black mold

Like-minded nogoodniks seeking out and publishing political work as they see fit.

Winter
2024

Early in 2022 we were contacted by a friend of a friend of a colleague of a neighbor named Will. Will
works on a market garden in the American Midwest and spends what little free time he has researching
technical systems from agriculture to industrial production and how they would need to adapt to fit an
ecological communist society. What follows is one of his lengthy letters to us at black mold published
here under the name Agriculture, Industry and Communist Society. It is conversational in tone, and, to
us, one of the most impressive and all-encompassing pieces of writing we have ever come across.

Enjoy,

the black mold editorial team

AGRICULTURE, INDUSTRY AND COMMUNIST SOCIETY

I. Modelling the Market Garden
II. Soil Chemistry

III. Theorizing A Communal Agricultural Information System

IV. Constructing the Commune
V. Culinary Labor and Communist Cuisine

VI. Off Farm Technical Systems - From Industry to Energy Production
VII. Economic Planning & Labor-Time Accounting

VIII. Conclusion

To black mold,

I didn’t really talk much about food systems in
the email I sent you a couple months ago, and
I am trying to develop an agricultural system,
so I guess I'll start there. The most developed
part of that aspect of the project consists of the
area of agriculture I'm directly involved in day
to day, which is annual vegetable and fruit pro-
duction, and to a lesser extent perennial crops
like berries and asparagus. That’s a major focus
partly because that’s what I know the best, but
it’s also one of the most inherently complex ar-
eas of agriculture because you're dealing with
a very large variety of crops and they tend to
have higher soil quality, nutrient and water
requirements. Most of these plants also don’t
lend themselves well to mechanization, and
those that are well suited to mechanical har-
vesting tend to only be worth growing that way
in very specific areas with just the right soil
and environmental conditions. They also vary
in how long they can be stored, the conditions
they need to be stored in vary widely, many of
them are highly perishable or are only useful
as food at specific stages of ripeness that are
fleeting, like tomatoes.

I. MODELLING THE MARKET
GARDEN

The methods I'm focusing on come from the
market gardening tradition, which I think is a
good tradition, but that means the systems I'm
working on are very limited in scope. Where
I am at least in the US, these systems, or later
variations on them, are very much dominant
in the industry, and the local organic area of
production is where you see methods being
used that are the closest to historical market
gardening methods of growing. This particular
style of gardening reached its height of devel-

opment during the mid 1800s to early 1900s
due to the readily available horse manure from
the cities and the need to make extremely
compact vegetable production systems to uti-
lize expensive growing lands close to the rap-
idly developing cities of Europe and the US,
though I'm sure systems very much like these
existed throughout the rest of the world as well
at the time. These were predominantly bed
systems that were designed to be as space effi-
cient as possible with paths between beds that
are extremely narrow, sometimes so narrow
you can barely work in them, with very tight
successions of crops in each bed that had to fit
into the narrow planting and harvesting time
frames typical of temperate environments.

There were also a lot of interesting trellising
systems developed around this time that were
incorporated into these gardens, sometimes
including espaliered fruit trees trained along
curved brickwork systems derived from the
walled gardens of the wealthy. To retain more
of the heat absorbed during the day by these
brick walls they began enclosing them on the
sunny side with glass, even including coal fired
heating systems built into the walls. This even-
tually led to actual glass greenhouses that were
coal heated or utilizing elaborate steam heating

systems. This was also the period when a lot
of the familiar heirloom varieties were devel-
oped, or the foundations for plant breeds that
became widespread later on. Varieties started
being developed specifically for these heated
greenhouses or for complicated early forcing
systems for crops like melons. Kropotkin's
writing is full of descriptions of growing sys-
tems like this, that were really cutting edge at
the time. By the late 1800s these systems were
beginning to be perfected, and combined with
improved breeding methods, they were doing
some very impressive things considering the
limited technology they were working with at
the time. Of course, once horsepower became
replaced by the internal combustion engine,
all of this soon changed, the cheap supply of
manure dried up and vegetable production
shifted towards the large scale systems made
possible by tractor power, and post WW1, by
the Haber-Bosch process that allowed for large
scale ammonia synthesis.

The modern variants of these systems, that are
typical of the current state of organic market
gardens like the one I work at, are highly sim-
plified compared to the historical systems. To
reduce the labor required for weeding, and to
warm the beds for earlier crops, black plastic
“mulch” is laid down by tractors after the rows
are formed and plants are transplanted into
holes in this plastic. This isn't possible for all
crops, those that require direct seeding like
carrots must be grown in exposed beds, but
it's general practice for the majority of bed
systems that you will find in market gardens
throughout the US. When this system is used,
you are basically forced to use drip irrigation,
which is placed over the top of the beds be-
neath the plastic. These drip irrigation lines
need to be set up every year because if they are
left out during winter the water in them will
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freeze and destroy them. These systems con-
stantly leak in random places and need to be
repaired and are very prone to getting holes
cut in them when doing hand weeding. They
tend to use one standard width of 30 inches
for these beds, because that’s the size almost all
of the machinery is made for, and it’s narrow
enough to step over them in the field and to
reach to the center of the beds when working
in them. This allows for a field to be subdivid-
ed into 4-foot wide sections by using 18-inch
wide walkways. The beds are generally at least
50 feet long, but often are 120 feet in length in
the larger gardens because this allows a square
one-hectare plot to contain two fields of beds
with enough space between them for vehicles
to maneuver.

Every year in the spring we reform these beds
with a tractor, lay out the plastic mulch and set
up irrigation lines, then in the fall this plastic
must be taken back off by hand, which inevi-
tably tears into a thousand tiny pieces that get
lost in the field, the irrigation lines taken down
and stored, then the field is plowed with a trac-
tor and a cover crop is planted. Whatever ben-
eficial effects this cover crop might supply in
terms of organic matter contribution is surely
negated by the constant plowing thats neces-
sary to maintain this style of gardening, which
burns up the organic matter by exposing it to
oxygen. We almost exclusively fertilize these
beds using nothing but chicken manure, be-
cause it is extremely concentrated so less needs
to be moved in terms of weight, and it is cheap
to buy from confined animal feeding opera-
tions, compost being deemed uneconomical
to use because of the large quantities required
and the labor involved in placing it in the beds.
This chicken manure is simply scattered on top
of the beds, not incorporated into the soil as
should be done, so a large amount of the nitro-
gen is lost to the air because it is rapidly vola-
tilized into ammonia gas. Most of the nitrogen
that remains will not be available to the crop,
because it takes time for it to break down in
the soil, so when these beds are plowed down
at the end of the year this nitrogen is scattered
throughout the field, inevitably feeding the
weeds that quickly overtake the walkways that
are conveniently too narrow to effectively be
mowed.

The only way around this situation is essential-
ly to use a permanent bed system, that is set
up once and never plowed down, so that the
organic fertilizers that are added remain in the
soil for crops in the following years and organ-
ic matter can remain in the beds and not be
mixed into the rest of the soil in the field. Ap-
plying a plastic mulch over this then becomes
rather impractical, because it must be buried
on either side of the bed with soil and that re-
quires reforming the bed itself. This limits you
to basically having an exposed surface that will
need to be weeded using hand tools, or if it gets
out of control, by hand with a knife. This is es-
sentially how these systems had always been
done, weeding being assumed to be an inher-

ent feature of vegetable and fruit gardening.
Drip irrigation can then be abandoned in this
system and replaced with sprinkler irrigation
systems that use more water but are the only
practical way to irrigate in an open field set-
ting, though drip irrigation remains the only
practical option when growing inside a green-
house or where water is scarce.

To effectively manage weeds in a system like
this, a wire hoe must be used until the crop
develops enough to form a complete cano-
py over the soil, and this is pulled across the
entire surface of all the beds regularly to kill
weeds while they are still in the seedling stage.
Once the crop forms a canopy, the weeds are
effectively kept under control with only peri-
odic maintenance. Now systems may differ in
terms of what soil amendments are added to
these beds and how they are incorporated, but
I do think this is the general structure that’s re-
quired if you are trying to establish a system of
vegetable growing that’s based on the market
gardening bed systems. A good example of this
kind of system being used would be Conner
Crickmore’s garden, though he has the advan-
tage of working in well-draining sandy soils
that are easier to work by hand.

Open field systems such as these can be very
productive, especially in places with fairly reg-
ular mild weather and long cool seasons like
in regions near the coast or by large lakes.
Once you move into the interior of a conti-
nent, where I am, or into higher latitudes or
altitudes, the weather becomes more extreme
and unpredictable, there is less rainfall and you
are working in harsher conditions unfavorable
for vegetable and fruit production. Season
extension systems become more important
in areas like this to have a reliable crop at all,
and many crops may only be possible by using
these methods. The open field may still give
enough yields year to year to make them worth
maintaining, but the range of crops that will
perform well in them will be more restricted.
Working under cover brings with it its own set
of problems, crop rotation becomes more dif-
ficult to achieve due to limited space, salt build
up becomes an issue because rain isn't reach-
ing the soil and leaching the salts out, a good
understanding of ventilation is essential for
temperature control and to prevent stagnant
air that promotes fungal disease, and drainage
systems need to be well thought out to move
water away from the structure because rainfall
is diverted to the perimeter of a greenhouse.
Even in a location that allows nothing but open
field systems to be used, a market garden style
system still needs at a minimum some sort of
greenhouse to serve as a propagation house for
seed starting and to raise seedlings to be used
in transplanting.

A hoophouse is the most common kind of
greenhouse used in a market gardening sys-
tem, it’s a simple structure made of galvanized
steel piping that form arches that are usually
spaced four feet apart to form a half cylinder,

though a pointed roof made from gothic arches
is also common, especially in areas with higher
snow loads. Several of these placed side by side
to form a larger structure, with gutters to re-
move the water that collects between the ridges
gives you what's called a gutter connected sys-
tem, and if the structure is to be heated at all
this is a far superior structure. Any stationary
greenhouse should really be a gutter connected
greenhouse and the only reason you would use
a hoophouse is if you lack the capital to con-
struct a gutter connected greenhouse. The only
real exception to this is the sort of moveable
hoophouses that Eliot Coleman experiments
with, because they can overcome many of
the inherent disadvantages of the stationary
hoophouse and they allow for many interest-
ing crop rotation systems that aren’t possible
otherwise. I won't go into the details of those
systems here, but they play a large role in the
systems I'm trying to develop and although
they are still highly experimental, I think they
are worth pursuing further.

Now that’s just a very general overview of the
sort of system I am actively trying to under-
stand and work with. There are all kinds of
interesting alternative systems that people are
working on, and I am sure these can have ad-
vantages over the one I am trying to develop.
Without working with those systems though,
I can't really have any informed opinions on
them, especially if they are systems designed
for tropical environments, which are inherent-
ly very different from those in temperate en-
vironments that I live in. I do think that any
temperate vegetable gardening system meant
to be used for commercial production should
be directly compared to a market gardening
system to assess its feasibility and possible ad-
vantages, because that is the system it would be
competing with in the market. Home or very
small-scale gardening is a totally different kind
of system, and there are all kinds of reasons
that labor productivity or yield per area of land
would not be prioritized when designing a sys-
tem like that. Even large-scale systems that are
meant to operate independently of a market or
at a greatly reduced level of technical complex-
ity have totally different design requirements
and I can see all kinds of possible reasons oth-
er kinds of growing systems may have real ad-
vantages on a societal level. A large amount of
world agricultural production is still oxen or
water buffalo powered, because it is a system
that fundamentally works, and that will con-
tinue working regardless of any later develop-
ments.

I1. SOIL CHEMISTRY

Annual vegetable and fruit production is,
however, only one small part of a much larger
agricultural system, and in an organic based
system it relies on other cropping systems for
its primary physical inputs to maintain fertili-
ty, like sources of biomass for producing com-
post or concentrated sources of plant nutrients
like manure. If these inputs are moved off of
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other fields to sustain the more resource inten-
sive system of gardening, that puts pressure on
these larger less complex systems in terms of
maintaining organic matter and soil nutrient
levels in the soil. Organic matter and nitro-
gen can be regenerated in these fields through
biosynthetic processes, but there are still limits
to the rate these processes occur that are in-
fluenced by environmental conditions like air
temperature, soil properties, or precipitation
patterns. All soil nutrients other than nitrogen,
most importantly phosphorus and potassium,
must in some way be returned to those fields to
maintain an equilibrium that allows their soils
to remain fertile. There is a lot that can be done
as far as nutrient recycling goes, there are sew-
age systems that can effectively recycle waste-
water back into the water supply and retrieve
a lot of these nutrients, but the entire storm-
water system would need to be fundamentally
redesigned for this to be practical. It would be
very difficult on a societal level to avoid some
degree of phosphate and potassium mining to
maintain soil fertility overall, but it could sure-
ly be greatly reduced.

When phosphorus and potassium are added
to soils, they become bound to soil solids by
electromagnetic forces, and this combined
with their limited solubility in water compared
to nitrogen means that only a small fraction of
the available phosphorus and potassium is ac-
cessible to plants during a growing season. As
these nutrients are taken up by plants, the con-
centration of dissolved nutrients drops, and
this changes the chemical equilibrium allow-
ing for more of the nutrients that are bound
to soil particles to dissolve into the water and
become accessible. The rate of this process is

also influenced by factors other than plant up-
take, like temperature, chemical weathering
processes, microbial and mycelial interactions,
and soil pH, and isn't completely understood.
Due to this complex process, it takes phospho-
rus about 20 years to fully cycle through the
system once added and potassium requires
about 10 years, so maintaining the levels of
these nutrients in a soil profile is much differ-
ent than maintaining nitrogen levels. This is a
bit different in areas with high rainfall levels
and sandy soils, like much of Florida, there the
soil has much less capacity to hold onto nutri-
ents and rates of nutrient leaching are much
higher due to more water flowing through, so
added phosphorus and potassium have a much
shorter cycle time, though they are also ab-
sorbed more quickly due to more rapid growth
possible at higher temperatures.

Organic sources of nitrogen will release about
50% of their nitrogen content to plants in a
growing season and about 25% in the follow-
ing year, and this is mostly limited by the rate
of decomposition processes that are driven
by microbial activity. Microbial processes
are strongly influenced by temperature and
available water, and it’s for this reason that
organic systems are much harder to develop
in temperate regions than in tropical regions,
because of generally lower temperatures with
more seasonality and lower levels of precipita-
tion. Once the carbon compounds the nitro-
gen is bound to are broken down, it becomes
immediately available to plants due to its high
solubility, though it then becomes prone to
leaching out of the rootzone and entering the
groundwater. Due to these underlying differ-
ences in solubility and how they interact with

the cation exchange capacity of soil solids, ni-
trogen fertilization rates are established based
on the expected nitrogen requirements of the
next crop to be planted, while phosphorus and
potassium sources are applied with the goal of
building up their levels in the soil gradually
to a specific parts per million range and then
maintaining them within this range.

Once these potassium and phosphorus levels
are adequate, you can begin applying them at
the expected crop removal rates to keep their
levels in a state of equilibrium. This underly-
ing strategy remains the same regardless of the
source of these nutrients, but it becomes much
more complex when the sources of these nutri-
ents are organisms or the byproducts of organ-
isms. These are of course not the only nutrients
that need to be accounted for, but it’s easier to
supply the rest of the plant nutrients because
they are needed in much smaller quantities,
and the same basic principles described previ-
ously also apply to these micronutrients. One
of the main problems with trying to achieve
this with chemical fertilizers is that without
sufficient organic matter in the soil to act as
substrate for microbial life you get a reduced
crop response for a given application rate.
They also tend to be highly soluble forms of
these minerals, to maximize plant availability,
though they will be quickly bound to soil solids
anyway. Their solubility makes them prone to
leaching and moving below the rootzone and
into groundwater or being carried along the
soil surface by runoff. Through either pathway
they can migrate into surface water and phos-
phorus and nitrogen, in particular, will lead to
eutrophication of surface water by increasing
available nutrients leading to algal blooms and

More complicated than it looks.
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anoxic conditions, destroying freshwater eco-
logical systems and potentially contaminating
drinking water, or at least making it more diffi-
cult for treatment plants to purify it.

To maintain soil carbon, you need rest periods
where biomass can be generated to allow it to
accumulate, and this reduces the area avail-
able for row crops. These rest periods could
just be allowing a field to go fallow, but often
some kind of short-term cover crop is plant-
ed to make use of gaps in the crop rotation.
This is better than nothing, but if you want to
maintain very high levels of soil carbon, you’ll
plant some kind of perennial crop or mixture
of them, especially deep-rooted legumes like
alfalfa or red clover that can send roots deep
down into the subsoil and can bring nutri-
ents there back up to the surface. This also has
the effect of giving the chemical processes I
was describing time to transfer soil nutrients
into this biomass where they are retained and
gradually released as decomposition progress-
es. Obviously, soil disturbance in the form of
plowing or digging will burn up this soil car-
bon, so this should be minimized, but if you
want to exclude or reduce the use of herbicides
in row crop farming, it's going to be hard to do
that without some degree of soil disturbance.
Most no till methods rely heavily on herbicide
application, though there are people trying
to develop things like roller crimpers to get
around this problem. Herbicide termination
of a cover crop or previous planting will make
it much easier to preserve soil carbon levels,
but you are then accelerating the evolutionary
rate of herbicide resistant trait development
in weed populations, with obvious long term
negative consequences.

These physical processes must be taken into
account when trying to design any agricultural
system that prioritizes long term sustainabili-
ty, and they can only be fully accounted for by
viewing agriculture as a whole from a systems
theory perspective. For this reason, something
like annual vegetable and fruit production can’t
be considered in isolation from the systems that
generate the inputs that are required for their
continued operation, they are properly one in-
terconnected system and system interactions
need to be well understood if the entire sys-
tem is to be kept in a state of homeostasis. At
the same time, there is not one possible stable
state this system can exist in, there may be an
infinite number of possible system configura-
tions for a specific environment that can reach
a homeostatic state. Soil nutrient cycling is just
one component of this, the spread and buildup
of plant diseases, pest and weed populations,
biotic interactions of the system with the local
ecology, along with many other considerations
need to be all simultaneously regulated and kept
in balance by management decisions. The very
act of imposing on an area of land an alternative
stable state and maintaining that state itself has
ecological consequences, because niche space is
being occupied by domesticate populations and
is no longer available to the local biota.

III. THEORIZING A COMMUNAL
AGRICULTURAL INFORMATION
SYSTEM

What's needed is a general theory that can be
applied to any such system that can allow us
to develop an understanding of the funda-
mental underlying processes at work and a
method of data collection that will allow us
to compare our models to the actual behavior
of the system so that errors in our theoretical
understanding can be identified and our gen-
eral theory can be continuously developed.
Data collection may only be possible within
a specific system of agriculture, but our goal
is to use a particular system to tease out the
fundamental processes that are at work within
all possible systems in general. This constitutes
the mathematical and computer modeling
aspect of the project. I want to put together a
general overview of the mathematical models
that have been developed and how they can
be combined to construct a representation of
these physical systems. Abstractions of this
kind aren’t sufficient, but they can be powerful
tools to guide our decisions and to allow us to
consider features of the system that may not be
apparent from our day to day surface level ob-
servations. We can’t know the relative merits
of specific agricultural methodologies without
physically performing them, and even then, we
are only trying to establish how they behave in
specific regional contexts.

This regional nature of the systems we are
dealing with does not prevent, however, a gen-
eral understanding of how the environmental
conditions of a geographical area influence the
behavior of agricultural systems. Data collect-
ed from specific areas simply informs a still
higher level of this general theoretical system
of agriculture, that incorporates the discipline
of biogeography into itself and grounds the en-
tire theory in material reality by constructing
a spatial representation of the physical world.
This constitutes another major aspect of the
project, using the theoretical framework of the
Hutchinsonian niche space combined with the
concept of the discrete global grid to organize
data collected throughout the world into a uni-
fied geographic information system that can
incorporate all agricultural systems into the
ecological modeling systems currently being
assembled by biogeographers. Actually con-
structing this would be a worldwide effort on
a massive scale, that would be well beyond the
abilities of any small group of people to accom-
plish. I just want to draw attention to the fact
that these systems are being actively developed
and at least on a conceptual level this is an im-
portant ecological theory that should inform
our understanding of agricultural systems gen-
erally. Even with very rudimentary and incom-
plete datasets this theory has important appli-
cations to agricultural planning and would be
essential for constructing a global scale repre-
sentation of the environmental system.

Id like to at least briefly describe this theo-

ry and what an information system like this
would consist of, because it’s what allows vec-
tor space representations of environmental
conditions to be applied to all of agriculture
and ecology. This information system contains
within it, a representation of the entire surface
of the earth, anchoring the entire modeling
system in physical space and allowing all of the
other vector space modeling systems to include
within them information about their spatial
position. This system allows these vector space
representations to not merely describe the in-
teractions between systems and balance their
inputs and outputs, by including geospatial
data they can be transformed into a true spa-
tio-temporal model of the entire logistics sys-
tem. By doing so, all of the data gathered from
all operations can be brought together into one
interconnected modeling system that can be
updated in real time, unifying the entire vec-
tor space representation system. This shared
and well-defined spatial coordinate system is
essential for developing a mathematical model
of an economy that can go beyond simple sys-
tem scaling and proportionality optimization.
By establishing the relative positions of system
elements, graph theory based representations
of the economy can incorporate distance mea-
surements that allow for more nuanced sys-
tem descriptions such as representing supply
chains as multicommodity flow networks.

To establish this shared geographic coordinate
system, the surface of Earth is divided into a
grid of non-overlapping regions, where each
region is called a cell and each cell is represent-
ed as a point in a nearly spherical coordinate
plane. Any polygon that tiles the plane can
form the grid, but typically grid squares made
by subdividing longitude and latitude lines are
used so that cell boundaries correspond to a
standard geographic coordinate system such
as WGS84 that is used by GPS. This system has
several drawbacks, the cells become smaller
and more distorted in shape as you approach
the poles, so they don’t have equal areas, creat-
ing an irregular grid tiling. To overcome these
problems, many alternative global grid systems
have been developed that tile the plane using
other shapes like triangles or hexagons to cre-
ate a more regular tiling where the grid cells
have equal or at least more equal areas.

Regardless of the particular method used for
space partitioning, the overall goal is to create
what is called a discrete global grid, or DGG, so
that any location in physical geographic space
can be correlated with a specific region in a
mathematical model of geographic space. This
forms a mathematical foundation for a geospa-
tial database that can describe the location or
distribution of objects in space, the physical
characteristics of a region of geographic space
and how these change over time. The discrete
global grid essentially defines the geographic
coordinate plane by partitioning the physical
world into regions, these regions are abstract-
ed as discrete points in a coordinate plane and
are identified by some kind of geocode system,
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such as an alphanumeric code. This coordinate
in space can then be correlated with attributes,
like local physical conditions or the presence
or absence of an object by using a spatial in-
dexing system.

In Hutchinsonian ecological niche theory, or at
least the way the theory is applied when con-
structing ecological niche models, the phys-
ical space this discrete global grid system is
representing is called geographical space, or
G-space, and this corresponds to the actual co-
ordinate plane itself. Any species, including all
agriculturally significant species, can occupy
a specific area in geographical space called its
biogeographic range, biogeography just being
a branch of biology that tries to understand
where things live and what factors influence
where things can live. One aspect of the envi-
ronment that influences where things can live
are abiotic environmental variables, the mate-
rial conditions of an area that aren’t biological-
ly determined but are due to geographic vari-
ation in climate or geological formations, so
things like latitudinal temperature gradients,
precipitation levels and seasonal variations
in precipitation patterns, the topology of the
landscape, or light intensity and its seasonal
variation.

Abiotic environmental factors like these are
thought of as dimensions of a mathemati-
cal vector space, with a species possessing a
physiological range of tolerances to these con-
ditions that limits where the species can live
within this space. The set of positions within
this vector space that fall within the tolerance
range of the species is described as a hypervol-
ume in n-dimensional space. By taking local
measurements of these abiotic environmental
variables and correlating them with grid cells
in geographical space using a spatial index,
these grid cells become points in this n-dimen-
sional vector space. If the biogeographic range
of a species is mapped out, the grid cells can
include presence absence data for the species,
they are given a value of 1 if they are included
in the biogeographic range and a value of 0 if
they are not. The grid cells where the species is
present, as points in this n-dimensional hyper-
space, are points within this hypervolume and
can approximate the abiotic tolerance range of
the species or populations within a species.

Those grid cells where the species is present as
seen on a map of geographical space, represent
the realized niche of that species, that area of
niche space where the species actually lives.
It's important to understand in Hutchinsonian
ecological niche theory, the niche is something
sort of possessed by the species, which is dif-
ferent from niche concepts like the Eltonian
niche where a niche is conceived of as an eco-
logical role that might be occupied by several
species. Returning to the n-dimensional hy-
perspace, all of the grid cells occupying points
inside of this hypervolume, including those
where the species is absent, can then be pro-
jected back onto geographical space and this

produces a map of where the species could live
given its abiotic tolerance range, if it could get
there and biotic interactions it requires to live
there are present, and this is called its funda-
mental niche, the area where it can live.

In this theoretical framework, an ecological
community results from the overlapping of
different species’ biogeographic ranges, which
is possible because their fundamental niches
overlap and their historical dispersal allowed
them to occupy the same area. By studying
trophic interactions within these communi-
ties, you can then develop an understanding
of the biotic interactions each species requires
to be able to persist in an area, or how biotic
interactions may restrict biogeographic rang-
es. Biotic interactions are much more difficult
to quantify and represent as dimensions in a
vector space, so these are often just completely
ignored in ecological niche modeling, but try-
ing to find ways of incorporating biotic inter-
actions into these models by using mathemat-
ical models from population and community
ecology is an active area of research. A model
that just includes abiotic factors is still very
useful, these describe plant distributions and
rate of growth quite well and this has obvious
implications for the possible distribution of
agricultural crops. In that context, overlapping
crop niche spaces in a locality form the basis
for possible crop rotation sequences.

I've attached three different papers (EDI-
TOR’S NOTE: These papers are available
via request from blackmoldpress@proton.
me), that I really encourage you to read, that
describe these ideas in more depth than I can
do here. “Hutchinson’s Duality: The Once and
Future Niche” is an excellent introduction to
the basic ideas of Hutchinsonian ecological
theory and describes some of its potential ap-
plications. “Niches and Distributional Areas:
Concepts, Methods, and Assumptions” is a pa-
per on ecological niche modeling and gives a
very good overview of the fundamental ideas
involved as well as an especially clear visu-
alization of the sort of map projections I de-
scribed earlier. “Agriculture Biogeography: An
Emerging Discipline in Search of a Conceptual
Framework” provides an overview of the po-
tential applications of biogeographical theory
to agriculture specifically and is one of the only
texts I've found that argues for incorporating
these ideas into agroecological theory. These
are really central ideas in modern ecological
theory and they have far reaching influence in
a wide variety of other fields.

I first learned about Hutchinsonian niche the-
ory through paleontology because it’s very im-
portant for palaeoecological reconstructions,
a field that is unfortunately often overlooked
by modern ecology creating significant theo-
retical blind spots. Evolutionary theory is of
course intimately linked to the fossil record
and its study, and ecological thought needs
to be informed by the study of palaeoecology,
otherwise it only has access to what is essen-

tially just a snapshot of evolutionary history.
For example, we only know mass extinctions
are even possible as a result of palaeontologi-
cal investigations of the fossil record, this in-
formation provides us vital information about
the potential causes of mass extinctions in the
past. Background extinction rates are derived
directly from the fossil record and can be com-
pared to current rates of extinction, that is fun-
damentally how we know that we are currently
causing a mass extinction event to develop, not
at some point in the future as a result of climate
change, but in the present. Climate change is
not the only source of ecological destabiliza-
tion we need to be concerned with, even if that
was not a factor, we would still be creating the
conditions for a mass extinction level event at
present as a result of our interactions in gener-
al with the global ecological system.

To add rapid climate change to this situation
dramatically increases the likelihood of this
mass extinction becoming exponentially more
severe than it would otherwise be. To get an
idea of how bad a mass extinction event can
become, consider that during the end Permian
mass extinction event about 95% of marine
species and 75% of terrestrial species were driv-
en to extinction. So, it might be a good idea to
take theories from paleontology into account
as well as mainstream ecological thought when
we are evaluating the sustainability of produc-
tive systems. It almost certainly won’t become
quite as bad as that, the end Permian involved
part of the mantle literally breaking through
the crust and raising CO2 levels up to about
8000 ppm, nearly ending all life on earth, but if
methane clathrates do end up becoming desta-
bilized, it could get pretty bad. Hutchinsonian
niche modeling is used a lot in paleontology
to reconstruct ancient ecosystems, but it also
is directly relevant to the modern climate crisis
because it can be used to predict how different
simulated future climate scenarios might affect
the ecosystem or species ranges as well as fu-
ture crop distributions and yields.

This description of biogeography and the
Hutchinsonian niche space provides the theo-
retical background for the next aspect of the
project, the division of geographical space into
ecoregions to make sense of the spatial distri-
bution of agricultural production, using the
US as an example because that’s the region I'm
most familiar with. Obviously, this same sort
of thing would need to be done globally to cre-
ate a global representation of all agricultural
regions. The EPA has divided Canada, the US
and Mexico into geographical regions using a
hierarchical system of classification consisting
of four levels of resolution, where each divi-
sion is meant to identify areas with relatively
similar environmental conditions and ecosys-
tems. This was based on a system devised by
Omernik that builds on the traditional classifi-
cation scheme of biomes based on plant com-
munities by incorporating other geographical
elements as well, such as an areas geology,
landforms, soil types, climate and land use
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patterns. The Level IIT ecoregions correspond
closely with the primary agricultural lands of
the US, partly because land use patterns are
a factor determining the ecoregion divisions,
and these are each further subdivided into
Level IV ecoregions that show local variations
within these areas.

Thirty-seven of these ecoregions represent
the majority of agricultural growing lands of
the US and these can be somewhat arbitrari-
ly grouped into seven major divisions that I'm
calling, The Western US, The Southwestern
US, The Northern Great Plains, The South-
ern Great Plains, The Great Lakes Region, The
Mississippi River, and The Southeastern US.
What I'm mostly working on right now is try-
ing to assemble maps of these ecoregions that
contain state and county divisions and trying
to combine this with the available county level
agricultural data so I can map out the distri-
bution of the major crop types throughout the
country. There is unfortunately a surprising
lack of this information, but I'd like to at least
get a general idea of what information is avail-
able. What I'd like to do is then use this infor-
mation to model agricultural communities in
each of these areas with agricultural systems
and crop rotations that are somewhat realis-
tic for the region. At first, these just consist of
drawings representing reasonable proportions
of subsystems and an arrangement that is con-
venient for moving objects from place to place,
while being somewhat walkable. Eventually, I
want to create mathematical models of these
subsystems that are linked together to model
system interactions. I can then get a better idea
of how communities located in different parts

of the country would need to interact to pro-
vide themselves with a relatively complete sup-
ply of agricultural crops and how that would
fluctuate seasonally.

Another major part of this whole project is
identifying what these crops are, and what
a complete list of the agricultural crops that
can be grown in the US would look like. So,
I am trying to organize all of the cultivated
plants by their common and species names
and then group these together by their taxo-
nomic family and genus. Whatever phyloge-
netic information I can find is then included
to describe these groups as clades along with
any information about when these species or
intraspecies breeding groups diverged. This is
then combined with information about com-
mon pests and fungal and bacterial disease
susceptibility to try to see if these correspond
to phylogenetic groups. What I'd then like to
do is include information on historical variet-
ies, when they were developed and from what
lineages and include phylogenetic analyses of
current varieties, though this information of-
ten doesn't exist yet. These are again grouped
into agricultural categories like cereal and
pseudocereal grains, oilseed crops, pulses,
annual vegetables, nut trees, fruit trees, etc.,
according to the specific agricultural systems
they are a part of along with information about
the mechanical systems that are used to grow,
harvest and store them. Alongside this, domes-
ticated animals and cultivated mushrooms and
other fungi are treated in a similar way, though
these would be described in their own separate
system descriptions.

IV. CONSTRUCTING THE COMMUNE

I'll try to include in this a photograph of the
sort of thing I mean, this is an old drawing
(EDITOR’S NOTE: See pages 14-15 for ba-
sic commune layout), but it gives at least an
idea of what I'm talking about. This represents
the smallest system I consider practical, where
you can adequately contain all the fundamental
systems of cultivation in one integrated system.
This assumes a totally flat land, something like
what you might find in Iowa, with access to
groundwater, good soils and a climate that can
support most varieties of vegetables and fruit.
The bold lines represent roads, it’s divided into
four quadrants, each a full section measuring
one mile by one mile, so the entire system is
contained in four square miles. The layout itself
is arbitrary, it’s just a geometric pattern that is
convenient to organize it with the best possible
pathing. A real landscape might contain areas
unsuitable for cultivation, but this represents
a best-case scenario, where the entire area is
arable and continuous. This was made to get a
general feel for the relative proportions of each
system, using realistic practical scales of cultiva-
tion for each of the fundamental systems, and to
get an idea of the population density thats rea-
sonable in such a system. Just to be clear, this is
in no way a proposal for something to be built,
though if it was built it probably would work
pretty well. It is an abstract model of a fully in-
tegrated agricultural system with a contained
community and it serves as a beginning point
from which abstract mathematical models can
be constructed so I can daisy chain mathemat-
ical descriptions of subsystems together to for-
mally represent their interactions.

Ley farming: the cow eats, it poops, it moves onto another field...everyone’s happy.
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So, this entire thing has been drawn to scale,
each system it contains has been scaled so that
it fits within the system of land surveying that
was adopted in many of the growing lands
here, called the public land surveying system.
This is so they can fit inside of the established
road networks and the property divisions as
they exist in most of the country. This is where
you get your fundamental property divisions,
the full section containing 640 acres, the quar-
ter section of 160 acres, 40-acre plots are these
divided into four, 10-acre plots are these di-
vided into four again, and then finally another
quartering gives you your one hectare plots
of 2.5 acres. A hectare measures 330 feet on
each side, for reference each grid square in this
drawing represents a quarter hectare, 165 feet
by 165 feet. These are divisions of survey town-
ships containing 36 square miles measuring 6
miles by 6 miles. The land didn’t start out that
way, that was something that was done to it.

I don’t know how well you’ll be able to make all
this out, but in the center, you have a circle of
squares that represents a housing area loosely
based on the euroblock system, able to com-
fortably house about 1000 people. Each square
sits on a hectare of land and each housing unit
contains four L shaped buildings, that each
contain four two story connected houses, with
paths between them leading to a central court-
yard. In their corners, there are unoccupied
buildings for community spaces, things like
libraries or community sewing rooms, corner
shops, that sort of thing. These houses have
complete floorplans made for them and are all
totally identical, they represent what I see as
the practical size limit of a family home. They
contain four bedrooms, one on ground level,
each with en suite bathrooms to give some
degree of basic privacy so that they can be
initially used as coliving housing while the en-
tire community is being built up. Eventually, I
want to make detailed drawings of their fram-
ing systems and from this give a full account of
the actual lumber and construction materials
along with all of the objects they contain in-
side. This is so I can get a general idea of the
requirements for domestic production and the
raw material supply for housing.

This is about the 50th iteration of the commune
map and stopped there because I couldn’t
manage to improve on it. There are still some
problems with it, the ground level living room
is a bit cramped, but that’s about as developed
as it’s going to get because I am sick of working
on it. Technically, this floorplan is from several
years later and is slightly larger than the agri-
cultural community drawing shows, but the
blocks still end up being pretty close to a hect-
are in size once the road network is added in.
There are a lot of reasons a euroblock system
works well in agricultural contexts like this
that I won’t go into here, but it provides natural
light and access to fresh air well for a high pop-
ulation density while keeping road networks
very efficient and is compact enough that it is
very walkable. A standard euroblock system is
very different and could also be used, normal-

ly the ground floor contains shops and there
are two or three levels of apartments above
this for housing. A drawback of that system is
a rather excessive reliance on stairs, elevators
only make sense in taller buildings with more
levels, so it’s a bit cruel to the disabled. Modern
building codes also make these systems illegal
to construct these days, but they still remain
widespread in many older European cities,
Barcelona would be a good example of this
style of construction being incorporated into a
planned grid system. There are of course many
other alternative housing systems that could be
used, but something had to be chosen for the
purposes of modeling.

The pinwheel looking things are blocks of veg-
etable and fruit plots that have moving green-
house systems that roll on castors along metal
pipes, in this case they can cover four different
fields, though 3 could also be used. There are
four one-hectare fields in each with a space
in the middle to place compost and mulches.
Each hectare field contains 32 plots, each plot
is about 30 ft by 60 ft in size and is made up of
several beds. Half of these pinwheels use the
bog standard bed width of 30 inches with 18-
inch pathways that’s typical in market gardens
and works well for most of the smaller fruits
and vegetables. The other half uses a wider 42-
inch bed system still with 18-inch paths, this
is because the standard bed width is too small
to effectively space tomato plants in a lean and
lower trellising system. 30-inch beds are also
too small to provide space for many of the
larger plants like melons or the larger brassi-
cas. The moveable greenhouses cover 7 of the
narrow beds or 6 of the wider beds using the
same sized structure. The same trellising sys-
tem is needed for cucumbers, another very im-
portant greenhouse crop, and it would allow
for some of the more obscure crops like true
cantaloupes to be grown under cover, other-
wise impossible to grow because they require
too long of a growing period in most places.
I've never seen this multiple bed width system
done, it’s almost impossible on the scale most
of these gardens operate on, but it would solve
many of the fundamental problems with this
growing system. One of these pinwheels would
be considered an extremely large market gar-
den by most people’s standards, a single hect-
are is typical.

Normally a stationary hoophouse would be
used for this that’s a bit larger, 30 by 96 ft is typ-
ical. The main problem with this is that crop
rotations end up being far too short, because
a small number of crops are very valuable and
people want to use their protected cover space
for these. Soil borne diseases like fusarium or
verticillium wilt end up building up in this
way and all of the disease reducing benefits of
the greenhouse like keeping rainwater off the
leaves to protect against fungal disease are lost.
Being able to move it from plot to plot extends
its benefits over multiple plots, giving you a
much longer cool season in the spring and fall
that’s extremely important for places, like here,

that are far from water so have more rapidly
changing weather. In the spring especially this
is a huge advantage, because the rate of plant
and insect pest development is temperature
driven, so these become decoupled and you
don’t get cabbage looper damage on the bras-
sicas. It gives you the ability to build in much
more varied and longer rotations, but the win-
ter phase is where it really changes what you
can do, because you don’t sacrifice space in the
fall for establishing the winter hardy plants,
they can just be covered immediately before
the threat of frost. This is essentially like hav-
ing a massive cellar that can preserve that plot
of crops, except the plants themselves are liv-
ing and continuing to grow. Certain root crops
like carrots, parsnips and beets grown in this
way through winter will also develop much
higher sugar levels because plant sugars func-
tion as energy storage to be used for growth in
the spring.

These pinwheels are spread out away from each
other to reduce disease and pest spread, and
to help maintain isolation distances for plant
breeding work. This system is large enough
that you can effectively maintain a relatively
high number of varieties of each species while
still having large enough breeding populations
to select from. The breeding system is loosely
based on the metapopulation theory of Rich-
ard Levins, where individuals are being peri-
odically exchanged between communities to
keep genetic diversity high. This entire system
is effectively a massive plant breeding facility,
varietal trials are conducted to see how they
respond to local conditions and then the most
promising populations are developed over
generations into locally adapted cultivars. This
entire process is directly incorporated into the
cropping system itself so that it can be per-
formed at scale. In this system and at this scale,
the crops will essentially self-select for phe-
notypic traits that develop well in the locality,
and this is important because phenotypic trait
expression is highly influenced by environ-
mental conditions, a phenomenon well known
to plant geneticists but not to farmers. The di-
versity of cropping types and systems isn’t just
done to provide the full range of what the area
can produce to the local population, it’s also so
that the entire range of possible crops can be
systematically bred, including specific popula-
tions for use in season extension systems.

By calculating the area between the tempera-
ture curve over the season and the base tem-
perature of the species (below which develop-
ment slows to nothing, essentially an integral),
growing degree day measurements can be tak-
en at specific developmental stages for every
variety. Technically there is also a maximum
temperature, usually taken to be 86F, above
which the growth rate does not actually in-
crease, and when this is accounted for in the
calculation it’s called a modified growing de-
gree day system. This allows the temperature
dependent nature of plant developmental rates
to be better accounted for, because plant de-
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velopment is a thermodynamically driven
process, and is a better method than days to
maturity for estimating harvest dates and win-
dows. A similar measure can be used to model
the heat gain and retention of a greenhouse, or
even the heating or cooling requirements of
any sort of structure. This helps with the tim-
ing and design of the complex and tight crop
rotation sequences in the moving season ex-
tension system. When the same method is ap-
plied to insect development you can estimate
pest emergence dates as well, so that mitiga-
tion can begin before the populations become
large enough to be obvious, because by that
time it is too late to intervene, things have al-
ready spiraled out of control.

All of this can be derived directly from weather
data, and historical weather data can then be
used in a probabilistic model to estimate the
probability of specific harvest dates of each
crop as the season progresses, accounting for
the conditions the plant has experienced so
far. This information can also be used to plan
out in advance complex staggered harvesting
sequences, even between season extension sys-
tems and the unprotected main crop for each
species. More accurate data can be obtained
through direct air temperature measure-
ments in the field as well as within the green-
house systems themselves, with data logging
temperature sensors recording information
throughout the growing season. This data can
be compared to what the greenhouse heat gain
and retention models would predict for the ac-
tually experienced weather conditions to fur-
ther refine these thermodynamic models. This
modeling system has obvious applications for
scheduling local food processing operations
and food transport between regions, even be-
fore the food itself is harvested.

Using previous seasons yield data and the nu-
trient content of crops and their residues, the
nutrient removal rates can be estimated for
each bed in this system. This information is
combined with estimates of residual nitrogen
and other minerals from previous fertilizer
applications to estimate the required fertilizer
application rate. Periodically the beds would
also need to have soil tests performed to check
macronutrient and micronutrient levels that
might need to be adjusted. By solving matrix
equations that represent nutrient contents of
various manure, amendment, and compost
mixtures, and mixing these together in the
central square in the center of the pinwheels,
the specific nutrient ratios required for each
crop can be applied to the beds, keeping the
nutrient content of the soils in perfect balance.
Id also like to be able to work biochar into the
subsoils during an initial double digging pro-
cess when first forming the beds, so that drain-
age through clay layers or plough pan can be
increased, and the biochar can absorb nitrates
that leach beyond the crop root zone allowing
longer rooted crops to then periodically bring
these back to the surface. Once the soil compo-
sition has been adjusted, these bed systems are

pretty much maintained in the same manner
that it sounds like you are using in your no dig
system.

I'll try to attach an excel file (EDITOR’S
NOTE: Excel file available upon request to
blackmoldpress@proton.me) that has a very
rudimentary fertilizer calculation system so
you can see how that works. There are many
more things that need to be built into this
calculator, but it shows the basic guts of the
system and is a good example of how even a
simple vector space representation can be used
to regulate complex systems of this kind. I've
labeled the inputs in green, and you can play
around with the ratios of different compost ap-
plication rates and fertilizers there or change
the crop removal rates and residual nitrogen
levels to see how balancing these systems can
be done. The nutrient values of various organ-
ic fertilizers that you see in this model are, by
the way, actual nutrient values taken from the
literature or available products and the prices
given are actual market prices. When you see
negative values for the required fertilizer mix-
ture quantities, it means that there is no way to
mix the fertilizing mixtures in a way that will
provide the crop with the right proportions of
nutrients. When that happens, the ratios of nu-
trients in the fertilizer mixtures need to be ad-
justed so that they are more heavily weighted
towards the respective nutrient they are meant
to supply to the system.

The yellow areas show the vectors that are be-
ing used to represent the nutrient ratios pres-
ent in these fertilizer mixtures. Matrix equa-
tions are solved to determine the ratios of these
mixtures required and then it calculates a sca-
lar value that multiplies the vector components
in such a way that the weight required of each
can be found. The size of the bed itself can also
be adjusted, it uses this information to calcu-
late the growing area in terms of acres, because
that is the typical way that fertilizer application
rates are calculated, and this is fed into the en-
tire model to determine the required nutrient
inputs for the crop. It also calculates the price
of each input, and this can be replaced with a
labor time value. The information it provides
can then be multiplied by the number of beds
in a plot planted to that crop to calculate the
amounts of amendments that will be required
for a plot to maintain nutrient levels over a
growing season. The basic idea here is that
compost mixtures can then be made based on
these values and concentrated nutrient sources
can then be mixed into this compost, to pre-
vent nitrogen volatilization losses, and then
this enriched compost is applied evenly over
the surface of the beds.

In the center of these pinwheel clusters, there
is a ring of four rectangles, each rectangle is 5
acres in size and contains four blocks of open
field bed systems, with each bed 120 feet in
length. These are essentially the same as the
previous system, just larger without any sea-
son extension, though I suppose you could put

some low tunnels in there for winter onions.
These are main season crops that grow best in
a bed system, but don’t require protection to
produce reliably. Many of these are best grown
using transplants, so they surround two very
large 200 ft by 500 ft gutter connected green-
houses, 20 bays each, with areas containing
benches and automatic misting systems that
serve as heated propagation houses that also
serve the moveable greenhouse rotations. In
the summer, these can be used for curing on-
ions or garlic for storage. Some areas of these
greenhouses would contain hydroponic sys-
tems for growing salad greens, especially sum-
mer lettuce that would otherwise get too bitter
and bolt in the heat. This is only really useful
for shallow rooted plants like small greens,
almost anything else requires too much inert
media or water capacity to provide rooting
space that’s hard to maintain at scale in a sys-
tem like this. It’s worth doing for salad greens
though, especially because it makes them eas-
ier to harvest and keeps the dirt off them so
they’re easier to wash. This could be combined
with an aquaponics style reservoir system con-
taining live fish, salad greens are about the only
thing that could be adequately fertilized by a
system like that, but it would probably be sim-
pler to just use a standard organic hydroponics
setup.

A gutter connected greenhouse like this is
much more efficient to heat in the winter than
any other kind, they are also tall enough that
heat can rise to the top in summer and they
hold heat absorbed during the day better
throughout the night. The length of the bays is
limited to about 200 feet for reasons of ventila-
tion, but bays can be added to the sides without
much of a problem, and they become better at
all these things as they get bigger. Their tem-
perature swings more gradually than a station-
ary hoophouse, and you don't have the water
and weed infiltration problems along the sides
like in a hoophouse. The entire floor space is
also useable, in a hoophouse the curved pipes
along the sides restrict movement by limiting
available height, so it can’t be used well as a
walkway, and if beds are placed there to better
utilize the space, they are inconvenient to tend
unless their width is reduced by half. These
really become much more useful beyond the
scale of this system, if you can use combined
heat and power to generate electricity and do
district heating, waste heat from power gen-
eration or industrial processes can be used to
heat these through the winter. They are also es-
sential for any sort of nursery operation where
youre doing garden plant propagation or
large-scale rooting of hardwood cuttings. One
interesting heating system for these would heat
water in a boiler by running the exhaust gasses
from a charcoal kiln, that produces biochar for
the fields, through a heat exchanger, so they
can be heated by wood. The Jean Pain style
large forest brushwood composting systems
with anaerobic digesters in the center could
even be used for supplemental heat, especially
for a simple seed starting greenhouse.
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Bordering this central cluster of larger bed
systems and gutter connected greenhouses,
along one corner, is a quarter circle arc of five
one-hectare fields, one in each quadrant for a
total of 20 fields. These are for crops that don’t
fit into the normal annual crop rotations be-
cause they require multi year rotation cycles,
specifically strawberries and garlic. Strawber-
ries, in particular, are extremely hard to grow
reliably in an organic system like this, they’re
susceptible to fungal disease and once that
builds up in the soil it’s very hard to get rid of
without dangerous soil fumigation. For this
reason, they’re given a ten-year rotation cy-
cle, though they occupy three full years of this
and bear fruit in their second and third year.
That leaves a seven-year period where you can
get two garlic crops in with a three-year space
between them, preferably with a perennial le-
gume cover crop like white clover, and a year
of cover crops before and after the strawberries
that will build up as much organic matter as
possible and reduce weed pressure. A mustard
cover crop done in the spring before planting
the strawberries in early summer will provide
some protection from fungal wilt disease if
well macerated and turned into the soil. The
long cover cropping period is necessary be-
cause both crops require extremely high or-
ganic matter in the soil for water retention and
drainage. Since there are 20 fields in all, four
one-hectare fields of strawberries bear fruit ev-
ery year along with four one-hectare fields of
garlic, or ten acres of each.

There are also a couple one-hectare plots in
each of those large bed system clusters with a
road running through them that have 100-foot
long beds for perennial berries and asparagus
with center to center bed spacings of 10 feet.
These are spaced far apart to reduce disease
spread, especially because they contain rasp-
berries, blackberries and boysenberries that
can infect each other with otherwise unnotice-
able dormant viruses. They can also include
things like grapes, blueberries, gooseberries,
black or red currants or elderberries, and all
of these are usually given the same 10-foot
bed spacing, so they can be incorporated into
a very long crop rotation sequence interrupt-
ed periodically with flower beds to allow any
disease buildup to dissipate. There are eight
of these plots in all, or 20 acres total, though
a good chunk of this would be taken up by the
flower beds. Youre not really limited to this
space for them, the orchards where the fruit
trees are located can also house berry bushes
and canes, but itd be nice for some of them
to be near the intensive gardens. The insect
populations in these crops are totally different
from what you’ll find among the annual crops,
assassin bugs, in particular, like the blackber-
ries where I am and they’ll host a lot of other
predatory insects, especially if flower beds are
included that the parasitoid wasps like. In our
asparagus patch, the fleabane daisy takes over
the whole plot in early fall each year and the air
just swarms with various predatory flies, lace-
wings, and a wide variety of hymenopterans.

Wildflowers like this can be intentionally in-
corporated to provide nectar sources through-
out the year near the annual plots.

Surrounding this central area of intensive veg-
etable and fruit bed systems, there is a ring of
ten-acre plots, twenty-eight in all. In this draw-
ing, eight of these are occupied by dry lots for
pigs with deep straw bedding and rotational
cover crop pastures, each with twelve sows and
a boar. Each year there is a spring and fall far-
rowing period, each sow has about 8 piglets per
farrowing season, so each 10-acre plot houses
about 100 pigs twice a year, or about 1600 pigs
total per year. This is about the population size
that would be required for a single purebred
pig breed to be maintained long-term. Near
each pair of pig plots are windrow composting
systems, four one-hectare sized plots for rota-
tional pastures for chickens and turkeys and a
good sized orchard providing apple pomace
for supplemental feed for the hogs. Plum cur-
culio, a weevil that is a common orchard pest,
will lay eggs in unripe apples, causing them to
drop early, a phenomenon called June drop. If
hogs are allowed into the orchard during this
time, they will eat these apples and prevent the
larvae from developing into adults, helping to
control their population. After apple harvest,
they can also be fed on windfall apples by
letting them in again in the fall, or collecting
the fruit that’s fallen and bringing them to the
pens. They are also given whey from cheese
making, along with damaged fruit and vegeta-
bles that can’t be stored and scraps generated
from the food processing systems. Their ma-
nure and straw bedding are collected and used
in vermicomposting systems or as a nitrogen
source for the composting windrows.

I'm not going to be able to go into the details of
managing or planning out an orchard, it's been
about ten years since I tried studying it. I have
a lot of orchard systems drawn out somewhere
around here, but 'm not going to try finding
them. I have no idea how useful they are but
it’s a fascinating subject. That kind of stuff is
highly specialized and very regionally specific,
in general you want to be near water to have
any sort of consistent yield, especially for many
stone fruits. That’s why, at least in the US, you
see most tree fruit production happening near
the great lakes and along the East and West
coasts. Apples and other pome fruit trees can
grow reliably in much more varied climates,
but you still need to match specific varieties
with your location and conditions and the
insect pests and diseases will vary regionally.
Perennial plants are a lot harder in many ways
than annuals, disease or insect damage can de-
stroy many years of work and pruning requires
a lot of experience and forethought to do well.
You don’t experience the entire developmental
cycle over a single season, so it takes years to
gain experience and there’s a long time delay
before you can even see the results of your ac-
tions. I do include tree nut production in the
orchard category as well as grapes, I think it’s
stupid to pretend grapes are their own thing. If

you would like a fairly comprehensive take on
fruit producing orchard systems that at least
attempts to incorporate ecological thought,
Michael Phillips’ “The Holistic Orchard” is an
absolutely beautiful text and I remember be-
ing very impressed with what hed put together
there. If T was to plant and manage an orchard,
I'd pretty much just be testing his methods and
have a wide range of experimental varietal tri-
als to determine how well each variety grows
in an area and how they handle disease and
pest issues.

The other twenty 10-acre fields contain field
crops that are best grown in rows using mech-
anized harvesting and are impractical in bed
systems but aren’t needed in huge amounts.
These are mostly fresh vegetable row crops
like potatoes, sweet potatoes, green beans,
fresh peas or sweet corn, that sort of thing.
They could also be used for crops like squash,
melons, or determinate tomatoes to give more
space so that more varieties can be grown, or
for specialty dry bean and other pulse row
crops. Ideally, these would have highly diverse
rotations with periodic breaks to help build up
organic matter and allow nutrient cycling to
catch up with removal rates. These rest periods
could easily incorporate pastured poultry into
the rotation to provide extra fertilizer and help
control insect populations. For instance, blue
hubbard squash attracts squash bugs particu-
larly well and if included into a chicken pasture
in spring, can divert some of them away from
the squash fields where they will be eaten by
the chickens. These fields can also be used as
test plots to trial varieties used in larger scale
row cropping systems, or simply to provide
space for variety trials for the vegetable and
fruit breeding projects in general.

There is a circular gap on the inner side of this
ring of ten-acre fields, this is just permanent
pasture with white clover being periodically re-
seeded to provide a nectar source for bees and
extra pasture space that various kinds of poul-
try can be rotated through. Along this entire
inner circle near the annual beds, youd place
perimeter strips of trap crops like sunflowers
and sorghum combined with insectary plants
like buckwheat and the same would be good to
do on the outer edge of the 10-acre plots. These
attract insects like stink bugs to them and the
flowers feed parasitoid wasps in large numbers
that will prey on them forming a swarm of pred-
atory insects that act as a barrier that any insects
moving from other fields into the intensive bed
systems must pass through. If this is done on the
outer edge of the 10-acre plots, two concentric
rings are formed that act as lines of defense pro-
tecting the entire system from traveling insect
pests. The specific mixtures of plants used in
this can be adjusted depending on the partic-
ular insects you're having problems with. These
also provide the larger scale field crops with an
extra level of protection against insect damage.
This can be augmented by adding similar di-
versity strips between the fields that can target
common insect pests of each crop type.
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Surrounding these, along the outer corners of
the entire system, are four groups of five 40-
acre plots that are dedicated to dairy pastures
incorporated into a ley farming system. Half of
these fields are covered with perennial pastures
with a mixture of grasses, forbs and legumes;
two plots in each quadrant are active pastures
with grazing animals. These are divided into
eight 10-acre paddocks in a conventional ro-
tational grazing system. One plot is planted to
pasture each year and left to grow for a year, to
allow time for pasture establishment. One plot
has pastured pigs on it, to allow the McClean
County System of Swine Sanitation to be used
for farrowing pigs that was developed in the
1920s that greatly decreases the death rate of
piglets due to parasites that can build up in the
soil. This allows fresh pasture to always be avail-
able for farrowing that hasn’t had any pigs on
it in the last twenty years, and since it will be
broken up for field crops the following year, the
damage pigs cause to the pasture doesn’t matter.
Pigs actively root and destroy pasture lands, but
in this case it’s beneficial and provides manure
to the pasture that will help it break down after
it gets turned under. This is then planted to a
corn silage, soybean, corn silage, dry pea, oats
rotation, followed by five years of alfalfa before
being planted again to pasture.

In this way, supplemental feed needed for
dairying can be incorporated directly into the
pasture rotation without disrupting the posi-
tion of barns and milking parlors that are lo-
cated in the empty L shaped space at the inner
corners of these fields. The manure and bed-
ding generated from housing the dairy animals
can then be collected and used in the vermi-
composting system to provide worm castings
for the vegetable beds. In this system, two of
these corners are occupied by dairy cows, one
has dairy sheep and another dairy goats, allow-
ing for almost all varieties of cheese to be able
to be produced on site. In the dairy cow rota-
tions, wool sheep can be added so that sheep
follow the cows in the rotation, which can be
useful for disrupting parasite cycles by provid-
ing dead ends by exploiting the fact that many
intestinal parasites are species specific. This is
about as small as you can get a system of this
kind, it would be much better for quarter sec-
tions to be used instead, that surround this
entire farming system, with the 40-acre plots
occupied entirely by wool producing livestock,
but that would increase the total size of the
system to nine square miles rather than four
square miles and this is meant to represent the
smallest feasible fully integrated agricultural
system. This large expanse of fields that sur-
round the vegetable and fruit growing areas is
necessary just to generate the biomass that’s re-
quired to maintain the organic carbon content
in the intensive bed system.

There is no inherent reason animals need to
be used in a system like this, the entire sys-
tem is fundamentally plant based after all, but
these fields would still be needed just to pro-
vide composted plant matter to the rest of the

system, and not much is really lost by feeding
these plants to animals. By having animals in
the system, useful bacteria are maintained that
have symbiotic relationships with these spe-
cies, and the nutrients in the plants are con-
veniently concentrated, which makes it much
easier to hit specific nutrient ratios in the very
complex fertilization system being used. The
decomposition process is also accelerated, and
it would allow for the mass cultivation of dung
loving mushrooms, like button mushrooms or
the portabella and cremini mushrooms, that
are just variations of this species, that require
animal manure to grow, or at least are conven-
tionally grown using such substrates. 'm in-
cluding as many types of domesticated animals
as possible in this system mostly for the sake of
completeness, so that it can provide as many
ingredients used in traditional cooking as pos-
sible. The same basic system could though be
modified in various ways to omit elements, but
I'm not sure there would be much of a benefit
to be gained by doing this. It would at least be
much more difficult in some ways to accom-
modate the needs of some annual crops that
need very rich soil to thrive, though it would
also simplify other complex aspects of this sys-
tem by eliminating them.

I havent really discussed mushroom culti-
vation much, and won't go into much detail
about it here, that subject is complex enough
that it would require its own 50-page long text
to describe adequately. It should be noted how-
ever that this growing system mass produces
all of the fundamental substrates required for
the large-scale production of all of the major
mushrooms that lend themselves to indoor
cultivation. The spent substrate can be broken
down in the windrow composting systems to
provide very nice mushroom compost with
its own desirable properties. In areas with
the right climate, outdoor mushroom culti-
vation can also be done and at an even higher
level of sophistication and complexity, even
mushrooms that require symbiotic relation-
ships with tree roots, like chanterelles, along
with truffles, can be inoculated into tree roots
grown in greenhouse systems before being
planted and all this can be directly incorpo-
rated into a system such as this. I have a long
history of experimental indoor mushroom
cultivation and have studied commercial sys-
tems of cultivation and culturing techniques in
depth, it is a longstanding interest of mine that
predates my study of plant cultivation, but it is
well outside the subject at hand, so I won’t go
into that further here.

This drawing omits row crops like cereal
grain, oil seeds, dry pulses and fiber crops,
that would be grown in very large fields, any-
where between 40-acre and 160-acre quarter
sections. Ideally these would be located along
the periphery of a system like this, but this
drawing assumes that in an early stage of de-
velopment it would be too difficult to control
uninterrupted expanses of land large enough
to directly incorporate these into the rest of the

system. These instead exist as isolated clusters
distributed throughout the local area, operated
either by individual families or much smaller
communities than exist in the clustered village
system I'm describing. These row crops are in-
corporated into an integrated crop livestock
rotation using a ley farming system similar to
the one I described before, where the row crop
rotation is periodically interrupted by peren-
nial pasture. These can accommodate any sort
of grazing system into them, including dairy if
they contain small scale cheese making facili-
ties or are close enough to the clustered villag-
es for milk trucks to transfer milk to creamer-
ies located there. They would be more suited,
however, to wool production, grass fed meat
production, and pastured poultry or pastured
pig systems.

They would have local grain bins or smaller
storage facilities for temporary storage of their
harvests that are then brought by trucks into
larger long-term storage systems like small
grain elevators located in the clustered villag-
es. These clustered villages operate the mill-
ing and processing facilities that are required
for each crop type, and act as distribution
points where raw materials and intermediate
products are transferred between localities.
To overcome the highly centralized slaugh-
terhouse system that currently dominates all
meat production and to comply with food reg-
ulations, these clustered villages would need to
operate what are called mobile slaughter units,
specialized refrigerated semi trucks that can
drive to a farm, perform slaughtering onsite
and then bring back whole or half carcasses,
or slaughtered and processed birds. The clus-
tered villages would need local butcher shops,
where the carcasses can be hung and cured,
butchered, and then flash frozen with blast
freezers to minimize the size of ice crystals in
the meat to maximize its quality when thawed.
Directly incorporated into this system are the
charcuterie operations that produce dry cured
meats like hams, bacon, salami, etc., along with
any other prepared meat products like fresh
sausage, jerky, pastrami, corned beef, etc. This
also provides a ready supply of bones for stock
production and eventually bone meal as well
as blood meal for supplemental crop fertiliza-
tion, animal hides for tanning operations and
leatherworking, and all other animal derived
raw materials.

Ley farming systems of this kind aren’t encoun-
tered much in the literature, but they have a lot
of potential advantages that are often underes-
timated. No till or minimal tillage systems can
greatly reduce a lot of the fundamental prob-
lems with row crops cultivated by conventional
tillage practices, they can increase soil organic
matter levels and retain more moisture in dry-
land row crop farming by leaving crop residues
on the surface of the soil. Without long-term
rests, however, the rates at which nutrients
are being removed from the fields is problem-
atic and annual crops that are produced by
these systems lack the extensive root systems
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that perennial plants are able to develop over
multiple years of growth. If very high levels of
organic matter are going to be maintained in
a row cropping system throughout the entire
soil profile, I have a hard time imagining this
being accomplished without multiple year rest
periods of perennial plant growth taking place.
If organic matter and nutrients are being re-
moved from these fields to maintain soil quali-
ties in other more complex systems, as they are
in the system I'm suggesting, these rest periods
become even more important to balance the
organic matter levels in the row crop system,
which is why I'm assuming a ley farming sys-
tem wherever that is feasible.

Ley farming allows perennial polycultures to
be incorporated into grain production in a way
that makes physical sense, the duration and
relative proportions of pasture and row crop
rotations can also be adjusted as needed to suit
the requirements of each locality. They have
many other potential advantages, they can
have beneficial effects in maintaining ground-
water quality, limiting insect pest populations
and reducing the spread of weeds in row crop-
ping systems. There is a very good paper that
was recently published that I really encourage
you to read called, “Role of Ley Pastures in To-
morrow’s Cropping Systems. A Review; that
goes into a lot of detail on this kind of system
and is one of the very few in depth papers that
discuss this sort of thing. There was also a very
nice agroecological modeling paper called
“Ten Years for Agroecology in Europe” that is
the only agroecological proposal I know of that
incorporates a system like the one I am most
interested in. 'm not really taking any of my
ideas from these papers, I only recently found
them, but they are very good resources if youd
like more information about ley farming and
some of the implications this would have if
it was applied on a national or international
scale. It’s certainly not the only good system,
but it's a useful idea that should be explored
more than it is, and it has a long and interest-
ing history.

There is a fundamental problem that must be
solved by any proposal for an alternative sys-
tem of agriculture, how grain production is
going to be accomplished on the large scales
that are required to provide a stable supply of
wheat, rice, corn, oats, barley, rye, beans, peas,
lentils, broad beans, chickpeas, etc., that to-
day and for all of human agricultural history
constitute the fundamental staple crops, along
with high calorie vegetable root row crops,
that provide the vast majority of calories and
protein to people in every region of the world.
Often the answer given is, especially by peo-
ple influenced by permaculture, because these
cropping systems must be grown as mono-
crops to allow them to be mechanically planted
and harvested, they must be entirely removed
from the human diet or grown exclusively in
complex polycultures that will require plant-
ing and harvesting to be done by hand. They
will insist that perennial crops can replace the

role annual row crops, or even annual crops in
general, play in the human diet and so allow
these to be phased out completely or relegated
to a small percentage of food consumption. 'm
not entirely convinced that imposing a false di-
chotomy of monoculture vs polyculture, or an-
nual vs perennial that can’t be clearly defined
onto all of human agricultural production and
then restricting food production systems so
they conform to this arbitrary requirement is
the best way of designing a food supply.

Monoculture is a problematic term usually de-
fined as growing one type of crop on an area of
land. It could refer to a row of cabbages as well
as entire landscapes of genetically identical
continuous corn operations, I understand why
it’s used but the reality is much more nuanced.
There are cropping systems where monocul-
ture may be the best option and I think row
crop rotations, done in a responsible way, are
one of those situations. There are systems of
grain cultivation that may include other plants
in them, I know there are people growing old
rice varieties like Carolina Gold that claim that
they are using historical polyculture systems
that provide better quality and yields than
would be possible otherwise. There are also
systems of strip cropping where different row
crops are grown side by side so that they can be
harvested by combines but aren’'t as suscepti-
ble to insect damage. Those sorts of alternative
systems should be looked into and might have
advantages, I don’t know enough about them
to really say, but I don't think this attitude of
monocultures are always bad and polycultures
are always better is especially helpful. A crop-
ping system needs to be considered based on
its own potential advantages and disadvantag-
es using actual experimental data, and as far as
I can tell we don’t have that data.

If polyculture systems have been developed
that make sense in an area, and they often do
make good sense especially in more tropical
areas, then by all means utilize those systems.
It would be very interesting to see what could
be done along those lines, and where knowl-
edge has been preserved from systems of that
kind that have been developed in the past, I
think that knowledge is important to preserve
and draw from. It is naive, however, as advo-
cates of permaculture often do, to pretend that
“food forests” can replace all of human agri-
culture or are in all cases more labor efficient
and space efficient than any other system. We
also need systems that can operate outside of
forested environments, they are not some kind
of ideal ecosystem type that all biomes are just
hoping to attain someday, forests exist in envi-
ronments with enough water and with climates
that are suitable for trees to grow. We need sys-
tems of cropping capable of producing every
plant that humans actively cultivate, our goal
shouldn’t be to arbitrarily remove plant spe-
cies from human agriculture. That being said,
there are all kinds of interesting agroforestry
practices that can incorporate food production
into a forested area, it’s specifically the system

proposed by permaculture and its underlying
philosophy I have a problem with. The systems
that they are usually suggesting as good design
are impractical and sometimes actively eco-
logically harmful, they contain bad ecological
theory, they use words from ecology like guilds
and change their meaning, and they overstate
the advantages of their system and misrepre-
sent all other systems.

Agroforestry is beyond the scope of what I'm
talking about in this, or have enough knowl-
edge of to talk about in depth, but there are
contexts where it can be used as the prima-
ry food production system in a region, and I
think those are very important to develop. It
also has applications for forested regions that
aren’t well suited for primary growing lands
where you still want some local food pro-
duction to take place. Silvopasture systems,
where you are combining grazing areas with
tree production, or alley cropping where you
grow food crops on small scales between rows
of trees in a plantation are both interesting
ways of doing this. Agroforestry is properly
an entire category of agricultural production,
along with forestry more generally, and both
of those are just as important to me as the sorts
of growing systems I'm talking about here. 'm
especially interested in coppicing and hedge-
row management, for instance. So, just to be
clear, 'm not at all claiming those are compet-
ing agricultural systems and that any of this is
inherently better. A lot of people in permacul-
ture, and other esoteric branches of alternative
agriculture, often do approach things in that
way. They will literally claim their methods can
take any environment, including deserts and
grasslands, and transform it into a lush forest
garden. Anyway, back to the agricultural col-
lective that is to transform human productive
capacities and pave the way for our glorious
communist society of the future!

Between the large bed system clusters, there
are four rectangles at the North, South, East
and West with roads running through them.
This is space left empty for workshops, wash
pack facilities, refrigeration and freezing fa-
cilities and food processing buildings. A large
amount of the work involved in any sort of
food system isn't just growing the food itself,
it’s post-harvest handling and then processing
it into finished meals. You need to be able to
cool the food down immediately once it comes
in from the fields and provide the right tem-
perature and humidity conditions for it to store
well until it can be shipped out or processed.
For some crops, this can be done by imme-
diately immersing them in cold water baths
or dripping cold water over them before they
are put into cold storage. For crops that can’t
handle getting wet, you’ll generally use forced
air cooling, where you have a refrigerated cold
room with fans that circulate air through holes
in the crates or boxes the plants were sorted
into. They are then moved into walk-in refrig-
erators and palletized, and you’ll need multiple
large walk-in refrigerator systems with differ-
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ent temperature and humidity conditions to
properly store the full range of crops. These re-
frigerated rooms also need to be set up so that
everything can easily be moved around using
pallet jacks, doorways need to be flush with the
ground and pathing needs to be wide enough
to easily maneuver. The cold chain system also
needs to have built into it a loading bay to al-
low refrigerated trucks to be easily loaded and
unloaded.

This can be done using simple cellars for some
things, youre basically making an artificial
cave that will give you something close to the
right conditions and then adjusting the hu-
midity and dropping the temperature to where
it needs to be. Monolithic domes made of rein-
forced concrete using foam insulation that are
covered in a water impermeable layer of ben-
tonite clay and earth-bermed would be espe-
cially good for this, they’re strong and cheap to
build and will last a long time, as long as a good
drainage system is used to prevent water from
building up around the concrete. These would
mostly be useful for bulk storage of crops that
can store for months at a time at relatively high
temperatures where you only need to periodi-
cally go through them to control the rot. They
can also provide the conditions needed for the
storage of wine or beer, for large scale vegeta-
ble fermentation, for mushroom cultivation,
for curing meat, and can serve as cheese caves.
For crops that need temperatures just above
freezing or those that can only store for very
short periods of time, youd need conventional
large refrigeration rooms, preferably an en-
tire block of them connected with a common
cooled hallway to prevent losing cooled air
when loading and unloading. These systems
become much more energy efficient as they
increase in size and are one of the reasons veg-
etable and fruit production needs to be done
at the sort of scale I'm describing to make any
real sense for producing for exchange.

V. CULINARY LABORAND
COMMUNIST CUISINE

I come to all this, first of all, as a cook, and
someone who sees the accumulated cooking
traditions of the world’s cultures as a great
treasure, something that has been painstak-
ingly developed over generations that must
be actively preserved. These traditions are a
precarious thing that’s never been properly re-
corded, often handed down from one person
to another and that chain can be broken at any
time and the information lost forever. It’s im-
portant information, not just because the food
is good, it has built into it seasonally compat-
ible ingredient combinations that also tend to
be very nutritionally balanced. The ingredients
a tradition selects from are also those that can
be produced largely from their specific eco-
logical region and the underlying structure
of the meals tends to be quite labor efficient
in the context of agricultural systems with a
low level of technological complexity, because
their history often goes back before large-scale

food transport and mechanized agriculture
existed. Turning food into something that is
merely bought and sold, a commodity on the
market like any other, not only limits it to the
mediocre slop that can be churned out quickly
with as little labor as possible, it erodes away
into nothing what should be considered one
of the central achievements of human culture.
Food is more than just food, it’s a relationship
we have with other species, with each other,
with history. It's the center entire civilizations
revolve around and were built from, it is fun-
damental to cultural identity and often the last
remnant of cultural heritage to disappear in a
diaspora population. It is an act of caring for
another person, of giving, it is an act of kind-
ness and hospitality, it is as close to a sense of
the sacred as I get.

In the field of gastronomy, there is no separa-
tion between cookery and cultivation, these are
one united collection of accumulated human
cultural traditions. The organisms we cultivate
are natural objects, but they are natural objects
that have been transformed by their interac-
tion with us, their appearance and properties
are the physical manifestation of human imag-
ination and desires. Crop varieties themselves,
along with all domesticates, are just as much a
part of this cultural heritage and must be pre-
served and developed just like the systems of
cookery that we have inherited. A tomato is
not equivalent to any other tomato, it has bred
into its flavors and textures, and these aren’t
permanent features, they are ephemeral qual-
ities. A cook is limited by the quality of their
ingredients first, everything else is secondary,
the freshness and the care of its cultivation
matter, not just to the cook, they matter to the
quality of what they are transformed into. You
cannot make a food system that can be con-
sidered truly developed unless you can achieve
that level of quality, which is an incredibly hard
thing to achieve. It takes a great deal of care
and coordination on a societal level to make a
system that’s capable of that. That is the system
that I am trying to develop and think I am ap-
proaching, one that can provide the whole of
humanity with food that is at the absolute limit
of what’s possible in terms of quality.

You cannot achieve that under capitalism,
these traditions are kept alive in the liminal
spaces outside its reach, in the home kitchen,
or in the garden of an obsessed collector of cul-
tivars, or in the outer reaches of human society
that have managed to hold on to them. Com-
munism allows these traditions to regain their
proper place in human society, as a daily cele-
bration of human imagination and skill. If that
was all communism could offer me, that alone
would be enough for me to be a communist. If
the system I have developed were ever imple-
mented, a system I can see as if it was right in
front of me, I can see the gardens and fields, I
can smell the meals and taste them, you would
be tapping into the most fundamental drive
a human being has. This system can provide
people not just with what they need to live,

but to live well. I think it could provide much
more than that, and I still believe people could
construct that world if they were really dedi-
cated to bringing it into being, even within
this nightmare world they’ve woken up into.
They’ve just had all of their hopes and dreams
beaten out of them for so long they can’t even
conceive of any other sort of existence.

This requires a very complex logistics system to
coordinate everything well enough to prevent
food waste. There is a constant threat of los-
ing huge amounts of labor that has gone into
planting, weeding and harvesting these things
and any decline in quality at any stage not only
reduces the quality of what these are made
into, it greatly increases the labor involved in
food preparation. What has been stored, when
it was stored, where it is, how much there is
of it, where it’s going or what it will be made
into and how much is needed when, all of this
needs to be immediately available to everyone
involved in the system and needs to be able to
be accounted for at all times in a clear and eas-
ily understandable way. This combined with
the inherently unpredictable nature of food
production requires an extremely complex
logistics system to be in place to handle this
complexity and be able to effectively maneu-
ver in this system, so that the food processing
system can immediately respond in the right
way to constant fluctuations happening in the
food storage system. Furthermore, everyone
involved in this system needs to be fed daily
from the output of this system, and that entire
internal food distribution system needs to be
planned out ahead of time in a way that pro-
vides tasty meals with balanced nutrition to
the entire local population. That system needs
to, at the same time, be flexible enough that
it can utilize ingredients that might be over-
whelming the food storage and food process-
ing systems and serve to bring the entire sys-
tem into balance.

One part of this logistics system I'm trying to
develop consists of taking Marx’s labor theory
of value equations that describe the produc-
tion process and combining them with an al-
gebraic structure, specifically an algebra over
a field, that represents flows of raw materials
and their transformations as a series of indi-
vidual batch processes. Data taken from each
individual process within the system, the labor
time in a shift combined with mass or unit
measurements of its corresponding input and
output, is converted into average local flow
rates in a discrete system that accounts for the
fact that these processes have a regular dura-
tion. From the initial mass of a harvest, it au-
tomatically calculates an estimate of the labor
time and number of shifts required to send it
through the system, so that a sequence of labor
processes can be planned out and coordinated
in advance. The outputs of this raw ingredient
representation system become inputs to the
food processing calculation system that can
draw ingredients it needs out of the larger ag-
ricultural production network. Food prepara-
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tion processes, whether for freezing, canning
or cooking, are then modeled in the same way
and these outputs become inputs to the batch
processes that cooking or food preservation
processes consist of. This system can even ac-
count for how different durations of shifts or
number of workers involved influence the flow
rates within the system.

This is a generalized modeling system that is
just applied linear algebra and it can work with
any batch process and it can also be adapted
to certain continuous processes, though com-
plex continuous processes would need to be
modeled using differential equations in a sys-
tem dynamics style. The same basic algebraic
structure is what linear programming is based
on, and if you wanted to, this en-
tire calculation system can be fed
directly into a linear programming
planning system to balance the
proportions of different elements
in the system. It can also be fed
into a dynamic representation of
the sort Beer is suggesting and
used for modeling and from those
models simulations can be created.
There are other applications of this,
it's the basis for all flow network
analysis, and Odum, an early ecol-
ogist and student of Hutchinson,
had done some interesting things
along these lines where he was
trying to represent complex sys-
tems from an energetic perspec-
tive. Towards the end of his life, he
was making a cybernetic modeling
framework that described energy
flows through ecosystems and eco-
nomic systems as electronic cir-
cuits, though I don’t have copies of
his books that describe this so I'm
not sure about the details or how
useful it would be.

The other side of this logistics
system is an attempt to create
a unified recipe collection that
brings together all of the English
language cookbooks into one sys-
tematic database. Any source of
recipes can be used of course, but I cook from
books a lot, so 'm using those. Different ver-
sions of the same basic foods are grouped to-
gether and then a sort of taxonomic classifica-
tion system is imposed on them to organize all
of traditional cooking into one comprehensive
system. For now, I'm just trying to focus on
the cooking of what I guess I'd call Southwest
Asia and related systems of cookery, because a
good term doesn't really exist for it. This com-
bines the cooking of the Maghreb, the Levant,
Turkey, Greece, the Balkans, Iran and the Cau-
cuses into a vast system that connects regional
variations on similar foods together. Eventu-
ally I want to do the same for the cooking of
Mexico, Central America, South America and
the Caribbean because this is another highly
developed system of cookery with related cui-

sines over a large geographic area with local
variations. Unfortunately, most of what’s been
published on those countries has never been
translated into English, so that would need to
be done first and I can’t speak Spanish. Korean
and Indian are also cooking styles that would
be especially useful for temperate regions, but
the ultimate goal is to include all of the world
cooking systems.

Each recipe has a unique tag, created by the re-
gion or book category, book and page number
that eventually will be linked to scanned copies
of each recipe. Each is associated with a list of
all the ingredients and their ratios are convert-
ed from imperial units into grams along with
the yield, then this is stored in an indexing

system as a vector with ingredients and their
quantities as components. In this way, any rec-
ipe can be scaled for a specific yield and it cre-
ates a searchable database, where a list of avail-
able ingredients can be put in and it will output
the set of all recipes that can be made from
them. If you are largely depending on local
fresh produce production, this food is highly
seasonal, but its production is also cyclical.
This allows each locality to perform meal plan-
ning in advance, knowing from previous years
what is generally available and when. If there is
a glut of one kind of food, this database gives
a comprehensive account of what can be pro-
duced from that food and what else is required
to do this.

This database is incorporated directly into

the entire food processing system, so it can
automatically bring in data about the time
required for ingredient production and food
preparation and when combined with mea-
surements taken while cooking, it can estimate
total labor time required. In addition to this,
nutritional data can be built in using a similar
vector representation and fed directly into the
system, automatically calculating the nutrition
of recipes or combinations of recipes for meal
planning purposes. It would also be very use-
ful for home meal planning, because prices of
ingredients can easily be built into this system
and would allow people on strict budgets for
food to get the most nutrition out of what they
cook, without sacrificing quality. T'll try to re-
member to attach a cookbook index and classi-
fication system of the sort I mean,
but it’s going to be pretty fucking
rough. I need to go back through
everything I've done so far to get
further with it because the for-
mat was gradually changed, but it
works well enough for me to find
recipes to use.

This entire calculation and plan-
ning system is then combined with
an inventory system to estimate
current inventory based on what
processes have been done recent-
ly, then inventory is periodically
checked. This can also be used to
predict future inventory based on
the plan that’s being created and
estimates of expected harvest dates
and previous yields. That’s basi-
cally the logistics system that I'm
trying to construct so I can plan
out all of the food preservation
and soup cooking I do at work,
because those petty bourgeois
fucks think they can just decide
on a whim each morning what I'm
supposed to do and we never have
what I need to do anything. Soon
those far-right libertarians will
have their entire system running
on Marxism. That system contains
within it all of the information
thats required to set up a labor
time accounting system, that can run along-
side the capitalist money-based accounting
system that’s needed for operating the system
as a business within capitalism. If a cooperative
existed at a national scale, like the sort of co-
operative system Marx was advocating for, you
could organize a separate economic structure
within it that could perform internal circula-
tion of products all using a single mathemat-
ical system, because they’re fundamentally the
same system just with minor system behavior
altering differences.

This is all just one part of a much larger mathe-
matical modeling system I'm trying to develop,
where these local models are then combined
into a national and international distribution
network. Using rough descriptions of possible
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local agricultural communities, like the system
I was showing you as an example, the full range
of agricultural subsystems and the technical
systems needed to operate them is gradually
developed in more and more detail. From sys-
tems like that, and mathematical representa-
tions that have been developed for modeling
those sorts of systems, I can slowly construct
an integrated mathematical representation that
can be used to model all possible agricultural
systems. The technical systems they contain
give me a clearer idea of what sorts of industri-
al systems are required to supply systems like
this with raw materials and machinery coming
from other parts of the economic system, so a
mathematical framework can be established
for describing an entire supply chain that can
function independently of the rest of the econ-
omy. I think building up an interlinked map of
such bare bone descriptions of the productive
processes that constitute the ultimate founda-
tion of an economic system are necessary if we
want to have a clearer idea of how a new mode
of production might be brought about, either
within existing society or in general.

VI. OFF FARM TECHNICAL SYSTEMS -
FROM INDUSTRY TO ENERGY
PRODUCTION

Now that brings me to another aspect of all
this, how technological systems in general are
enmeshed with agricultural production and
how I think about technology as a whole. All
agricultural practices are in a sense technical
systems themselves, and the kinds of food
systems people might support have built into
them certain assumptions about the technical
systems they think are desirable or possible to
sustain. Food systems also are a fundamental
element of production that in many
ways influences the extent to which
technical systems can be imple-
mented and sustained in a society.
These kinds of systems, and the
means of production more gener-
ally, obviously play a very central
role in the Marxist conception of
society, social relations revolving
around them and interacting with
them reverberate through the entire
structure of society. I think a lot of
Marx’s ideas about technology are
some of the most interesting ideas
in Marxism, he was a studious stu-
dent of technology indeed, and his
theories on the subject are the most
comprehensive view of technology
T've ever seen. He's often portrayed,
falsely I think, as having an almost
unhealthy infatuation with technol-
ogy or of being a technological de-
terminist, where technical systems
are relentlessly driving society for-
ward independent of human will.

The Marxists want the working
class to gain control of these means
of production, but they don’'t gen-

erally seem to show much interest in them, I
don’t think most of them would know what
to do with them if they did have control of
them. Technology appears to them as a great
jumbled mass, and they see the great harm
it does, and they see its great untapped po-
tential, but its complexity raises an obstacle
to their understanding. The kind of broad
view of how the capitalist economic system
functions that Marxism offers I think is very
powerful and important, but it’s necessarily
abstract and meant to give a detailed theory
of the fundamental underlying forces at work
in our society. The ultimate goal of Marxism is
establishing an alternative to that system, and
I think it provides a well thought out outline
of what that alternative would be like that 'm
completely on board with. We need a lot more,
though, than the theoretical system Marxism
offers to actually construct that world and or-
ganize it in a way that can provide us with a
system that can facilitate the kind of free hu-
man development and flourishing that to me is
the absolute core of Marxism.

How technical systems that have been devel-
oped are to be used to provide us all with the
free time that will allow us to pursue our in-
terests and enjoy each other’s company should
be a central aim of this project of collective
emancipation. That is the highest social goal
they can be put towards, not how do we max-
imize the number of products that we obtain
from a certain quantity of labor time. Are the
products we are producing things that serve to
achieve this goal, or are they so much super-
fluous baggage that merely drains our energies
and occupies our time without satisfying our
true desires? In our society, technology is not
being directed towards these ends, it is being

You ever just take a step back and wonder-
how we’re gonna change all this?

directed towards facilitating a cycle of sense-
less growth that leads to our collective destruc-
tion. In the society we are trying to develop,
technology needs to be able to be utilized in
such a way that it can achieve its intended
purpose and then stop expanding so it doesn’t
needlessly consume all of the limited resources
available to us.

If we are to achieve this, we need a well thought
out theory of technical systems that describes
what they can really do, what their fundamen-
tal limits are, and what we can know about
their inherent structure. For some reason,
this is being almost completely ignored by the
Marxists. It is also being ignored by everyone
else, but it actually matters if the Marxists are
ignoring it, because they are the only ones who
have a clear theory of the social relations that
perpetuate this vicious cycle of accumulation
that not only might plunge us into a global cat-
astrophic breakdown, it is currently doing so.
They need to stop moping about just because
a wrongheaded authoritarian faction of them
who managed to gain local power ended up
losing it because their leadership wasn’t up to
the task at hand.

I first came to the writings of Marx when I was
13, and at the time I was very much immersed
in the work of Michael Faraday and James
Clerk Maxwell, along with the entire scientif-
ic culture of the 19th century. Their work was
what led directly to modern physics and Ein-
stein’s theory of relativity, who first introduced
me to the idea of socialism. The way those peo-
ple wrote and thought, was like nothing I had
ever seen before, and I learned through them
the true potential of what a human being was
capable of becoming. That was a time in the
history of science that had a fanat-
icism and a passion that has never
been equaled since, the things they
achieved, considering how rudi-
mentary the equipment they were
working with was, is absolutely in-
credible. When I came to Marx, I
could see immediately that he was
coming directly out of that same
culture, that had as its central mis-
sion taking human understanding
to its absolute limits, and here was
someone directing that perspective
at the entire social structure, and it
was beautiful.

At the time, I didnt realize that
there was any other idea about how
a communist society was to be es-
tablished other than a labor vouch-
er system, it made perfect sense
and seemed to flow directly out of
his labor theory of value from the
beginning of Capital. I just thought,
well of course, that’s the most rea-
sonable way to measure the value of
a commodity and we could just use
that directly as the way of distribut-
ing the products of labor. It wasn’t
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until years later, when I started talking to other
Marxists, that I realized their entire focus was
on these obscure historical disputes that didn’t
have anything to do with what I'd been read-
ing. The whole idea of using labor time as the
basis of a new economic system was conspic-
uously absent, this had been replaced by ideas
about the collective ownership of the means of
production that were so vague they seemed to
be utterly meaningless.

Any specific ideas as to how this was to be
implemented was considered to be impossi-
ble to determine in advance, because appar-
ently Marx just forgot to elaborate on it, and
we were to just figure it all out, at a moments
notice, once society had collapsed to a point
revolution was achievable, because it all had to
be compatible with the material conditions at
the time and anything else was just strictly uto-
pian. Thats an extraordinarily destructive idea
that’s taken hold in this community, to place
arbitrary limits on our understanding without
any investigation, in direct contradiction to the
authority you are appealing to on the matter,
and somehow these are to be the guiding light
that shall lead humanity to its freedom from
tyranny. It’s the most ridiculous thing I've ever
heard, these people make the liberals seem rea-
sonable. What has happened to my movement,
what has become of this meticulously detailed
and compelling explanation of the origins of
the fundamental problems of our society and
the ways these can be addressed?

There are things we are able to know about the
productive forces themselves that are relevant
to the implementation of socialism, we don’t
need to stop at theories of how social relations
might be changed so that they can be used for
the benefit of everyone. Id like to, as best I
know how, describe the structure I see in the
productive forces, how I think this structure
can be described mathematically and how the
relevant information needed to use this math-
ematical structure to help guide production on
a societal level can be derived from the activity
of production. I'll try to explain a bit how food
systems relate to this whole network, and why
they, along with agricultural systems generally,
play such a central role in society. I also want
to touch on the sustainability of technology, es-
pecially what an economic system without fos-
sil fuel consumption might look like and how
that might affect the potential technological
sophistication of agriculture.

Capital is a special category of commodities,
not just because it can produce other com-
modities when combined with labor, it can
produce itself. Somewhere within that com-
plex of capital, there is a self-replicating ma-
chine, that when acted on by labor can make
an exact copy of itself. I want to cut away the
fat from the whole system and find the beating
heart of this monstrosity, understand its inter-
nal anatomy and the mechanisms that allow it
to physically reproduce itself. I think the best
way of doing that is by focusing on the means

of subsistence and the processes involved in
their production, because this is the branch of
the machine that facilitates the reproduction of
labor power, which is essential to the operation
of the thing. A large portion of that is the food
system, along with housing, and all the domes-
tic goods in those houses, with textiles occupy-
ing a significant portion of that subset in terms
of variety and technical complexity.

The idea of a food system is important because
it attempts to go beyond agriculture proper
and include in its analysis the entire chain of
processes involved in the food supply, the pri-
mary production of organisms in agricultural
systems, the infrastructure required to accom-
plish this and to initially store and move this
food around, all of the food processing systems
that transform the raw materials of food into
the ingredients of cookery and finally the en-
tire process of then making these into prepared
meals. This concept is then often extended to
so called agrifood systems, that add onto this
complex system all the nonfood outputs of
agricultural systems, such as natural fiber pro-
duction and wood products, and their entire
system of processing that transforms them into
finished goods. Within this broad view, there
is how these systems operate in the world now,
how these systems have operated in the past,
and combining these both together, you get the
range of historically developed systems avail-
able to draw from. Then you have ideas of how
these systems might operate in the future, both
in terms of combinations of historical systems,
and experimental systems that could be in
their nascent stage of development or untried
theoretically possible systems.

This is a useful way of thinking about the phys-
ical structure of capital from a systems theory
perspective, because it identifies the areas of
production that rely on biological processes,
what technical systems exist to facilitate these
processes and then transform organisms into
products, what these products are, what the
organisms are that we're relying on to do these
things, and the physiological requirements
they have. Systems that have organisms as
their input or output are fundamentally more
complex than those that don't, they are more
unpredictable, they are more variable, the ob-
jects they contain are continuously changing
over time, they are often ephemeral in the way
food is and must be constantly regenerated and
consumed. Although the scope of what’s being
considered is vast and the complexity of this
network of processes is extremely high, there is
nothing about these things that are fundamen-
tally beyond our ability to understand them,
even if our understanding will always be in
some ways incomplete.

It is important to develop this understand-
ing, particularly if we are trying to bring into
being a new economic system for society. All
economic activity is made possible by the agri-
food system precisely because this is the area of
economic activity that is most directly generat-

ing the means of subsistence, it allows a subset
of the population to do something other than
reproduce labor power. It is the foundation
the rest of the economy is built upon, and the
outputs of this system significantly impact the
quality of life of a population in terms of food
quality, the quality of housing and the quality
of clothing. The agrifood system, as an abstract
collection of technical systems, encompasses
all possible ways of physically organizing that
economic foundation, and the particular sys-
tems you select from that collection and im-
plement sets off a chain reaction of industrial
processes that become necessary to construct
and maintain that system. The aggregate out-
put of the system must provide for the basic
needs of the people operating that system, in
addition to, a surplus output that sustains all
people that are part of the economy outside the
agrifood system.

For any given agrifood system, there is an as-
sociated set of mechanical objects, building
materials, electrical systems, synthetic chemi-
cals, etc., that are the outputs of an associated
industrial system. Together, these represent a
sort of minimally complex economic system in
the sense that you need at least this industrial
system in place to supply inputs and replace
parts that are being continuously used up by
the operation of a particular agrifood system.
This industrial system may be using outputs of
the agrifood system for some of its inputs, but
to some extent this industrial system is inher-
ently extractive, requiring mineral extraction
for its own source of raw materials. An agricul-
tural system cannot be said to be sustainable
if the industrial system that sustains it cannot
be sustained. At the same time, this minimal-
ly complex economy must be efficient enough
that the aggregate output generated by the ag-
gregate input of labor hours can provide the
means of subsistence to at least its entire pop-
ulation, or it ceases to constitute a food supply.

This minimal economic system is also deriv-
ing the energy it consumes from somewhere,
and the source of energy used influences the
specific technical systems that can be used.
The growth and development of the modern
industrial complex was made possible large-
ly by a readily available supply of natural gas,
petroleum and coal, and so most of the in-
dustrial systems we have to work with require
these inputs to operate. If the goal is to design
an agrifood system that is sustainable in any
meaningful sense of that word, the associated
industrial system must be able to operate with-
out any of those inputs. It can’t be emphasized
enough how extreme of a design requirement
that is, because many industrial processes are
extremely energy intensive and a very large
number of industrially important chemicals
use petrochemicals as their feedstock. A dras-
tic reduction in per capita energy availability
would radically limit the kinds of agricultural
systems that are actually feasible as well as re-
duce the labor efficiency of mineral extraction
resulting in a severe decline in the labor avail-
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able for all other economic activity.

One potential way of at least partially over-
coming that problem would be to derive that
energy from biomass, though that introduces
into the system a whole new set of difficult to
overcome problems. How difficult or easy that
is to do will also vary significantly from region
to region, especially if you try to go the bioen-
ergy with carbon capture and storage, or BEC-
CS, route that would require the right kinds of
geological formations beneath the power plant
to pump CO2 into. Carbon capture and stor-
age, or CCS, would use up a sizable portion of
the energy generated by the powerplant, but
that might be worth it if it can turn the sys-
tem into a carbon negative process. There are
legitimate concerns about how feasible CCS is,
if that can be done without significant leaking,
what effect this might have on groundwater or
the geological formations, but it is probably
worth seriously considering. The big problem
with this idea is if biomass is the primary en-
ergy source, you would need very extensive
tree plantations and other biomass sources to
feed it, and this would almost certainly have
large scale negative effects on the ecosystem
if implemented. A lot of this depends on the
scale you are attempting to do all this on, the
specific cultivation systems you are using, and
the systems you are using to transport massive
amounts of very heavy material long distances
to these power plants.

One system that seems especially promising
to me is George Olah’s proposal of a methanol
economy, where wood or other biomass would
be gasified and converted into synthesis gas, or
syngas, consisting of a mixture of hydrogen,
carbon monoxide, and CO2, which is now
mostly made with natural gas and coal. The
syngas can then be converted into methanol
fuel, that can be used as is or can then be made
into dimethyl ether, a gaseous fuel similar to
propane that is relatively easy to compress and
can provide a low emissions fuel for diesel
engines. The methanol itself can run internal
combustion engines, or be used in methanol
fuel cells, and though it has about half of the
energy density of gasoline, it’s a liquid fuel that
would be a good replacement. The synthesis
gas has an excess of CO2, so if more hydro-
gen was put into the reactors, it could be eas-
ily converted into more methanol. This allows
electricity from intermittent renewable sources
to drive the electrolysis process to create green
hydrogen and pure oxygen and this can then
be processed into easily storable liquid fuel as
opposed to the rather difficult to use batteries
or hydrogen storage systems. How useful this
system really is depends a lot on how much
energy things like solar or wind can actually
provide in the long run, because if it is a lot,
the scale of the biomass plantations required is
less problematic.

In a similar way, syngas made from biomass
can also be converted directly into methane
to make synthetic natural gas, and this can be

pumped directly into the existing natural gas
pipeline system. There are a lot of reasons you
might want to do this, that I won’t go into here,
but a major one is that natural gas is very good
at generating power close to population centers
because it has very low particulate emissions
and a high Carnot efficiency. Its particularly
good for combined heat and power, or CHP,
applications that can provide district heating.
CHP is very useful because you can utilize the
waste heat of a power plant, which is typically
a larger amount of energy than the energy of
the electricity generated, and direct that heat in
the form of hot water flowing through insulat-
ed underground pipes to supply residential or
industrial heating needs. Additionally, waste
heat from industrial operations can be recov-
ered and reused by storing it in this hot water
network using heat exchangers. If there was an
excess of heat, this could be used for the pro-
duction of food in greenhouses through the
winter or even the cultivation of tropical plants
in temperate climates.

If that system incorporates absorption or ad-
sorption chillers, you get a combined cooling
heat and power system, or CCHP, that can also
supply cold water in a similar way for refrig-
eration and air conditioning. That would be
especially useful for a rural community focus-
ing heavily on food production, because you
can have a direct supply of gaseous fuel from a
pipeline that supplies a CCHP plant that pro-
vides cooling for the entire cold chain system
needed for storing perishable food along with
heat and electricity for the entire community.
The CO2 released by the CCHP plant can then
be separated and converted into methanol fuel
using hydrogen produced using renewable
electricity sources. A CHP or CCHP facility
can operate by burning biomass directly, but
it will have more harmful emissions than a
methane fueled plant, which is problematic if
it’s located near densely populated areas, which
it would need to be to supply these with heat-
ing or cooling.

This biomass fueled syngas process is also able
to provide the raw materials for the full range
of synthetic hydrocarbons that are currently
made from oil and natural gas, allowing prac-
tically all of polymer synthesis to continue.
Synthesis gas itself is extremely important for
industrial chemical processes requiring hydro-
gen, that include the Haber-Bosch process of
ammonia synthesis, so the same system can
be used as a general method of converting
biomass into hydrogen gas for these process-
es, if that can’t be done easier using renewable
electricity. For example, this would allow you
to convert wood into the raw materials youd
need for making foam board insulation panels
for houses, or for making wood into the form-
aldehyde-based glues required for plywood
production. Some other important materials
coming out of this synthetic pathway are poly-
ethylene and polycarbonate plastic used in
greenhouses, synthetic rubbers, a wide range
of energetic materials, industrial lubricants,

and many of the chemical building blocks of
pharmaceutical drugs like acetic acid.

This has applications that reach far beyond
polymer and hydrocarbon fuel synthesis as
well, because synthesis gas can be used as a
reducing gas for making direct reduced iron,
or DRI, out of pelletized iron ore. This allows
you to convert iron ore into metallic iron with-
out melting it, bypassing the need for blast
furnaces in primary steel production, and by
doing so, eliminating the need for coke de-
rived from coal in steel production. The DRI
is compressed into hot briquetted iron, or HBI,
that resemble charcoal briquettes, reducing
its reactivity and allowing it to be effectively
shipped out to steel mills, where it is converted
into steel using electric arc furnaces, or EAF,
that can derive their electricity from renew-
able electricity sources or from biomass driven
power plants. This is the general process that
most of the carbon neutral steel manufactur-
ing proposals rely on, but it can also be extend-
ed to cupola systems that produce cast iron as
well as ductile iron. DRI is what allows a steel
mill to operate on a scale much smaller than
an integrated steel mill without relying exclu-
sively on the recycling of scrap metal. Since
the basic oxygen furnace can be overcome, the
necessary scale it imposes on the system isn’t
as much of a restriction and a more limited set
of rolled steel products can be made, though it
can also form the basis of a larger completely
integrated system.

The cokeless cupola, developed in the 1970s,
allows for the melting of iron without using
coke as an input, instead using gaseous fuels
like methane to melt the iron charge, which can
use HBI as up to 30% of its composition along
with scrap steel. In this system, the cupola per-
forms the initial melting and then the molten
iron is transferred to an EAF to superheat the
metal to temperatures suitable for casting. The
carbon content is provided by injecting graph-
ite rather than coming from coke fuel, and de-
pending on the amount injected and the chem-
ical composition of the iron charge, this system
can produce either gray iron, which is typical
cast iron used for among other things the body
of machine tools, or it can make ductile iron,
which is a more malleable and ductile form of
iron with a specific carbon nodule shape that is
very important for making things like ductile
iron pipe used in water supply networks or for
components of heavy vehicles like tractors or
mining machinery. This cupola-based foundry
system, together with the rolled steel process-
es of the continuous casting system in a steel-
works, form the ultimate basis for all of the raw
steel and iron stock that enter into industrial
steel and iron working operations and repre-
sent a significant portion of the entire metal-
working industry.

Now, I'm sure there are a lot of other systems
that are possible that could serve as the foun-
dation of an industrial system that does away
with fossil fuel inputs, but this at least gives
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you an idea of what such a system might look
like that is constructed entirely out of already
existing processes that are presently well es-
tablished. There are a lot of other metals and
alloying components that would need to be in-
cluded, of course, that ’'m not going to describe
here, but these constitute a smaller share of
the overall percentage of metal produced and
many of these require a similar reduction pro-
cess as for iron or, for example aluminum, can
be effectively smelted using electrically driv-
en processes. There are also all kinds of other
especially energy intensive materials that are
made on a large scale including cement pro-
duction, ceramic materials and glass products,
but as long as you can produce synthetic meth-
ane they don't impose any serious problems.
This whole section of the industrial system, the
energy and raw material supply system, form
the sort of foundation of the foundation for the
rest of the system.

As far as I can tell, no one has any clear idea of
how well that system would actually operate or
what the fundamental limitations of that sys-
tem are, what mineral or water resource limits
exist or how efficient any of these processes are
from an energy or labor efficiency standpoint.
Whatever data has been collected, is to a large
extent artificially removed from our view, it is
either behind paywalls or this knowledge is
siloed by private business organizations and
isn’t available to the public. There is still a lot of
literature published on this sort of thing, espe-
cially in the last few years. The 2022 paper, “On
the History and Future of 100% Renewable En-
ergy Systems Research” by C. Breyer et al gives
a pretty good overview of modern academic
perspectives on the subject and presents some
of the modeling work that’s been done. 'm not
sure that ’'m quite as optimistic as they are, but
from what I understand about the sorts of op-
tions available to us, the basic system they are
describing there seems pretty reasonable and
realistic.

I think we do know enough about the kinds
of systems that can operate without fossil fuel
inputs to say that it’s at least conceptually pos-
sible to have a food system with significant
industrial inputs that is sustainable overall,
even if a lot of the specific details about such
a system are unclear. Based on a proposal for
an alternative industrial system like what I've
described, you can map out all the components
that constitute this system as a flowchart and
describe how these components are interact-
ing with each other, and in this way describe
the overall structure of such a system, at least
on a sort of abstract level. At this level of ab-
straction, the system is sort of just hanging in
midair, we are only concerned with the broad
categories of technical systems and the flows
of materials or energy moving between types
of facilities in aggregate. We aren’t concerned
with where they are located, or how many of
them there are, or how big they are, or at what
rates things are moving from one to the other,
or at what rates parts are being used up and

replaced, just with what are the raw materials
each type of facility requires to operate and
what facilities are supplying these raw materi-
als once these facilities have been set up and
are operating.

A flowchart of this system is useful purely as a
visual description of how the system is operat-
ing, what it’s made up of and what’s producing
and consuming what, and so makes it easier
for us to comprehend at a glance, though how
comprehensible it would actually be 'm not
sure because it would appear as an immense
tangled ball of interactions. The real purpose
of this mapping out of the system as a flow-
chart is that you can then represent the system
as a mathematical structure, specifically as a
graph by using the techniques of graph theo-
ry, which allows you to do all sorts of useful
things with it. In this system, you can convert
a flowchart of this kind into a graph, G, with
each facility represented as a node or vertex
contained within a set of vertices, V, and the
interactions between vertices are represented
as a set of links or edges, E, where in its sim-
plest form the graph is an ordered pair notated
as G=(V,E). The simple version of this is that
you would number the vertices of the graph
and construct a matrix, called the adjacency
matrix, where the rows from top to bottom
are labeled 1,2,3,... and the columns from left
to right are labeled 1,2,3,... and this forms a
square diagonally symmetric matrix where the
entries are 0 or 1, 0 indicating that the vertices
aren’t interacting, and 1 indicating that the ver-
tices are interacting.

This is kind of the core idea behind the linear
programming systems of Kantorovich and
Leontief, but graph theory is an entire sub-
discipline of discrete mathematics and there
are many more things you can do with this.
This sort of system is particularly useful for
describing flow networks, with applications
in things like the flow of electrons through an
electrical circuit or the flow of water through a
distribution network, and these sorts of calcu-
lations can become incredibly complex, often
requiring iterative calculations that gradual-
ly approximate a solution. The system we are
looking at is specifically a directed multigraph,
directed because materials or forms of ener-
gy are moving from one facility to another,
a multigraph because there can be multiple
materials or forms of energy moving from
one facility to another, in other words, the
edges have a direction and vertices can have
multiple edges linking them. Once you can
describe a system like this in matrix notation,
you can start applying mathematical notions
that conceive of matrices as sets of vectors in
a multidimensional coordinate space, called a
vector space. You can then use the techniques
of linear algebra that formalize the properties
of vector spaces and the operations that can
be performed on them to construct systems of
equations that are the vector space equivalent
of normal algebraic equations. For instance,
you can solve for a variable that is a matrix in

an optimization problem, like the fertilizer cal-
culator I sent you does. Linear programming is
just one particular method for doing this and
is part of a much broader field of mathematical
optimization techniques.

There are also hierarchical levels of analysis
possible here, we are looking at the level of
the overall system structure. A particular sys-
tem with multiple instances of each facility at
different scales that each have a position in
geographical space and are interacting with
each other becomes what’s called a multicom-
modity flow network, we are taking our gen-
eral system description and adding onto this
mathematical structure more levels of infor-
mation that makes the overall representation
more complex and detailed. The overall system
structure is treating this more complex system
as an aggregate, as if all of the facilities of one
type were one facility and describes how the
system is behaving as a whole. If you did have
more information, like how much electricity
and methane gas are required to produce a cer-
tain amount steel, how much energy and steel
are required for each type of rolled steel stock
of a certain length, how much wood produces
how much methane or electrical energy, etc.,
you could then use this information to give
you a general idea of the relative proportions
that would be reasonable for an overall system
like this to have. If you had information about
the scale at which each system becomes practi-
cal to implement and how the scale of facilities
influences their overall efficiency, you could
then use this model to get an idea of the mini-
mal possible scale a system like this could have.
This sort of model, like linear programming in
general, is useful for the problem of scaling ele-
ments of a system relative to each other so that
overall inputs and outputs are in balance.

This system also has a recursive structure, below
the level of the higher system interactions, each
facility is itself representable as a flowchart and
graph, with all of its internal components inter-
acting with each other. A more natural way of
describing these process flows within a facility
would be by using system dynamics models that
apply models based on systems of differential
equations that can describe how elements of the
system are changing over time while they are
interacting with each other. This is the mathe-
matical technique you introduce when you're
not dealing with relatively simple linear system
interactions and need to account for complex
interactions between parts that are occurring
over time. These systems are typically nonlin-
ear, often they will include the accumulation of
stocks and variable flow rates between elements,
they might display oscillatory behavior or com-
plex feedback loops and can incorporate time
delays. A lot of the language and concepts Beer
is using when talking about complex systems
and dynamic models is coming directly from
this system dynamics perspective, which had
essentially just been developed and was only
able to be utilized once the computation power
of computers was up to the task.
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These kinds of mathematical representations
are of course not limited to small scale sys-
tems, they can be applied at all scales, but at
a large system wide scale you often don’t have
or can't have the relevant information about
system parameters that allow any clear solu-
tion to be possible. Climate modeling sys-
tems that are used to forecast possible effects
of global warming are a good example, they
can simulate certain scenarios given particu-
lar paths humanity takes and this can be useful
to guide behavior, compare possible proposed
solutions, or describe possible outcomes, but
they can’t themselves predict future behavior.
A specific industrial process at a specific place,
however, is limited enough in scope that you
can effectively measure the relevant parame-
ters with enough accuracy that systems of dif-
ferential equations can be used to construct an
adequate representation of the system. These
systems are also often complex enough that
that is the only way to adequately describe the
system.

It should be noted here that these are not in
any way opposed systems of mathematical
modeling. The kinds of differential equations
that are used to model complex systems, even
nonlinear systems of differential equations,
tend to be the kinds of differential equations
that can be solved, and they almost always can
be solved or approximated because they can
be reduced to linear algebra problems by ap-
plying this formalized treatment of matrices
and vector spaces. Even problems of differen-
tial or integral calculus essentially consist of
forcing principles of linear algebra onto non-
linear mathematical objects. Linear algebra is
in a real sense the only mathematical subject
we truly understand and our understanding of
other areas of mathematics comes from apply-
ing these fundamental theorems and concepts
from linear algebra to those other subjects. Ul-
timately, when talking about the mathematical
representation of a system, or for that matter,
all of the mathematical descriptions of the
fundamental physical laws of nature, it’s vector
spaces all the way down.

So, with whatever new insights youve man-
aged to glean from that, let’s return to the only
subject of any real interest to all true Marxists
the world over, that of agricultural machinery
and the agro-industrial complex we all know
and love. We have our foundational, complex,
industrial system conveniently hanging in the
vacuum of space, surely being admired at a dis-
tance by God and his angels, who nod approv-
ingly, interacting with itself at all hours of the
day and night, capable of producing an exact
copy of itself on a whim. Its internal interactions
have been delineated by an adjacency matrix by
God’s only perfect creation, the subject of linear
algebra. Its individual facilities have themselves
been modeled dynamically by applied systems
of differential equations that describe how the
individual components that together constitute
those facilities interact with each other to pro-
duce the overall system behavior. Now, for this

system to be able to produce an exact copy of
itself, as it is wont to do, it must include within
itself the means of producing all of these indi-
vidual components that constitute its facilities.
Imagine that you took all of the useful min-
erals contained in the earth, as they exist in
geological formations right after you rip them
out of the ground and made big piles of them
in a big circle. There are a lot of these miner-
als, but they aren’t infinitely many and some
of them will be roughly interchangeable. The
circle is big enough that you can set down our
foundational industrial system inside of it and
you put a really big building in the middle of it,
big enough to contain all of the means of pro-
ducing all of the individual components. The
industrial system contains the facilities that
refine all of these mined minerals into the raw
inputs for the system, smelts the metallic ores
and forms all the metals. The industrial system
also contains a tree plantation that feeds an
additional pile of wood together with a syngas
generating wood gasification facility, where
nature can be converted into a flammable gas,
for its own good. This is a windy world, and a
fleet of wind turbines spin in the distance, and
these together with massive solar panel arrays
and a glowing concentrating solar power tower
with thermal storage, feed the system an inter-
mittent stream of electrical energy.

You go into one of these facilities and take a
component out of it and place it in the mid-
dle of the big building, and break it down into
all of its individual parts. You then inspect
each piece carefully and determine how it was
made, what it's made out of, measure all of its
features and draw up a blueprint that includes
all of the processes and the machines that
must perform them in order to replicate the
part. Whatever machines you need are placed
in the big building and the raw materials are
brought in, the time to set the machine up is
recorded, and the time to make the part, and
the time to tear down and bring the machine
back to its original condition, and the raw ma-
terials required and energy consumed to make
the part. You do this with all the parts, adding
more machines into the building as they are
needed, then you form them all into a replica
of the component, put that in the place of the
original, and the original is dragged out several
miles away and put on the ground. The blue-
prints are rolled up into scrolls and put in a big
library of Alexandria type storehouses of all
human technical knowledge.

You keep doing this with all of the components
of the facility until, Ship of Theseus style, the
entire facility is composed of replicas and the
old facility is rebuilt several miles away. Do
this with all the facilities until the entire foun-
dational industrial system has been replaced
and a replica of it is constructed several miles
away. Inside the building is now all of the ma-
chinery required to replicate the foundational
industrial system, and in the library is all of the
technical information required to do so, along
with all of the information needed to estimate

the required materials, energy and labor time
for producing any of the components. This
isn’t the only information obtained from per-
forming this replication, you also now have all
of the interactions between the surrounding
foundational industrial system and this inter-
nal machine complex, which you can use to
construct a graph of the system.

To complete the replication, you take each ma-
chine in the building and put it into the center
of the building, break them down into their
components and repeat the process, until no
new machines need to be put into the building
and the big building a few miles away contains
all of the original and new machines. This gives
the interactions between the components of
the internal machine complex, that combined
with the casting processes of the foundry, form
the heart of the machine that facilitates the cir-
culation of fixed capital through the system by
physically reproducing it, and if fed raw mate-
rials, labor and energy, can reproduce itself. I
think that in any technical system, you can ex-
tract out of it a machine complex of this kind,
it can replicate itself and it can replicate any
other sort of mechanical object by throwing
it into its center and expanding the machine
complex to include it.

In this sense, a food system can’t be considered
to be separate from this industrial founda-
tion, a food system is this industrial founda-
tion once it has been expanded to include the
systems that are replicating its operators and
designers. Now in the system I'm trying to
develop, I'm assuming the industrial founda-
tion that I have described earlier, but this same
basic pattern holds no matter how simple that
industrial foundation is, even if it’s consisting
of a network of stone tools forming each other.
If a food system is to be physically construct-
ed from scratch, the hard part of that project
isn’t the activity of farming or cooking, it’s as-
sembling the infrastructure required to build
a tractor, build a refrigerator, or build a com-
bine. If you're trying to design a food system,
the industrial objects necessary to operate that
system are as important as the specific meth-
ods of cultivation or fertilization, because they
are one interrelated system.

In this simplified abstracted industrial system,
there is one machine of each type, just enough
to represent the fundamental structure of in-
teractions between components of the system.
If this industrial system can make a copy of it-
self, it can make copies of every component it
is composed of, and with data from previous
replication events we can know the raw mate-
rials, labor and energy required to accomplish
this and project the series of processes neces-
sary to increase the quantity of components by
some magnitude forward in time. So, relative
proportions of these system components can
be altered, if needed, or the overall extent of
the system itself can be expanded or contract-
ed, by replicating individual components or re-
moving components from the system and then
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scaling the rest of the components of the sys-
tem based on internal system interactions so
that, as a whole, a state of balanced production
is achieved. This is what the linear program-
ming methods of Kantorovich and Leontief
are meant to accomplish, to scale the system
components in such a way that they are in pro-
portion to a given set of production goals.

In such an expansion or contraction of the in-
dustrial system or its subsystems, the system is
subject to fundamental material constraints.
Individual system components have a capacity
or rate of production at the initial system state,
before this change occurs, the whole purpose
of this disproportionate growth or contraction
is to alter the rate of production various system
components are capable of. There is a finite
pool of skilled laborers to draw from who are
capable of performing these operations, work-
ers can be trained to perform operations but
this takes a certain amount of time, there is a
finite pool of raw materials and energy avail-
able to immediately begin drawing from, there
is a finite amount of mineral deposits we are
aware of at any given time, a finite total pool
of mineral deposits that are actually accessible,
a finite area of land actively producing organ-
isms at probabilistic rates, a finite area of land
that is capable of producing any specific or-
ganism at probabilistic rates and a finite area
of land available for cultivation without induc-
ing global ecological destabilization. For long-
term system stability, the overall industrial
system must not continuously increase in size,
it must be kept at a size well within the bound-
aries of these system constraints. These system
component expansions and contractions are
being performed mainly to alter the relative
proportions of system components so that they
better serve the immediate needs of the popu-
lation. Overall system expansion is only per-
formed to initially establish such a system and
overall system contraction is only performed
if the system has mistakenly overshot and has
expanded beyond its system constraints.

VII. ECONOMIC PLANNING &
LABOR-TIME ACCOUNTING

In the labor time accounting system Marx
describes, commodity exchange is replaced
by distribution according to labor time con-
tributed, after all of the deductions have tak-
en place that allow that system to make sense.
The socially necessary labor time required to
produce a product establishes a standard unit
of account so that labor time contributed by
an individual to society can then be taken
back in a roughly equal measure as individu-
al consumption. This is a nice feature because
individual consumption is regulated in such
a way that no one is taking from the stock of
social products more in terms of labor time re-
quired than they are providing to the system.
Withdrawals of products from the stock of
social products give us a way of determining
local and system wide consumption rates that
should inform the requirements of the social

productive processes. It doesn't seem like it
would be too hard to just design the logistics
system to adjust production and the transport
of products to local warehouses in response to
these signals. It’s often insisted that this is not
a market, but it sure seems an awful lot like a
market, though it’s a very weird market struc-
ture. Maybe there is some subtle definitional
difference that I'm not appreciating, like that
a market explicitly refers to commodity ex-
change, but I don’t have any real problem with
seeing this as some sort of market socialist sys-
tem. It has marketlike elements at least with
some degree of self-regulation and operates in
a way analogous to a market system with price
signals that can continuously adjust supply and
demand, but overcomes the negative aspects of
production for profit.

Now, there is a passage in the Critique of the
Gotha Program just after the part where Marx
is describing this system that says, “In spite
of this advance, this equal right is still con-
stantly encumbered by a bourgeois limitation.
The right of the producers is proportional to
the labor they supply; the equality consists in
the fact that measurement is made with an
equal standard, labor. But one man is supe-
rior to another physically or mentally and so
supplies more labor in the same time, or can
work for a longer time; and labor, to serve as
a measure, must be defined by its duration or
intensity, otherwise it ceases to be a standard
of measurement. This equal right is an unequal
right for unequal labor” Kliman, and a lot of
other people I've read, interpret this to mean
that in Marx’s system, individual remunera-
tion will be based on the labor hours contrib-
uted as well as their individual “intensity” of
labor. I had always interpreted this passage to
mean that the system isn't primarily trying to
enforce absolute equality in society, that Marx
accepts that in the lower stage of communism
there will still be social inequality simply be-
cause people’s abilities and needs are unequal.
If Marx is suggesting what Kliman is saying, I
think we can safely say, fuck trying to objec-
tively measure every individual’s intensity of
labor because that seems fucking impossible.
Moving on.

The Fundamental Principles of Communist
Production and Distribution is a very inter-
esting text, but it’s light on details about how
this system of labor time accounting gets tied
in with a comprehensive system of economic
planning. That’s not exactly a fault of the text, I
think there are a lot of ways a system like that
could be planned that would all work. It suc-
ceeds I think in what it sets out to do, it very
clearly and systematically explains the system
Marx was putting forward for how a socialist
mode of production would work, the history
of the thought of economic planning that led
up to how this ended up being implemented
and why that had such a negative effect on the
social structure of those societies. It fleshes
out their conception of how this might work
and why using labor as a unit of account is es-

sential to implement immediately if you want
to successfully establish the socialist mode of
production.

The basic organizational structure they put
forward, to the extent they provide this, is
compelling and an interesting way to go about
things. Their structure of guilds or productive
associations is reminiscent of some of the syn-
dicalist conceptions of organized production,
but without the rather convoluted underlying
economic system that you usually find in that
tradition. They say that behind all this you
have a system of economic planning, but I'm
still not clear exactly on, in their conception
of this system, how the rates consumer goods
are being withdrawn from the system in each
locality gets responded to by the productive
system and coordinated, if this is done by plan-
ning periods or is being continuously adjusted.
They kind of just fall back on, the producer and
consumer associations will decide by commu-
nicating with each other, but there is clearly
the idea that the flow of products through the
system directly indicates demand rather than
it being indicated through an arbitrary profit
mechanism as in capitalism. I've only read the
first edition, so maybe some of these things
were more clearly addressed in the second edi-
tion and I'm not aware of that.

This system would be a lot easier to use for
products that are truly reproducible and
don’t rapidly deteriorate, that can sit around
for a while and be moved around as needed
throughout the system. How the labor re-
quired for transport is accounted for seems
complicated, it could either be added into the
labor required for the product in aggregate or
accounted for with the communist tax for in-
frastructure. You could also have regional vari-
ations in the cost of products that reflect local
differences in transporting different products
to different locations, which seems almost es-
sential for the accounting system to account
for the actual labor required for intermediate
products used in productive processes. The fi-
nal transportation cost, once the product has
left the productive facility, is really what needs
to be addressed, all of the other transportation
costs can be adequately incorporated directly
into the labor time accounting system that is
suggested in the text, though this never seems
to be directly addressed. If this cost is account-
ed for in aggregate, either by the labor cost
itself or indirectly through the GSU system,
labor that is being performed due to the spatial
distribution of products throughout the world
is being effectively obscured, the individual
consumer does not see this cost tacked onto
the labor time representation they are con-
fronted with when the product appears before
them on the shelf, or more precisely, they do
see this value but only in aggregate, it is not
directly tied to their individual position in
geographic space.

It seems like this would be most problematic
with food distribution, a globally aggregated
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labor time accounting for food is obviously not
going to reflect the cost of getting each type of
food to each locality. Accurately representing
the actual labor cost required would require
some sort of regional variation in labor cost
for each particular region. Though long-dis-
tance transport of ingredients for cooking
needs to be minimized, there are clearly plenty
of reasons this would still be commonplace,
so it seems likely that however this system
works, labor costs aren’t going to be identi-
cal for the same product type in all localities
if the labor cost that appears on the shelf is to
serve its fundamental purpose in this system
of distribution, to indicate to the consumer in
as transparent and clear a manner as possible,
the socially necessary labor time required to
reproduce this specific product of labor and
to place it onto this shelf that appears before
them.

Producing a pint of strawberries in January
is not the same as producing a pint of straw-
berries in June in every region of the world,
even if globally the aggregate socially required
labor time were to somehow remain the same
throughout the year because the cyclical pro-
duction rates average out or can be forced to
average out over the entire geographic expanse
of the earth. If those strawberries need to be
transported from a farm in Peru to appear on
a shelf in Vermont in January, their embodied
socially required labor time is fundamentally
not the same as it would be on a shelf in Peru
in January. It takes a great deal more labor time
to accomplish this than would be represented
in a globally aggregated system, the consum-
er must be informed, through the labor cost
presented to them, that we can get you your
strawberries in January, but this will be done
at a cost that you will need to provide through
an additional expenditure of labor power if our
global system of labor time accounting is not
to be thrown all out of whack by your incessant
demands.

Now it needs to be made clear that this does not
constitute a price policy such as shadow prices,
this is simply a more nuanced representation
of embodied labor time that represents labor
costs as the sum of vector components, one is
the average socially required labor time global-
ly that a product requires for its reproduction,
the other is the concrete labor time required
to physically move this finished product from
one location to another. This allows the labor
cost to contain within it a spatial component,
because the spatial distribution of products at
any time in any society is fundamentally an
aspect of product distribution that must be ac-
counted for in any system that seeks to regulate
how products are distributed on the basis of
embodied labor time. Maybe this problem can
be addressed by just excluding extreme cases
from circulation, or it somehow isn’t actually a
problem, or this solution introduces new prob-
lems that are worse and that’s not apparent to
me. It seems like this is a system wide problem
that needs to be dealt with in some way, and I

don’t see any clear solution to it other than a
local spatial component being included in the
labor cost representation.

Transport is not that big of a problem in the
long run, our current freight transport system
is incredibly badly designed when compared
to what could be done with simple electrified
rail, but its still an important consideration
especially for the long-distance transport of
products. It becomes much more complicat-
ed once you are moving products that can
rot, you don’t have the same maneuverability
where you can let a car sit in the yard to make
up for slop in the scheduling system. Trains ar-
en't just moving from point A to point B, they
are moving node to node and being broken
apart and reassembled, most of the time a car
is just sitting not moving and the rate it can
move through this system is not determined
by the speed the trains move but by the rate
of this sorting process. Movement of products
through the system is not a minor consider-
ation, it is a very important aspect of coordina-
tion, and that process needs to run smoothly
if you want to be able to rapidly adjust process
scheduling to local changes in the rates of con-
sumption without excessive time delays. In the
modern economy, this sorting problem is of-
ten sidestepped by shifting transport to trucks
that can facilitate point to point transport, but
that comes with a massive loss of efficiency in
terms of energy, labor time and raw material
consumption. That can be somewhat allevi-
ated through local food production, but you
will absolutely need to be able to move perish-
able food through this system to balance out
stochastic variations in regional yields and to
increase the local variety of food ingredients
that are constrained by local environmental
conditions, and that comes at a high social la-
bor cost.

Now, there are other problems food intro-
duces into this labor time accounting system
besides the complexity of transporting per-
ishable goods. Previously I described a labor
time accounting system for food production
that models all of food processing as a series
of batch processes that culminates in either a
shelf stable product or a prepared meal. There
is no inherent difficulty there, the labor time
can be effectively measured as with any oth-
er productive process. Within the domain of
food preservation, transforming organisms
into foods that don’t rapidly degrade, this be-
comes relatively straight forward, these prod-
ucts can be effectively treated as reproducible
because they are being made in a standardized
way at scale. What is not freely reproducible is
a freshly prepared meal, the products flowing
from the cook’s hand are as much non repro-
ducible works as paintings, they are an indi-
vidual interpretation of food categories con-
tinuously developed over generations, they are
studies in the subjective experience obtained
by the transformation of mixtures of organ-
isms by the application of heat and knives. If
you want to obtain an average socially required

labor time for the product of cookery you are
effectively averaging a set that contains one el-
ement, the labor time spent in preparation and
the final cooking can only be expressed in any
meaningful way as the concrete labor time em-
bodied in the product of cookery, period.

No universal system presents itself as an obvi-
ous choice through which these processes are
to be carried out. If you want to maximize the
range of prepared meals, everyone must have
access to a well-stocked kitchen to cook in, that
much is clear. If you want well trained cooks
in the collective kitchens, they need to learn at
their mama’s knee, that also is clear. Nothing
can replace home cooking, the quality that is
possible there through sheer obsession and
dedication is a level of quality that a collective
kitchen can only vainly aspire to. The home
kitchen can’t be done away with entirely or
replaced with some kind of communal group
kitchen, it also can’t be the sole system of cook-
ing, after a day’s work people need the option
available to them to buy a hot meal. Social-
ized cooking also plays a role in regulating the
stockpiles of the ingredients used in cookery,
the cooK’s task is to transform the ingredients
overwhelming the food storage system into
prepared meals. Due to the unpredictable na-
ture of food production, this must be accom-
plished on the fly and must be able to be done
for any given collection of ingredients in a way
that satisfies the nutritional requirements of
all the individuals in the community. That is
why the cultural heritage of accumulated cu-
linary techniques must be at the cook’s finger-
tips and organized in the way suggested by the
recipe indexing system, to develop the cook’s
repertoire so that it is capable of immediately
transforming this ever shifting and fluctuating
storehouse of ingredients into the meals that
the workers bellies hunger for. There is no
other way for this to be accomplished without
large scale waste, there is no time to delay, the
food will rot and waste away if it is not imme-
diately converted into an object suitable for
consumption.

Under capitalism, the “hospitality industry” is
imagined to be part of the “service industry;”
though that is obviously not the case, cooking
is fundamentally a productive process. Perhaps
this is a historic relic of cooks being the ser-
vants of the wealthy, but they make a product
out of products, this is not at all some sort of
service being provided that has no identifi-
able product of labor. I can imagine it being
suggested that perhaps the weird behavior of
the food industry can be incorporated into
the GSU, where all of the social activities that
don’t fit nicely into the labor theory of value
get crammed into to ameliorate the problems
they present to the labor accounting sys-
tem that is to form the basis for the socialist
mode of production. This doesn’t seem like a
reasonable solution, though it could be done.
Very often a person’s appetite is only properly
satisfied by some obscure delicacy that isn't to
be consumed constantly but periodically and
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these moments form in periods of pleasant ret-
rospection the illusion that our lives are more
than a continuous sequence of miseries. These
only temporarily obtainable subjective experi-
ences need to be made available on demand to
the laboring masses, although they can never
form the primary basis of a food supply, and so
they need to be accounted for in terms of the
labor cost associated with them. Such is the na-
ture of human life, to be constantly presented
with the potential for contentment and to have
this opportunity snatched away by the lim-
itations inherent in the productive processes
present in any particular period of economic
history.

This is the domain of the high quality kitchen
with a regional focus, with its own specialties
and a high variety. It can only be sustained in
an area with a relatively high population den-
sity, its output can’t be made on an immense
scale because it requires a high labor input
and at any given time there will be a relatively
limited demand. Its ingredients may be expen-
sive, but they don’t need to be to attain a high
quality, its purpose is merely to make available
traditional foods that either can't be recreated
in a home kitchen or to approach the quality
of the skilled home cook at a larger scale. Its
cost of production is relatively high, but that is
unavoidable due to the nature of the process-
es involved and this will vary from kitchen to

kitchen depending on the foods made. This is
the highest level that socialized cooking can
aspire to, to adequately represent all of the ma-
jor world cuisine types in a single community
would be a major accomplishment. Food waste
would be hard to manage in these systems,
something would need to be done with food
that is prepared but never purchased. Includ-
ed among this sort of establishment would be
pubs, pizza shops, chocolate and candy shops,
bakeries, donut shops, pastry shops, ice cream
parlors, and all of the other various small food
producers, and it would be neglectful to do en-
tirely without them.

There are also institutional kitchens, where
large amounts of food can be cooked at once
and not necessarily at a low quality, but the
potential variety of meals prepared is limited
to the sorts of meals that lend themselves well
to this style of cooking. With just a few small-
ish 40 gallon steam kettles and broiler pans, a
handful of people can easily cook for a thou-
sand people at a time and the labor cost of a
meal can be driven down nearly to the cost of
the ingredients and energy consumed. This is
the style of cooking I do when I prepare soup,
though my scale is limited due to a lack of cap-
ital and I'm doing it to freeze or make it into
powder. Certain styles of cooking lend them-
selves to this technique rather well, Indian
and Cajun cuisine come to mind. If done well,

quality can be maintained at scale, but you are
dropping the variety available at a given time,
in a day only a few types of food are going to be
prepared, though the meals could change each
day. This would also be the sort of thing a basic
cafeteria or buffet style establishment would
be doing, though there, variety at one time is
raised quite high, but it remains the same day
to day. This has the advantage over a smaller
kitchen of lowering the socially required labor
time involved in cooking, and if this is prior-
itized over an ability to choose among many
options, and it would justifiably be for many
people, it can be an extremely efficient system
of mass producing high quality nutritious food.
It also allows you to draw a lot of a handful of
particular ingredients out of the food storage
system in a local area at once, and this is very
useful for maintaining fresh stock of produce.
A well designed food cooking system really
needs both of these to properly function as an
efficient system that can minimize food waste
and provide the full range of variety together
with low cost options, along with providing
people with the ability to cook at home and de-
velop their skills, in kitchens that are actually
designed to be cooked in.

Let’s return, for a moment, to the agricultural
system as a whole. The best that can really be
done from a planning perspective, is to create
for each agricultural region a set of crops that

S




24

is as balanced as possible and to model each
plot using the information available to cre-
ate a probabilistic estimate of potential yields
the region can be expected to produce. There
is no way of predicting in that system exact-
ly what will be obtained at the end of that
process, there is an expectation that over the
large scales involved the actual yields obtained
across all regions will approximately corre-
spond to these probabilistic estimates. There is
a baked-in incentive to slightly overshoot the
food supply and what we don’t consume can
be fed to the hogs, to reduce the likelihood of
famine or the unpleasant situation of barren
shelves. Once the seeds and transplants are in
the ground, the output is set, and this can only
be increased by the diligence of the cultivation
process and the continuous battle with the rot.
It is only after the fact that for a given piece
of ground the system can be adjusted in light
of new information, it is only after the harvest
that regional variations in yield can be adjusted
by regional transfers, although these harvests
are in some sense continuously occurring. In
addition, this is an inherently cyclical system,
the goal is to arrive at a stable system that can
be repeated year after year with minor refine-
ments and though it displays fluctuations,
these are within acceptable limits that permit
the reproduction of human labor and the satis-
faction of basic nutritional requirements.

I think a modeling system incorporating
mathematical representations of the sorts of
soil property balancing systems I described
earlier, combined with crop growth models
calibrated for local conditions would allow
local farming communities to effectively plan
their production and maintain the health of
the soil about as well as that’s possible to do
on a scale as large as entire landscapes. Mathe-
matical models already exist that are perfectly
capable of doing that, and much more sophis-
ticated mathematical modeling systems could
be developed if needed.

There is a place for agricultural planning above
that level of course. On a national and interna-
tional level, those cropping systems need to be
in the right proportions and planned out in a
way that in aggregate they can meet the over-
all needs of society. Using those crop growth
models and probabilistic models that can ac-
count for expected rates of extreme weather
events can help test that system using sim-
ulations to see how they would perform as a
whole in those cases and adjustments could be
made to make them more resilient in certain
ways. Once those proportions have been rel-
atively well established there’s not much need
for that sort of thing unless adjustments need
to be made based on the systems performance.
You could use linear optimization to do things
like plan the transport of food after harvests
are known to distribute it through the system
based on local consumption rates or some-
thing like that, but other than that, there’s not a
whole lot that a central planning agency would
need to do here that the local community

could not do itself. Once the system itself is set
up, youre pretty much planting your shit and
hoping for the best, like people have always
done. The hard part is monitoring and mod-
eling the surrounding ecosystem and finding
ways to minimize the harm you are doing to
local populations there just by using that land
to produce crops and keep animals on it.

The food processing systems as well are per-
fectly capable of being modeled and regulat-
ed by the labor time accounting system and
batch process representations I described, you
have a lot of leeway in proportions of stocks
of domesticates that can be mixed together to
provide balanced meals. Just using the stan-
dard already developed traditional styles of
cookery there is enough variety of recipes that
a person could eat a different meal every day of
their life without ever repeating one. The me-
chanical systems and energy flows through the
system are what would be hardest to maintain
and regulate in a system like this, you would
gain a lot of systemic efficiency however by
just spatially orienting everything in a way
where cars can be mostly done away with and
keeping the density of housing and produc-
tive establishments high so that the extent of
infrastructure stays rather limited. Electric rail
would make transport pretty damned efficient,
especially compared to the system in place
now and it could easily facilitate public trans-
port and travel between communities if they
were planned using the clustered village style
I described in the model farming community.
Problems are really going to be present where
population densities like this can’t be main-
tained due to resource constraints, a lack of
rainfall and available ground and surface wa-
ter in regions with large expanses of dryland
agricultural systems or marginal pastures. If
these are farmed, youre going to be limited to
dispersed settlements and there is probably no
real solution to that.

Regulating a system like this once it’s in place,
at least the food system portion, seems fairly
straightforward. I don't know in extreme de-
tail how that regulatory apparatus should be
set up but I feel like it’s at least possible and
cybernetic styles of organization and dynamic
modeling would help with that. What remains
very unclear to me is what level of technical
sophistication can be maintained in the long-
term, how do you select from all of the pos-
sible systems of agriculture in a way that the
rates of mineral and water extraction required
are kept low enough that it can keep going for
long periods of time. That seems at least as im-
portant a design criteria as seeking improve-
ments in labor efficiency or system stability in
the short term. Industrial systems producing
agricultural machinery or infrastructure must
be selected from to reduce the use of rare min-
erals and rely as much as possible on more
abundant ones. Another part of that process
involves designing equipment to be durable,
easily repairable and its parts easily replaceable
and recyclable. Another is developing an ener-

gy accounting system that can make transpar-
ent the embodied energy in every process and
component of that system, not as the basis of
transactions like in technocracy or for estab-
lishing prices, but just so it can be kept track
of to determine ways energy use can be driven
down. The same goes for all of the other eco-
nomic processes built on top of that agro-in-
dustrial foundation, consumer goods need to
be radically redesigned so a consistently high
level of quality can be maintained across the
board while emphasizing durability, repair-
ability and recyclability in the design process.

How long is good enough to be considered
sustainable is also unclear, a thousand years,
ten thousand, forever? To what extent can we
even know how many minerals can be extract-
ed or how the variations present in mineral
deposits will affect their end products. If we
decide we want it to be able to continue going
for a very long time and drop the mechanical
systems required down very low, this is going
to have very significant impacts on the rest of
the system. Increasing labor time involved in
food production puts fundamental restrictions
on the service industry and the consumer
goods system. The overall scale of the system
required is influenced by the population lev-
el, what human population size are we com-
fortable with maintaining and how would that
even be determined? A higher population size
means a lower technical complexity for a given
mineral extraction rate, how are these variables
to be weighted? Regulation finds a stable state
and maintains it, but just as in ecosystems,
economic systems have an infinite number of
possible stable states and once reached, these
are difficult to shift back out of without a suffi-
cient perturbation, capitalism being an unfor-
tunate example of this. We do not even know
what exactly will be left once this new mode of
production can be established, capitalism has
already exhausted in the blink of an eye much
of what should have been the inheritance of fu-
ture generations.

There is no way to calculate in a systematic way
the social desirability of such tradeoffs. May-
be we can estimate according to some rubric
the opportunity costs in a strictly comparative
way of a set of known productive processes
and their products, but there is no formula
that will provide the technical solutions them-
selves that might exist that are hidden from
our view. The physical structure of a product
or system of mechanical replication flows from
the design priorities of a designer, this is not
some application of scientific understanding
as is often pretended. It is a subjective eval-
uation drawn from a limited understanding
that leads the design down one path that is it-
eratively explored while innumerable possible
pathways go neglected. This process may take
into consideration and incorporate material
properties and mathematical descriptions of
forces or interactions, but these are all second-
ary considerations to mold the physical world
into a structure that will satisfy the initial de-
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sign priorities. If we want to restrict the use of
iron ore so it can last a thousand more years
based on what we think we clearly have, state
that and build the system in a way that can be
done. If we are trying to stay within acceptable
planetary boundaries that if crossed will rap-
idly destabilize the entire system, those need
to be clearly defined and the system designed
within it, we don’t need some elaborate system
of shadow prices that we hope will indirectly
guide consumer choices to avoid planetary
meltdown. As far as I can tell we don’t even
know what those boundaries are or how they
could be determined.

I suppose in any sort of proposal suggesting a
cybernetic system of social organization this
is to be done by those higher level systems
involved in future planning, but that seems
about as unsatisfying as the council commu-
nists reassuring me, when the path to be taken
becomes less clear, that the cascading system
of workers councils will decide. Ultimately,
agricultural systems need to be worked out at
all levels of technological complexity, I don’t
know what the fundamental limitations to the
system are, like mineral or water resources,
population levels, energy availability, the ex-
tent of growing lands, the requirements of the
biosphere as a whole to minimize our current
mass extinction event, and I don’t think any-
one really does. Developing that understand-
ing would get us closer to more realistic ideas
about how food systems need to be, but we
need a wide variety of design proposals that
assume different levels of mechanization and
industrial development.

Just to develop the infrastructure required for
a food system with relatively high mineral and
technical requirements, if that ends up being
feasible, we need simpler systems that can be
put in place first to sustain us in the meantime.
The food system I described includes combine
harvesting of grain on a large scale, because as
far as I can tell removing that with as high of a
population as we have today could have mass
genocide inducing consequences. It assumes
that a transition away from fossil fuels is possi-
ble that could be efficient enough energetically
to accommodate cold chain systems, season
extension structures, liquid and gaseous fu-
eled engines, large mechanized vehicles and a
complex system of cookery that can maintain
a very high variety of foods. That would all be
very nice to have, but it’s entirely possible that
raw material restrictions might be far more
extreme than I realize that could make such
a system unworkable. I'd love to see other ap-
proaches that assume an oxen driven system or
how this might work entirely without combus-
tion engines, but the kind of stuff I generally
see done along those lines tend to be rather
limited in imagination or amount to a return
to homesteading or feudal society.

Id really like to see more work done on eco-
nomic planning systems that try to incorporate
cybernetics into the fundamental principles

framework. The only system I've seen that uses
labor vouchers over a shadow price system
is Cockshotts, and though it’s actually rather
good compared to the others, he’s trying to
do too much with simple linear programming
methods and you can definitely see his Lenin-
ist background in his model. I just don’t see the
appeal of the shadow price approach, it’s so un-
imaginative and fundamentally unworkable. It
seems like it's coming from a perspective that
can only conceive of an alternative to capi-
talism as an artificial recreation of its pricing
mechanism where all economic information
needs to be ambiguously mashed together and
represented as a single set of exchange values. I
do actually like Lange quite a bit, I'd really like
to get around to reading his later book where
he explicitly tries to incorporate cybernetics
into an economic planning system and Kan-
torovich is also quite wonderful, I want to go
through his appendix in detail to better under-
stand what he is suggesting there, which I can
mostly follow.

VIII. CONCLUSION

I wish I could tie these systems together better
for you, I'm afraid ’'m not acquainted enough
with the literature of economic planning or
cybernetics to do it any justice, but hopefully
the agricultural system I described here sheds
a bit of light on possible agroecology minded
approaches to food systems that may be useful
in such a system, though I feel like I've barely
scratched the surface of what I'd like to say on
the subject. I also don’t have the mathematical
sophistication to draw up a formal model that
could adequately describe the sort of planning
system I envision a socialist economy like this
might have. I only know enough mathemat-
ics to be able to understand how particular
branches can be used to model certain system
components, there is unfortunately so little in-
formation available on these things. I will say
that I don’t think anything short of a true spa-
tio-temporal model will do, I don’t like these
really simple vector space representations you
see in parecon’s formal model. These planning
period systems are totally inadequate, you
need continuous planning processes and dy-
namic system representations to get anywhere
near what you need. Hopefully, eventually, I
can find the time to study the higher mathe-
matics required to understand these topics and
describe the system I can imagine in more de-
tail, something I'd really like to explore further.

One last thing, you guys have been reading a
lot of the more recent ecological Marxist texts,
which I should really get around to reading
someday. I've only read a few essays by Foster
and Moore, but I wonder if they went into the
ideas of Lewontin and Levins at all in those
books you read. The Capitalism and the Web of
Life book seemed like he was lifting the whole
cartesian rationalist foundation of ecological
thought straight from Lewontin, which is kind
of arecurring idea you see in him. Maybe that’s
just a coincidence because that’s the only oth-

er place I've encountered that idea before and
it’s more common than I realize. I did manage
to find this quote in an interview of Moore’s
which I think supports this idea. “It was with
Bellamy Foster that I learned Richard Levin
and Richard Lewontin on the Dialectical Bi-
ologist — and I still remember saying to Bella-
my Foster in a seminar that this should be our
methodological text, and he sort of laughed it
off and didn’t quite know what to do with that.
He still celebrates them, but does nothing like
what that dialectical imagination does”

The Dialectical Biologist is a wonderful book
and Lewontin and Levins influenced me im-
mensely. They were both extremely important
theorists in evolutionary biology who, along
with Gould, were very openly Marxists. I don’t
know if youd want to do an episode on that
book, it’s just a collection of essays, but I did
find a free version of it online, though it’s full
of errors and the equations are all garbled. Itd
be worth reading, if only for your own bene-
fit, most of it is pretty easy reading but a few
of them are more technical essays on biology.
At the very least you should consider watch-
ing some of Lewontin’s lectures, especially his
Massey lecture, Biology as Ideology, which is
on youtube. There is also an excellent three
part lecture series he did at the Santa Fe In-
stitute on there, they are called What is Evo-
lutionary Theory?, The Organism as Subject
and Object of Evolution, and Does Culture
Evolve?. There are a few videos with Levins on
there but not a whole lot, one describes some
of his work in Cuba helping them to develop
ecological farming systems.

I hope that helps explain in more detail what
I've been working on. Sorry for the delay, but
there was quite a lot to go over. Properly ex-
plaining each subject requires some other sub-
ject to be explained until the entire thing grows
out of control and I've still left out most of what
I'd originally wanted to describe. This was go-
ing to continue on to include an overview of
how these systems can be developed within
capitalist society and what that developmental
process might look like in its nascent stages.
This was to include how rudimentary textile
and heavy machinery infrastructure can be
developed by reverse engineering things like
the old Draper looms, early knitting machines,
WW?2 era machine tools and agricultural ma-
chinery of the 60s to 80s before computerized
control began to be implemented. That will re-
quire another text at least as long as this one
and be more difficult to write as my ideas on
those subjects are less developed, but hopeful-
ly I can get something out to you eventually
along those lines.

Hope that you are doing well too comrades,
if you have any specific concerns or questions
about the things written here let me know, I can
go on in more in depth about any of these sub-
jects. It is very nice to see any sort of interest in
what I'm doing, I have been working complete-
ly alone on these things for two decades with-
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out any sort of outside input, any suggestions
or criticisms would be much appreciated. I
mostly just thought this information would be
useful to you to help you develop your under-
standing, your discussions of Marxist literature
that I no longer have the time to read have cer-
tainly been useful to me so I thought I should
return the favor. The sort of stuff you are likely
to find on this sort of thing is going to be in
general very badly researched and impractical,
almost no serious work is being done on it. It
is good that you are looking to the agroecology
literature, that is about the best of it, especially
the work coming out of Latin America where
the discipline seems to be centered these days.

Nearly everything coming from permaculture
and biodynamics is going to be intellectual
poison, anything valuable they might have to
offer is simply being lifted from other more
developed systems. The alternative agricul-
tural movement is dominated by liberals and
the far-right libertarians and they thoroughly
infest it with their half-baked doctrines and
pseudointellectual culture. These systems can
only be developed into what they need to be-
come by the socialists, but unfortunately this
work has been almost completely neglected.
I appreciate the work you are doing to raise
awareness of these issues and encourage you
to continue researching these things. There is a
great deal to learn and connections to be made
between very diverse disciplines. Continue in
the struggle comrades, these ideas must be
spread, the Lamp of Science must burn, alere
flammam!

-Will






“The Marxists want the working class to gain control of the means of production, but they don’t

generally seem to show much interest in them. I don’t think most Marxists would know what to do

with the means of production if they did have control of them. Technology appears to them as a

great jumbled mass, and they see the great harm it does, and they see its great untapped potential,
but its complexity raises an obstacle to their understanding.”
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