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I am not so interested in being Green as in finding out what Green is. And I want to know which Green things really work at the household scale. I use my house and garden as a test bed: observing, recording, weighing, measuring, taking temperatures and so on. Lots of numbers! Then I run the numbers through various calculations to try and work out what they mean. Yes, well it is a bit nerdy but once you get into it, a train of calculations can be a real roller coaster: it puts things in startling new perspectives and can even turn the world upside down! I have found ‘Doing The Numbers’ essential for sorting out the huge range of choices that face me in trying to live more sustainably: to tell which projects are really likely to work, which are long shots, and which are total lemons. I don’t want to spend the rest of my life squeezing lemons.

I’m going to illustrate the method through a ‘worked example’.  It’s not easy to read (slow down a bit) but there’s nothing difficult, just elementary arithmetic with a few standard “values”, plus my own measurements and observations and “guesstimates” to fill in the gaps. The crudeness is the whole point. Anyone can do it. I call it The Art of Rough Calculations. 

The example I’ve chosen is a real one. My house has gas-fired central heating but also a woodstove. The specific question I asked myself was how much of the heating could be met sustainably from ‘biofuels’ grown in the garden?  I expected it to fall well short of the total requirement, but how far? A factor of 2, 50 or 5000?  This kind of ‘ranging shot’ is the first step in deciding whether we try to close the gap or simply forget it as a non-starter. 
Step 1: The Theory
To create a frame for the calculations, I first ask an entirely theoretical question: what is the maximum energy yield I could possibly get? The total area available in the garden is 250m2 or 0.025 hectares. The only energy-conversion equipment available is a woodstove, so the fuel has got to be wood.  Typical wood-yields for mixed native coppice are 2.5 air-dry tonnes per hectare per year, using logs down to 5 cm diameter. If I also burn the smaller sticks and make faggots out of the twigs I reckon I can double this to 5 tonnes (this might be an overestimate but after all the ‘textbook’ total yield of biomass from temperate woodland is around 10 tonnes). So if I planted up the whole garden with the right trees I might expect a maximum sustainable yield of about 5 x 0.025= 125 kg a year. The calorific value (the amount of heat in a given weight of wood) is about 4 kilowatt-hours (kWh) per kilogram (or 15 megajoules (MJ) if you prefer to work in these units: 1 kWh = 3.6 MJ. The megajoule is the ‘correct’ unit for energy but the kWh is more familiar as the unit in which electricity is sold). In a woodstove of 40% efficiency, I could expect a maximum of 125 x 4 x 0.4 = 200 kWh effective heating output from my 125 kg. According to my gas bills over 3 years the annual demand for heating, cooking and hot water is around 9,000 kWh. In a typical house the energy ratio of space heating to cooking and hot water is about 3:1; in my house I think the ratio is lower, but the boiler is probably only 80% efficient, so say 6,000 kWh are required for heating alone (this is a “guesstimate” but unlikely to be far out). Therefore - theoretically - I could sustainably generate 200/6,000 x 100 = about 3.3% of my space-heating needs if I completely filled the garden with trees. To provide all the heating would require about 3300 kg of wood, which would occupy about two thirds of a hectare or 1.6 acres.

This is the kind of rough calculation to do in the planning stages of the development of a site - certainly before you fill the garden with biomass crops! It doesn’t stop you doing it, but puts it in perspective so you can compare it with all the other things you might want to do with your garden and your time. 

Another thing that’s useful is to look at the prevailing cash value of various resources. Conventional economics can be very misleading but can also give a strong signal when something is seriously off-beam. In this case, what would be the value of my annual biomass harvest in terms of saved gas? Mains gas currently costs about 1.5p a kWh, so my garden’s theoretical annual 200 kWh would be worth 200 x 1.5/100 = £3. Let me just repeat that: the expected annual sustainable fuel value of wood if the entire garden were planted with trees, is three pounds. This is a return of 1.2p per square metre or £120 a hectare per year, reflecting the fact that by historical standards fossil fuels are mind-bogglingly cheap and it’s no wonder we’re totally addicted to them. In terms of my garden, I could get much better economic returns from fruit and vegetables, which I have measured in a separate study at about £18,000 a hectare - about 150 times better than growing fuel crops!  So even if gas prices went up tenfold - as perhaps they should to combat climate change - it still would not be an economically sensible thing to do in the garden. You may have heard the expression ‘a sprat to catch a mackerel’, that is, using a tiny bait-fish to get a big one. In my situation, garden fuel crops would be a mackerel to catch a sprat!

But hang on a minute. Up to this point it’s all been theoretical: I have made no measurements except the gas bills and the size of the garden. The next step is to test the theoretical calculations against specific measurements in my actual situation, which as it happens, I have actually done. Notice again the cavalier approximations.

Step 2: 

Checking the theoretical biomass yields with actual measurements.
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I had the opportunity for two separate checks of yields, one a twelve-year pruning on an old apple tree, and the felling of an ornamental cypress (see photo on right). While I was about it, I recorded the time required to cut and stack, to give some idea of the economic value of the work involved.
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1) Apple tree, not pruned for about 12 years. Savage pruning yielded fresh weights of 117 kg logs, 86 kg sticks and 109 kg twigs = 312 kg total biomass. The air-dry weight is about half the fresh weight, 312 x 0.5 = 156 kg air-dry weight. Assuming this is a 12-year harvest, annual yield is 156/12 - around 13 kg dry wood. The radius of the canopy is about 2.5m so I could physically get (π r2) 12 of these trees into the garden. This would give 156 kg per year, better than the theoretical ballpark figure of 125 kg above, but the difference is most likely due to the lack of competition experienced by a free-standing tree compared to trees in a woodland.  The total time taken to cut and stack was 6.5 hours, so 24 kg per hour. In useful energy terms this is 156 (kg wood) x 4 (kWh/kg) x 0.4  (stove efficiency)/6.5(hours) = 38.4kWh per hour. Gas costs about 1.5p per kWh, so in terms of gas saved my labour was worth 38.4 x 1.5, about 58p an hour. Incidentally this compares with measured returns on garden food harvesting of between £1 and £3 an hour: food is more labour-intensive even though its value per unit area is much higher.

2) Cypress tree 14 years old. Whole tree wt 130 kg, or 65 kg dry weight, 65/14= 4.6 kg per year. It would take about 60 of these trees to equal the theoretical annual yield, which is just about plausible in the garden: they are very tall and thin. I would certainly expect these trees to have a higher annual wood yield per unit area than apples, since they are chosen for fast growth. Time taken was 3 hrs, so 65 (harvest wt) x 4 (calorific value) x 0.4 (stove efficiency)/3(hours) = 35 kWh per hour, a very similar rate of return to the apple - somewhat more if I had included all the leaf material that could theoretically have been burned.

The actual measured yields then are fairly close to the ‘book’ yields, but even if they were out by a factor of two either way that would have been close enough for our purposes. Next, we want to test the fuel conversion to actual heat in the house.

Step 3: 

Checking the theoretical heating benefits against actual measurements
I did not want to buy a year's supply of wood and test the whole thing completely. Instead, I used sample periods of wood-burning with the gas heating off, mimicking the central heating programme which during the 8-month heating season is on during the day at weekends (about 15 hours a day) but only in the evening on normal weekdays (about 6 hours a day). The ‘target’ temperature range is 15-17.5ºC. This is chilly by conventional standards, but that’s how I want it (it’s really this that keeps the bills down, although when Grannie comes we tweak it up to 20º). Of course, outside temperatures varied a lot so it took variable amounts of wood to keep the room temperature inside that range, but broadly speaking in the “shoulder” months (Oct/Nov, Apr/May) it took about 5 kg for 6 hours, 12 kg for 15 hours, while in the coldest four months (Dec-Mar) it was twice as much – 10 kg and 25 kg.  Of course, these are very rounded and averaged figures based on sample runs (see figure 1) but they would add up to an annual consumption of around 2600 kg.

This is close enough to the theoretical calculation of 3300kg. Any number of factors could explain the slight shortfall, quite apart from inaccuracies in my sampling methods and measurements. Perhaps the stove is actually more efficient than 40%? Probably some of the trial runs were benefiting from (gas-fired) heat stored in the fabric of the house, which takes about 5 days of no heating to reach outside temperatures. Probably also the heating standards for the whole house were actually lower than they would be under the robotic regime of the central heating system with its timers and thermostats that may well have been giving us more than we really wanted. Or maybe wood just feels warmer and people tend to snuggle round the stove? Who knows? To really find out would take years of painstaking research and monitoring, but this is quite unnecessary. The results are as close as the roughness of my methods and calculations allow, and we can say with some confidence that both theoretically and in actual measurements we would get something between 2% and 5% of the space heating out of the garden if it were entirely filled with trees. This is the kind of result I was after when I set out, although I didn’t know what the answer would be. Did you?

Discussion of this example:
This is the bit where you try to work out what it all means, try different assumptions to see if the conclusions are seriously different, and see if there are any more ideas lurking in the bushes. What follows are examples of new possibilities or lines of thought triggered off by the various calculations. Remember all this woodfuel stuff is just an example: try to imagine how the general mode of thinking might be useful in other areas.

In this particular example, the calculations seem to answer my original question: it would be pretty daft to fill the entire garden with fuel trees (not to mention the space required to cut and stack the wood) and invest in costly harvesting equipment, and give myself a huge amount of work, simply for 5% of my space-heating requirement, worth less than a fiver a year. There are so many other things I want to do with the garden which would be ruled out by wall-to-wall trees, and so many other things to do with my time which would be prevented by all the work of tending, cutting, splitting, stacking and hauling all this wood.  

But before finally dismissing any scheme as a mackerel to catch a sprat, it’s always worth a final check to see what difference it would make if “present circumstances” were different. (This is the bit best done in a pub with a friend - don’t forget to take the calculator along). In this example, could I for instance get higher yields with super-clone coppice varieties? Possibly: yields could be 50% more, but this not enough to dent the general conclusion. What about multi-purpose trees where fuel was only one of the yields?  A much better idea, soundly Permacultural; generally the energy yield would be lower than for dedicated fuel crops, yet as we have seen the value of food crops is so much higher it seems pointless to sacrifice any of this merely for fuel! I could fill the garden with fruit trees and use the wood as a minor by-product (as in fact I do with the apple tree). But this might still interfere with other garden uses with even higher value (which leads off into another train of calculations).  What about improvements in stove efficiency? A heavy-bodied stove would be twice as efficient, great for twigs. But would cost over £3000. Oh!  Well what about lowering heat losses so the biofuel input became a larger fraction of a smaller load? More insulation, draught-stripping, double-glazing? Spent thousands on this already, but could do more - maybe 20% improvement. Drop the temperature? Come off it, 15 degrees C is already below the Factories Act minimum! 

So with best-case assumptions (x1.5 (improved varieties) x2 (doubled stove efficiency) x1.2 (lower heat losses) I could improve the onsite-biomass proportion of heating demand from 2-5% to perhaps 7-20%, and if I lived in a caravan (as I once did - amazing how little woodfuel is needed to keep it warm as toast) it could easily be 100% from 250m2. Over the years one would certainly get faster at processing the fuel - perhaps by a factor of 2, or even 5 with the right equipment, in which case the return on time spent could rise to £1-£3 an hour, and if the price of gas doubled it might be up to £6 an hour - not bad. 

But under the existing circumstances I’m miles away from any sort of cost-effectiveness, and experience persuades me that even if I started it would be hard to keep up. In the modern world it would be quite demoralising to work for such a low rate of return, knowing that this amount of effort at typical hourly wage rates would pay for several years worth of heating bills, or that - more importantly perhaps - other ways of reducing my energy consumption would save more and cost less in time, money and hassle (e.g. smaller car, holidays closer to home, live upstairs/sleep downstairs etc.).

Should I therefore scrap the woodstove? Some would, I wouldn’t. Its value is not economic or environmental but cultural and symbolic. It’s nice to have a merry blaze on high days and holidays and there’s always enough fuel coming out of the garden for special occasions in the form of prunings and occasional fellings. Personally, I like to feel I am self-sufficient in festive and ritual fuels, completing some kind of symbolic circle, in due proportion with all the other flows of energy and materials in my life. But as a general implication for public policy, we can conclude with some finality that biomass production in gardens is not going to be a major part of a sustainable energy strategy.

Conclusion
Remember again this was all just an example. It’s the method that is important, and I hope I have shown how even the crudest number-crunching is better than none at all, and can help get things in proper perspective, especially if you can come at the problem from several different directions and they more or less agree. Sustainability requires efficiency, which means we must not let our limited resources of cash, commitment or time be frittered away on grossly inefficient projects and processes. Doing the Numbers can help us save years of work and thousands of pounds - with nothing more than a calculator, a pencil and the back of an envelope. Now that’s a sprat to catch a mackerel...and we over-40’s can even manage without calculators!
The trees in question: at left, the apple, at right, the cypress. You can see this is a fairly typical suburban garden.





The woodstove. It is quite small. It is not branded: a one-off made by a local blacksmith. It is located on one side of an old ingle-nook that formerly held the cooking range. The rest of the nook is taken up with a sofa, and there is a screen between the stove and the sofa, although the stove never gets really hot. The cast-iron chimney gives off heat as well. The whole cosy arrangement would not meet modern building regulation standards.
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