CO,-absorberende jordbrug

Biochar

En teknik til jordforbedring, som har veeret brugt gennem tiderne af Amazon-
omradets urbefolkning, er under genopdagelse som en vej til at gge jordens
frugtbarhed samtidig med, at den kan binde atmosfaerens CO.,,.

Da spanske opdagelsesrejsende midt i 1500-tallet farste gang be-
veegede sig op ad Amazon-floden, fandt de bysamfund pa starrelse
med de starste, man kendte fra Europa. Men da man blot fa artier
senere vendte tilbage, var disse samfund borte, sandsynligvis bukket
under for europaeiske virussygdomme.

Senere blev der rejst tvivl, om Amazon-junglen overhovedet
kunne ernzere hgijere civilisationer, for nar man rydder regnskoven,
bliver jorden en sdkaldt ‘oxisol’, som i staerk kontrast til den frodige
regnskov er sur og naeringsfattig. Imidlertid har man i nyere tid indset,
at der har veret sddanne kultursamfund, og at forudseetningen for
deres eksistens har veeret terra preta, ‘den sorte jord” - hvor regn-
skovsindianerne gennem iblanding af store maengder traekul skabte
jorder med en stor frugtbarhed. Stadig 450 &r efter kan man finde
spor efter disse marker, hvor jorden er helt sort efter iblanding af
store maengder af traekul.

P4 billederne til venstre ser man dels en oxisol-jord (8.3), dels en
jord iblandet store maengder traekul (8.4). Forsag pa disse jorder (8.1
og 8.2) viser, at hastudbyttet er 8-9 gange hgjere pa den sorte jord.

Frem for den nuvaerende borthugst af regnskov, hvor jorden efter
farste drs hast kun giver pauvre afgrader, ligger der et stort potentiale
i at genoptage den urgamle terra preta-teknik. Det vil age fodevare-
produktionen og standse rydningen af uvurderlig regnskov. Samtidig
kan man genlagre en del af de store maengder CO,, som de sidste
100 &r er lukket ud i atmosfeeren.

Derfor foregar der i dag forsag med biochar mange steder i ver-
den. Biochar er traekul fremstillet ved pyrolysebreending, som er en
forbraending med begraenset tilforsel af ilt. Det kan laves af alle for-
mer for organisk materiale, kviste, nedfaldne blade, kokasser, hanse-
mog og savvaerksrester. Nar man ser traekullene under mikroskop,
viser der sig en porgs struktur (4), som giver fine vilkar for jordens
mikroorganismer. Og iblandingen af biochar ger jorden langt bedre
til at holde pa fugt og neeringsstoffer.

Samtidig kan man ved at fore treekullene tilbage i jorden genlagre
noget af al det ekstra kulstof, som er ledt ud i atmosfaeren ved vores
afbreending af fossile braendstoffer.

Jordbrug med biochar binder CO,

Svedjebrug har varet brugt igennem artusinder og bruges stadig i
dag mange steder i verden. Men her vender blot omkring 4% af det
kulstof, som er bundet i vegetationen, tilbage til jorden, mens resten
udledes til atmosfaeren. Ved i stedet at lave biochar bliver op imod
50% af det kulstof, som er bundet i vegetationen, langtidslagret i
jorden og gar den frugtbar ud over det farste dr eller to.

Afhaengig af treekullenes karakter vurderer forskerne, at kulstoffet
vil veere bundet i 2.000-50.000 ar. Derfor er der store forhabninger
til, at biochar pa én gang kan veere med til at reducere koncentratio-
nen af drivhusgasser i atmosfeeren, age frugtbarheden pd nu magre
jorder og dermed mindske presset pa feeldningen af yderligere regn-
skov.

Biochar-komfurer i U-lande

UNCCD, United Nations Convention to Combat Desertification,
ansldr, at omkring 2,4 mia. mennesker hver dag far mad tilberedt
over dben ild. Det kraever store maengder braendbart materiale og
er seerlig i torre zoner medvirkende til, at skovene bliver udpinte.
Afbraendingen sker typisk med en meget lille virkningsgrad og en
omfattende luftforurening.

Ved at udvikle biochar-komfurer, som braender effektivt (11-12),
kan man opnd den ngdvendige opvarmning med mindre braendsel.
Restproduktet vil ikke veere aske, men traekul, som enten kan seelges
til brug i byerne, hvor det kan erstatte fossile braendstoffer, eller kan
bruges til jordforbedringer, som kan age hastudbytte og frugtbarhed.
Hvis der pa den made hver dag bliver lagt lidt CO, tilbage i jorden
fra tilberedningen af 2,4 mia. menneskers middagsmad, vil man have
et vigtigt redskab til at kunne treekke CO, ud af atmosfaeren.

Skal vi breende alt affald?

Biochar kan produceres i alle skalaer, fra sma gryder og tender til
store industrielle anleeg. Men hvor passer biochar ind i affaldsbil-
ledet? Hvornar skal affaldet komposteres, hvorndr skal det afleveres
til forbraendingsanstalten (og vores fjernvarme), og hvorndr er det
relevant at lave biochar? Kunne man i fremtidens affaldssystem fore-
stille sig, at noget gik til biochar, andet til formuldning?

Principielt ber starstedelen af vores organiske affald vende tilbage
til markerne som kompost. Men en del af vores organiske affald er
pesticidramt, har lugtgener eller risiko for smittefare og snyltekreds-
lob. Her kunne pyrolyse-braendingen dels vaere en renselsesproces,
dels gare den videre transport langt enklere.

Klimaskribenten George Monbiot skrev i 2009, at vi matte passe
pa ikke at gare biochar til lasningen pa alt. "Det kan ikke nytte at
breende kloden af for at redde den,” raeesonnerede han. Det satte
gang i en heftig diskussion, som tydeliggjorde, at man ikke ukritisk
skal lave biochar af gode materialer. Men omvendt ligger der et ko-
lossalt potentiale i at introducere biochar de mange steder i verden,
hvor man laver mad over aben ild. Ligeledes kan jordforbedring
med biochar af restprodukter som avner, stubbe, radder, treeflis og
tilsvarende blive en vigtig del af at oge frugtbarheden og hastudbyt-
tet samtidig med, at det lagrer store maengder CO, i jorden.

Hvor meget biochar skal der til?

For hver m? jordoverflade er vaegten af atmosfaeren 10 ton. Den nu-
vaerende koncentration af CO, er 389 ppm. Hvis man ved at binde
CO, fra atmosfeeren i biochar skulle bringe atmosfeerens CO,-kon-
centration tilbage til et farindustrielt niveau, vil det kraeve en seenk-
ning pa omkring 100 ppm. Det vil kreeve en maengde biochar som
svarer til et lag pa i gennemsnit 2 mm over hele klodens landareal.

Hvis denne reduktion skal klares alene pa det opdyrkede areal,
som udger blot 2,7% af Jordens landareal, sa vil det kraeve 17 kg
treekul pr. m? eller et lag pa 8 cm. Lederen af NASAs klimaforsk-
ningsafdeling James E. Hansen vurderer da ogsa reduktionspotentia-
let til at vaere det halve, omkring 50 ppm. Men derudover kan der
lagres store maengder kulstof i jorden gennem at @ge dens indhold
af humus.

CO,-lagring i muldjorden

Atmosfaeren rummer i alt omkring 750 gigaton kulstof, mens vege-
tationen rummer omkring 650 gigaton, og jorden rummer omkring
1.500 gigaton kulstof - det meste i jordens muld og radder. Ved at
udvikle dyrkningsmetoder, som sikrer et aget muldindhold i agerjor-
den, kan vi sdledes binde store meaengder CO, i jorden samtidig med,
at vi opnar starre frugtbarhed og sundere afgrader. Ved at erstatte
monokulturer af endrige planter med polykulturer af flerarige planter,
vil vi yderligere kunne gge CO,-lagringen i biosfaeren. Tilsvarende
kan vi binde store maengder CO, ved at @ge skovarealerne og indfgre
plukhugst i skovene i stedet for totalfeeldninger.

For at kunne bremse stigningen i atmosfeerens koncentration af
CO, er vi nadt til meget hurtigt at afvikle den nuveerende brug af
fossil energi. For at kunne saenke koncentration af CO, ma vi syste-
matisk oge CO,-bindingen i biosfaeren gennem biochar og et oget
vegetationsvolumen over alt pa Jorden - i skovene, pa markerne og
i byerne. En del af klimaudfordringen er sdledes at give mere plads
til vegetationen og at leere at hgste af modne gkosystemer.

Eksperimenter over hele verden

Biochar gger jordens frugtbarhed og evne til at holde pa vand og neeringsstoffer, samtidig med

at det pa en enkel made binder overskydende CO,.

1) Biochar - treekul fremstillet ved pyrolyseforbraending

2) Traekul er stabilt kulstoflager i 2.000-50.000 &r

3) Afbraending af sukkerrgrsmarker i Australien

4) Mikroskop-fotografier af treekuls porase struktur

5) Svedjebrug pa afrikansk savanne

6) Svedjebrug i Amazon-omradet

7) Indtil for nylig har afbreending af stubmarker vaeret almindelig i dansk landbrug
8) Oxisol-jord (tv) og terra preta (th) - foto: Bruno Glaser & Julie Major
9) Muldjorden er Jordens starste CO,-lager

10) Karakteristiske afgradeforsag med/uden biochar

11) Typisk biochar-breender med dobbelt forbraendingskammer

12) 2 prototyper pa 2. generations biochar-komfur af Robert Flanagan
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L e A technique for soil improvement, which has been used through the ages of
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Experiments Worldwide

By mixing biochar into the topsoil you can increase its fertility and ability to retain water and
nutrients, while it binds the surplus CO, in a simple way.

1) Biochar - charcoal produced by pyrolysis incineration

2) Charcoal is a stable carbon storage for 2000-50000 year

3) The burning of cane fields in Australia

4) Microscope photographs of charcoal’s porous structure

5) Shifting cultivation on the African savannah

6) Shifting cultivation in the Amazon region

7) Until recently, the burning of stubble fields has been common in Danish agriculture
8) Oxisol-ground (left) and Terra Preta (right) - photo: Bruno Glaser & Julie Major
9) Humus is Earth's largest CO, storage

10) Characteristic experiments with crops with / without biochar

11) Typical biochar burner with dual combustion chamber

12) Two prototypes of second generation biochar stoves by Robert Flanagan

the indigenous people of the Amazon area, is being rediscovered as a way to
increase soil fertility while storing atmospheric CO,.

When Spanish explorers in the middle of the 1500s first moved up
the Amazon River, they found urban communities the same size as
the largest known from Europe. But when they returned a few deca-
des later, these communities had disappeared, probably succumbed
to European viral diseases.

Later, doubt was raised if the Amazon jungle could even feed
higher civilizations, because when you clear the rainforest, the soil
becomes a so-called 'oxisol', which in contrast to the lush rainfo-
rest is an acidic and nutrient-poor soil. However, recently it has
become clear that such cultural societies have existed and that the
precondition for their existence has been terra preta, 'the black soil’
- where the Indians by incorporating large quantities of charcoal in
the ground created soils with high fertility. Still after 450 years you
find traces of those fields, where the ground is completely black after
the incorporation of large quantities of charcoal.

In the pictures on the left you will see both an oxisol-ground (8.3),
and a soil mixed with large amounts of charcoal (8.4). Experiments
with these soils (8.1 and 8.2) show that the yield is 8-9 times bigger
on the black soil.

Rather than the current cutting down of the rainforest, where the
soil after the first year's harvest only gives sparse crops, there is a po-
tential in resuming the ancient terra preta technique. It will increase
food production and stop the deforestation of invaluable rainforest.
At the same time you can store a part of the large quantities of CO,,
which has been emitted to the atmosphere for the last 100 years.

Consequently, there are currently experiments with biochar many
places in the world. Biochar is charcoal produced by pyrolysis in-
cineration with limited supply of oxygen. It can be made from all
kinds of organic material, twigs, leaves, droppings, chicken dung
and residues from sawmill. Looking at charcoal in the microscope
reveals a porous structure (4), which provides excellent conditions
for soil microbes. And incorporating biochar makes the soil much
better at retaining moisture and nutrients.

By returning the charcoal to the ground, you can store some of
all the extra carbon that is released into the atmosphere by burning
fossil fuels.

Farming with biochar binds CO,

Shifting cultivation (slash and burn) has been used for millennia and
is still used today in many parts of the world. But with this method
only 4% of carbon, which is bound in the vegetation, returns to the
ground, while the rest is emitted into the atmosphere. By making
biochar instead, up to 50% of the carbon bound in the vegetation,
is stored in the soil and make it fruitful beyond the first years.

Depending on the character of the charcoals, researchers assess
that the carbon will be bound for 2.000-50.000 years. Hopefully,
the biochar can help reduce the concentration of greenhouse gases
in the atmosphere, increasing fertility in poor soils while reducing
pressure on cutting down more rainforest.

Biochar stoves in developing countries

UNCCD, United Nations Convention to Combat Desertification,
estimates that around 2.4 billion people every day cook food over
an open fire. It requires large amounts of combustible material and
particularly in arid zones it contributes to forests being impoverished.
The burning usually happens with very low efficiency and compre-
hensive air pollution.

By developing biochar stoves, which burn efficiently (11-12), you
can achieve the necessary heating using fewer resources. The residue
will not be ash, but charcoal, which can either be sold for use in
cities where it can replace fossil fuels, or can be used for improve-
ments of the soil, increasing harvests and fertility. This way, every day
CO, is returned to the soil when 2.4 billion people prepare dinner
and this could be an important element in extracting CO, from the
atmosphere.

Should we burn all of our waste?

Biochar can be produced at all scales from small pots and barrels to
large industrial plants. But what about biochar and the waste? When
is the waste going to be composted? When should it be returned to
the incinerator (and our district heating)? And when is it appropriate
to make biochar? Could it be possible in the future waste manage-
ment that a part of the waste was going to be biochar and the rest
decomposed?

Basically, the bulk of our organic waste should be returned to the
fields as compost. But part of our organic waste is filled with pesti-
cides, has odors, risk of infection and parasitic circuits etc. Here, the
pyrolysis combustion could both be a cleansing process, and make
further transportation much simpler.

Climate columnist George Monbiot wrote in 2009 that we should
not see biochar as the solution to everything. ‘It's of no use burning
the planet to save it’, he reasoned. It initiated a heated discussion,
which clarified that we should not uncritically make biochar from
good materials. On the contrary, there is a huge potential in intro-
ducing biochar those places in the world, where you cook over an
open fire. Similarly, soil improvement with biochar from residuals
such as chaff, stumps, roots, wood chips and similar solid fuels be-
come an important part of increasing fertility and harvest, while large
amounts of CO, are stored into the earth.

How much biochar does it take?

For each square meter of the Earth’s surface the weight of the at-
mosphere is 10 tons. The current concentration of CO, is 389 ppm.
If you by binding CO, from the atmosphere into biochar could bring
the atmospheric CO,-concentration back to a pre-industrial level it
will require a reduction of around 100 ppm. This requires a quantity
of biochar which corresponds to a layer of an average 2 mm of the
acreage of the entire planet. We have emitted this quantity of CO,
since the start of industrialization. And within a manageable period
of time we need to extract the same amount from the atmosphere
for a long-term stabilization of the climate.

If this reduction must be done only in the cultivated area of merely
2.7% of Earth's land area, it will require 17 kg charcoal per square
meter or a layer of 8 cm. James E. Hansen, head of NASA's climate
research division, considers the potential of biochar to be closer to
half that effect, or a reduction potential of 50 ppm. But in addition,
large quantities of carbon can be stored in the soil by increasing the
content of humus.

CO, storage in topsoil

The atmosphere holds a total of about 750 gigatons of carbon, while
the vegetation contains about 650 gigatons and the earth holds about
1,500 gigatons of carbon - mostly in the humus and the roots. By
developing farming methods that ensure a higher content of humus
in arable land, we can bind large amounts of CO, into the earth
while we achieve higher fertility and healthier crops. By substituting
monocultures of annual plants with polyculture of perennial plants,
we could increase further CO, storage in the biosphere. Similarly, we
can tie up large amounts of CO, by increasing forest areas and in-
troduce selective felling in the forests instead of felling entire forests.

To curb the rise in atmospheric CO, concentration, we need very
quickly to phase out the current use of fossil energy. To lower the
concentration of CO,, we must systematically increase the binding
of CO, in the biosphere with biochar and strengthen the volume
of vegetation anywhere on Earth - in the woods, the fields and in
cities. A part of the climate challenge is thus to provide more space
for vegetation and learn to harvest from mature ecosystems.



