirely beyond the control of the designer. As I already said, the sources of energy are diffuse and erratic, so kilowatt for kilowatt of installed capacity, they have to be bigger than conventional counterparts, so use more material, so capital costs are high. Furthermore they have to pay all these costs at the beginning, whereas in the case of fossil fuels for example, much of the cost is in the fuel, which is spread over the entire lifetime of the installation.

Conventional fuels are extremely cheap by historical standards. The muscular energy you may expend in a day's physical labour is represented by about a few pence worth of oil or gas. They are cheap because they exist in a concentrated and readily available form; because they are produced in large quantities; because they do not pay the costs of their environmental impact; and because they do not pay to replace themselves. 

The same sort of thing is true in areas other than energy; organic food for example, or health products. Attempting to meet customary standards without "cheating" takes more skill, time and effort, and costs more. This is hardly surprising: if you are moderately wealthy and live off your capital rather than the interest it generates, you can obviously live very high off the hog - for a while. The programme of Ecodesign is essentially to work out how to live comfortably off a modest resource income rather than a millionaire's hoard. But since most people these days think to be an environmental millionaire is no more than their birthright, it's bound to take a while to catch on....

In the short term, there are situations where the "alternative" is already the cheaper or preferred option (Warmcel insulation for example); and often a large enough sector of the market is prepared to pay a premium (as for organic food). In fact according to a study of the Dutch agriculture industry by the Triodos Bank organic farming would actually be more economic than conventional if all the factors were taken into account. In the long term we must work towards changes in the agreed rules of society, with new accounting methods; instruments such as carbon taxes, strict emission standards, subsidies for sound practice, and labelling schemes; changes in research priorities, public information campaigns, and vast changes in expectations. 

DOES IT HAVE A POSITIVE IMPACT ON THE ENVIRONMENT?
You might be surprised I am asking this question at all: surely it's obvious? Perhaps, but it should never be taken for granted. Yes, for every kilowatt-hour of fuel saved by our solar panel, there's another pound or so of CO2 that doesn't go into the atmosphere. But how much CO2 went into the panel in the first place? Are you sure you know? 

And what about its other environmental effects? In Israel I am told that environmental and civic amenity groups used to complain about rooftop solar water-heaters being an eyesore and ruining the skyline of quaint old towns. Our equivalent in Britain is the vigorous movement in opposition to wind farms. How much CO2 remission is worth how much skyline? If you can't answer this question you have already recognised that "environmental impact" is not a single measurable quantity. It is made of several quite independent strands that may conflict, and are often hard to quantify individually, let alone judge in relationship to each other. 

 In ecodesign it's easy to solve one conspicuous problem while causing an even worse one which escapes notice. We all laugh at the lunacy of "I'll just drive down to the bottle bank and pop this jam jar in", but fossil energy and its daughter resources are so cheap and readily available that they have become almost part of the wallpaper, so much so that you have to keep your wits about you even to realise that you're consuming anything at all. It is easy even for old hands in this game to end up going backwards. 

In the case of a solar collector, whose main purpose is to save energy, you need to know at least what its energy cost is: not just the energy-content of its materials, but the entire cradle-to-grave story: raw materials, manufacturing, distribution, advertising, installation, operation, maintenance, decommissioning and disposal. Compare this with the energy you would have used had you not installed the collector: are you still ahead?

This exercise is the very least you can do, and is always helpful in letting you know where you stand. It often produces surprises. Yet it is still not a complete picture, because there are many other environmental variables to take into account.

Which brings us into the province of the "environmental impact assessment". These assessments can be extremely detailed, but I can give a crude illustration with respect to different sources of energy. For the sake of argument, we can divide environmental values into three or four broad classes: amenity and visual (e.g. does it affect the skyline?); human health (e.g. does it increase the cancer risk?); the natural environment (e.g. does it destroy habitat or disrupt food webs?); and finally we might add: is it likely to affect the climate? (which ultimately would affect all the others as well).  

We can apply these to various sources of energy by asking something like "what is the impact of generating (say) 10 EJ (an exajoule is 1018 Joules) of primary energy from the following sources, over the whole life of the installations, including decommissioning?". In the following Table I follow the "official" line to illustrate the point: if you disagree with the relative evaluations, that reinforces the point. I am not saying these evaluations are correct or true, or even meaningful without several pages-worth of detailed assumptions; they simply illustrate the kind of broad result where you are forced to compare unlike values and make choices:




 -------------Value-categories for Environmental Impact----------------



Climate
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	Gas
	x
	x
	x
	xx

	
	
	
	
	

	Nukes
	x
	xxxx
	x
	x

	
	
	
	
	

	Solar
	xxxx
	x
	x
	x

	Wind
	xxxxx
	x
	x
	x

	Wave power
	xx
	x
	x
	x

	Tidal Power
	xxx
	x
	xx
	x

	Biomass
	xxxx
	x
	xx
	x

	Large hydro
	xxx
	xx
	xxx
	xx

	
	
	
	
	

	Efficiency
	x
	x
	x
	x


                                Key: x = least impact. xxxxx = most impact.

There is room for a great deal of conflict here. At the public enquiry for Wales' first wind farm about 10km from the CAT, the principal supporters of the wind farm were farmers and local councillors concerned with jobs and commercial opportunities; the objectors were the Council for Preservation of Rural Wales and the local branch of the Green Party, claiming to argue on behalf of "the environment", i.e., the visual effects of the wind farm. 

So environmental arguments can be deployed against renewable energy developments as well as for them - and the same goes for any other ecodesign project. There are invariably subjective and philosophical issues that can only be addressed by a much wider public debate. The message for designers is that they must become more eco-literate and numerate, and try to evaluate the whole-life implications of a project, as least approximately. It could save years of misdirected effort.

IS THIS THE BEST WAY TO SPEND MONEY ON ENVIRONMENTAL IMPROVEMENT?

In the case of solar water heating in Britain, almost certainly not! A solar-water-heating system saves fuel, and it is reasonable to ask, is this the most fuel we can save for this investment? Or to put it another way, if you have £3000 to spend on helping the environment, is a solar-water system the best way?

If you are running a hotel on the south coast, where a large demand for hot water coincides with maximum sunlight, there may be a case for installing solar water-heating, but for most households far simpler measures such as tank and pipe lagging, spray and press taps and shower heads will save far more energy for the money; at a more sophisticated level, electronic controls and timers, and  more efficient boilers will have a greater effect per pound invested. 

In general, it is nearly always more cost effective to improve the efficiency with which energy is targeted to its purpose, than it is to develop new sources. And as the above table of comparative environmental impacts suggests, efficiency is a winner on every front.

There is a huge efficiency revolution beginning here. It's taking a long time, but is gradually working its way through the energy industries and planners. Outside the field of energy too, the far-sighted and numerically aware are waking up to the fact that the scope for improvements in the effectiveness with which resources are matched to their uses is vast and - this is the really good news - profitable.

If it's so obvious, why doesn't all this sweep the board right away? This is an area where the barriers to positive change are not economic or political in the ordinary sense, but cultural and institutional. It has always been so much easier to solve a problem by throwing more cheap resources at it, that it's become a habit. More than a habit: a style, a cultural norm, a mark of status. Deploying huge resources is exciting, fun, and draws applause. In the case of energy, there is something wonderfully Promethean about actually creating it; you get noticed, you feel a sense of achievement; the installations stand as proud monuments to brilliant design. They are the stuff of recognition, success - and promotion.

It is not just a coincidence that we use the word power in both a literal and a metaphorical sense; they do inhabit the same space: where there is concentrated power, there is concentrated power.

In this cultural and psychological climate the simple intellectual recognition that so much power and energy is unnecessary, cuts little ice. But for better or worse, this is the arena in which we must operate, and at least (for once) we have economics on our side. In fact there's lots of good news here for ecodesign. Even with present technology we can see how to reduce consumption of energy by about one third at a negative cost (i.e. with net economic gain); and by another quarter very cheaply, without any decline in the provision of goods and services. Most of this entails redesign of products and physical systems, and letting the market draw its own conclusions.

What is true of energy is true in other areas too: water, materials, transport, food for example. The present level of inefficiency is so great that there's tremendous scope for improvements without any loss of performance.

SO IS EFFICIENCY THE ANSWER TO THE PROBLEM OF SUSTAINABILITY?
It is at least half the answer, perhaps more. But sooner or later we will have to bite the bullet of living standards and lifestyles. I am sure we will all try to put it off as long as possible, and for the next twenty years we'll have plenty on our plate absorbing the efficiency revolution. But it's worth looking further ahead to see what are the implications of changing the prevailing standards.

Solar water heating provides a good illustration of the relationship between cost, technical sophistication and performance. The kind of stand-alone system knocked up by local blacksmiths in poor-and-sunny countries performs well enough in ideal conditions: it's just a simple, black-painted absorber plate with single glazing, and a tank mounted just above it. The water circulates by simple thermosiphoning, hot water is drawn off as required, and the tank topped up by hand. If the water is only tepid, well it's only tepid.

A more sophisticated system of the same size might produce twice as much energy and be more convenient (self-filling for example) but cost five times more; it still would not provide the entire demand on its own. You could carry on increasing the output, but at ever-increasing cost for each percentage increment.

This is another common pattern in ecodesign: really basic systems are cheap, but the standards they yield are below what is usually considered acceptable. It is natural to want to improve standards, and equally natural to take the prevailing levels as a reference-point. But investment and resource inputs required to improve an already high standard are much greater than those required for more modest standards. Therefore lowering standards can be a rational strategy.

As an example of this, take our electricity system at CAT. Most of the time we run everything on a pair of water turbines with a combined output of about 7kW, which is the kind of power level a single household might reach just cooking the Sunday lunch. This  is supplemented by wind and solar electricity when available, but basically we haven't got a lot. Nevertheless we have a large institution to run, up to 1000 visitors a day and a resident community of up to 20. How do we do it?

It is done partly by thoroughgoing measures of energy efficiency as already discussed; and partly through a planned sacrifice of standards. The most important electricity uses are lights, radios, TV's, VDU's, CD players, computers, battery chargers and small domestic appliances. These only take some tens of watts apiece, and are always available at the flick of a switch in the normal manner. Larger, less frequently-used items such as irons, washing machines, vacuum cleaners, photocopiers, machine tools etc. must be booked in advance because quite obviously they cannot be used all at once.

So we have evolved a different "etiquette" about electricity, becoming aware of what everything takes and accepting that we cannot have "whatever we like whenever we like" - which is the standard prevailing in the "outside world". But after a while we become accustomed to it and it does not seem at all irksome: it amounts to an occasional minor inconvenience.

This sort of thing is taboo in conventional design. Everybody wants to be at the top end of the market, where the money, the glamour and the recognition are. The unfashionable "Victor Papanek" end of town is out of bounds, and to suggest a lowering of standards could lose you a lot of cred - or even your job!  But it is my fervent belief that responsible designers must sooner or later take this on board. This is where the real bargains of cost-effectiveness are to be found, where the ratio of resource inputs to actual benefits is at its peak.

This is not a puritanical, indiscriminate reduction of living standards, but cutting out those bits which don't matter much anyway. It could also be seen as a rational exchange of Standard of Living for Quality of Life. Quality of life is what we all really want, yet we only seem to be able to approach it through the vicarious medium of a material Standard of Living. It seems to me that the globally-sustainable society will only come about through a much more direct approach to the Quality of Life, whatever it means; and in this task designers of all kinds must surely play a central part.

