Summary.
Farmers in Wales are being ‘encouraged’ to diversify; to reduce inputs, impacts, carbon emissions and run off; to add value to products; to restore
habitats and biodiversity, especially trees and pollinators, and to develop new skills. Achieving these major changes may be more challenging for
agriculture than for other sectors: the energy sector, for example, was able to replace coal with wind, solar, and storage. Such emissions-reductiontechnology options are not so readily available to the agricultural sector. Lack of flexibility in current subsidy schemes, lack of clarity on future schemes,
often crippling and increasingly uncertain market conditions all contribute to making it difficult to innovate confidently in the agriculture sector.
This document focuses specifically on providing real cost, income, and management benefits to dairy and beef farms in Wales. It details a unique
approach to treating methane and carbon emissions through the adoption of more progressive systems of land management integrating agroforestry
for feed and biomass, woodland management, biodiversity measures, biochar, slurry management and biogas. Ultimately, the aim is to reduce emissions
via climate-adaptive methods of resource management that reduce methane and carbon emissions and lock up carbon in products and in the soil and
promote biodiversity on the farm.

Introduction.
If we were to accept that humanity has overstepped the threshold of maximum safe cumulative emissions and that no amount of emissions reduction
alone will return the climate to within safe bounds, then we would see farming as possibly the best hope of building the foundations of a more resilient
society, capable of challenging the impacts that climate-change will bring. Foremost in that effort must be mitigation strategies that draw down excess
carbon dioxide (CO2) from the atmosphere, which must now assume an importance equal or greater than a reduction in emissions.
There are two basic mitigation approaches which this document has adopted: a) natural climate solutions (NCS), and b) negative emissions technologies
(NETs). Both have huge potential but also limitations in terms of deployment and may have downsides (1), which the models detailed here seek to
avoid by developing strategies to suit individual farms.
How we determine farm emissions in the future will change quite dramatically as scientists from around the world develop accounting methods that
separate methane from carbon emissions (2-3). With this is mind, our approach is built around a range of natural climate solutions and five of the
negative emission technologies described by the Intergovernmental Panel on Climate Change (IPCC) - see images and links on following page.
By adopting more progressive methods of management to existing woodlands and hedgerows, with the addition of efficient agroforestry systems,
farmers can secure benefits that would not be available under more traditional systems of farming.
1. https://eciu.net/analysis/briefings/net-zero/negative-emissions-why-what-how
2. https://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12064270
3.. https://www.carbonbrief.org/guest-post-a-new-way-to-assess-global-warming-potential-of-short-lived-pollutants

Natural Climate Solutions (NCS) and Negative Emissions Technologies (NETs).
Natural climate solutions (1) can help address climate change in three ways:
1. Reducing greenhouse gas emissions, such as carbon dioxide (CO2), related to
land use and changes in land use, e.g. reducing ploughing for feed production by
producing feed from perennial shrub and tree crops.
2. Capturing and storing additional carbon dioxide from the atmosphere, e.g.
Increased soil carbon storage through agroforestry.
3. Improving resilience of ecosystems, thereby helping communities adapt to the
increase in flooding and dry spells associated with climate change, e.g. reducing
runoff and increasing moisture retention in soil and “rougher” vegetation.

Negative emission technologies (2) take more CO2 out of the atmosphere than they put in. No one single technology can solve climate change, but
many have been proposed that could contribute to reducing atmospheric CO2.
1. Afforestation and reforestation.
2. Biochar (locking up carbon in charcoal-based products).
3. BECCS - Bio-energy with carbon capture and storage.
4. Building with biomass and biochar replacing high carbon emission materials.
5. Soil carbon sequestration.

1. https://www.conservation.org/blog/what-are-natural-climate-solutions
2. https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change

System Design.
This farming model has been designed specifically to reduce carbon and methane emissions within dairy/beef farms by providing raw materials that
can be fed directly to cattle to reduce feed imports (carbon reduction) and to reduce methane emissions from cattle (biochar added to feed).
At the same time, the waste biomass from processing these feedstuffs can be used to improve the calorific value of slurry (enabling more efficient
production of on-farm energy). In addition, trees and crops are selected for being climate change resilient and beneficial for biodiversity especially
pollinators and birds and areas are also set aside for nature within the design.

Existing Farm Woodland.
A). Progressive systems of adaptive capacity silviculture (1) (coppice-with-standards & close-to-nature (CTN) forestry) introduced to existing farm
woodlands.
The term adaptive capacity can be defined as the ability of woodland ecosystems either to absorb climatic change without major changes in composition
and structure or to rebuild themselves, possibly with a different composition and structure, after disturbances caused or triggered by climatic influences
(2). Increased adaptive capacity would ensure that woodlands and plantations continue to deliver a broad range of ecosystem services. There are six
principles for enhancing the adaptive capacity of UK broadleaf woodlands and non-native conifer plantations in a changing climate:
(1).
(2).
(3).
(4).
(5).
(6).

Increase tree species richness.
Increase structural diversity.
Maintain and increase genetic variation within tree species.
Increase resistance of individual trees to biotic and abiotic stress.
Replace high-risk stands.
Keep average growing volume stocks low.

B). Develop opportunities to integrate agroforestry principles into areas of woodlands and plantations.
•
•
•
•
•
•

Increase levels of biomass carbon sequestration.
Increase levels of soil carbon.
Utilise timber and small roundwood to reduce on-farm cost and reduce carbon emissions.
Maintain and increase levels of biodiversity, focusing on species local to the region.
Develop opportunities for new farm enterprise.
On-going monitoring to check against effects of climate-change.

How we develop strategies to maintain and improve biodiversity when the full impacts of climate-change are unpredictable is a major challenge of the
21st Century. These strategies are supported by foresters and professional woodland managers throughout Europe and the consensus here is that
broadleaf woodland is likely to be more resilient than monocultured conifer plantations.
1. https://www.un.org/esa/forests/wp-content/uploads/2019/03/UNFF14-BkgdStudy-SDG13-March2019.pdf
2. https://academic.oup.com/forestry/article/87/4/492/2756063

Hedgerows.
Hedgerows should be coppiced every 3-15years and where possible connect areas of farm woodland. Hedgerows should be treated as an important
farm resource, being able to provide fodder and small poles for fuelwood and/or biochar (1).
Improved management would eliminate the need to flail internal hedgerows; and hedgerows that run parallel to roads can be side-trimmed, allowing
the stems to grow up. Where issues with road-safety apply, hedgerows can be managed over short rotations – 2-4yrs.
•
•
•
•
•
•

Increase levels of biomass carbon sequestration.
Increase levels of soil carbon.
Utilise timber and small roundwood to reduce on-farm cost and reduce carbon emissions.
Maintain and increase levels of biodiversity, focusing on species local to the region.
Develop opportunities for new farm enterprise.
On-going monitoring to check against effects of climate-change.

Agroforestry.
A detailed definition is that agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with crop and/or animal systems
to benefit from the resulting ecological and economic interactions.
Agroforestry addresses the negative environmental effects of intensive agriculture and challenges climate change through regenerative systems that
are capable of sequestering increased levels of carbon. Moreover, it enables farmers to build resilient, low-impact business models based around an
ability to spread risk through the variety of crops that can be grown under agroforestry principles. There are clear environmental benefits from
agroforestry, relative to agriculture alone or forestry alone (2).
•
•
•
•

Systems designed to encourage biodiversity.
System designed to reduce farm imports (feedstuff).
Increased carbon sequestration via soil and biomass.
Development of low-carbon business opportunities.

1. http://www.efrc.com/manage/authincludes/article_uploads/project_outputs/TWECOM%20ORC%20Carbon%20report%20v1.0.pdf
2. https://www.soilassociation.org/farmers-growers/technicalinformation/agroforestry-handbook/

5 metre alley comprising native broadleaf species short-rotation forestry.
(Small-leaved lime, Aspen, Alder).
2 metre wildflower strip – native (localised) species.

15 metre alley comprising Sida hermaphrodita (20yr crop)

2 metre wildflower strip – native (localised) species.
3 metre Sorghum strip.
5 metre alley comprising native broadleaf species short-rotation forestry.
(Small-leaved lime, Aspen, Alder).

Design (example).
This agroforestry system has been designed specifically to reduce carbon and methane emissions within dairy/beef farms by providing raw materials
that can be fed directly to cattle to reduce feed imports (carbon reduction). At the same time, the waste biomass from processing these feedstuffs can
be used to improve the calorific value of slurry (enabling more efficient production of on-farm energy).

Design Images - Agroforestry.

Wakelyns Farm (Suffolk).

Multi-strata agroforestry (Spain).

Existing grazing land.
Feeding small, daily doses of biochar to cattle as a dietary supplement subsequently results in more solid faeces. It also appears that the pore spaces
in the biochar creates a harbouring arrangement for methanatrophic bacteria found in the gut that use methane as a feed source, which reduces the
level of methane-burps that cattle produce (1).
The production of more solid cattle faeces will enable farmers to adopt a natural method of carbon sequestration based around the introduction of
native dung-beetles on to the grazing land, which will influence soil fertility by creating an ecosystem of bacteria and fungi. As a result of these changes
in soil fertility, a wider variety of crops, particularly nitrogen-fixing legumes, can be grown that provide the cattle with higher-levels of energy, which in
turn reduce the need to import feedstuffs (2).
Soil health improvements from biochar include increased nutrient retention, reduced leaching, increased cation exchange capacity, improved soil
structure and water-holding capacity, decreased soil acidity and nitrate run-off to local waterways.
•
•
•
•
•

Stabilising biomass carbon, thus delaying emissions of CO2 through decomposition.
Reducing emissions from biomass wastes that would otherwise have released GHGs during decomposition.
Reducing nitrous oxide emissions from soil.
Stabilising native soil organic matter, reducing its rate of decomposition.
Reduced applications of nitrogen-based fertilisers.

Timber, biomass & craft-products.
By adopting a progressive approach to management of existing woodlands and hedgerows, farmers should be able to
utilise more wood and timber that can be used to replace imported products – stakes, gates, etc. Where farms are
currently generating heat for buildings from fossil-based fuels (oil, natural gas, etc) then biomass can be used as a
replacement without adding to forest loss and damage overseas.
•
•
•

Carbon savings by replacing bought-in products.
Energy production replacing fossil-fuels.
Establishment of small rural enterprises based around craft products (dependent on type of wood growing on farm).

TIMBER
BIOMASS
CRAFT PRODUCTS

1. https://www.researchgate.net/publication/281238280_Feeding_Biochar_to_Cows_An_Innovative_Solution_for_Improving_Soil_Fertility_and_Farm_Productivity
2. https://onlinelibrary.wiley.com/doi/full/10.1111/een.12240

Crop information.
Sida hermaphrodita:
Sida hermaphrodita (Rusby), also known as Virginia fanpetals, originates from the southern parts of North America. It is rare in the USA because of its
inability to colonise new ground through a relatively poor seed dispersal mechanism. The plant belongs to the mallow (Malvaceae) family and is a
polycarpic perennial with shoots which die out annually. It has been approved by DEFRA for growing in the UK.
When harvested in the dry stage, Sida can yield between 15-25tonnes of dry matter per hectare (50-70 tonne green-matter). Because of its chemical
composition (similar to alfalfa), Sida in the green stage, can be used as a highly nutritious feed, with a protein content up to 30%. One hectare of Sida
can yield up to 4 tonnes of protein.
Sida flowers also enable production of between 120-250 kg/ha of late yield honey.
•
•
•

Raw materials to produce high-protein cattle-feed.
Waste to enhance power production via anaerobic digestion.
Waste for biochar production.

Sorghum:
Sorghum is grown in the UK where it is used for grain, fibre, and fodder, as well as a cover crop on shooting estates. Sorghum straw (stem fibres) can
also be made into excellent wallboard for house building, as well as biodegradable packaging. Since it does not accumulate static electricity, it is also
used in packaging materials for sensitive electronic equipment (1).
It is seen as providing a multitude of uses:
•
•
•
•
•

Processed into molasses to form a carrier to deliver the biochar to cattle.
As a source to manufacture specialist biochar products.
As cover for egg-laying chickens.
As a source of seed.
As a raw material to manufacture craft products (brooms, etc).

1. https://wikimili.com/en/Commercial_sorghum

Images/info - Sida hermaphrodita & Sorghum.
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Sida Roots - 1yr and 3yr.
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Harvesting Sorghum.

Sorghum.

Farm-scale processing.

Small-leaved Lime (Tilia cordata).
Small-leaved lime (Tilia cordata) is being seen by many forestry experts across Europe as the ‘natural’ replacement of ash (Fraxinus excelsior), which is
currently being decimated in the UK by Chalara.
Small-leaved lime is one of the best flowering native trees for bee-fodder (pollen) and facilitates the production of ‘linden honey’. When coppiced, the
newly cut poles can provide bast for craft products. Small-leaved lime would be planted within the agroforestry system according to short-rotation
forestry principles equivalent to 4,400 trees per hectare at 1.5m x 1.5 spacing.

Aspen (Populus tremula).
Due to its extensive natural range, aspen is also being seen as a possible replacement for ash and as a tree that can adapt to climate-change across
Europe. Aspen, when managed according to the principles of short-rotation forestry, is a fast-growing tree which yields a light, soft wood that has little
shrinkage. Given its hardiness and capacity for rapid growth and regeneration, it plays an important role in the production of wood for renewable
energy. Ecologically, the species is important as many insect and fungi species benefit from it. The tree further provides habitat for several mammals
and birds that favour it during the thicket stage. It has been included in this system to produce material to promote cordwood building but can also
be used for fuel wood and biochar production.

Grey Alder (Alnus incana).
Grey alder is non-native to the UK but has been widely planted as an ornamental species in towns and cities over the past 30years. It has been selected
above the native alder (Alnus glutinosa) because it is likely to be more resilient to climate-change - less prone to attack from phytophthora (alder dieback). Alder has been chosen here because it grows quite quickly (effective carbon sequestration), reacts favourably to coppicing and pollarding and
is extremely efficient at fixing nitrogen in soil. As with the native alder it makes a high-grade charcoal and biochar.
Small-leaved lime.

Aspen.

Grey alder.

Biochar.
Biochar is a specially designed charcoal which offers opportunities to support progressive resource management, soil improvement and energy
production. It contains a high proportion of extremely stable carbon, and so sustainable production of biochar can be a significant, viable Negative
Emissions Technology for mitigating human-induced climate change (1).
The thermal process used to produce biochar is known as pyrolysis, and by altering the pyrolysis conditions, it is possible to change the character of
the biochar. In general, higher pyrolysis temperatures mean a smaller amount of char, but containing a greater proportion of highly stable carbon. This
carbon seems to remain sequestered in biochar for centuries, and so sustainable biochar production could be a powerful tool in the fight against
anthropogenic climate change, providing that biochar be manufactured using modern technology that eliminates soot, CH4 and N2O emissions while
recovering some of the energy released during the pyrolysis process for subsequent use.
There is strong evidence that biochar can also have some beneficial effects when added to soils (2). Its highly porous structure can act like a slowrelease 'sponge' for water and useful soil nutrients. Biochar can be made from almost any type of dry biomass - including waste materials. Therefore,
biochar production could be an enormous opportunity for 'closed-loop' type resource management, with numerous valuable benefits.
•
•
•

Cattle feed-supplement – reduces methane emissions and bought-in feedstuffs.
Additive feed to slurry to increase energy value-increase production.
Carbon sequestration.

1. https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change
2. https://www.biochar.ac.uk/what_is_biochar.php

Feeding biochar to cattle.

Carbonised biomass has been used as a feed supplement to improve animal health, increase nutrient intake efficiency and thus productivity for centuries
(1). As biochar gets enriched with nitrogen-rich organic compounds during the digestion process, the excreted biochar-manure becomes a more valuable
organic fertilizer causing lower nutrient losses and greenhouse gas emissions during storage and soil application. Gerlach & Schmidt (2) suggest that
cattle fed with biochar showed several positive outcomes which included:
•
•
•
•
•
•
•
•
•
•
•
•
•

Generally improved health and appearance.
Improved vitality.
Improved udder health.
Decline in mortality rate.
Decreased cell counts in the milk (interrupting the administration of biochar leads to higher cell counts and a drop in performance).
Minimization of hoof problems.
Stabilization of post-partum health.
Reduced diarrhoea within 1-2 days, (faeces generally became more solid).
Increase in milk protein and/or fat.
Marked improvement of slurry viscosity, with less stirring needed and less scum on the surface.
Reduced slurry odour.
Increased ammonium nitrogen in slurry.
Reduced nitrate.

1. https://peerj.com/articles/7373/
2. https://www.biochar-journal.org/en/ct/9

Slurry.
Raw cattle slurry will remain a problem for farmers because it has a low calorific value preventing it from being used to generate energy.
One of the primary ambitions within this farming system has been to develop more progressive methods of land management that enable farmers to
increase the calorific-value of slurry via the addition of other sources of waste (biomass and food), which increase the level of gas production (primarily
methane) and raise the energy value thus providing the farmer with a valuable asset that can be utilised to reduce use of fossil-fuels on the farm and/or
in nearby communities.
The pioneering work of Vanguard Renewables in the USA (1) has enabled them to develop a ‘closed-loop’ system of energy production that links farmers
with retailers. Their farmers collect food-waste from retailers, take that waste back to the farm and mix is with slurry to produce biogas, which is then
used to run the farming operations. Surplus energy is sent back to the grid where it can be purchased by the retailer and/or the local community. The
scale by which the process operates is not appropriate in the UK, but the concept of mixing food-waste with slurry to produce a richer source of energy
can be adopted in Wales.
The addition of biochar as a daily supplement will regulate the consistency of slurry to an extent where it becomes more solid and simpler to manage.
The methods by which this waste is utilised in grazing fields is improved with the addition of several species of native dung-beetles, which are more
efficient at processing solid wastes, in some cases being able to bury faeces to a depth below 60cm. This is one of the most effective ways to ensure
that waste carbon (in the form of animal waste) is sequestered on land (2).
•
•
•

On-farm use to provide heat and energy.
Increased carbon sequestration via digestate treatment with dung-beetles.
Reduced nitrate emission.

1. https://vanguardrenewables.com/what-we-do/
2. https://onlinelibrary.wiley.com/doi/full/10.1111/een.12240

Appendix.
Data:
1. Sida hermaphrodita as high-protein fodder crop.
A). One (1) hectare of Sida will produce between 15-25tonne of dry matter.
B). One-(1) hectare of Sida will produce up to 4tonne of protein (dry-matter).
C). Protein levels in Sida can be as high as 30%.
D). Sida is harvested in June/July when protein levels are highest, and again in February when crop is used as biofuel (anaerobic digestion).
E). Cows need a daily ration of 15% -16% protein to produce milk. Cows obtain that level from grazing during summer (180days).
NOTES:
Winter feeding (180 - 200days) must be supplemented with additional protein - Silage has a protein level of between 10%-13%.
Example based on each cow requiring 2kg of Sida-based supplement per day and Sida producing 15tonne of 20% protein per hectare.
Head of cattle

Sida supplement required

Area of Sida required

(2kg per day, per animal for 180days)

50
100
150
200
Figures exclude feed for dry and young stock.

18 tonnes
36 tonnes
54 tonnes
72 tonnes

Value of Sida
(based on £420 per tonne bought-in)

1.4 - 2.4 hectares
3 - 5 hectares
5 - 7.4 hectares
5.6 - 9.5 hectares

£7,560
£15,120
£22,680
£30,240

Sida hermaphrodita.

2. Biochar as dietary supplement - Based on trials in the US and Australia, we would encourage a daily supplemental rate of 200grams of biochar per head.
Head of cattle.

Biochar supplement required

Volume of biomass required to produce biochar

(200grams x 365 days - annual)

50
100
150
200

3.65 tonne
7.30 tonne
10.95 tonne
14.60 tonne

Expected increase in milk production
(1 litre per head per day)

14.6 tonne
29.2 tonne
43.80 tonne
58.40 tonne

18,250
36,500
54,750
73,000

(@ 15p/litre £2,737)
(@ 15p/litre £5,475)
(@ 15p/litre £8,212)
(@ 15p/litre £10,950)

Expected results:
•
•
•
•
•
•

12-20% annual reduction in methane-burp per head.
Improved feed efficiency.
Reduced fodder feed of 1 bale per week per 100 head of cattle.
Increase in cation exchange – improved take up by plants due to mineral-rich dung. Increase in potassium and calcium.
150 cows could pass up to 1200 tonnes of dung a year on to grazing land. That would be buried to a depth of 60cm by dung-beetles.
Reduced use (eliminate in some cases) of nitrogen-based fertilisers.

