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Abstract
Two operating systems for integrated recycling of organic materizls are described,
The systems include Chinese water-pressure design bioges digesters/%olar greenhouses/
and clgee and aguatic plant ponds-all in passive synbiotic relationships with a
nininum of technological sophistication, Zconomie, Financial and Net Energy Analyses
of these systems have been done with concern toward long term environmental effects,

A discussion of fish ponds and fuel alcohol. production is also included since they

offer much potential for expanded integration,
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Foreword
I. In an effort to simplify communication with the majority of expected readers,

I have attempted to use Znglish measurements throughout this report except in regard

to food values where kelocalories are more commonly understood,

II. Parenthetical nimbers throughout the text refer to the reference list,



PABLE 1. Energy Use in the U,S. Food System, x10”keal after (195)

12&9 1970 % increase
direct fuel use 70,0 232.0 3315
fertilizer ‘ 12,4 ols,0 758%
food processing industry 147.0 308.0 209%
food processing machinery 7 6.0 8577
paper packaging 8.5 38.0 L7
glass containers " 14,0 k7.0 3365
steel and aluminum containers 38.0 122,0 3215
transportation fuels 49,6 2b6,9 49835
trailer and truck manufacture 28,0 74,0 2645
Totals 358.2 1167.9 31755

TAELE 2. 1977 Output and Selected Farm Inputs as & of 1960 Levels (after 35)

Labor Farm Real Mechanical Fertilizer Total Farm Output
Estate Power and Inputs
}Machinery

Lo 97% 207 2987 1027 1335




Section 6

Introduction

The sun 1is the source of nearly all of the energy available (the exceptions
being geothermal, the preponderance of tidal, and nuclear energy) to the inhabitants
of Barth, This includes the sunlight_of millions of years ago in the form of fossil
fuels, and today's sunlight in the form of food, fodder, and firewood; Green plants
are the only living organisms able to uée éolar energy directly and they provide
all of the energy which drives the 1ife support systems of Farth. Fossil fuels are
the partially @ecomposed remains of the plants and animals of eons past, Human beings
are the only living organisms able to use this stored solar energy (with the exception
of petroleum consuming bacteria) and it currently provides a large contribution to
the upkeep of much of civilization. Unfortunately the Earth's life support systems
evolved over millions of years and seem increasingly unable to co-exist with many of
the facets of civilization that have resulted from the unlimited exploitation of
fossilfuels, as exemplified by modern industrial society.

Less than a century ago, yearly photosynthesis provided over 90% of humanity's
fuels, (21) Indeed, even today firewood still provides fuel for a third of the world's
population, (28) In industrialized societies the recent easy availability of fossil
fuel energy has led to many people leaving the land and a general lack of awareness
of biological realities relating to size and diversity, This has resulted in the
11lusory advantages of large-scale, centralized, over-specialized production systems
which make large populations dependednt on the oligarchical control of distant fuel
and material supplies,

The unsustainable, non-renewable, and environmentally destructive nature of our
current lifestyle is nowhere more basic than in the U,S, food system where over ten
times as much fossil fuel energy is required by the system acr is embodied in the food
consuned, (29) Every year in the U,S. about 13.5x10"keal of solar energy is fixed by
grren plants of which about 6,9x10"kcal is harvested as"agricultural crops or forest
products, (157) (Compare to 18x10 kecal energy consumed, (157)) Tables 1. and 2. show
that fossil fuel supplements to the food system heve increased tremendously in the

recent past, The multitude of complex fossil fuel inputs to the food system currently
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fuel/person/year to provide about 1,2x10°kcal food energy/person/year. (159)
The need for a sustainable soclety based on renewable resources and in tune with
the natural mechanisms of the environment has been well described by numerous

researchers and writers, Comnoner's interrelated laws of-

Ecology: 5;;3<z:e;‘(
1, Everything is connected to everything else k;zﬁf,‘n;ﬂé% oA
2, Everything must go somewhere Soa TN cu

3. Nature knows best

L, There is no such thing as a free lunch (45)
force themselves upon us as the current production/consumption/disposal society begins
to reach, and hopefully recognize and act upon the ecologlcal limits of existence,
These limits are largely defined by the amount of solar energy fixed on Earth, the
energy flows through the Earth's ecosystems, and the ability of the Earth's ecosystems
to abvsord fhe wastes of human society and to connect the wastes of nature into material
for new growth,"Evolution fitted the new species together in ways that not only
conserve energy and the mineral nutrients utilized in the life processes, but also
conserved the nutrients by recycling them, releasing more oxygen and making possible
- the fixation of more energy and the support of still more life.” (220) Within the
Laws of Ecology, there is still great potential for humanity to work.with nature to
evolve biological systems which stretch the ecological limits to provide more food
and energy without stressing the natural recyecling systen,

While the theoretical maximum for photosynthetic efficiency is 5-6%, year-round
agricultural efficiency over 1% is unusual, (21) Research with aquatic plants and
algae over the last 20-30 years has demonstrated photosynthetic efficiencies which
approach the theoretical 1limits,

Energy flows through the Earth's ecosystemé via the various food chains, The
actuzl amount of energy transfered varies widely but fiéures of 10-20% of energy
entering herbivores. transferred to primary carnivores, etc,, are generally accepted,
(220) Much of the original energy entering animals is still present in their waste

products, These wastes plus the energy in dead but uneaten green plants support
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the growth of the organisms of décay which prepare the materials for utilization
by new growth, Biological management of the organisms of decay as a final link in
the domesticated food chain can hasten decomposition of organic materials while the
residual energy is extracted in forms suitable for human use, Utilization of this
biomass energy does not affect atmospheric heat (218) and €02 levels (61) because
its combustion i1s balanced by new growth, '

A large part of modern societies' stréss on the recycling systems from theixr
short-sighted attempts at waste "disposal“.

Figure 1, (after 67)
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Organic waste waters can be biologically ranaged to increase usable photosynthetic
growth and the return of nutrients to the soil, "The optimun in waste use would be
an essentially closed, self-sustaining farm unit with few inputs apart from the sun
and water," (67)

"Virtually all net energy production of the Zarth is consumed annually in the
respiration of organisms other than green plants, releasing carbon dioxide, water,
and the heat that is reradiated into space,..The energy that is not consumed is either
stored in the tissues of living organisms or in humus and organie sediments,” (220)
Humus is the organic component of topsoil and the energy stored in it 1s available
to support new growth, Cenerally the more energy thus stored, the more new growth
can occur. "For centuries, agricultural realists have known that the soil's potential
for crop production is a function of its organic matter content," (154) Organic
ratter improves soil structure and tilth,increases water infiltra’cibnand storage,

thus increasing resistance to erosion and crusting in beating rain (196) heightens



TAZLS 3. Soil Organic Matter Changes Gelated to Tertilizer and Organic lanure
Treatments for a lMetea Loamy Sand Growing Silage Corn (126)

Annual Treatments Silage tons/acre % Soil Organic latter
N-P2)5-K2 )=lanure no irrigation irrigetion .

1b, acre Tons /acre 1963-1573 19741976 1068 1675
160-L0-40-0 3.5 3.3 2.05 1.0
160-140-190-0 15,0 24,5 2,05. 1.70
10-40-40-10 14,3 19.6 2,12 2,07
10-40-40-20 14.8 o 23,5 2,28 2.20
10-40-40-30 15.6 23.9 2,96 2,83

TABLE 4, Soil Organic Fatter Changes as Related to Fertilizer and Manure Treatment
for a Matea Loamy Sand Growing Corn (Grain), (126)

Annual Treatments Bushels/Acre ;- Soil Organic Matter
N-P205-K20-}ianure no irrigation 4irrigation

1b, acre Tons/acre 1963..1673 1974-1970 1965 1976
160-50-40-0 85 141 1.98 2,00
160-190-190-0 78 1L7 2,07 1.97
10-40240-10 83 129 2,10 2.13
10-40-40-20 83 143 2,38 2,40
10-40-40-30 82 147 2.63 2.83
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cation exchange, and stabilizes the mineralization rates of nitrogen.(154) The
effects of organic soil matter on productivity can be seen in Tables 3 and 4, The
application of organic materials to the so0il will be considered in further detail
in Section 10,

Symbiosis is a biological term used to describe the relationdhip beiween two
(or more) species of organisms when their living together is advantageous or
necessary to both, Humans have established a symbiotic relationship with dogs or
dairy cattle, The same approach can be applied to the afrementioned possibilities
for ecologically stretching the biological limits of Earth's life support systems,

This account describes some of the possible interrelationships.

/f
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Bio-Economics 7 /3 / / yzg

These times of high unemployment along with high inflation have caused many

problens for econonic theorists, As this review is to deal with the “"economics™ of
symbiotically integrated recycling systsms, and as I am certainly aByman in the fielg,
it is necessary to present the thoughts of several other persons which relate closely
to this situation, Lester Brown in a Worldwatch Paper on new sources of global
economic stress, suggests the following:

"WYhile most economists recognize that something is wrong, few have hd much success
in determining exactly what, Increasingly preoccupied with the economic indicators,
short-tern forecasts, and econometric models, economists appear not to have noticed
that the expanding global economy, fueled by both rising affluence and population
growth, has begun to outstrip the carrying capacity of some of Earth's blological
systems and to deplete some of its key resources, Many of our current "economic"
problems are rooted in this deteriorating ralationship...

Four biological systems-fisheries, forests, grasslands, and croplands-form the
foundation of the global economic system.{?conomist§:lack of ecological awareness
has contributed to some of the shortcomings in economic analysis...

The changes involved in accomodating ourselves to the Earth's natural capacities
and resources suggests that a far-reaching economic transformation is in the offing.
The origins of the change are ecological, but the change itself will be social and
econonic, and the processes for achieving it will be political...

Unless economists can gain a better understanding of our econonmic dependance
on the Farth's natural systems, they will be had pressed to advise political leaders
wisely, We may end up{élready ar§ treating the symptoms of our economic maladies
rather than the causes (28)."

In a far-sighted work of the early 1950's economist K.W. Kapp presented an intro-
duction to the "social costs” of private business enterprise, He defined these costs,
comnonly called "externalities” as,

"any cost incurred by business activity which falls upon third persons or the
community at large and is not therefore accounted for by business decision-raking

base% upon the principle of profit-making without regszrd to possible negative effects,”
(109

He shows that “social costs" are major, typical, regular, and very significant, and
include,

"ajr and water pollution, soil erosion, destruction of wildlife and of ecological
balance, spoilation of non-renewable resources, impairment of human belngs through
occumational diseases, radiation, uneaployment, the costs of duplication and excess
capacity, planned obsolesence, sales promotion, theretardation of science and its
harnessing to the instruments of destruction, society's over concentration on urban
centers and sacrifice of human well-being to the processes of production, (109)"

Barry Commoner suggests that,

"The costs of environnental degradation are chiefly borne not by the producer,
but by society as a whole in the form of “"externalities , A business enterprisc
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that pollutes the environment is being subsidized by society; to this extent,
the enterprise, though free, is not wholly vrivate," (45)

Thus a large portion of government in modexrn society is devoted to repaix and pre-
vention of many social losses caused by modern industrial activities. (109)

Some social costs mey be measured in dollar terms of loss of earnings or cost
of reclaimation, but many of these costs“are highly complex and composite in character
and can be evaluated only in}erms of thé iﬁportance which organized society attributes
to both tahgible and intangidle values involved,” (109) Social costs are often widely
dispersed through the community and "are not such that an individual can measure and
clainm compensation for, let alone anticipate and aveid," (109)

It is not that neasurement is unimportant, but rather that more important than
precision in measurement is selection of goals, (109) In many situations some data
is available but this is unsatisfactory because it is not only inconplete but also
misleadingAbecause the focus is only on those values which can be estimated in dollars,
(109)

"To leave social losses out of account becauﬁe they are 'externzl' or'non-
econonic' in character would be ejuivalent to attributing no or ’rerc' value to all
social damages X@r,benefit%& which is no less arbitrary and subjective a judgement
than any vositive or negative evaluation of social costs," (109)

"The basic causes of social costs are to be Found in the fact that the pursuits
of private gain places a premium on the ninimization of private costs of current pro-
duction,” (109) Private enterprise investment decisions are based on profit and pro-
ductivity which are increased when some of the costs of production are shifted to
the society at large,

Tom Bender suggests that;

*Value judgenents seem ephemeral when considered beside profit and loss statements,
yet profit and loss statements hold little meaning when viewed from thenexi generation
or when viewed beside the loss of irreplaceable physical realities upon which continuing
support of our lives must depend." (18)

Hazel Henderson concludes that the, -

"basic paradigm and linguistics..jEf econorn:c§] 1imit it to the rather narrow

range of human affairs where its methods are aporopriate: thelegitimate areas of
keeving accounts between small-scale enterprises, proper bookkeeping, etc,? (92)

It is largely the "zero’ valuing of social costs which has led to the illusory

veconomics of scale” which have resulted in increasingly large installations and nore
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TABL= 5/(after 150)

Farm size Interest on Tertilizer Insecticlde Dusting & Total difference
operating discounts discounts spraying from base
capital discount costsZacre
7 norm) -
80 6,885 0% . 03 0% $0.56
3200 5.9 % 10% 142 255 -56.62

TABLE & Results of fixed investment (rs 1200 ) (after 166)

Biogas Digesters

Conventional Electric

Urea Fertilizer

Capacity 30KW (village
state)
No., of Units 40,000
Nitrogen Production 58,000
Forreign Capitol -
Employment 100,000 +

Energy 1,200

Power Stztions

60 14 (say)

10
sone
m.d,

approx, 600

Plant
500,000 tons

1
230,000
Rs 500ii
1,000
351 (consumed)
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centralized control of production and supply. While this system nay increase current
profit and productivity, 1t does not necessarily lead to efficiency. For instance, in
1947 the USDA found that the most efficient farms were fully mechanized one or two
man overations but that California vegetable production was doninated by farms which
were seven times larger. (2i4) Table 4 also shows that profitability has little to
do with efficiency.

The"econonics of large scale" have been no where pore comprehensively enployed
than in the area of energy supply. Temporary convenience (and industry propaganda)
has notivated the general populace to acceptence of large-scale, centralized, oli-
gopolistic control of energy supoly. Tais system is noe coming under a re~cvaluation
due in rart to the fact that investments in large-scale energy systems proposel
by the Department of Energy and energy monopolies would consume three fourths of
all private investment capital in the U,S. (83) Table § compares three possibles
alternatives for the investment of 1200 million rupees (3150 million) in India,

Though not completely avplicable to the U.S. situation, this table does indicate
some of the impacis of organic recycling proposed in this report,

In regard to organic recycling/renewable energy systems, Tom Abeles and David
Ellsworth point out that;

"Previous [gnd curreﬁﬂbenergy policies and development strategies have been
predicated on centralized control of the harvesting, transportation, processing and
marketing of energy feedstock...The very nature and distribution of the biomass feed-
stock materials however, reguires a change in this strategy. The nature and distribution
of biomass feedstocks precluding centralization include the following,

a) 907 of animal manure is on farms with less than 1000 head of cattle equivalent

b) differing markets for the biomass and end products including bioconversion

+o0 2 number of micro- and macro-scale uses, and
c¢)problems associated with collection, transport and processing are site specific
decentralized and not subject to oligopolic control," (1)
Even for standard sewage treatment "in the general situation, decentralized systems
clearly hae a significant advantage of centralized systems," (37)

vjionet-ary and fiscal policies that do not reflect energetic [énd biologicéﬂ
realities inevitably generate instabllities in the marketplace,” (16) Real inflation
includes the rising effort of Andean villagers to gather firewood because of deforest-

ation, the increased efforts of African farmers to produce food because of erosion (28)

and the increased chemical nitrcgen fertilizer vrequired by American farmers because
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of increased run-off rrom organic-poor soil,
In the many hundreds of reports on this field that ihave read, I can at most

vaguely recall any emphasis placed on the following observation: If self-sufficiency
holds any value then the labor, et, al,, that nust be expended to aquire the nedium
of exchange for goods_pu:chased nust be credited to/subtracted from the self-directed
labor required to replace those purchased goods. (See also Sections 10-15)

"Social analysts 2§bonomis§§]customarily try to weigh the inport of political
and technological forces on distribution of income and wealth”, but they rarely
consider the effects of ecological degradatién which threatens those dependent on
primary hiological nroduction. (28) The Earth's ecosystem's limited capacity,

"t0 absorb waste cuts across virtually every sector of economic activity. At
some point, the cost of environmental damage caused by a given economic activity can
exceed the value of the product itself, though neither the producer or the consumer
may realize this since the larger commnity bears the cost.,” (28)

Ouw ndnetary systems account for neither the work nor the value of work done
“free" for us by biological systems. (16) Polluting production systems "borrou™ from
the environment and incur a debt to nature which gives én inmediate savings to the
producer, (45) Wnat is needed is theinclusion of "biological capital"” and energy

accounting in decision-making analyses, (45) A final thought from Tom Bender's

Sharing Smaller Pies describes our situation quite well,

"Under conditions when great wealth is possible, our values and actlions shift
to take best advantage, When growth is no longer possible or desirable, our values
and actions must adjust a2gain to harmonize with new realities.” (18)
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Prelininary Efforts-Draco I

Omega~-Alpha Recycling Systems' Draco I was initiated as an attempt to give a
concrete demonstration of some of the possibilitles for symbiotically integrated
organic recycling on small homesteads, The systen {1lustrated opposite, -is composed
of a biogas digester, %solar greenhouse, and an algae/aquatic piant ppnd. It was
constructed in 1979 at the goat-breeding homestead of Tom and Lynn Degen in central
West Virginia,

The digester is based on a flat-topped water-pressure design developed in the
Teople's Republic of China. It was constructed of reinforced concreté footers, slabs
and lintels, and reinforced concrete block walls, The concrete and block was
rendered gas-tight using B-bond, a fiberglass reinforced plaster, Acid resistant
Type V cenent was used for making the B-bond applied to the inside of the tapk
because of the corrosive environment created by K23 and water vapor in the biogas.
Internally; the tank is 4' wide, 8' high and 20' long, This gives a tétal volume of
640 cu, ft3 and storage for up to 270 cu, ft of gas.

Digesters in China are set entirely iﬂﬁhe ground operzte adequately at ambient
temperatures as low as 55°F . (48) Several steps were taken in this project to increase
digester temperature and thus improve upon the efficiency of the basic Chinese design.,
All earth-bermed surfaces were first covered with three inches of polyurethane foam
insulation to maximize heat retention, A vapor barrier and six inches of gravel with
drain tiles were then placed around the insulation to ensure dryness and reduce
heat loss to the soil, A 35' high, 7" in diameter thermosiphon also draws hot air
from the greenhouse through ducts set in the floor of the digester,

The 7'x13' greenhouse covers most of the south wall of the digester, A reinforced
footer was set below frost line with reinforced concrete block up to the surface,
Jough-cut oak lumber was used for framihg and siding, and the glazing is two layers
of tempered safety glass., The side-by-side o:ientation-of the digester and greenhouse
allows them to complement each other without the danger of build-up of explosive gas
mixtures which could occur with a greenhouse-encloused dogester,

Durability was a major ainm in design and construction of this instellation,
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Materials costs were about $4500, and the system ls expected to give service for
many decades.
Qperation

Greenhouse operation began in October 1979, and has been nearly constant since
that time, With no auxiliary heating during winter, temperatures have been 25°1030° F
above night-time lows, falling to 28°F %hen outside temperature reached -1°F.

In March or April, about four pick-up loads (5 tons) of the winter's accumulation
of goat house bedding and manure is pitchforked into the digester through a porti in
the pond floor, To this is added 200-500 1lb, of chicken house cleanings and about
2400 gal, of creek water. The top port is sealed and the high CO2 content gas is

-released daily for two to four weeks, When methane content reaches about 50%, an
excellent flame holds on two cooking burners and a mantle lémp (fron Nepal and India),

Fron about one month after start-up to about one month after emptying, small
loads of goat berries, whey, kitchen scraps, or canning wastes are added through the
inlet tank. Adaquate stirring is accomplished with a simple wooden plunger used a
coupnle of minutes a day,

Gas production averages about 300 cu, ft./day in August, Assuming a methane
content of 607 methane, use of the biogas is equivalent to the average natural gas
used during this period by other area residents,

Digester temperatures rose from 67°F in early Hay to 85°F in mid-summer, These
operating temperatures and the addition of more organic materials, afe‘credited for
sustained moderate gas production, This 1s generally more appropriate thaﬂ%he short-
term peak production which would be expected from a strict batch digester at constant
tenperature,

Tn f211 the tank is emptied onto garden and fields, Supernatant/pond liquid
flous throughra carden hose siphon. Sludge is emptied through a gate valve near the
base of the digester and a 4" flexible sewer line, The undigested straw and settled
solids are pitchforked out the 2' cleaning port. Little odor is associated with this
task because a) the volatile solids in the n&nure are consumed by the digestion

process, b) most ammonia nitrogem is dissolved in the supernatant and sludge, and

20
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c) the large openings into the tank allow substantial air circuiation.

The integration of an algae and aguatic plant pond was perhaps the most innovative
aspect of this project. At the time I had found lit¥e iaformation on related efforts,

The open pond covered only the top of the digester and was to be used only
during warmer months, The liquid flowing into it was dark brown but ﬁimost odorless,

It was, however, to rich for the duckwesd and water hyacinth which was stocked ani
Slxvival time was at nost 2 weeks, Water hyacinth did thrive in an aguaxrium which
started at about 507 pond liquid and water and finally reached nearly 100;; pond
liguid,

During the warment part of the summer, the vond was covered with a thick green
mat of assoried euglena, protozoa, and green algae, This growth though profuse, is
not easily harvestable even in high technolougy situations,

The primary parameter for determining the success of the aystem is incorporation
into the lifestyle of its owners, As a biological systen, it was expected that three
to five years would be necessary to approach utilization of the system's potentiai,
Draco I is now in its third year of operation/life and greenhouse and gas production
continue to rise, Pond production would require expansion of the surface area by

3 to 4 times and this has not been pcssible to date,
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Section 9-1

Department of Energy Projecthraco II

The Department of Energy's Zegion III, 1980 Appropriate Energy Technology
Small Grants Program has provided the opportunity for installation of another, much
expanded system. This unit (illustrated on the facing page) is installed at the
central West Virginia farm of Tim and Sharon Urbanic, It is composed of two 6'x8x26"
digesters (1248 ft3 total volume and 624 ft .= gas storage each) ar 11'x38' solar
greenhouse, and two 300 ftz2 algae/aquatic plant ponds., The same basic design, com-
ponent orientation, and construction materials and teckniques were used as in the
first system, Major changes included insulation of the digesters' ceiling and exposed
walls; increased thermosiphon diameter with inclusion of photovoltaic fans; and
exXpansion of the algae/équatic plant pond surface area,

Project construction began in lMarch, 1981 and was finally completed in June, 1982,
Greenhouse operation began in November, 1981, 2nd has been continuous since then.
Winter temperatures of -20°F pulled the greenhouse temperature down to 27°F. (1t
should be noted that this was with the digesters enpty and their temperatures nearly
ambient, When they are filled with about 14,000 gal. of digesting slurry at ?O-80°F,
greenhouse freezing will be unlikely even in the coldest of weather, )

The loading of manure into the digester began in January 1982, Approximately
9 tons of manure (about i bedding) was loaded by lay, 1982, but the extremely dry
spring weather conditions had caused a water shortage, (This should not pose a problem
in future years as a spring fed line will carry winter and early spring's ample water
supply to the system,) A pump was finally acquiréd to get creek water to the digesters.
There were a number of leaks at the base of the digester ahd through hairline cracks
in the B-bond. Nearly all of these have been sealed by the slurry, Unfortunately there
is one spot in the fully loaded and closed digester which is above slurry level and is
causing loss of gas pressure. This will be remedied in August 1982, and full operation
of digester and ponds is exvected to begin then.

It must be remembered that this is a blological system much more akin to domestic
animals than to power generating stations, Just as it takes a farmer several years

of experimentation to develop an efficient mode of operation (chores) with any type
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of livestock, so with the operation of this system, The pilot-scale system, now well

into its third year of operation, shows a steady increase in production, There is

every reason to believe that the same will occur with the Urbanic's systen.



_2”5’

Section 10

System Conponents and Integration with Zconomic Analyses

Tn this section, the various components of Draco II will be described and
analysed both independently and as tley interrelate, Although the ex1§ting system
includes only digesters, greenhouse and algea/aquatic plant ponds, this account
includes the potentisl for incorpo:atiné;;-pisciculture (fish) pond and fuel
alcohol still, This has been done to give a better idea of the potential for these

types of systems.
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Creenhouse

The greenhouse in this system covers 40 ft, of the south wall of the digesters,
Reinforced concrete footers and reinforced concrete block form the foumdation to
which 2*x8" rough-cut oak plates were bolted, A 30" knee wall includes five 28"x75",
double glazed sections of which three open for ventilation, Doubled 76" tempered
safety was also used for the 450 slope khibh covers the length of the greenhouse,

The slightly sloping &' roof has an 3 value of 18,6 and includes three 6"x8' vents
next to the digester, =nd walls are 2 x4" frame and sided with rough-cut oak lumber,
The 2 value of both walls and ‘the site-built doors is—11,94, The.floor is dift.~ .

Floor space amounts to 418 ft.3 charging 157 of concrete and block work to the
greenhouse gives a cost of about $20.00/ft3; While this is on the higher side of
greenhonse_capital costs (53,122,222) the durability of this greenhouse should easily
Justify this initial cost, Also, the 10' height allows for at least three tiers of
2' wide racks for sprouting and small plants, This will add about 200 ft* of growing
space which would be used primarily in the spring for seedlings.

A typical commercial tomato greenhouse will produce 1i0tbns/écre through the
labor of 2.5 persons, This amounts to 15-20 times the best field production. (186)
Unfortunately, this réte of production requires 100 times more fuel oil/ion of tomatoes
than field production, To maintain a temperature of 55-65°7 requires about 240x10 |
BTU/yr./ft* of growingspace in the northeastern United States (163,1856), More will
be said about greenhouse energy requirements in the section dealing with digester/
greenhouse integration,

Attached solar greenhouses of about 200 ft2> are calculated to provide vegetables,
(410 1b,) seedlings, and ornamentals worth $250-5565/year (1977 and 1979 dollars).
(53,222).Commercial greenhouses have been valued af 34-35/ft2 when full heating is
required, (217) Several years of work and experience will be required before anything
near optimun production can be approached, ¥ith all this in nind, for the purpbses of
monetary analysis, a value of $4/r1?- of floor space per year, and % hr. of labor

per day (at $3/hr.) will be used,
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orfects of Creenhouse (See also Sections 11-15)

27

Individual-Tinancial:
food, seedlings and ornanentals-
labor-% hr,/day-

outside labor saved-©35/hr.-

$1672/yr.
$ su8/yr.
333.4 hr,
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Section 10B-1

Digesters

The anaerobic decomposition of organic materials is a naturally occuring bacterizl
process in stegnant ponds, in the intestines of large animals, and in other niches
where free oxygen is excluded., The illustration opposite shows the pr9cess' position
in the workings of the biosphere, For an introduction to the process and its applications
T suzgest References 96-House (especially) 72-Fry and 138-ilerrill for brief intro-
ductions, and 48-Crook and 135-McGerry for Chinese systéms.

Father than reviewing the entire process, I will offer following general thougnhts
which have provided the basis for the approach used in this project, It should
always be kept in nind that a digester is basically another ‘ruminant' step in the
food chain, Its food is the organic waste of others and it provides an easily usable
form of energy and a more decomposed and stabilized "manure" for land use,

The primary requirement for digestion is a water and gas tight tank, The next
major requirement regards temperature, The highest rate of gas production occurs at
around 98°7 (excluding thermophiiic digesters which are not appropriate to low-
technology application). However the process continues at a decreasing rate down to
below 50°F (at which the Chinese still clain to get adequate gas production), lain-
taining a digester at optimum temperatures can require from £ to % the gas production,
larger Gligesters with a longer retention time and lower operating temperatures get
thésame total gas production (and perhaps higher net yield) as do smaller, high temp-
erature systems, Once digestion is established its stability or gradual change which
is most important, A 75°F digester which rises say, 5°F in 24 hours would drop its
gas production for several days until the ‘beast' reaclimated itself,

In nmost low technology situations, if tank and temperature are taken care of,
then the other paraneters aliow a great leewey. Actually much confusion about digestion
is generated by the profusionbf examined parameters and the units in which they are
_ reported.. The pZ will naturally appfoach optimin (for ;ny specific digester feed)
unless the systen is being overloaded in which case bicarbonate of soda brings relief.

(55) The carbon/nitrogen ratio. is reXavant but it is digestible C and K which count

and no tests curxently glve these figures. Stable digesters haxe been operated on feed
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with a C/N ratio as low as 5/1 but 20/1 to 30/1 is a reasonable figure at which to
aim, Solid contents of snccessful digesters have varied from 2:5 in some municipel
treatment plants to 487 in a batch systen, (11) This depends nostly on whether the
digester is batch, continuous, or something in between as exemplified by Draco II1.
Some agitétion is helpful but not necessary, and occasional is preferéble to constant
mixing, The build-up of ammonia and salt concentrations can cause problems but all
is not known about tﬁese areas, Very stable digesters have operated at ammonia con-
centrations séveral tires higher than that which "the literature” claimed to be
naxinum, (240)

For constant gas production, two smaller digesters are superior to one large
one. Even the best of digesters will 'get sick' or require cleaning occasionally,
The additional cost of iwo smaller tanks is neglizible considering the security and
flexibility they afford,

In a spaller-scale situation (say less than 100 dairy cows) it is difficult,
1f not impossible, to justify digestion on the basis of the gas alone, However,
with the possibilities for integrated systems, such as the systen in this?roject,
digestion becomes the basis for other production systems and the biogas is reduced
to a by-product,

Tn so far as this system is concerned, the digesters will Dbe fed (via human
labor) by the manure and bedding from 5-8 horses, 1-3 milk cows, 20-50 chickens,
3-50 rabbits, 20-50 sheep and kitchen vastes of a family of five, Total weight of
dry solids from these sources will amount to aovout 30 tons/year of which about 15 tons
will be fed to the digesters. At 5 fi& of methane per pound of dry organic naterizl,
(8) biogas production would be equivalent to 15?000 £t .3 natural gas per year.
(assuming Ci4 content of 607%)., For this and other small-scale situations, direct
burning of theges is the only practicél means of utilization (overall efficlency of
biogas to electricity conversion is about 14,57 (131)). The blogas will be used to
replace natural gas for cooking, canning, water heating/refrigeration and greenhouse
and house heatinz. While the biogas will not meet all of these requirements, it will

replace the need to purchase 150iCT of natural gas, Natural gas currently sells
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TAZLE /2 Corn Dry iatter Yields on Withee Silt Loan so0il (57)

e . P

<5 recovery Dy COIn

lianure Trea.men‘h Yield b 2 K
fresh 19,5 4.0 19.5 Lo.5
fermented 19.5 42,0 22,5 hg,s
aerovic liguid 17.0 18.5 19.5 38.0
anaerobic liquid 22,5 52,5 29.0 48,0
TAZLE /.3 (68) o
Energy Prod. VWater 3eq, VWater 7eq.
Energy Installation 109BTU/day 10°gal/day gal/10%27u
1000 W coal fired plant 61.4 10.3 170
1000 W ruclear piant (Luz) 61,k “17.3 280
250 !NCF coal gasification 235 28 120
100,000 bf:l/da.y coal
llqul;actlon 580 18 31
100,000 brl/day oil shale 586G 18 28
Biogas digesters* 68%
TASIZ /¥ |
Disesase Organism - Retention aeductidn in Feduction in Aef,
“Tine Viable Viapility
T Organisms
Schistosone Egzs (winterg 37 days 100, 548;
Schistbsone Egss (sumner 14 days 100.° L3
Hookworm Bgss - 30 days 1007 (48
Flat/tape worm Egss 70 days 997% (over) €48
Dysentery Bacillus 30 hr, 100% 48
Paratyphoid Zueillus by days 10055 248)
Average # of Parasite Zggs ? 93,65 135)
Ascarid Eggs ? 617 (135
Spirochetes 31 hr, 10025 §135
B, Coli ? 99,9k 135
Salnonella Spo. 2-20 days 82957 (13)
22-37°C
Salmonella ‘I‘yphosa 2-20 days o034 (13)
22-37C
Iyooacteriun Tuberculosis ? 1005 (13)
30 C '
Osca*ls Lunb*1001de 15 920 (13)
o 29 C
?ollov1rus 1 2 98,57 (13)
35 C '

*added for this paper



10B-3 72
(Also consider that natural gas pricés are projected to triple in the next 10 years, )

Oak firewood has a heat value of about 26x10% B?B/cord (185) and requires 3,34
man-hours of labor, excluding splitting (84)(an extremely low figure compared to
local experience) fire lighting and stoking, cleaning, etc-say 6 man-hours/cord,

It is exﬁected that two cords of wood will be replaced by 1/3 of the biogas each
year. This wood will be left in the forests to decompose intgéumus.

Just 25 with the other domestic animals, digesters often require watering as
well as feeding. This water is necessary to obtain anaerobic conditions and the
circulation of materials within the tank. Digester water requirements of other
energy sources in Table / 3, The 68 gal, figure fof digestion is certainly a meximun
since amny digesters function well on fresh manure and urine alone., it must also
be noted that digester water beconmes a nutrient solution for irrigation zather
than a pollution problem as in other installations,

The centralized energy sources now exploited result in numerous negative environ-
nental impacts which would be avoided by extensive employment of systens éimilar to
that in %liis project. Those impacts include; a) increase in atmospheric CO2Z and heat
levels (61) b)the environmental degradation caused by enrgy extraction (for example
strip mining of coal directly disturbs 153,000 acres/year, indirectly affects 3-5
tines that arez and pollutes 12,000 miles of streams with acids and erosion (160))
and c) degradatioh caused by energy transport (for example, for every million tons
of petroleum transported around the world 950 tons end up in the oceans (68),

In a local context (personal observations in central West Virginia) natural gas
exploitation results yearly in hundreds of thousands of dollars wort; of road destruc-~
tion., This in turn leads to significant yearly expenses in personal vehicle upkeep.

While anaeroblic digestion is attractive for the biogas, its service as an
environmentally sound waste 5andling method is at least as iﬁportant. Tables 7;€i2}
(Jewell, et, al, 103)/ /0 (Finer, 141)) and // (Kraft, 1,19;;?{0r$e nunerous alternatives
for farm waste handling and show that systems including digestion ("fermentation”)
seem quite competitive even when considering only the benefits of energy and primary
plant nutrients (Nitrogen, P?osphoru; and Potassium),

i e 174 mi1740n Avv tons of livestock manure produced
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TABLE /7 et Annual Cbst of Waste Handling Schemes Not Employing Anaerobic Fermentation

For a 100 Cow Dairy Farm, (103)

System Components System No., Operating Cost Fertilizer ~ Net Systen

= , Value Cost

gutter cleaner-solid spreadex 2 $10,789, $°5,101, $ 5,697,

alley scraper-piston pump- 11 11,007, 7,071 3,936,

earthen storage-injection
(1and)

alley scraper-pision pump- 12 10,723, 6,354, 4,359,
earthen storazge-liquid -
spreadexr ’ . :

alley scraper-solid spreader 16 8,278, 5,555, 2,723,

tractor scraper-stack-solid 17 7:295. 5,000, 2,925,
spreader . '

tractor scraper-solid spreader 18 6,771. 5,202, 1,569,

tractor scraper-piston pump- 19 9,985. 7,071, 2,91k,
earthen storage-injection :

tractor scraper-piston pump-earthen 20 9,701, 6,364, 3,337.

storage-liquid spreader

TABLE g - Net Annual Cost of Waste Handling Schemes =mploying Treatment Systems (oxclud-

ing Anaerobic Fermentaiion) For a 100 Cow Dairy Farm, (103)

alley scraper-licom storage- 10 $138,999, $ 7,274, $11,725,
injection ' -

alley scraper-piston pump-anaerobic 173 15,652, 7.173. 8,479.
lagoon-inJjection »

slotted flpor-oxidation ditch- 26 15,124, 5,050, 10,074,
storage-liquid spreader

slotted floor-dry ditch-solid 27 14,338, ‘4,798, 8, 540,
spreader

alley flush-collection sunp- 32 15,146, L, 040, 11,105,

anaerobic lagoon-aerobic

Jagoon-irrigation
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TABLE 4 . Net Annual Cost of Waste Handling Systems Zmploying An?erobic Fermentation
For a 100 Cow Dairy Farm Taking $5,00/:0i3TU Credit on Blogas Generated (103)

System Components Teactor  oystem Tot, Oper, rertilizer Value of Net. Systen
Tyoe No, Cost Value Net Yeth- Cost
ane Prod-
- uction

gutter cleaner- vlug flow 3% $12,077. 5 4,757, $ 4,952, 5 2,378,
fermentor

earthen storage- conventional 13,301, L,747. 5,708, 2,846,
irrigation ,

alley scraper- plug flow 37 13,357, L, 747, L,952, 3,658.

~ fermentor

earthen storage- conventional 14,581, L, 757, 5,708, ly 126,
liguid spreader : '

alley scraper- plug flow 38 13,640, 7,173, 4,952, LAk,
fermentor ‘ ST I T e e 1,01

earthen storage- conventional 14,854, ©7.173. 5,708, 1,983.
injection

tractor scraper- plug flow 40 12,306, 4,77, 4,952, 2,607,
fermentor

earthen storage- conventional 13,530, 7479, 5,708, 3,075,
liguid spreader

tractor scraper- plug flow L 12,589, 7,173. L, 952, Lol
fermentor

earthen storage- conventional 13,813, 7:173. 5,708, 932.
injection

flush-fermentor- plug flow 44 12,075, 7,173. 4,952, -49,
earthen '

storage-injection conventional 13,330, 7,173, 5,708, Lig,

flush-fermentor- plug flow Ls 10,449, L, 747, 4,952, 750,
earthen

storage-irrigation conventional 11,673. b, 7h7. 5,708, 1,218,
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TABL? /57Tentative Method of Evaluation of Four ifethods of Eandling Hanure on an "Average”
Dairy Farm in Southeastern Wisconson. (1#1)
relative value for type of manure a)
(no. i=nost favorable) b)

items of comparison fresh fermented aerobic liguid anaerobic
‘ - liquid
effect on corn yeild 2 1 L 1
effect on nutrient recovery 3 1 L 2.
effect on labor: ' .
seasonable distribution 1 3 3 3171
total regquired 2 2 i 1
flexibility in:
time of application 3 1 1 1
method of application 3 3 1 1
amount of bedding needed 2 2 1 1
possibility for least pollution of: )
lakes and streams 3 2 i i
air 1 3 2 L 121
relative investment cost 1 2 L 3
Total ) 21 20 22 18

a) It is assuned that fresh manure generally woulid be spread daily as produced and that
the fermented and aerobic liquid manures (optimum storage) would be applied when con-
ditions were suitable and that the manure would be incorporated into the soil before
much drying had occurred.

b) A difference of more than one unit between relative values suggests important or
__statistically significant differences between items of comparison,

TABLE 15[ Annual Costs and zevenues of Selected ranure handling Systems, (115)

T costs digester anaerobic in barn oxidzation
' and lagoon lagoon storage ditch and
lagoon
barn $ ou7, $ 961, $ k,039. i 2:9?9-
equipment and labor 2,793, - - 767
lagoon ' 192, 416, - 267,
spreading manure 602, 2,202, 1.117. 2,070, -
electricity .65 - - 947,
total $ 4,599, $ 3,579, $ 5,150, $77,020,
revenues

fertilizer $ 1,888, $ 2,005, $ 2,699, $ 1,888,
gas for heating 1, 304 - ‘ -

total , $ 3,2 $ 1,574, $ 2,457, §5.09,
net costs ' $1. 34? $ 1,574, $ 2,457, & 5,133
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yearly in the U,S..(184) Manure produced in uncoinfined situations is generally
distributed broadly enough that natural aerobic decompositbn is adequate for its
break-down and recycling. The concentration of manure produced in confined situations,
about 60¢ of the total (18l) is a great threat to the health and productivity of
local todies of water,

Too much unstabilized organic mattgr entering a body of water will cause increased
algae growth which uses up dissolved oxygen, These uncontrolled anaerobic conditions
are detrimental to fish and other aerobic life forms associated with fresh bodies
of water, Controlled anaerobic digestion of manures at the site of production would
certainly be more expiditious,

Digestion results in 60-90% stabilisation of the total biodegradable solids,
devending on digester desogn, temperature and retention time, (105, 106,:.207) The
odor of digester effluent is very significantly reduced (210) and flies and rodents

“-~uffre not atfracted to it, (57)

RS

e,

~.. . The strongest negative factor in the use of human and animal manures as fertilizer
for production of food and feed is the possibility od disease transmission, (67)
Table /flshows that the anazerobic environment within a digester is of great assistance
in limiting that possibility. These figures must be compared with the total pathogen
destruction offered by composting. Thi total destruction is obtained, however, only
by regular turning or aeration so that all material reaches nearly 140°F, (75)

It is also worth noting that the factors favoring survival of normal soil bacteria
tend to favor destruction of pathogens. (143) This gives added importance to what is
organic farming's most basic tenet-that the soil is a living, breathing supra-organism
which must be cared for and fed, rather than poisoned, and that the health of hunans
and other animals is dependent on the health of the soil, (169)

Crganic farmihg is being increasingly recognized to be quiie competitive financially
with conventional farming. {123, 169, 205) Actually the term'conventional farming"
as it is used today to denote the methods including extensive use of chenical fer-
tilizers, fungicides and pesticides is a mis-nomer ap»lied by its advocates to give
credence to a system which has really only developed over the last 40 years, Crganic

farming 1s far more truly conventional/traditional,
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Perelman notes that early research on hybrid corn stressed:

vthe increases in quantity of corn produced by hybrid seeds, .. while not mentioninéi

that the qualiiy of the corn was reduced and that the new seeds necessitated rmassive
increases in specialized inputs such as chenical fertilizer, Thus while the new tech-
nology did give a farm more returns for a given cost of procuction, it did XCOT give

Ea

produce of the same output with the sanme inputs; dbut rather different anounts of .
diffsrent outputs for different anounts of different inputs in the sane sense as if
the farm had been converted into a golf course or a factory for producing tennis
rackets.” (151)

He also points out that, while credit for high "Green Revolution” ylelds always 3o
to hybrid seeds and chenical fertilizer and pesticides, the favorablz weather has
playzd a major role (up to 507 in one study) in the increased yields over the past
Several decades. (151) Animals comprise an essential pert of operation of organic
farms since iheir ﬁanuré is highly valuéd as fertiliger ;nd soil am;ndment. Thus the
systen described here fits in quite well with the principles and practices of organic
farning,

The fertilizer and soil amandment value of digester effluent is subject to wide
disagreement among researchers, Pimental claims that while digested manure retains the
original nutrienis ite particle size has been reduced so far that land application
cannot maintain soil structure or prevent nrosion, {154) On the other hand, Coppinger,
et, al, claim that well digested manure drains and dries more quickly and therefore
reduces run-off, (57) I am quite sure that the bedding and lage-particle fed to the
Draco ITI digesters will certainly provide a large enough particle size to improve
scil structure,

Quantification of the beneficial effects of the organic component of manures
has not been satisfactorily accomplished. (205) One point noted by Robert, et, al.(169)
is that organic farmers in the western corn belt could use at least one higher gear on
heavy tractor operations after several years of organic farming, (169) (U.S. farm
output per horsepower of tractors fell by about 317 between 1950 and 1970, (151))
Thus if digester effluent were applied to fields which had been recieving only
chenical fertilizer, there would be savings of about 5 in some crop operations,
in the case of Draco II the manure was spread previously so that no credit can be
taken on this point,

There is also some disagreement as to te convarative value of digester effluent
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a5 a source for primary plant nutrients-nitrogen (N) phosphorus (P) and potassium (X).
This is largely due to the digestion process converting & portion of manure's organic
nitrogen to amronia which, although more easily used Uy plants, is also more easily
evaporated, (111) The problen of ammonia evaporation can be controlled by injection
or plowdown with the benefits of lower nuirient loss offsetting the costs of incor-
poration, (212)

Effect on crop yield would be the ideal method for quantifying the value of
digester effluen?; Several years are required for development of any such reliable
data, Table / ﬁtiﬁiws that anaerobic effluent tields the greatest recycling of nutrients
of the treatments considered, |

The Chinese would seem to have the most extensive experience with digestcr
effluent, Regardless of the method of application, increased crop yields as a result
of effluent use were always reported-10:13% at most communes, (40) Earlier reports
claimed increases of 28% for corn, 107 for rice, 25,7% for wheat, (48) In these
analyses a value of 10% increased yield over undigested manure will be used for
quantification,

An alternative to returning manure or digested sludge to the soil is to dry
aad refeed the solids, This is based on the nutrients in dry manure being worth $83-100/
ton as feedstuff, (132) Digested, centrifuged sludge is 18-23;7 organic nitrogen with
an anino acid analysis that compares favoravly with soybeans, (87) Zut in feeding
trials there have been palatability problems, (132)

The following Sections offer other alternatives fo?ﬁtilization of digester
effluent,

Digester Values

Individual-Financial:

Cas heat value (when natural gas = h.SO/ﬁCEQ” = $675/yr.
Increased crop growth on digester effluent

5 acres/year, 10 tons/acre on corn = $154/yx,
Fertilizer replaced valued at

$.15/10,4, $,%/2v, P, $.10/1b.X (205) = $ 25/yr.
odor and fly reduction and health improvement = 4+
Jabor for one extra manure handlink., 1 wk.@ 33/hr. = 3210/yx.



Fumus value of timber saved

Firewood labor saved

Outside labor saved

Some ¢ of Societal Benefits
Societal-Economic:

Ho effect on atmospheric CO2 and heat levels

Reduced pollution and destruction of lend and
water ecosystems

Reduced expenditures for road maintenance

i

il
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-+
12 hr./&r.

135 hr. /yx.

++

Sone % of the value
of land which would
be inundated by
melting of polar
ice caps.

Some {5 of the value
of increased food
(pleasure and con-
tentment) harvested
from those ecosystems

Some $ of local and
State taxes and auto
repairs
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Section 10C-1 1

Greenhouse/Digester Integration

There are several symblotic pathways through which greenhouse and digester
relate, These include heat transfer both ways, CO2 enrichment of the greenhouse
through combustion of biogzs, a2nd digested liguid fertilizer for plants, Employing
a digester as £herma1 mass in a solar greenhouse gives the advantage of increased
utilization of the volume occupied by that mass, Instead of just being there, the
digester provides useful by-products, Theproblem with a greenhouse enclosed digester
is that the digester and gas lines are bound to leak sometimz, and explosive con-
centrations could develop, The side-by-side orientation and venting in this unit
negates that possibility. 4

In this system, mass of the digester includes about 56 tons of slurry (varying
from about 2 to 159 solids) about 130 tons of block, concrete, etic,, and 2 tons of
rock in the thermosiphon system, Feat is transferred directly through the 320 ft,*
of common block wall which was filled with concrete and cebar or gravel. Loose
figures (after ref, 230) show that heat transfer would be about 480 BTU/hr, for
each difference of 1°F between the digester and greenhouse, Thus the digester acts
as a source for both heating and cooling., Experience with the pilot-scale system can
be used to evaluate these benefits, During spring and summer, digester temperatures
rose from 55°% to 80°F, For Draco II this would be eguivalent to an input of about
4,2x10°8TU/year (4200 ft2 nethane) to the digester. When digester heat losses are
included, this transfer would amount to an even greater cooling influence on the
greenhouse, but due to the complexity of computation this effect will not be quan-
tified. Kuch of the heat absorbed by the digester is returned to the greenhouse in
cold weather so that the LTU benefits are doubled. (Day-to-day analysis of this
interaction would certainly lead to a much higher figure,)

Plants reqﬁire €02 levels of 330 ppm (ambient) or above, Commercial vegetadle
and rose growers like to maintain a level of 100-1500 ppm which requires about 75
1b,c02/acre/hr.. A greenhouse's CO2 levels can drop to 200 ppm in 20 minutes on a
sunny day and the greenhouse in Draco II is quite tight so that CO2 sup;lementation
is sugzested during winter when ventilation is not practical, Ziogas is about Lo

~0? and comnlete combustion of the 6055 which is methane produces a nearly egual
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cubic footage of CO2 and water vapor-an ideal situation for a greenhouse, CO2 costs
$16.00 for 2y £432 107 of the total biogas production (210,000 ft3) in the green-
house, would supply 21,000 fi;# of COZ worth $1377./vx.

The fertilizer value of digester effluent was discussed in Section 10-B, Again
taking the Chinese figures of 10-15% increased yield, the effluent should result in

an additional $187., worth of production from the greenhouse,

Effects of Greenhouse/Digester Integration (See also Sections 11-15)

Individuval-#inancial:

8400 £t natural gas equivalent at $4.50/3CF . =5 38,00/yr.
greenhouse cooling by digester ' = 4+
21,000 i, CO2 to greenhouse =51377. [y,
increased growth on effluent =$ 167./yr.

outside labor saved (@ $5./hr.) = 316,4/nr.
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ma3Ls /7 Mean Vater Quality of Two NASA Txperimental Systems at Existing Domestic
Vaste Treatment lagoon Systems in Southern lississivpi. (218)

Location Yithout VWater Hyacinth , With YWater Hyacinth
BOD5-pom TSS-ppm B0DS-pDn o ?SS-PPm )
influent effluent influenteffluent  Inf, - . eff, .Inf, eff,

Lacedale 127 52 150 77 151 23 125 ©

NSTL lagoon
#1 91 17 79 Lo 110 5 97 10




Section 10D-1 4{52/

Algae/ﬁquatic Plant Ponds

While Digester liguid can be used effectively to irrigate field crops, its high
nutrient content makes it ideal for the growing of various aquatic plants and algae,
The are two considerations for determining the worth of such a flow: the value of
waste stabilization and the value of pond production, '

The aquatic plants most often considered for waste stabilization lagoons are water

hyacinth, Eichlornia crassipes, and duckweeds, the simplest of flowering plants (95)

which include lamna sp,, Spirodela sp,, and Wolffia sp., all of which thrive in

nutrient rich waters,(218) Henderson, et al, concluded that when the ability to re-
duce suspended solids and 30D5 was considered, aquaculture strategies wvere always
more cost effective than conventional alternatives,(93)

In areas where water conservation is important, duckweed is useful in lowering
evaporation, (172) Duckweed growth provides favorable conditions for growth of Daphnia
and other microscopic metazoa that contribute to water purification by devouring
bacteria and algae cells,

Vater hyacinth is a warm wéather plant which can increase evaporation rate by 2-7
tines,(202) It has a doubling time of 10 days and shows weight gains of 4,8f%/day in
good conditions, (209) At a production rate of 44,6 dry tons/acre year (over 79 dry
tons/acre year has been recorded (219)) water hyacinth would remove all the nitrogen
from a typical wastewater flow of 66,000 gal/day.(19) Fecal Coliform is also signifi-
cantly reduced, probably because the growth of vecteria feeding organisms is enouraged,
(209) Table /5 shows the effect of water hyacinth growth on municipal sewage.

Duckweed grown in waste lagoons has a crude protein content of 32-447,(95) Where
most crops average about 1 ton/acre/year, and corn (with residues) averages 5 ton/écre/
year, (207) duckweed has produced from (95) to 10 (49) tons/acre/year, It has few pests
so that control is negligible conpared to traditional crops, (49) It can take the
light freezes and is harvestable by skimming, In-féeding trials, when replacing
alfalfa in chicken feed, growth increased (49); cows were found to accept up to 75%
(total dry weight) with no 111 effects. (95) (There is a toxic blue-green algae which

mzy grow on waste lagoons after duckweed harvest but this danger is avoided by "pro-
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cessing",(49))

Water hyacinth has demonstrated yeilds of 154 dry tons/acre in a 7 month growing
season (207) with crude protein content of around 23%, (60) Ensiled at 157 molisture,
it is palatable to large domestic animals at up to 20 in meal or pellets without
nineral imbalances, (209)

Draco II's ponds cover about 600 sq. f£.rwhich is not really large enough to make
a significant contribution to feed needs whgn growing aqﬁatic plants, Duckweed pro-
duction equivalent to 10 ton/acre/year would yeild about 300 1b, which would dis-
place only 340, worth of soybean meal,

Mosquito problems are likely to develop in the various pond sections, In the stronger
sections a fiberglass screen should solve the problem, In the production sections,
duckveed growth can be thick enough to keep larva from the surface (49) and the mos-

quito fish, Gambusia offinis, may be introduced.

The production of algae in unsterile outdoor conditions 1s no more complex than
producing vegetable crops. (148) Chlorella, a unicellular green algae, requires 1/10th
the land, 1/5th the water, 3/l the power, 1/15th the labor, and 1/4 the capital of
conventional agriculture for an equal amount of protein. (148) Chlorella and other
indigenous algae have grown on domestic sewage at visible light conversion efficiencies
of 4-5% (146)-near the theoretical limits., Unfortunately this algae is difficult to
harvest even in the most high-tech situation,

Spirulina is a helical blue-green algae (Class-Cyanophyceae, Order-Nostocales,

Fanmily-Oscillatoreaceace)(208) which contains 70% protein, 8% fats, 167 carbohydrates,

and has an aminogram comparable to egg protein, (183) In feeding trials on rats, hens,
piglets, calves, fish and humans, Spirulina has demonstrated a high nutritive value
and no toxicity. (183) The cell walls are mucopolymer and lipopolysaccharide making
assimilation easier than the cellulose of greens, Only_minor agitation is necessaxry
because Spirulina have gas vacuoles which allow migration to zones cof optimunr sunlight
and mass transfer. (181) The helical shape causes clumping, (208) In a turbid solu-
tion (1like diluted digester supernatant) early morning accumulation at the surface

a1 atem S hnvonctine w1dd4h a Ffina e arnveon
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Algae show great tolerance of trace element concentrations as long as macro-
nutrient levels are adequate, Digester effluent has been shown to meet these require-
ments. (35) Spirulina productionlevels have reached 85,8 1b,/acre/day on digested
swine manure,(204) In India a five-cow family using digestion could grow 92,6 1b, of
Spirulina/300 day season on one 490 sq, ft.,, 1 ft. deep pond. (170) (See also Section

10E, )

Algae/Aquatic Plant Pond Effects (See also Sections 11-15)

Individual-Financial:

Feed Production-300 1b, of 40% vrotein @ $13./1001b, (based on duckweed,
the simplest but probably least productive alternative for pond use)
= $40, fyr.

Labor Required-30 hr. @ $3./hr. = $117/yx.

Outside Iabor Saved @-$5./hr, = 8 hr,

Societal-Econonic:

Decreased pollution of water resources-leading to better health and greater

harvests,
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Section 10E-1

Algae/Aquatic Plant Digester Integration

Tvaluvation of digester/algae and agutic plant pond integration must include valuation
of the total waste stabilization obtained, the value of digester supernatant as a
nedium for growth, and the value of digestion of pond growth,

Digester effluent after flowing through Chlorella anf Spirulina pdhds, was found

to meet New Mexico Environmental Improvement Agency water standards. (35) The algae
effluent contained 50-857 less total dissolved solids than the digester effluent. (35)
As stated in Section 10D digester effluent provides an excellent substrate for spirulina
growth, (35,244) In work done in India, Spirulina growth on a chemical cultural

nediun (Zarrouk's Medium) was compared to growth on an original medium of 1/2 Zarrouk's
Nedium plus 5% volume/volume of biogas effluent per day. Wield was about 25% higher

and chenmical costs were about 85% less with the effluent, (170) |

Alggglg:Emall size makes it an excellent digester feed, The addition of 307 algal
total volatile solids has increased biogas production by 174, (22&) Chlorella grown
on sewage can be digested with 65% efficiency in bioconversion of energy., (146)
Digestion of Chlorella production of 20 tons/acre/year would yield a net energy pro-
duction of 200x10¢3TU/acre/year, (21)

The high moisture, high nutrient, and low lignocellulose content of most aguatic
plants make them ideal for digestion, (19) Water hyacinth digestion gives an average
bioconversion efficiency of 474, (172) At water hyacinth production rates of 64/tons/
acre/year, digestion would prdvide 476x10° BTU/acre/year,(218) Water hyacinth grown on
digested water hyacinth liquid and solids gave 65% and 47% higher yields thaﬁ that

grovmn on a chemically defined medium,

Bffects of Digester/Algae and Aquatic Plant Pond Integration (See also Sections 11-15)

Individual-Financial:
If pollution control regulations must be met, nearly the entire cost can be
credited to the digester/vond integration = 3x x 1037°°

~-When considering the duckweed alternative, integrative = value is

duckweed production



105-2 77

-When considering water hyacinth alternative integrative value is
increased gas production etc, (See section 103B)
~Yhen considering Spirulina alternative integrative value lies in
Spirulina production, $ saved on chemical culture medium, and out-
side labor saved,
~Some ¢ of Socletal Benefits

Societal-Economic:

Decreased pollution of water resources leading to betier health and

greater harvests.



TABLE /4 Typical Polyculture (93)

Food Habit

plankton feeder
benthos feeder
detritus feeder
Specialized Types

zZooplankton
predator
insectivore
Total

Production
maximun 1D, /acre/year

350
1375
1350

70
50
100
3655

Example

species

Golden shiner
Channel Catfish
Coldfish

Bigmouth Buffalo
Iargenouth Eass
Bluegill

The mosquito fish, Gambusia offinis, can be added to control mosquite larvae,
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Section 107-1 469?

Fish Pond

As ocean and fresh water fish yields continue to fall due to over-harvest and
pollution, fish farming becomes increasingly attractive. Productive units can range
from New Alchemy's 630 gal, Solar-Algae Pond tanks, through back yard ponds, up to
several acre commercial operations,

lonoculture catfish farming in the U,S. yields 1786 1b,/acre/year., (67) Polyculture
farming as practiced in many Asian countries can yield 4465-7144 1b,/acre/year, (67)
Polyculture takes advantage of the selective feeding niches of a variety of fish to
more effectively utilize all regions of the pond, Table/4( gives an example.

In Asia manures are often used to provide fish nutrients, Pullin, et al (165)
found that fish growth, equivalent to that on conventional feed, was obtained with
pellets comprised of up to 30% dry manure. In the same study, manure added'directly
to the pond was found to stimulate heterotropic growth which provided minerals and
€02 for autotropic (photosynthetic) growth, Heterotropic growth accounted for about
1/2 the fish yield via pathways such as tilapia or silver carp obtaining nutrients
from the microbial community in detritus followed by recolonization of the detritus
passing through those fish. (165)

Manure and night soil feeding of fish can cause health problenms because some flat-
worms (1liver infections) have fish as as intermediate host and because fish may
aquire a large number of enteric bacteria on their vodies and within their intestines,
(67) This concern must be tempered somewhat because a bacterial evaluation of 200
samples of raw frozen marine fish packed for sale showed fecal streptococci in 53%,
fecal coliforn in 169, and E. coli in 107, (165) The appropriate conclusion then,
is that one should cook all fish,

A1/2 to B/h acre fish pond will ultimately be constructed about 500 ft, from the
basic digester/greenhouse/algae and aguatic plant pond unit in this project. Pro-
duction will depend upon the owners' efforts and is v;;y difficult to estimate at
this time., Some form of non-intensive polyculture can be anticimated, ,but production
will depend on the owners' efforts and is difficult to judge at this time. Below are

sone (hopefully) reasonable guesstimates,

P e LT U PP SN
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Effects of Fish Pond (see also Sections 11-15)

Individual-Financial:
Fish harvest 500 1b,/year @ $.50 1b. = $750,/year
Expenses to stock pond = $200, /year

Labor (/) for harvest = 110 hr,



Section 10G-1 f;'/

Fish Pond/System Integration

Pathways of integration between the fish pond and the rest of the system are
more limited than the pathways discussed previously, Manure can be fed directly to
the pond for feed but the potential biogas would be lost. I have seen no reports of
investigations of digester effluent as fish feed but yields equal to those with
manure feeding can be expected, |

Additional digester feed would be obtained when pond detritus is removed but
this would be only occasional, The pond would be stocked with aguatic weeds but
these would be better utilized by appropria;é stocking of herbivorous fish rather
than harvesting for digestion, Any large excess could be used for gas production,
but would be better used as livestock feed,

Water hyacinth and duckweed grown in the digester fed ponds could be fed to
fish, (10) but would be more valuable added to livestock ration., Spirulina has been
substituted for up to 507 of fish meals with good results (204) vut this too would

be more valuable to livestock,

Effects of Fish Pond/System Integration (See also Sections 11-15)

There is potential for integrated benefits in different or larger-scale

situations,but in this instance direct effects are minimal,
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Alcohol Production
Farm fuel alcohol production has largely been considered as a 10-20;5 additive

to gasoline-gasohol. Gaschol can be utilized in standard vehicle engines but 200
proof (1007) anhydrous alcohol is required for the gas mixture,

Vehicles can be operated on pure alcohol with minor carburator adaptations and |
replacement of rubber and plastic gaskets which are deteriorated by the alcohol,
After adaptation tractors run best on 150 vroof alecohol with the same pulling power
as with gasoline, (1%f) The distillation process for anhydrous alcohol requires
an input of 108,000 57U/gal. of ethanol, (176) One third of this energy is required
to upgrade from 190 proof and if only 160 proof were required, then energy inputs
would drop fuxrther, (37)

To realize the true value of farm alcohol, one must consider a farmer's plight
when crops are ready for harvest and the gas tank is empty. When viewed in this light,
a still is similer to crop insurance. (130) Chen, in one of the finest investigations
of integrated systems I have seen, concluded that Illinols corn farmers could cover
thelir entire mobile fuel neéds by producing 160 proof alcohol from 1/11 of their
120 btu/acre crop. (37)

As with other systems there are problems with the overcentralization of alcohol
production, Long distance transportation of feedstock and stillage is wasteful and can
cut significantly into energy benefits, Also, for each gallon of alcohol, 16 gallons
of water are needed for mash preparation, steam and cooking. (74) This can place a
large burden on local supply. Thirdly, the quantities of stillage from a large plant
with no means of proper utilization can posé a significant vpollution problem. The
stillage from a 20 mil,gal,/year plant has a B0D5 load equal to the domestic waste
from a city of a million people, (61)

Renoval of plant residues normally ieft in the fields, for processing to alcohol
is not advisable, Taking 4900 1b./acre of N, 4,9 1b, of P, 45 1b, of K, and 29 1b,
of calcium (154) not to mention the erosion which would result,

As with biogas energy utilization, the utilization of alcohol fuel would not
effect atmosvheric CC2 levels (except where fossil fuels were used for process heat)

(See Section 10E.) ()
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Dry distillers grains vary from 25-30% protein, (176) Mature cattle can consume
7 1b, dry stillage per day which is about equal to the byrroduct of one gallon of
ethanol production. (74) The drying of distiller's grains can require up to 40 of
distillery energy (64) so that local livestock consumption of the stillage would
significantly limit energy regquirements,

In reszard to this project, there ultimately are plans for operation of a small
still inside the greenhouse, Snall stills capable of 5-15 gal./day of 160-180 proof
alcohol can be purchased for around $500, (192) For about $1000, worth of materials
70 hr, time, and some welding skills, one can make a still to provide 8-10 gal./hr.
of 180 proof alcohol,(192) Since the average family requires about 100 gal./month,
one day's efforts could provide the month's fuel from about 1 ton of corn. (192)

Since all biogas use has already been accounted for, quantiification of alcohol
production will not be attenmpled,

Effects of Alcohol Production {See also Sections 11-15)

Individual-Financial;
Still capitol costs & engine conversion- -
Capitol investment & energy credits- H
Feedstock costs- -
Alcohol prodﬁction- +
Stillage feed bLenefits- +

Operating labor costs- -

Outside labor saved- +
Security of supply- +
Some 7> of societal benefits- +

Societal-Economic:
Balance of payments- - +
Security- +
Peduced environmental aeterioration from fossil fuel

exploitation- +



o3tz /7 calculations Based on 1 Acre of Corn Yield (33)

Energy required for ethanol production 14,1x10°5TU
Volune of biogas required 23,537 £12°
# of aninals required for biogas L .4 head of 800 1b, beef
# of cattle required for consumption of wet stillage .28 head
Fertilizer value of sludge

N , 331 1b,

P 127 1b,

X 278 1b,
Iand area that can be fertilized with sludge

N 2.2 acres

r . L,5 acres

K 2 acres

mAnLE /& Frnergy-Inputs. for-Ethanol Production by Fermentation (3%)

Operation Commercial ©TU/bushel rarm £IU/oushel
corn production 130,000 130,000

cook and convert 35,000 biogas supplied
germ recovery 5,000 -

distilling 71,000 biogas supplied
gluten recovery ' 6,600 -

feed recovery {(drying) 105,400 fed directly
electrical g, 500 , 500

Totzals _ 325,300 139,500

T

“——
-
———
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Alcohol/System Integration

There are numerous benefits to be gained by the integration of small-scale
alcohol production with a digester system, Over half of on-farm energy use is in the
form of liquid fuels for transport and machinery, (35) A biogas powered still can
be viewed as bioconversion of excess biogas energy into the more needed liguid,
Since energy cost is the major operatiné eﬁpense for alcohol production, (31) the
availability of"free"biogas limits that expense as well as the air pollution problen
caused by using fossil fuels, The still's cooling water can be used to maintain or
raise the digester's operating temperature,

Again drawing on Chen's excellent study, Table /7 shows an integrated farm's
advantage in alcohol production, Chen's investigation of the animals necessary to
produce adequate biogas, the animals necessary to consume the wet stillage within
24 hours, and the organic fertilizer which is provided by these animals, These cal-

culations show that 15,7 times more livestock is required for biogas production than

~ for stillage consumption, In such an integrated farm situvation, this would probably

- hﬁﬁéan'that wet stillage would supplement the feed and water required for all livestock,

T

e

A different approach to digester/alcohol integration was taken by Shaeffer, et al,
This system, quantified with U,S, totals in Table 74, includes electrical generation
fron biogas and alcohol production from engine waste heat, (184) The electricity
produced could supply the average annual needs of 85 of America's housing units, the
alcohol would didplace 65 million barrels of oil (32,275 billion) and the fertilizei
would displace 29 million barrels of oil ($1.015 billion), (184)

In regard to this project, alcbhol/system integration, setting the still inside
the greenhouse will be advantageous for heating and CO2 enrichment of the greenhouss
and ease of circulation of still coolant through pipes placed in the base of the

digesters, The guantification of the value of this intepration will not be attempted.

S A



Effects of Alcohol/System Integration (See also Sections 11-15)

Individual-Econonie:

Reduced operating energy costs-

Increased greenhouse growth-

Increased digester temperaturés;

Qutside labor saved-

Security and independence of farm operations-

Some % of societal benfits- |
Societal-Financials: | |

Balances of payments-

Security-

Reduced environmental deterioration from fossil fuel

exploitation-

5¢
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Local Production

Tood, fuel and fertilizer systems in the U.,S, have over the past four decades
become extremely centralized, This has been to the agrandizement of a few areas
(primarily the upper class suburban areas of a few large cities) but to the detriment
of most other areas, Fanily farmers, still given 1ip service as "the backbone of the
nation", are being financially broken at the rate of 2000 per week (the average since
1950 (120)) by economic policies instiga{ed by agribusiness interests, Unemployed
farm workers and rural craftsmen swell the more urban and indusirial centers and
"realities of the marketplace" devalue human labor and effort, “"Scabs" are easy to
find when one vworker in every ten is looking for work,

Food processing and distribution has also "fallen into fewer and fewer hands
over the past 30 years" (120) The former multitude of jiom and Pop groceries have been
'expatriated’ by 3 or 4 supermarket chains, About 70% of all food preicessing profits
went to lesé than ,2% of the 32,000 processers st:2l in business in 19?5; (120) When
adjusted for inflaition, farmers received the same for commodities in 1971 as in 1948
so that the 35% rise in consumer prices were czused totally by higher marketing margins,
(120) In 1978 the General Accounting Office reported that since 1973, 87% of the
increased consumer expenditures for food was caused by higher food marketing charges. (120

Energy corporations have competed and merged uniil a very few (if we were really
honest) control a large part of our lives, Nearly free energy was pushed upon us
until we were hooked, Now they are jacking up the price, (This is certainly more the
work of corporate minds than that of 1ndividuals.) I suggest that the possibilities
outlined in Section 10 offer an alternative and opportunity for redistribution,

determining a fair value to place on thelocal production of food and energy is
somewhat (very) complex., The value of local goods in a local economy is only truly
exposed when imports are cut off, (82) but every dollar earned by a family farmer is
nultiplied many times throughout the community, (214) Zvery dollar earned by an outside
owner or passed on to an “outside” supplier is drained.from the community,

Food in the U,S, averages 765 miles from producer ito consumer, (97) Reaxly 3
of highway trucking is food and agricultural related, (206) and food transport accounts

for 1.45% of U.S. energy consumption, (196) One head of lettuce, being 95 water and



TAZLS / 7Ene':gy Zequired for Fackaging i‘iz_'[:_gzria.l_s_; (153)

E7U/1b,
paper 20,400
glass 7,628
steel 14,795
2luninum 98,316

plastics 18, 5L4
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New York, The energetics of the bilosthere on which we depend can not provide for such
absurdities,

Conmercial canning of tomatoes consumes 1600/lb. fresh weight compared to home
canning which by water bath for seven quaris requires shs p7U/1b, canned, (97) Food
processing consumes about 307 of the U.S. food system's energy. (100),Euch of this
enerzy is used for numerous expensive motions to remove various substances and then
to readd them in a different form, (100)

Packaging currently takes 8-127 of the average food budget. (214) A 1 1b, can
of corn embodying 269 keal of food energy is contained in a can embodying 997 kcal, (29)

Table / 7 shows that glass, the conventional" hame canning material, is the least

energy consumptive of packazing materials,

Organic fertilizer, largely locally produced and containing a fuil spectrun of
plant nutrients have been largely displaced over the last 40 years by chaimical fertilizers
containing extremely high concentrations of primary vlant nutrients., Chemical fer-
tilizer production is energy intensive (especially for nitrogen) and requires elaborate
centralized facilities., Average transportation distance is perhaps equal to that of
focd-765 miles., With organic farming and integrated recycling systems, the dollars
now sovent on chemical fertilizer purchases would remain in the local community.

The system described in this account provides for a significant increase in local
production of food, fuel and fertilizer, This will result in a mnuch lower requiremgnt
for outside income, and in the circulation of many dollars within the local community
with a2 resultant invigorating effect, At least 1100 1b, of produce from the effluent
enriched greennouse will decrease fool system transportation requirements by
1.05 x 10°3T0/yr. (1.25 BTU/1b,-mile x 1.100 1b, x 765 miles), The 10} increase in
field and garden crops through effluent use is difficult to figure but, for sake of
quantification an increase in corn production from 70 to 7?7 bu (70 1b,/bu) on five
acres would amount to another 47 x 10°BTU/yr. decrease in transportation, All of
this home production would limit the 30;% of food system encrgy absorbed by commercial
(over) processing, Five mile trips for groceries, requiring about 45,000 BTU (155)
or about 3/5 gal. on ges, could be reduced,

Chemical fertilizers are not used on Urbanic's farm, but in a situation where
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they would be cevlaced by digester effluent there would be a savings in dollars for
the owners. Yore important would be the energy no longer expended for chenical fer-
tilizer, especially nitrogen produétion. Production, uvackaging transport, distribution
and application of 1 1b, of nitrcgen fertilizer requires 2 1b, of fossil fuel, for
1 1b. of phosphorus .33 1b, of fuel is required, and 1 1b, of potassium takes .21 1b.
of fuel. (195)

Fffects of Local Z~oduction

Individual-Financial:
outside labor saved : = see Section 10

%107 less srocery trips ( if 2/wk, of 10 mi, round irip,

gas @ $1.30/g2l,-not incl. 30z mi., on vehicle & time) = $10.40/yr,
sone 5 of ébcietal Zenefits = 4+
Societal-Zconomic:
increased health of local rural econony from less
outside expenditures for food fuel and fertilizer = 4+

sncreased healih of urban ecomory through less Jjob
competition as more labor is reabsorbed into rural areas= -+

decreased environnental degradation due to lover trans-
vortation reguirements for food (1.5 x10° 370/ /yx. )
fuel and fertilizer = 4+

I

3alance of Payments =

Security , ' = ++ -



Seéfion 12 o/

Jobs and Labo:

Barry Commoner's 4th law of Ecology (There is no such thing as a free lunch, )
(45) applies strongly to the realm of labor in the food, fuel and fertilizer systens,
"For one unit of our work, we lave been able to obtain 50 units of work done for
us by fossil fuels, We have bteen using approximately 10/ of our work to obtain such
energy, which means that fossil fuels have had the effect of tempora¥ily increasing
our total ability to do worx by almost six times," (18) The environmental and social
costs of this “free lunch” have begzun to compel us 10 include these costs in our
financial and economic accounting,

The value of human labor and society's respect for human skills and effort is
relatively small when 'energy slaves' “can do our work at 29 of the cosis™ (18)

Most humans, Functioning at 2,57 energy efficiency, can sustain an output of 256
BTU/hr.(195) A gallon of gasoline produces the work eguivalent of three 5 day,

8 hr./day weeks of human effort, (155) Farm lator, at $3,/hr, for 500 3TU/hr, work
cost 36000/10%BTU compared to fossil fuel's cost of 315..

The releasve of millions of small farmers and farm laborers from the land is
often cited 2s an indispensable condition, the sine qua non of progress, (150)
Lgribusiness keeps on claiminz that 'food is bsing produced in greater amounts than
ever before, and with greater efficiency in terms of human lator. Horeover, persons
veleased fron the ranks of farn labor.,.are now increasing the national wealth by
producing goods and services in other aspects of the economy, (61)

Since 1952 about three million farmers have been 'released from the land"/gone
out of business, (120) The average labor input per acre of corn fell by 600 from
1945-1970, (213) Zetween 1970 and 1980 the total hours of farn work declined by
another 2277, (27) while this has made more workers avalilable (at lower rates) to
the nation's industrial centers, there are numerous social costs of this displacerment
vhich include increased wlfzre payments, invidicus costs of urban over-crowding, (127)
and deterioraticn of vural econories and quality of life, 'Zelease from the land”
is impossible as our lives devend on these ecosystems, but it is the basic cause of
alienation fron znd isnorance of our biological life suzport sysiems,

In 1977, foud and releted inductries accounted for 2975 of the U,8, GNP and
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employed about 2075 of the work force, (214) rarm production employs L,s5;5 of the
work force, production of farm supplies employs 55, and food processing and distribution
102. (150) While the U.S. food system has reduced on-farm labvor, it has provided
much employment that did not exist 20, 30 or L0 years ago so that the idea of a
reduction in food system labor input may actually be a myth, (195)

In regard to jobs and energy, centralized fossil fuel and nuclear productions
supply systens, like the centralized agricultural production system, provide much
less opportunity for employment then decentralized systems. Studies have shown that
investrents in solar power development (by its mture decentralized) provides 2% to
L4 times nore employment than nuclear fission. (83) {See alsv Table opposite pag:

7-3)

lany farmers today must have outside work to earn the money to pay for farm
inputs, In most analyses, while the on-farm labor required for various self-supporting
activities is charged to those activities, the savings in necessary off-farm laboz
done to earn the-money to pay for the activities of others is not given credit., Self-
sustaining activities can be done at one's own mce, while off-farm money-making
activities are generally under the control of others, Leing one's own boss is of
considerable value, and outside work requires travel time and vehicle upkeep, so in
this account, on-farm labor is figured to cost $3./hr. while off-Tarm labor made
unneceseary by having and operating the system is valued at $5./hr.

In economics, productivity is usually defined as production output per labor
input, (hS} In the bioeconomics of renewable resources, productivity must be coacerned
vwith efficient day-to-day and year-to-year utilization of solar energy and maintenance
of and improvement of the soil, The numerous possible symbiotic arrangenenis of the
biotechnological systems discussed in this paper allow the operator to tzke increasing

advantage of the natural energy flows and nutrient cycles of the biosphere.



Effects of System on Jobs and labvor

Individual-Financial:

systen operation lavor & 50hr./weeks- 8.6 wk./yr-
outside labor saved & $5/hr, & 50hx,/wk, . :
excluding C02 value- 10.8 wk,/yr.,
including €02 value- 16.8 wk./yr,
some ;7 of Societal Zenefits- . =+

Societal-Econonic:

Increase in rural emdloyment opnortunities:
a) construction provided over 2300 hr. of labor
b) potential operation of greenhouse could provide
Tull employment and remuneration for at least
one person

fural economy stimulated by multiplier effect of purchase
of locel materials and income to local construciion
labor

Less overcrowding of urban centers as nore rural jobs are
available which would result ina more evenly distributed
burden on the environment.



Section 13-1
Security |

In both local and national contexts, devendence on distant sources for daily
food and energy requirements presents a handle for coercion, The more self-sufficient
in food and energy needs a farnm, rural community or nation is, the less it will be
plagued by the vagaries of commerce and international affairs., I would suggest that
a nation cannot approach self-sufficiency as 2 vwhole without each sm;ll rart of that
nation utilizing ite wm site-specific fotential.

Agriculture is certainly our most basic industry, Gas shortages cause a few
fights-food shortages tend to cause riots, The U.S.'(and much of the world) agri-
cultural community has become almost totally dependent on distant and uncontrolled
energy sources, The possibilities suggesied in Section 10 offer that cormmunity its
nost accessible avenues to independence. (Again note Shaffer et, al.'s investigation
of digester/generator/alcohol integration) showing eléct;;cal production for &) of
U.S. hones, displacement of 65 mil, barrsls of oil/year by alcohol (82,275 billion)
and displacement of 29 mil. barrels of oil/year by effluent nutrients (1,015 billion).
(184)

Centralized energy production facilities make attractive targets since their dis-
abling would wreak havoc with large populations, These Yarge facilities are not

conducive to security. The situation would be far different if every farm was at least

self-sufficient if not a producexr of both food and energy.



13-2

Effects of Sysiem on Security

Individual-Financial;
increased self-sufficiency & independence of outside
food and energy sources-
(true value determined upon failure of outside supply)
some ¢ of social benefits-
Societal-Zconomic:
increased renewatle self-sufficiency as a nation
decreased pressure on the environment as less waste is
forced upon it and less fossil fuel is forced
out of it

increased indepsndence of crod production system

increased security of dispersed energy production
and supply system

L

g5



Section 14-1 tf’tfﬁ

Financial Analyses

A finaneial analysis is done with a view toward monetary costs and benefits
by the individuval carrying out the discussion. Sccial costs and other 'externalities'
are often briefly considered at thend of these analyses, if indeed, they are mentioned
at all, This methodology is not appropriate to the development of an ecologically
sustainable scciety based on renewable resources, (See Section 7)

The analysis here has been done with the normally narrow view of financial
effects, Included are system design expenses, construction meterials and labor costs;
orerating labor and maintenarce costs, and the ovious benefits of biogas, greenhouse
food, pond feed and crop fertilizer, Not included are:

..~ .&) the numerous symbiotically-generated benefits discussed in Section 10:

b) the decreased necessity for outside labor via operation of the system

which can easily be more than twice the operating labor;

c) national, state and local energy and pollution control tax credits;

d) the micro-environmental benefits to the owner's farm;

e) the percentage of lzzer societal effects.

An inflation rate of 57 has been used in these analyses, This is ceriainly
an absolule minimum as energy prices are predicted to rise 2-4 times that rate and
they will pull up the price of evzrything in the econony., How much will depend on
the level of self-sufficiency which is attained by the general populatbn, Some of
the calculations have been done based on a 50 year lifetime, This is certainly
not unreasonable considering the materials used in construction,

The near 10 year may-bac! period waé also calculated with the insuwlar perspective
of dollars in and dollars out, The multitude of additional considerations surrounding

this system would result in a fraction of that period,
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TABLE-2z7Energy Consumption Within the U.S. Tood System (100)

Sector

on-farn direct energy

input due to chemicals and

transportation
food Processing
distribution systems
commercial food services

home food preparation

7of U.S, total energy use

¢4}

« food systenm

1.0

1.9
4.8
1.8
2.8

4.3

12
30
10
17



Section 15-1 7 ;

Net Energy Analysis

A net energy analysis compares the energy inputs required by some thinz or
action to its energy output, It is the recent energy crisis which stimilated such
investigations so that quantitative information for them is still quite limited.

These analyses are also extremely complex and entire theses can focus on very
small items, For instance the inputs for chemical nitrogen fertilizer would begin
with the fossil fuel and humzn energy required for production, packaging, marketing,
transportation, distribution, storage and application of the fertilizer itself, To
this must be added the fossil fuel and human energy that went into the facilities
and vehicles for production, packaging, etc.. To this again must be added the energy
that went into getting the en.rzy that was so used. In addition there is the energy
required for correcting the environmental damage done by all of that energy use as
well as thé erosion and water pollution caused by the fertilizer's use, The energy
output of chemical nitrogen fertilizer would be the percentase of food energy value
in the crop produced ﬁinus the inputs that must be attiributed to solar radiation,
other fertilizers and the soil itself, In this instance, the work has not been done
but would likely result in a very large negative number,

The digester/greenhouse/pond system considered here has many such aspects so
that a complete analysis has not been possible, Available figures have been used
where possible but for most aspects it has only been possible to mention many of
the potential effects, Most of these effects were mentioned throughout Sections
10-15 so that only a brief review will be inciuded here,

The U,S. food system (including animal feed and fertilizer) has lost contact
with the basie biological processes that support the system, Huge fossil fuel (and
nuclear power subsidies are currently able to mask this loss of contact but the cost
has been a near total dependence on these fuels, Nearly every small step within the
food system requires a larger amount of energy than the nutritional energy in the
food, The digester/greenhouse/pond system would help significantly in limiting rany
of “hose energy expenditures,

Table Z Oshows current energy use in the farm system, A system like draco II
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the indirect inputs would te significantly decreased, (iauling and spreading 10 tons
of manure/acre takes about 11 gal, of gasoline by production of chemical fertilizer
(at 1121b, ¥, 31 1lb. ¥, and 60 1b, K/acre) requires about 39 gal, of gasoline and
spreading takes one gallon, {137) Food procescing would still take a large amount of
energy, but many of the nutrient removal and feplacement steps would be avoided along
with nuch of the excessive energy expenéiﬁe packaging, Energy consumpiion for dist-
ribution/transportation would be reduced to a minimum,

A complete analysis of these system related benefits would have to include the
energy saved, the energy needed to produce and distribute the energy saved and the
avoided energy cost of envircnmental repair from less energy production and consumption
(as well as the energy to produce and distribute the energy for environmental repair).

Fach of the components in this system increased the opportunity for solar energy
utilization-the digester releases photosynthetically fixed sunlight; the greenhouse
utilizes sunlight for photosynthesis and heat; and the pond utilizes sunlight for
photosynthesis only, {An alcohol still would also rake available photosynthetically
fixed enerzy,) The symblotic arrangeﬁent of these compon:nts allows them to support

each other so that much less energy and labor are reguired than if each were separate,
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i~ 2 Energy Inputs

TAGLE / for System Construction

Tnput # and units BTU input x 10 Ref,

¥an Zours 2331 hr., T 1.5 {12)

Feavy Zguivment Cperation 80 hr, 2 -

Materials- ’
plaster 800 1b, 2.87 (15)
cement & mortzr 3500 1b, 15,6 ElS;‘
sand & gravel 60 ton - 6,0 71
concrete 35 yd. 90.8 (85)
block 2 3520-8" 112, 285)
fabricated steel 348 1b, . 7.90 85)
concrete mesh 300 1b, . 7,26 (85)
rebar 2860 1b, L4, 8 85)
steel plate 360 1b, . 9.49 71)
galv, steel pipe 40O 1v, 11.0 71)
steel pipe 2854 ,1 1b, 64.8 (85)
flashing Lo 1v, 3.84 (85)
stainless steel bolts 30 1b, 1,53 (71)
nails 58 1b, 1.97 §853
bolts and screws 152 1v, 4,05 85
plywood 1216 sq, ft. 7.03 (12)
soft planed lumber 250 bd, ft. 1.95 (12)
hard rough lumber 1200 bd. ft. 11,8 (85)
plastic products 358 1b. 1.43 (153
polystyrene 350 1b, 3960, (71
glass 595 sq. ft. 27.8 (134)
roof paint & cement 250 1b, 1.73 (85;
roll roofing 270 sq, ft. 2,97 (85
felt paper 50 1v, 682 (85)
paint & oil 18 gal.’ 8.79 (85)

L3,

(453, excluding insulation)

Tor proper decisions regarding building materials "a detailed framework of all

the energy uses in materials, products, and complete assemblies is required. Considering
the importance of these decisions from a meaterial point of view, it is astonishing that
such basic data are unavailable.  (1G4) There has however besn some preliminary wor%A
done and the great variety of products that went into Draco II have been squeezed into
the classifications seen above, The expanded polystyrene insulation board accounts for
over 89 of the :mergy required for construction of the system, (Had I known this at the
time, alternatives would have been further investigated,) Consider ing only bioszas
production of 150,007 ft?/year ¢ $4.50/C7 the energy vayback period would be 29.42
years, (Not including insulation payvack would de 3.02‘years.) This would be much

shorter (perhan»s bty $ or more) if all the energy aspvects of the system were included,
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Section 16-1

Department of Energy Project Conclusions and Future Zfforts

Although this digester/éreenhouse/pond system requires a substantial investiment
of funds and energy, it pays back both invested capital and invested energy within
a very reasonable period of time, The system's durability will allow it to continue
giving service with low up-keep requirements for rany decades after recovery of the
original investrment. The percent of poténtial production attained depends largely
oil the labor invested in it but this labor brings returns which justify every effort
invested,

Just as with other livestock, efficient operation of the system at anywhere
near its potential will require several years experience, Monitoring will continue
without Department of Znergy supprort throughout this period,

?uturg efforts at developing the potential of tnis system will include experi-
mentation with Spirulina grosth in September, 1982, construction of a fish pond
vithin %wo years, and introduction of a fuel alcohol still iuto ik greenhouse within
five years, By this time more reliab;e data should be available on the various aspects
of the system Zicluding actual biogas and greenhouse production, thé?ond oroduction
of livestock feed, the energy value of digester/greenhouse integration, and the value
of digester effluent as fertilizer,

Integrated renewable energy systems, such as that described here, hold great
votential for relieving agriculture’s depenience on environmentally destructive
fossil fuels, This offers greater individual security for farmers and will lead to

much greater security for the nation as a whble,
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