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In 2007 a research group at the Centre for Alternative Technology in Wales set out to explore a radical scenario for reducing Britain’s greenhouse-gas emissions to zero within 20 years. The result was Zero-Carbon Britain (ZCB). I was a member of this team. We got close enough to convince ourselves that it really was possible, and we made a more detailed attempt in 2009-10, called ZCB2030.
Naturally the project focuses mainly on energy, and the approach is the now-classic two-track combination of reduced demand and decarbonised supply with a greatly increased share for electricity. 
This energy-led approach works well, but still faces several significant problems. The first is that most of the zero-carbon energy supply is electricity generated from variable sources like wind, wave and solar power. These variable sources need ‘balancing’ with other zero-carbon sources that can be stored and used when required. Another problem is that we need some liquid fuels for situations (like aviation) where electricity just won’t work. The key to these storable fuels is ‘biomass’, produced by plants through the tried-and-tested—and solar-powered—process of photosynthesis. Plants need land, and this implies a crucial role for the agriculture and land-use sector within ZCB2030. Given the present uses for agricultural land, there is very little to spare, so it is commonly assumed biomass production can be only a marginal activity. The scenario addresses this problem directly. 
A further problem of the zero-carbon scenario is that there are some activities and processes whose emissions cannot be entirely eliminated. To get literally to ‘zero’ we are obliged to introduce not just zero-carbon, but negative-carbon processes.  To illustrate this point in numbers, if you start with 10 and reduce it to 2, you can add as many + 0s as you like, and the answer is still 2. To get to zero you have to subtract 2, or to put it another way, ‘add’ minus-2.   
The possibility of such ‘net-negative processes’ is widely acknowledged, and there are two mainstream responses. One is to say we don’t actually need to get to zero because the natural sinks (like the oceans, soils and plants) will deal with what’s left. This is possibly true, but it is hardly ethical to rely on it, especially in view of the already-known side-effects, such as ocean acidification. Neither is it prudent, in view of the evidence that these sinks are becoming saturated.

The other response to the apparent need for net-negative processes is sometimes called ‘geo-engineering’, using mass-scale technologies like cloud seeding, mirrors in space or fertilisation of the sea, to keep the climate cool.  These also have serious potential side-effects, bringing to mind ‘the old woman who swallowed a fly’. 
The ZCB2030 scenario does not invoke these processes. It does however acknowledge the mathematical requirement for negative-carbon components, and proposes to avoid the acknowledged problems by making use only of ‘natural’ processes. The obvious example is (once again) photosynthesis, because it absorbs CO2 from the air in the process of generating biomass. If the biomass is not converted back into energy, but kept in some permanent form, it acts as a ‘sink’ to ‘sequester’ CO2.  Carbon-sequestration is therefore another potentially important function for the land-use sector, but one that will also need a lot of land.  Where is all this land to come from?
In Britain 80% of the land is used for agriculture, and agriculture itself is a major GHG emitting sector. It is in fact one of the awkward sectors for which there is no technical way to get to zero. That had to be factored into the scenario too. At the same time, we also tried to reduce imports, deliver greatly enhanced food security, improve the general diet, maintain biodiversity, and reduce the UK’s indirect pressure on the world’s ecosystems. A lot to ask! How did we do it?
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Figure 1 shows two large classes of agricultural commodities (crop products and livestock products) representing the present situation in British agriculture. The black bars show absolute levels of GHG emissions from various groups of agricultural products, and you can see that some emit far more than others. Some processes (on FIGURE 1. The present situation.

See Note added 2015, in Appendix

the left) are carbon-sinks, and have negative scores that partially balance out the positives. Achieving zero will mathematically entail reducing the very high emissions on the right-hand side and/or increasing the negative-carbon elements. We wanted to know if this was physically possible, and very importantly:  Does it reduce the quantity or quality of food?
The answer, which some have found surprising, is No. The green bars show the absolute amount of ‘nutritional value’ produced within the same groups, and it turns out that very often low-emitting groups actually generate more food. Finally, the red dots show the areas used by the product groups, and it is striking that high land-use often goes together with high emissions and relatively low productivity.
It is impossible to ignore the fact that, overall, the livestock sector performs much worse than the crop sector, and Figure 1 separates the two so that they can be compared more easily. Livestock products use 83% of the agricultural land, generate 70-80% of the GHG emissions and produce less than 30% of the nutritional value. Decarbonising the food and land-use sector is impossible with such a large livestock component.
Imported food is, however, a significant factor, and is included in Figure 2.
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Figure 2: Summarising the emissions and production volumes of both crop and livestock products. Note that a larger proportion of crop products are imported. Emissions from livestock include those attributable to feed crops. Overall, ‘crops’ are 7 times more ‘efficient’, and in land terms, 10 times.
Livestock are certainly problematic, but animals are an important part of our culture and diet, and it would obviously be desirable to devise a scenario that included a reasonable level of livestock.   How shall this be done? 
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An ‘answer’ is summarised in Figure 3, representing the scenario we constructed. There are still livestock products, but much less (between 20-30% of the present). Figure 3: The ZCB2030 land-use scenario
Cows and sheep in particular are much reduced because they are high emitters and 
take up a completely disproportionate share of the land. 
Levels of egg, poultry and pig-meat production are only little lower than today because they use little land, and we can feed them on high-yielding crop products and food wastes.  
In the scenario, a lot of meat protein is replaced by plant protein, which is greatly increased. At the moment, the ratio of animal to plant protein is about 55:45%, and in the scenario it is 34:66%.  This is not a nutritional problem. On the contrary, the proportion of livestock products in the scenario matches recommendations for optimum health rather closely. The diet is better, not worse. 
In the scenario, it is supposed that all existing kinds of meat and livestock-based products are available in the market, but tend to be expensive and produced in an artisanal manner that maximises added value. “Real” meat would probably be ‘slow’, ‘organic’, largely local, and with high levels of animal welfare. We imagine that (paradoxically?) there could be more animals in towns, perhaps associated with a much-expanded network of city farms, and community-supported farms. There would also be a very large increase of commercial vegetable enterprises in urban areas, especially in greenhouses, using CHP and local resources of compost and fertility.  
Meanwhile of course, very large areas of grazing land are released for biomass crops, grasses, coppice and woodlands, which we suppose will be the subject of vigorous breeding programmes, and likely to become increasingly efficient. These are our energy and net-negative ‘sequestration’ crops. There is a strong link with the building section of the ZCB2030 report in that about 20 million tonnes per year of biomass crops are processed and incorporated into buildings where they have structural, insulation and other functions. Buildings and other structures would become important carbon sinks and will receive credits for this important purpose, as will the farmers growing the crops. At the same time the land is managed carefully to maximise the natural storage of carbon in forests, both old and new, and in soils. These much-amplified sinks more than balance the remaining emissions from the land-use sector, and go forward to net-zero the remaining emissions from the rest of the scenario’s economic sectors. Most of these sinks exist as a result of severe reduction of grazing livestock.
The detailed allocation of land to functions in the scenario is shown in Figure 4.
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Figure 4: Allocation of land to functions in the ZCB2030 Scenario
It is hard to model the effects on biodiversity, but so far, the evidence suggests the scenario is no worse than the present, possibly better, even much better.  The most obvious reasons for this are that a) there is more woodland and b) there is far greater habit diversity and stability in the perennial crops replacing much of the presently-grazed grassland.

These are extremely radical changes, and it might well be asked what possible force could bring them about. The answer is partly money. The ZCB2030 scenario does not take place in a vacuum, but would only make sense in the context of a strong world-wide decarbonisation agreement and an implied carbon price of several hundred pounds per tonne. To give some examples of the effect this would have, a kilo of lamb might cost an extra £7 to the consumer, while various plant-protein equivalents would be cheaper than today. Of course, you can have lamb: you just have to pay the carbon price, and sometimes you would be happy to do so. But often you wouldn’t, and that’s how it would work.  A cow would attract a tax of several thousand pounds per year; meanwhile the land on which she grazed could earn a similar amount in sequestration credits alone if it were used for biomass crops. If you were a farmer, which would you choose?
This is just the beginning of exploring the implications of the scenario, but our impression is that it could help save British farming (and rural culture in general) from the dead-end it now appears to be heading into, and introduce exciting alternative possibilities. The Land and its functions would become the cornerstone of Britain’s sustainability policy. 
This is essentially a new paradigm for land-use in developed countries, and we hope it can be improved by reasoned criticism.

� Since the writing of the report a widespread meme has emerged that grazing livestock could be net carbon sinks. This has been substantially debunked, but persists and is widely believed.


� Note added 2023: In subsequent years the ‘rewilding’ movement has demonstrated that land set aside specifically for habitat is a powerful contributor to biodiversity. Under the scenario, this is entirely feasible.





