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What can reasonably be expected of householders in minimising waste? It is all very well for waste-management professionals and environmentalists to say what householders should do, but what happens when they do it? And how far can waste minimisation be taken within the framework of ordinary modern life?


An opportunity arose for me to explore these issues when my partner and I decided to buy the house next door, identical in size and most other features to the one we already had. It has been possible to use it as an experimental test-bed for a wide variety of putative environmental programmes, including heating systems, water conservation, greywater re-use, nutrient cycles, innovative toilets, food and biofuel production, and management of solid waste. In this paper I shall be focusing on the last category.


The house in question is a semi-detached 2-storey, 3-bedroom stone building with a moderately large garden of 250m2, situated in a small rural town. It was seriously in need of modernisation. There are therefore two phases to the solid waste study: construction and demolition wastes from the conversion of the house, and normal recurrent household wastes once conversion was complete. Before work commenced a set of rules was drawn up to aid comparability with other projects and to guide the tradesmen involved. For example

Ÿ Conventional standards of comfort and appearance

Ÿ Start with the most cost-effective measures (such as insulation and draughtproofing rather than double glazing or solar water heating)

Ÿ BATNEEC - aiming for good environmental standards (e.g., materials with low toxicity, low-embodied energy etc) but not at excessive cost.

Ÿ House and garden considered as one unit within the overall design.

Ÿ The garden to have mixed functions of utility (waste processing, edible crops), recreation and wildlife. 

Ÿ The character of the building not to be seriously compromised
Ÿ Child-friendly - children being important but usually disenfranchised stakeholders in the design of dwellings.

...etc.

DEMOLITION WASTES

With respect to the conversion process we supposed that the most useful results would be obtained by one further and apparently draconian rule:

Ÿ No skips. 

This was later supplemented by another: no bonfires. In other words, the usual easy options of indiscriminate disposal were forbidden, although the principle was not carried to ridiculous extremes: items like sheet asbestos and decaying linoleum were put into refuse sacks for normal collection. Otherwise construction ‘waste’ had to be stored in the garden pending its re-use. It was divided into the categories shown in Table 1.

Table 1

Categories of Demolition Wastes
Re-used (or stored for re-use) on site:

Re-usable plumbing items

Re-usable electrical fittings

Wood for joinery

Wood for garden structures 

Slate slabs (5 size categories)

Building stone

Stone for hardcore

Whole Bricks

Broken bricks

Water-worn stones

Special items such as chimney pots

General building rubble 

Wood for fuel

Woody wastes for composting

Exported for recycling
Non-ferrous scrap 

Ferrous scrap

Exported to landfill

Rejects for export

Tradesmen working on the conversion responded in various ways to this unorthodox regime. Some were enthusiastic, others hostile. Generally I took personal charge of sorting the materials, partly because I wanted estimates of the relative quantities. It was in fact quite hard to weigh everything, but I obtained reasonable estimates by taking samples and measuring volumes. It was also difficult to estimate the extra financial costs incurred by addition time and organisational complexity. These are of course set off against the savings in new materials avoided, but in orthodox economic terms the balance is probably negative. 


To a certain extent the process was an evolving one: as the house was ‘deconstructed’ unexpected possibilities or limitations emerged, but once the general trends were established it was possible to plan for re-using a most of the material within the house or - more likely - in the garden. This entailed a garden design that could absorb ‘wastes’ quickly without too much double handling. I cannot discuss garden design in any detail here but Table 2 gives the general idea

Table 2: Re-use of Demolition Wastes in Landscape Construction
Ÿ banking up parts of the garden as raised features using rubble, covered with soil from path excavations which are themselves filled with rubble

Ÿ rubble as hardcore for footings of hard landscape features

Ÿ walls constructed from bricks and building-stone

Ÿ patio surface and pond-edgings using floor-slabs 

Ÿ joinery-grade timber for tree-houses and play structures

Ÿ other timbers and sheet materials for compost containers

The poorest quality timber was stacked for firewood for use in the house. In crude categories the relative proportions of construction waste are given in Figure 1. In weight terms it is overwhelmingly dominated by inert materials. The total weight was between 4 and 5 tonnes (allowing for the crudeness of my estimates). This is not a great deal by typical building standards but still almost ten times the annual arisings of recurrent wastes recorded later from the house and the garden. Although the environmental impact of construction wastes in landfills is much less than that of household wastes in general, it is striking that I was able to reduce ‘exports’ to less than 2% by weight without undue trouble. This is not necessarily a model to be widely imitated, but it does suggest that some effort could be made in this direction, particularly with regard to garden design.

RECURRENT WASTES

Ordinary household wastes I separate fairly systematically into 8 different categories. The materials collection systems are extremely simple, and consist of appropriately sized containers either in the kitchen or in the lobby outside the kitchen door. Items are dropped into the appropriate container and later weighed. Putrescible waste goes into the bucket under the sink, which when full goes to the compost heap. The same applies to the nonrecycled paper, which includes any messy or crumpled pieces, and all cardboard (mostly food packaging): it goes into a box, and when that is full it gets weighed and again goes to the compost heap.  The solid waste that is not recycled or composted goes for collection in the usual black plastic bags. Most of it is plastic packaging and steel cans, although from time to time larger amounts of waste building material, such as scraped paint or decayed linoleum, are exported.  The proportions and fates of these various wastes for 1996 are shown in Figure 2.
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More than a third by weight is recycled. Drinks cans, aluminium foil, flat papers, plastic milk cartons and glass are all accepted by the local recycling banks. Of course there is a potential environmental cost in transporting all this material to the banks, not to mention the “inconvenience” which some people might consider a serious affront to their standard of living. But this is something very easily woven into everyday life. About once a month my son and I pack the recyclables into a trolley and take them up to the banks. As a fully paid-up 7-year-old he enjoys nothing better than posting the various items into their receptacles; then we do some shopping on the way home and he gets a ride back in the trolley. We both have a good time.


About half the waste by weight is broadly “organic” if we include paper and card (although the proportion for food waste is inflated by its high water content). In principle all this can be composted, but on the assumption that recycling is actually a higher use for paper than either composting or burning,
 all flat, clean paper is recycled, and the rest is composted.


The system of small bins ensures that nonrecyclable paper and food scraps are well mixed in the heap. The co-composting of paper and putrescible waste is something I consider important from several points of view: it further reduces the fraction of waste exported; it improves the quality and quantity of compost; and it does away with the need for ‘turning’. In fact as a broad generalisation, domestic composting doesn’t work very well without it. We ought to be able to reduce the amount of  paper going from houses to landfills from more than 30% to under 5%, although there are unsolved problems with plastic-laminated boards.

Garden Wastes

Figure 2 shows what can very easily be achieved in an ordinary house with a small garden to allow composting. Often enough however, far from using the garden to treat organic wastes, many people give garden wastes to the dustman as well, so for a complete picture of what I could have sent to landfill, but didn’t,  I need to include the garden wastes.  Figure 3 shows all the recurrent wastes for 1996, and garden wastes actually outweighed domestic wastes. Composting now becomes an even more important aspect of my waste treatment strategy. Grass clippings and food wastes constitute a special category of soft, weed-free garden wastes and are combined with nonrecyclable paper and card. No attention is required until there’s enough compost to use, when the contents are moved to another container for curing. This psychrophilic/mesophilic compost cycle takes about a year. 
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Gardens wastes apart from grass clippings are combined with finer woody waste in a process we call the Slow Stack method. Logs and sticks over 1cm diameter were originally used as fuel in a woodstove. This however is not likely to be a commonly-available option, so in the analysis below we have assumed that exporting dense woody waste to land-fill is sound practice, since it amounts to long-term carbon sequestration..

Waste as fuel

Perhaps here I should say something about the woodstove, one of the standard cliches of green living. We did think about wood as the main fuel for the house but rejected it because a) it would never become a common fuel, b) it’s a lot of trouble and c) although the fuel is renewable the level of non-CO2 air pollution is very high per unit of useful energy - several orders of magnitude worse than gas. However I wanted to put some numbers on the impact of firewood from the garden on the household energy budget. Measurements of wood yields and  performance data from the woodstove show that the garden can sustainably generate around 0.5% of the current space-heating demand with a return on fuel-collecting and preparation labour of around 70p hr-1 assuming displaced gas at 0.4p MJ-1. This illustrates the usual outcome of “self-sufficiency” calculations for typical households: that in raw economic terms the resources available from the household site rarely compete with the levels we have come to take for granted. In other words, the “ecological footprint” of a modern household—even a supposedly “green” one—can be frighteningly large.

REFINING THE RAW WEIGHT FIGURES

In the world of solid waste it is usual to measure wastes by raw weight, as I have done so far. But from a waste minimisation perspective, this does not necessarily reflect the value of not putting things in the dustbin. We need to assess the relative quality of the wastes in terms of their environmental impact as pollutants in a landfill, and the ‘waste’ of materials that need to be replaced. I could not find any published material on this, so I attempted to apply common sense correction factors to my various waste categories.  Table 3 presents my guesses, which should not be

Table 3: Suggested correction factors for the true impact of landfilling household waste

	SOLID WASTE CATEGORY
	FATE IN MY SYSTEM
	RECYCLING  

CO-EFFICIENT
	POLLUTION 

CO-EFFICIENT
	CORRECTION 

FACTOR

	Miscellaneous refuse
	Export/Landfill
	1
	1
	1

	Ferrous scrap
	Recycled
	1.5
	0.7
	1.05

	Nonferrous scrap
	Recycled
	10
	0.4
	4

	Plastic
	Recycled
	5
	0.4
	2

	Glass
	Recycled
	1.5
	0.3
	0.45

	Clean paper
	Recycled
	2
	2
	4

	Other paper and card
	Composted
	1.5
	2
	3

	Putrescibles
	Composted
	2
	5
	10

	Soft garden wastes
	Composted
	2
	3
	6

	Fine woody garden wastes
	Composted
	1.5
	2
	3

	Coarse woody garden wastes
	Landfill
	1
	0.2
	0.2

	Scrap wood 
	Fuel/Expot
	1.5
	0.2
	0.3

	Dimensioned lumber
	Reused on site
	5
	0.2
	1

	Inert building waste
	Reused on site
	1.2
	0.5
	0.6

	Scrap metal
	Recycled
	5
	0.6
	3

	Dubious building wastes
	Export/landfill
	1
	2
	2


taken literally, but they are probably in the right direction and could be refined with further research.
  Mixed household refuse is given a value of 1 as a baseline (and with a water content of 20%). To get the “environmentally adjusted” proportions the weight of each category is multiplied by each of these coefficients in turn. The higher the value, the greater the impact, if landfilled. Note the paradox that some materials have a net correction factor less than 1, suggesting that landfilling might sometimes be the best environmental option.

[image: image1.wmf]Miscellaneous refuse

20.1%

Ferrous scrap

3.9%

Nonferrous scrap

2.1%

Plastic

1.2%

Glass

16.0%

Clean paper

12.4%

Paper and card for composting

7.5%

Putrescibles 

36.8%

 44.3% Composted  31.4% Recycled  20.1% to landfill

Figure 2

Proportions of Household Waste by Weight

Total 229kg


The recycling coefficient is an estimate of the environmental benefit of making use of the various wastes. The values are all greater than unity: almost anything has greater potential value than mixed garbage. They range from 1.2 for general building wastes (some, but not much, environmental difference per kg keeping it instead of exporting it) to 10 for aluminium (almost criminal to throw it away). The pollution coefficient is an estimate of the pollutant effect of that category in a landfill compared with mixed domestic refuse, and may be greater (eg.organic wastes) or less than 1 (eg. inert materials and metals). It also includes the benefit of avoiding transport to disposal sites. The problem of water content of different materials was simply ignored; conceivably the extra weighting in the statistics is somewhat offset by the extra energy costs of transporting it to landfill.  The environmental costs of tools and equipment such as saws and  plastic boxes, and consumables such as nails, were also ignored.


Applying these coefficients to the data of Figure 3 and renormalising gives Figure 4.

 On the assumptions made for the coefficients, this suggests that the environmental benefits of my waste system are actually far greater than indicated by simple proportions by weight - and this should be true for anyone following a similar strategy, if the contents of their dustbins are landfilled. It also suggests that for typical household wastes, composting is potentially more important than recycling. In fact a remarkable 81% of the potential environmental impact is avoided by on-site composting, compared with just 15% for recycling.


Doing the same exercise for the entire waste arisings of my house in the first 18 months, including building wastes - all of which could have gone to a landfill - still shows a “corrected” export figure of under 5%. In this situation - perhaps rather unusual - the greatest environmental benefits are gained by dealing with wastes on-site. Both these calculations point strongly to the potential importance of gardens in waste minimisation, and suggest that official support and encouragement for on-site waste treatment is potentially cost-effective.

----------------------------------------------------------------------------------------------------------------

COMPARISON OF DATA FROM A SECOND YEAR
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I recorded another calendar year of solid waste data as a check on the first. This was slightly different in that there was negligible ferrous scrap, and steel cans went into the miscellaneous refuse category. Figure 5 gives the raw weights, which are close enough to those of figure 2 to give some confidence in the samples. I did not record or even estimate garden wastes in 1997, so there is no direct comparison with figure 3. However, figure 2 probably represents what the government is trying achieve in encouraging households with gardens to compost their organic wastes
, so a corrected version would be of interest, given here as Figure 6. 
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The conclusion seems inescapable that if the infrastructure is there, with relatively little effort many households can reduce the environmental impact of solid wastes to “sustainable” levels, way beyond “Factor 4”
, and even “Factor 10”.  
Three items emerge from this study with unexpected significance: Paper, Composting and Gardens. They have been paid too little attention in the waste management field, and deserve serious re-evaluation.
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�Remarkably, some authorities in the pulp and paper industry are sceptical about this.


� See ‘Improved Systems of Home Composting from a Waste Minimisation Perspective’,  technical report from the Biology Dept, CAT, 2000; also Cool Composting, CAT Publications 2001.


� If there are hedges and trees in a garden woody waste can build into enormous piles unless something is done to reduce the volume. Sometimes the waste authority will accept, shred and compost it. Otherwise it’s a choice between bonfires and shredders. Generally shredders are better. Combining with softer garden wastes, soil and spent composts speed up the process of decomposition. See note 2 for further details.


� For more details on these calculations see ‘Doing the Numbers’, Permaculture No. 19, 1998. On the principle of ecological footprinting see Sharing Nature’s Interest by Craig Simmonds et al., Earthscan 2000.


� The values here have no empirical basis whatever and would need careful research to refine and substantiate. The values would be different if the waste were MRF’d, incinerated, or composted. They depend on complex and treacherous assumptions which is probably why they have not been officially attempted. But surely they are better than nothing? .


�  See for example the previous Government’s ‘Making Waste Work: A Strategy for sustainable waste management in England and Wales’. HMSO 1995. Compare the new administration’s ‘Less Waste More Value’, DETR 1998.


� Factor Four: Doubling Wealth, Halving Resource Use, Ernst von Weizsäcker, Amory Lovins and Hunter Lovins;  Earthscan 1997.
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Figure 9: Official average figures for household waste, adjusted
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