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Jamaica Biogas Project
 

I. Introduction
 

Volunteers in Technical Assistance (VITA) was asked by the Energy Division of the
 
Ministry of Mining and Energy (ED/MME) to provide information on utilizing biogas
 
produced by digesters built with funds from OLADE. These digesters are small (6
12m 3 ) farm-sized units, of different designs--a batch, fixed-dome and plug-flow
 
systems. One other larger model, a 67m 3 fixed dome unit, was built at Elim and
 
is also included in this report.
 

This report will cover three basic areas:
 

(1) How to estimate gas production and an estimate of available gas at
 
each site.
 

(2) How to utilize biogas for cooking, lighting, electricity generation,
 
and refrigeration.
 

(3) Recommendations for each site.
 

An attempt will be made, in each section, to give not only the calculated
 
value, but also how to calculate the values in general.
 

I. Estimating Gas Production
 

A. Parameters
 

The quantity of gas produced by a biodigester varies widely, depending on
 
temperature, retention time, loading rate, C/N ratio, pH and type of waste
 
material added. Biodigesters of the same design can, therefore, have
 
varying gas production rates in different locales. It's important to thor
oughly understand the theory of anaerobic fermentation in order to maximize
 
gas production.
 

In most cases, mesoDhilic digestion is best. Mesophilic bacteria are not as
 
sensitive to temperature changes as thermophilic bacteria, working best be
tween 21 and 400C. Optimum is 30-350C, which is quite possible in Jamaica's
 
hot, tropical climate. Thermophilic bacteria work best between 40 and CO0 C,
 
which would require additional heat input, and therefore is not recommended.
 
Figure 1 shows how gas production varies as a function of slurry temperature.
 
(see next page)
 

The retention time is the average number of days a unit volume of slurry stays
 
in the digester. Since total gas production is a function of retention time,
 
longer retention times assure maximum gas production from the haste material
 
added. This must be balanced, however, with the size of the biodigester.
 
Longer retention times mean larger digesters, which may not be economical.
 
The length of the retention time chosen should reflect the economics of the
 
individual situation to determine the maximum gas production for the minimum
 
possihle investment. In general, retention times corresponding with 35/-90,1
 
of total gas production are recommended. For example, t~is would mean a 30
 
day retenticn time for pig manure (see figures 2 and 3).
 

The loading rate refers te the weight of volatile solids (VS) loaded each day
 
into the digester divided by the available volume of the digester. This is an
 
important parameter for two reasons. One, if the loading rate is too low, the
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digester will 
beunder utilized to it's fullest capacity. The second reason

is, if the loading rate is 
too high, the acid foning bacteria can break the
waste material down more quickly into volatile acids than the methane forming

bacteria can convert it into methane. This causes a build-up of acid, lowers

the pH, and can shut downmethane production. 
 Figure 4 shows this graphically.

In general, loading rates are 
in the range of 1.6 to 2.4 kg VS per m3 digester

volume per day. 
 Using the 6m3 plug-flow digesters at Porus and Sanguinetti as
 
examples, the loading rates per day 
can be calculated:
 

1. (a)Volume: 6.0m 3
 

(b) Effectiveslurry Volume: 5.1m 3 (85% of total volume)
 

2. Assume standard loading rate: 
1.6-2.4 kg VS/m 3 digester/day
 

3. Therefore: (a)5.13 X 1.6 kg VS/day/m 3 8.16 kg VS
= 


(b) 5.1m 3 X 2.4 kg VS/day/m 3 = 12.24 kg VS
 

(c) Daily VS input = 8.16-12.24 kg VS
 

4. For a 30 day retention time and 5.1m 3 effective volume, the daily slurry

input would be 170 liters (5.1m 3 30).
 

5. Assume total solids (TS) = 20% of manure,
 

(a)VS = 85% of TS (80% for cows) /2/ 

(b)Then: Manure = VS = 8.16 --*12.24 k/day 
0.85 X 0.20 0.85 X 0.20
 

Manure = 48-72 kg/day
 

(c)Therefore, the daily input of slurry would contain:
 
Pig manure - 48-72 kg
 
Water - 122-98 kg

Total input = 170 liters slurry


(N.B. In the above calculations, mass and volume units 
are inter
changeable since the density of water 
= 1.0 and density of pig
 
manure .
1.0)
 

The carbon to nitrogen ratio (C/N) is an important parameter to 
keep in mind.
Methane fermentation proceeds most rapidly at 
a C/N ration of 25-30 to one.
Table 1 contains the C/N ratios of some common waste materials. Pig manure,

although not shown in this table, has 
a C/N ratio of about 14./8/ Therefore,
 
a source of carbon must be added to raise the C/N ratio to optimal levels.
Table 2 shows proportions of plant waste that can be added to accomplish this.
 

http:8.16-12.24


TABLE 1
 

oximate Nitrogen Content and C/N Ratios by Weight
 
arious Waste Materials (a) (Dry-Weight Basis)
 

N
 
ial (%)(b) C/N
 

1 IWastes 

310-14od 

sh scraps 6.5-10 5 .1(c)
 
xCd slaughterhouse wastes 7-10 2
 
ultry manure 6.3 
teep manure 3.8
 

manure 3.8
 
rse manure 2.3 2(c)
 

18(c)
 w manure 1.7 

rmyard manure (average) 2.15 14 
 TABLE 2
 
Soil 	 5.5-6.5 6-10 
IVcshs 	 Proportions of different materials 

oung gras clippinsS (hay) 4.0 12
 
rass clippings (average mixed) 2.4 19 to be put nto the digester

irslane 4.5 8 .\ateril
 
maranthus 
 3.6 11
 
ocksfoot 2.6 19
 
ucerne 2.4-3.0 16-20 Fresh human waste/dry straw (wheat stalks) 1.75
 

aweed 	 1.9 19 Fresh pig waste/dry straw (wheat stalks) 4.55 
ut straw 	 1.1 
 48 Fresh human wass'/dry rice stalks 1.4 
lax waste (phormium) 1.0 58 
'heat straw 0.3 128 Fresh pig w;aste/dry rice stalks 3.65 
otted sawdust 0.25 208 Fresh human \vaste/ccrn stalks 1.13 
aw sawdust O.I 511 
•old Ivasves Fresh pig wste/corn stalks 2.95 
aw garbage 2.2 25 Frcsh human waste/fallen leavcs 0.85 
read 2.1 otatoread tops 2.5 25 Fresh pig waste/fallen lcases 2.221.5 	 
aper nil - Fresh human wastc/soya hean stalks 0.45 
irce: Gotaas (1956)18 and Fry and Merrill (1)73).4 Fresh pig waste/soya bean stalks 1.1 

tat nitrogen. Fresh human waste/wvild green grass, includinj water wcc,*C 1 
nlignin carbon. Fresh pig waste/wild gicen grass, including wat-:r weeds I 

Fresh human waste/fresh pig waste/dry rice stalks 1: 1 

Fresh human wastc/frcsh pig waste/dry wheat stalks . I: 

Fresh human waste/frrsh pig ,'-ate/drycorn stalks 3: 

Frysh human waste/frcsh pig waste/green grass, including 1:1 
weeds 

Source: 	 Infnaiort made a vailab!e by the Chi u,.e a,thurities 
the m-mhrrs of th,:Intcrrcgiun-al Fio.as Study Tour 
China 'from 1 tu 21 Scptember 1979, o:ganizd by 
United ,Natirns. 

Note: 	 The C/N ratis of theep, cow and horbse dung fall in 
optimum range (20 to 25:1), hence the!y may be digest 
alone or with any of the above materi.,lrix. 
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Methane generation is most efficient when the pH is kept between 7.0 and 8.5. This can
 
be a problem at times. The acid forming bacteria, which produce volatile acids, can
 
tolerate a low pH level but the methane forming bacteria stop working altogether below
 
pH 5.5. They work best betweer 7.0 and 8.5. If the pH falls, there are several
 
to raise it to the optimal level. One way is to add a small bit of lime (carbon carbonat
 
--about 0.2 to 6.3 kg per m digester volume. Other less common ways include: adding

sodium, calcuim, magnesium, or ammonium bic,.rbonate; recirculating scrubbed biogas (with

carbon dioxide removed) to "pull out" more carbon dioxide frm the slurry, or lowering 
the C/N ratio.
 

The type of waste material you use will, to a large extent, determine the amount of gas 
produced. Table 3 shows gas production for common sources of waste. Keep in mind that 
these are average values and can vary significantly from country to country. The size 
of the animal also has great effect on manure production. 

TABLE 3
 

Yield of Biogas from Various Waste Materials(a)
 

Biovas Production 
per Unit Weight 
of Dry Solids 

Raw Materials ft 'lb m 'kg 

Cow dung 	 S.3 0.33 
Cattle manure 5 0.31 
Cattle manure (India) 3.6-3.0 0.23-0. 0 
Cattle manure (Germany) 3.1-4.7 0.20-0.9 
Bef manure 	 13.7(b) 0.S6(b) 

ttanure 17.7 1.11 
Chicken -nanurc 0(c) 0.31(C) 
Poultry manure 7.3-3.6(f) 0.46-0.54(0 
Poultr, manure 8.9(C) 0.56(C) 
Swine manurc(d) (e) 11.1-12.2 0.69-0.76 
Swine manure(J) (e) 7.9 0.49 
Swine manure 16.3 1.02 
Sheep manure(d) 5.9-9.7 0.37-0.61 
Forage leaves 8 0.5 
Sugar beet leaves 3 0.5 
Alae 5.1 0.32 
Night soil 6 0.38 

~socme ti,-eures have been rounded to the nearest tenth. 
(bIqaed on total solids. 
(c) 3a cd on voiatle solids f'ed. 
(d)Inc~udes 	 both feces and urine. 
e).\niha!s on trowing and :inishing rations. 

Temperature 

F 

52-88 
60-63 

95 
)5 
99 
90.5 

1:3 
90.5 
9i 
95 
-
-

-
113-122 
68-79 

Based on volatile solids destroycd. On the basis of conversien efficienzies 
solids added, or 0.26-0.30 m kz. 

CH,; Content Fermentation 
in Gas Time 

C (%) (Days) Reference 

.- - 10 

.- - 3 
11.1-31.1 - - 11 
15.5-17.3 - - I1 

34.6 58 10 12 
34.6 57 10 12 
37.3 60 30 13 
32.6 58 10-15 14 
50.6 69 9 20 
32.6 58-60 10-15 14 
32.9 61 10 15 
34.6 68 20 15 

- 64 20 15 
- - 29 16 
- - 14 16 

45-50 - 11-20 21 
20-26.2 - 21 17 

-iven in Ref. 13, these results may be expressed as 4.0-4.7 ft /Ib dry 

http:0.26-0.30
http:0.37-0.61
http:0.69-0.76
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Table 4 shows the total manure production of different sized pigs on a farm in South
 
Africa /7/. It's interesting to note that while manure production varied, the ratio
 
of manure to the weight of the pig remained fairly constant at about 1.10. This may
 
assist you in estimating manure production from the size of the pig.
 

TABLE 4
 

Total Ratio 
Hog Manure Manure/ 
Weight Lbs/Day - Feces Urine Hog Wt. 

40-80 5.6 2.7 2.9 1:11 
80-120 11.5 5.4 6.1 1:9 

120-160 14.6 6.5 8.1 1:10 
160-200 17.6 8.5 9.1 1:10 

B. Calculating Gas Production
 

Gas production depends on all the factors mentioned previously. While it's very
 
difficult to estimate the exact gas production, there are general "rules of thumb"
 
which can be used. A generally accepted value for gas production is O.4-0.5m 3/kg
 
of dry volatile solids added, using animal manures and plant waste material as feed
 
material with retention times of 10-20 days (NAS). Calculated values for suggested
 
loading rates of volatile solids for each of the OLADE digesters and estimated gas
 
production are shcwn below in Table 5.
 

TABLE 5
 

INPUT REQUIREMENTS FOR OLADE DIGESTERS WITH ESTIMATED TOTAL GAS PRODUCTION
 

(next page)
 



TABLE 5
 

Input Requirements 
forLADE Digesters With Estimated Total 
Gas Production

INPUT
 

Digester Effective (85%)

Site Wet Manure Estimated Number (3)
Type Digester Volume (m3) VS/D-ay_iq/day) 
 Per Day (kg/day) oF Pigs/Cows Required
 

Porus 
 Plug Flow 5.1 
 8.16 - 12.2 48 
- 72 19 - 29
 
Sangu~netti Plug Flow 
 5.1 
 8.16 - 12.2 48 - 72 
 19 - 29
 
Point Hill 
 2 Batch Units @ 7.2 
 @ 11.5 - 17.3 P 68 - 102 
 @ 27 - 41
 

Ducketts Fixed Dome 10.2 16.3 - 24.5 96 - 144 38 - 58
 
Kendal Fixed Dome 
 10.2 
 16.3 - 24.5 96 
- 144 38 - 58
 
Roehampton Fixed Dome 10.2 
 16.3 - 24.5 102 - 153 10 cows
- 15 

Ezim 2 Fixed Domes @ 57.0
............ P 91.2 ...............--- .......... ----... - 137 0 536 - 804 @ 214 - 322
... ..... ,-7- £-------- .. ..... .
......... -7 ----. ....... .....-


Water 
 Slurry (1) Expected Total Gas (2)
(kq/day) (I/day) 
 Production @/) 
12? - 98 
 170 
 3.3 - 6.1
 

122 - 98 170 
 3.3 - 6.1
 

@ 172 - 138 
 @ 240 
 @ 4.6 - 8.7
 

244 - 196 
 340 
 6.5 - 12.3
 

244 - 196 
 340 
 6.5 - 12.3
 

244 - 196 
 340 
 6.5 - 12.3
 

@ 1364 - 1096 
 P 1900 P 36.5 - 68.5 

(1) Retention time is taken to he 30 days.
 

(2) Gas production = VS added/day X 0.4 - 0.513 gas/kg VS.
 

(3) For estimating, the following figures 
were used and represent manure production
 
per day for adult animals /,3/
 

cows: 10 kg duniTlday
 
pigs: 2.5 kg dung/day
 

In practice, manurp production can vary significantlyfrom place to place and country to country. 
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It's 
important to keep in mind that the calculated gas yield is tentative and will vary

depending on the local conditions.
 

In the following section, when discussing applicances operating on biogas, the lower
 
gas yield figure will be used.
 

Gas Utilization
 

A. Scrubbing the Biogas
 

Biogas is a mixture of primarily methane gas and carbon dioxide, with nitrogen,
hydrogen, hydrogen sulphide, and water vapour in very small 
amounts. Table 6
shows the percentage composition of biogas from three countries. 
 You can expect
the composition of biogas in Jamaica to be about 
 60-65% methane and 30-35%1 carbon
dioxide with the remainder divided between the other gases mentioned inTable 6.
Water vapour will also be present, depending on the temperature of the slurry and
 gas. You may wish to remove some of these gases from the biogas 
so that what you
have left is nearly pure methane. But the reason for removal should be good enough

to make the investment worthwhile.
 

TABLE 6
 

Percentage Composition of biogas production from farmyard wastes
 

USA Germany India 
CH.i Methane 54-70 53.8-62 35-70 

CO Carbon Dioxide 45-27 44.7-37 55-29 
N2 Nitrogen 5.3 1.0 1.0 

H2 Hydrogen 1-10 0.3 1-10 

Co Carbon Monoxide 0.1 0.1 0.1 
0 Oxygen 0.1 0.1 0.1 

HS Hydrogen Sulphide Trace Trace Trace 

Carbon dioxide and nitrogen gas are 
inert; they do not enter into any combustion

reactions. In effect, they dilute the energy content 
(Biogas contains about 600

BTU/ft3; methane about 1000 BTU/ft3),and when we heat biogas, i.e. cooking with it,
we also have to heat t -m
up which takes away from the heat of the reaction. If
 you are storing the biogas, eliminating these inert gases will decrease the size of
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the storage facility, and therefore will be less expensive. The money you save in
 
decreased storage costs, however, should be greater than the expense of a scrubber.
 
In general, when biog--"s is used for cooking, lighting, or refrigeration a scrubber
 
is not necessary. The energy content of the biogas will be lower than pure methane
 
gas but fo'l small-scale use it is sufficient.
 

Carbon dioxide and hydrogen sulphide removal is a continuing source of controversy

when biogas is used in engines: some people recommend removal and others declare
 
that it does not matter. Carbon dioxide dilution of the biogas will decrease the
 
amount of energy available per unit volume. For example, two volumes of a biogas

of 50% methane--50% carbon dioxide contains the same amount of energy as 100% methan 
But in a study done by Neyeloff and Gunkel in 1974, the 50% CH4-50% CO mixture pro
duced 54% less power. In other words, it takes 3.7 volumes of a 50% C 4-50% C02 
mixture to equal the performance of 1 volume of 100% Ch4 

Hydrogen sulphide, normally less than 1% of biogas, is 
a gas which smells like rotte
 
eggs. It 
can be highly corrosive in an engine and can acidify the lubricating oil.
 
It works in the following manner:
 

(1) When it is burned (along with the biogas) most of it is converted to sulfur 
2H2S + 02 + heat _ 2H20 + 2S
 

(2)Some of the hydrogen sulphide is converted to sulfur dioxide, especially wh,
 
there is an excess of air:
 
2H2 S + 302 -_ 2H2 0 + 2S0 2 

(3) Sulphur dioxide, by itself, is only mildly toxic but problems arise when it
 
combines with the water:
 
S02 + H20 --+ H2SO 3 

(4)Sulphurous acid is then converted:
 
2H2S03 + 02 * H2SO4
 

This sulphuric acid is the corrosive element which causes rusting of metal gas distrl
 
bution pipes and in engines. Keep in mind that concentrations of hydrogen sulphide

normally less than 0.1% in biogas. And some people have operated engines on unscrubl

biogas with no problems, although power is decreased due to the dilution effect of 
carbon dioxide. The OLADE biogas program presents an excellent opportunity to test
 
this hypothesis. The biodigesters at Porus and Poinit Hill will produce gas for elec
 
tricity generation. One of the generators could be operated on raw biogas and the
 
other on scrubbed biogas. Performance data of the generators could be collected and
 
compared. Engine overhauls done after 200-300 hours of operation would spot any cor
 
rosion of the engine due to hydrogen sulphide before severe damage to the engine occ
 
Plans for a scrubber unit are contained in Appendix 11.
 

B. Gas Consumption Rates
 

The quantities of biogas required for gas bdrning appliances are listed in Table
 
Keep in mind that these are average values and may vary somewhat, depending on tf
 
specific type of appliance used. For example, a Hotpoint (typical American model
 
stove with four 2 3/8" diameter burners consumes .48m3 biogas/hour (for biogas oi
 
600 BTU/ft3--60% CH4) per burner. The oven (13 " X 20" X 20") consumes .89m 3 bi(

gas/hour. These values are siightly higher than what you would expect from 'he
 
table. If an 
oven is being used, the figure of 0.34-0.42m 3 biogas/person/day fri
 
the table may increase.
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TABLE 7
 

Quantities of Biogas Required for a Specific Application(a)
 
Quantity of Gas Required

- Reference
 
Use Specification ft/hr m3/hr No.
 

Cooking 2"burner 11.5 0.33 5
 
4" burner 16.5 0.47 5
 
6" burner 22.5 0.64 5
 
2"-4" burner 8-16 0.23-0.45 6
 
pcr personiday 12-15+ 0.34-0.42+ 6
 
per person/day 12+ 0.34+ 7
 

7
 
candle power
 

per mantle 2.5 0.07 6
 

di,sei engine(b) biogas, per hp
 

Gas lighting per lamp of 100 4.5 0.13 


per mantle 2.5-3.0 0.07-0.08 5
 
2 mantle lamp 5 0.14 5
 
,mantle lamp 6 0.17 5
 

Gasoline or converted to 16-18 0.45-0.51 6
 

Refrigerator per ft3 capacity 1 0.028 5
 
per ft 3 capacity '.2 0.034 6
 

Incubator per ft3 capacity 0.45-0.6 0.013-0.017 5
 
per ft3 capacity 0.5-0.7 0.014-0.020 6
 

Gasoline I liter 47-66(c) 1.33-1.87(c) 6
 
Diesel fuel 1 liter 53-73(c) 1.50-2.07(c) 6
 
Boiling water I liter 3.9(d) 0.11(d) 5
 

(a)Adapted from Singh (1972). 4
 

(t')Based on 25 percent efficiency.
kc)Absolute volume of biogas needed to provide energy equivalent of I liter of fuel.
 
(d)Absolute volume of biogas needed to boil off I liter of water.
 

C. 	 CooKinq with Biogas 

Worldwide, cooking with biogas is the primary use of the gas. Biogas can be used
 
like any other gas--natural gas, butane or propane. Since all gases have slightly

different characteristics, correctly designed stoves are needed for each type of
 
gas 	for maximum efficiency.
 

There are a few basic rules for proper design of a gas stove /3/:
 

1. Air must be thoroughly mixed with the gas before it reaches the flame ports

The air should enter near the gas jet, idealiy with a venturi attached (see
 
Figure 9).
 

2. 	The total area of the flame ports should be between 80 and 200 times the
 
area of the gas jet.
 

http:0.45-0.51
http:0.07-0.08
http:0.34-0.42
http:0.23-0.45
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3. 	The distance from the flame ports to the surface of the cooking pot

should be 1-13", assuming a gas pressure of J-3.5" water gauge.
 

4. Any supports for the burner should not prevent air from circulating to
 
the flame,
 

5. 	To allow cross-lighting from flame port to the next, the distance be
tween plame ports should not exceed 0.75 inches.
 

For 	a typical 0.45m3 
per 	hour stove, the dimensions should be approximately/3/:
 

Jet 	size: 
 2.25mm diameter
 
Area of jet: 
 3.98mm2
 
Flame port size: 
 6.0mm diameter
 
Number o,' ports: 
 20
 
Total area of ports: 565mm 2
 
Ratio of jet area to flame port area: 1:142
 
Length of gas mixing pipe: 
 20mm
 
Diameter of gas mixing pipe: 
 20mm
 

There are many simple biogas stoves designs. Figures 5-9 show several clay and
metal stoves that can be easily manufactured or are commercially available.
 

Existing gas stoves, available locally in Jamaica, can be easily converted to biogas
operation, if you do not care to make your own. 
 A common gas range with an attached
small oven, e.g. Bel-Air, seems to be DcUlar and available locally. The common
 gas range utilizes what is known as an atmospheric mixer (Figure 9). /20/ A jet of
fuel gas is directed into the throat of the venturi, causing air to be sucked into
the mixing chamber. The resulting air/gas mixture flows through a pipe to the burne
 
Specifically:
 

--	 The atmospheric mixer operates low pressure gas.on 	 Entry
 
pressures, at the valve inlet, of 3-3.5" water gauge are
 
sufficient. 
The volume of air sucked in usually amounts to
 
40-60% of the air required to complete combustion.
 

--	 The air register is adjustable and is mounted on the face 
of the venturi entry cone. 

--	 The gas jet nozzle is positioned to direct the exDandinq stream 
of gas into the throat of the venturi so that itjust barely

touches the sides of the throat at full gas flow. 
The diameter
 
of the nozzle depends on the maximum gas requirements of the
 
burner.
 

With commercial stoves, one simple adjustment is needed to modify it 
to 	burn biogas
--	enlarging the diameter of the jet nozzle orifice. 
The 	amount of enlargement de
pends 
on two things: the amount of methane contained in the biogas and the kind of
 gas 	(natural, propane, or butane gas) 
the appliance is designed for. Table 8 shows
 
the amount of enlargement required:
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' .Figure 5 

A locally made cl,"biogaz burwner (Anshi People's Commune, Zheji .:n Province).
 

/ -• .~ ... 

3*t. 

-%-,
.4 


Showin- the nozzle which fits into "he clay bioFas burner of Plate 30.
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Figure 8 
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,-:"40 mV) -"','; GOBAR BURNER"-'": . GAS 

gL1130 Litres/Hjr. 
This burner uses 1130 Litree/Hr.(40 Cft./Hr.)
of Gobar Gas. This burner Is useful for commu
nty kitchen of hostels and Institutions. It has
also-been used for Industrial heating. 
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GOBAR GAS DOUBLE DELUX\
 
BURNER
 

This set Is a combination of two
 
burners. Each of them will use 45
 
Utres/Hr. (16 Cft./Hr.) of Gobar Gas
 
and burns with an Intensity equal to that
 
of a kernsen, pressure stove. out'of 

9,A'-4 1 , 

_ GOBAR GAS DOUBLE-DELUX
'BURNER (ECONOMY-SIZE) 

set Is combination of two burners 
------- o of-which one will' use 4 

Litres/Hr. '(15 Ctt.IHr.) and the other 
will use 225 Litros/Hr. (8 Cft:/Hr.) of 
ocb.r gas. L 



VENTURI MIXER DESIGN 

SIDE VIEW: 

Air register-Vetur 
(adjustable) Venturi 

Induced air-,__. 

END VIEW: 

I I 

Spud(jet nozzle) 

Air/Gas Mixing Chamber 

Burner Pipe 

Vent\ \ \\ . Clamping Screw 

(Taken from private correspondence,
 
R. Wolf, January, 1980) 



TABLE 8 (A)
 

Orifice enlargement -- NATURAL GAS APPLIANCES
 

gas description dry gross sp. gr. orifice area multiplier 

"average" natural gas 
BTT per cu ft 
1079 0.65 1.00 

(%CH4 ) 
100 1012 0.55 0.98 
95 961 0. 60 1.05 
90 911 0.65 1.18 
85 860 0.69 1.29 
80 810 0.74 1.42 
75 759 0.79 1. 57 
70 708 0.84 1.73 
65 658 0.88 1.83 
60 607 0.93 2.13 
55 557 0.98 2.38 
50 506 1.04 2.70 

TABLE 8 (B)
 

The chart below is calculated (using the previous formula) for propane (specific 
gravity 1. 562, 2572 BTU per cubic foot). 

gas description orifice area multiplier 

propane 
100% CH4 

957o 
90% " 
85% " 

80% " 

75% " 

70% " 

1.00 
1.51 
1.66 
1.82 
1.99 
2.19 
2.41 
2.66 

65% 
60% 

" 
" 

2.93 
3.27 

55% 
50% 

" 

" 

3.66 
4.15 
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TABLE 8 (C)
 

The last chart is for butane conversions (specific gravity 2. 067, 3353 BTU per cubic 
foot). 

gas description orifice area nultiplier 

butane 
100o CH4 
95% " 
90 " 
851o 
809 " 
75% " 
7% " 

65% " 

60o '3.71 
55% " 

50 /o " 

1.00 
1.71 
].88 
2.06 
2.26 
2.48 
2.73 
3.01 
3.32 

4.15 
4.70 

The "orifice area multiplier" is the number, times which we must multiply the area of
 
the natural gas propane, or butane orifice to give the area of the orifice when burning
 
biogas with a certain percentage of methane. Since biogas (less than 1000 BTU/ft3 , de
pending on methane concentration) contains less energy than natural gas (1079 BTU/ft 3),
 
or butane (3353 BTU/ft 3 ), the area of the orifice must be enlarged to allow a larger
 
volume of biogas to be burned. Table 9 shows drill sizes to be used in enlarging burner
 
orifices. The numbers under the column labeled "designation" are steel-wire gauge numbers
 
(U.S.); the letters are standard twist drill letters; the fractions are fractions of an 
inch.
 

Perhaps an example will help clarify how to calculate the enlargement of the orifice:
 

(1) A. Determine the tyoe of stove--natural gas, propane, or butane.
 
B. In practice, initially assume that your biogas contains 60% methane. Later on,
 

after converting the stove, if you find that qas supply to the stove is insuffi
ci: nt, you can always enlarge the orifice further.
 

(2) Either by direct measurement or from information supplied by the manufacturer, deter
mine the diameter of the jet nozzle orifice. In this example. the diameter of the
 
orifice will be chosen as 0.044 inches.
 

(3) In Table 9, find the diameter closet to the orifice diameter of your stove, 0.044
 
inches (it's underlined in the table). Note the corresponding area of the orifice-
0.001452 square inches.
 

(4) (A)For natural gas stoves using biogas with 60% methane (underlined in Table 8A), the
 
orifice area multiplier is 2.13. Multiply the area of the orifice, 0.001452, by
 
the multiplier: 0.001452 X 2.13 = 0.0030927.
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TABLE 9
 

Designation Diameter Area Designation biameter Area 
_ 

Designation Diameter_inches Aisq in. inches 
 in. __ irnhes sq1/2 0.5000 0.1963 A 0.234 0.04301 40 0.0980 0.31/64 0.4844 0.1843 1 0.288 0.04083 41 0.0960 0.15/32 0.4688 0.1726 2 0.221 0.03836 3/32 0.0938 0.29/64 0.4551 0.1613 7/32 0.2188 0.03758 42 0.0935 0.7/16 0.4375 0.1503 
'27/64 

3 0.213 0.03563 43 0.0890 0.0.4219 0.1398 4 0.209 0.03431
Z 44 0.0860 0.0.413 0.1340 5 0.2055 0.03317 45 13/32 0.0820,-5o.0.4063 0.1296 6 0.204 0.03269 46 0.0810'Y 0.404 0.1282 13/64 0.2031 0.03241 47 0.0785 0.10.397 0.1238 7X 

0.201 0.03173 5/54-25/64 0.3906 O.1198 8 0.199 0.03110 48 0.0760 0.(0.386 0.1170W 9 0.196 0.03017 49 0.0730 0.(V 0.377 0.1116 10 0.1935 0.02940 50 0.0700 0.3/8 0.375 0.1104 11 0.191 0.02865 51 0.0670 0.C 
U 0.368 0.1064 12 0.189 0.02806 52 0.0635 0.(
23/64 0.3594 0.1014 3/16 0.1875 0.02761 1/16 . 0. 030 C 
T 0.358 0.1006 13 0.185 0.02683U0.2348 53 0.0595 0. c0.09511 14 0.182 0.02602 5411/32 0.3438 0.0550 0.00.09281 15 0.1800 0.02545 55 0.0520 0.0R 0.339 0. 09026 16 0.1770 0. 02461 3/64 0. 0473 0.0 
Q 
 0. 332 0. 08657 17 0.1730 0. 02351 56 O.00.0465


1.3281 .08 56 11/64 0.1719 0.02320 57 0.0430 0.0P 0.323 0.08194 18 0.1695 0.022560 58 0.0420 0.00.316 0.07843 19 0.1660 0.02164 59 0.04105/16 0.3125 0.07670 20 0.0 
0.1610 0.02036
N 60 0.0400 0.010.302 0.07163 21 0.1590 0.01986 
 61 0.039
19/64 0.2969 0.06922 22 0. 0 
0.1570 0.01936 62 
 0.038 0.01M 0.295 0.C3835 5/32 0.1563 0.01917 63 0.037 0.0(L 0.29 0.06605 23 0.1540 0. 01863 64 0.036
9/32 0.2813 0.0(0.06213 24 
 0.1520 0. 01815 65 0.035 0. 0C-
 0.281 0.06202 
25 0.1495 0.01755 66J 0.033 0.0(0.277 0.06026 26 
 0.1470 0.01697 67 0.032 0.0I 0. 272 0.05811 27 0. 1440 0.01629 1/32 0.0313 0.0(
H 0.266 0.05557 9/64

17/64 
0.1406 0.01553 68 0.031 0.0O0.2656 0.05542 28 0.1405 0.01549G 69 0.0292 0.000.261 0.05350 29 
 0.1360 0. 01453 0.028 0.00F 0.257 0. 05187 30 

70 
0.1285 0.01296 71E-1/4 0.026 0.0c0.2500 0.04909 
 1/8 0.1250 0.01227 72D 0.025 0.000.246 0.04753 


C 
31 0.1200 0.01131 73 0.024 0.00
0.242 0.04600 32 0.1160 0.01057 74B 0.0225 0.000.238 0.04449 33 
 0.1130 0.0100315/64 0.2344 0.04314 34 

75 0.021 0.00
0. 110 0.00968 76 0.020 0.00
35 0. 1100 0.00950 77 0. 018 0.00

7/64 
 0.1094 0.00940 
 78 0. 016 0.00
0.1065
36 0.00891 1/64 
 0.0156 0. 00'37 
 0.1040 0.00849 79 
 0. 0145 0 u0i38 0. 1015 0.00809 80 0. 0135 0. 00 

39 0.0995 0.00778
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(B)For propane stoves using biogas with 60% methane (underlined in Table 8B),

the orifice area multiplier is 3.27. Multiply the area of the orifice,
 
0.001452 X 3.77 = 0.004748.
 

(C) For butane stoves using biogas with 60% methane (underlined in Table 8C),
 
the orifice area multiplier is 3.71. Multiply the area of the orifice,
 
0.001452, by the multiplier: 0.001452 X 3.71 = 0.005387.
 

(D)0.0030927, 0.004748, 0.005387 are the recommended orifice areas for using

biogas (60% methane) in natural gas, propane, and butane stoves, respectively.


(5) In Table 9, look up the area closet to the areas calculated above (see arrows).

The chart gives the diameter and designation for each of orifice. The desgination

refers to the drill size you should use to enlarge the orifice. Thus for natural
 
gas, propane, and butane stoves, the drill sizes you should use are 1/16", 6/64",
 
and #45 respectively.
 

This outline can be used to estimate jet nozzle orifice enlargement. It's always a good

idea. when using Tables 8 and 9, 
to choose the smaller size when the calculated value is
 
between sizes on the chart. Later on you can always increase the size of the orifice if
 
necessary.
 

Based on the estimated gas production rates in Table 5 and 0.47m 3 biogas per hour needed
 
to operate one 4" burner (Table 7), the number of hours of cooking time per day at each
 
site are:
 

Sanguinetti 7.0 - 13.0 hrs/day
 
Ducketts 13.8 - 26.2 hrs/day
 
Kendal 13.8 - 26.2 hrs/day
 
Roehampton 13.8 - 26.2 hrs/dav
 
Elim (1) 192 - 360 persons/day
 

(1)For Elim, a value of 0.38m3 biogas per person per day (Table 7) was
 
used to calculate the total number of persons that can be cooked for.
 

Lighting with Biogas
 

Biogas lighting is in great demand, especially 4n unelectrified rural areas. The basic,
 
most common type of lamp (see Figure 10), is an incandescent burner over which a cone of
 
material (called a mantle), which will incandesce when heated, is hung. Biogas enters
 
through the gas cock and gas regulator, mixes with air (which enters through the air
 
regulator), expands in the ventury chamber, and is squirted into the mantle, (through the
 
ventury nozzle), where it burns. The heat generated by the burning air/biogas mixture
 
causes 
the mantle (made from fibers soaked in solutions of thorim oxide, cerium oxide,
 
and other compounds) to incandesce, emitting light.
 

The light produced by these lamps is generally of lesser intensity than electric lights.

For example, a well-designed, high pressure gas lamp with a single inverted mantle (the

mantle hangs below the main body of the lamp in Figure 10), will give off the same
as 

amount of light as a 60 watt e'ectric bulb /3/ Gas pressures of 2.75-3.25 inches
 
water gauge are required to run 
this type of-lamp and must be fairly closely monitored.
 
Low gas pressure causes the light to dim and high gas pressure can break the mantles
 
quickly.
 

Commercially available pressure lamps cannot be 
run on biogas although the burner jets

and gas mantle are suitable for use in biogas lamps. Simple biogas lamps can be readily

manufactured using designs from India and China (Figures 10-16). These single mantle
 

http:2.75-3.25
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Figure 11I LE YEGSLAMP
MAIN 6AS LEO
 
GAS COCK 
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* Figurej 
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Figure 13 

Mantle 

BAgr inlet 

"Biogas inlet 



Wooden frame
fixed to ' 

' 'Gas inlet controlled 

-2cm 

Lamp shade, , /, 

JLSmall (D 
Flint Lighter--* plully -

0String to lighter mechanism 

Use of a -lint lig7hter, for irnitin-,...-. bio,-as lamps 
(Hsin Chao People's Commune, Sichuan-Province). 



metal tube glass tube 	 front/cross 

14/16 mrr-	 8/10mmo 

hanger 
.t.n wire 

-D-- glass pipe 
--- / 1/10 mm0, height

/ 	 adjustable, depending 
on gas pressure 

I 

-I 	 ...... string 

I - "----2 holes, 5 mm0 
for hanger 

metal tube 
I A 114/16 mmOif
 

-.... . .... .... - .	 4 holes, 6 m m -,, 
for air-mixture " 

I 23 -, 

-. nozzle= 08mmo - diffuser 
baked clay 

diffuser 

31 .-I--.
-.. 

26 I 	 22 

1 Nos holes -mantle, e.g 

C4I-a-1-mm 
61 I mm 0 

0 / 
lower half (only)of
kerosene pressure 

OD -tamp mantle 

1 61 ___ 152 	 5 6 

25-25_ 	 _- 1714 mm 

61 nos holes a Imm '-3/4'6 plumbing thread, tne some root
stock head con be used for industrial 

meosurements in mm purposes, when fixed in a row on o 
pipe with 3/4'0 inside threads (branch). 

Details for 	construction of a biopas lamp (hanging model)
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Figure 16 -The nozzle (usually of plastic) 
to be inserted here 

Operation of launps 

(a) Single mantle - Air inle about 10 mm long 

and 5 mm --ie The lamp is opened and the clay nozzle fitted 
(sometimes called a "venturi" or "carborundum"). 
The mantle should be opened to form a hollow ball, 
then tied to the venturi. The gas cock and gas re. 
gulator may be opened fully, then the mantle should 
be lit and allowed to burn. Once the mantle is burning of 120 mm inlengIh and 
well, the lamp can be closed. 7 mm internaldiameter 

Detachable reflector made 
of clay about 140 mm in diameter i ' 

.4 holes each about 3 mm-~ 
in diameter for necat e.zape 

Too short 

The lamp should be allowed to heat"up until it 
makes a noise. Then the gas regulator should be 
idjusced so that the mantle is at its brightest. It is 
usuahy unnecessary to adjust the gas again until the 
mantle is changed. 

To turn off the lamp, only the gas cock should 
be closed. 

To rclight th. lamp, first a match should be 
applied close to the mantle, either through the hole 
in the bottom of the glass globe or by opening the 
reflector. Then the gas is turned on. If this sequence 
is reversed, there will be a minor explosion, which 
may break the mantle. The lamp must heat up until 
it makes a noise, after which it will give a good steady 
light, 1: 

Groe o 
1fixing the mantle 

\-About 40 hoies each 

1.5 mm in diameter 

Clay biogas lamp (China) 

Hoe'A' 

Blunt point 
Satisfactory 

Correct shape of needle 

Before a new mantle is fitted, the clay nozzle 
should be removed and the venturi tube thoroughly 
cleaned out of any insects, cobwebs, carbon or dirt. 
A piece of cloth wrapped around a pencil or small 
stick may be used. The glass globe and reflector 
should be washed with soap (or ash) and water, 
whenever necessary, and left to dry completely before 
the lamp is lit; otherwise the glass may crack and the 
.surfacc of the re,5ector ma, 2o dull. 

(b) Double manhl type 

The lamp should be opened and the nozzle screwed 
into place. The gas cock may then be opened and 
the gas lit. The -as regulator should be adjusted 

the l Te s reuao shold be ted 
Until the flame is 65 mm (2.5 in) long from the tip 
of the nozzle to the end of the flame. 
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On- off gas lock-

Gas regulator 

Air regulator 

I Venturi tube (;nsi~e) 

(i) Inside type (ii) Outside type 
Double mantle lamps (India) 

The air regulator should be adjusted to make the
 
flame nonluminous, i.e., bluish. The gas cock should
 
then be closed. The mantle may now be taken out
 
of the box, held by a leg, without Louching the fabric 5:;; .
 
and fitted to the nozzle. The mande can then be lit 
 Dahlcv 
to burn up the coating without turning on the gas. :habla cover 

,70
When li7htin2 the lamp, a match should first be
 

applied close to the mantle, either through the hole
 
assin the bottom of the glass globe or by opening the
 

reflector in the case of outside lamps. Then turn the ft1 
 . ,ss
 
Zas on. If this sequence is reversed, there will be a
 
minor explosion, which may break the mantle.
 

The lamp usually takes a few minutes to heat up
 
and will then give a good steady light.
 

Sometimes a lamp is found to give a better light Air il

with a perforated clay disc fitted inside the nozzle. adIustmnt 
 Air in..t
 
There is no iixed rule and it is a matter of experiment. - Gas nozzle 

Alaintenance of lamps 

The most common reason for properly adjusted Height

lamps not working well is dirt, especially insects' nests, adjustment
 
inside the venturi tube. The method of cleaning this
 
out was described above.
 

The second main reason is a defective needle in 
the gas regulator (this device is not found usually in 
Chinese lamps). This must be long, thin and have - i-as inlet 
a fine point (figure 74). It must come down low 
enough to protrude through the jet and close it off. 

If the needle does not come down low enough, Biogas table lamp (Pakistan) 
then file hole A and make a siot so that it can come 

down far enough. The gas regulator lever fits into 

this hole. 
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lamps consume about O.ll-O.15m 3 biogas per hour. Double mantle lamps (Figure 17), use
 
about twice as much fuel as single mantle lamps.
 

Locally available propane, butane, or natural gas lamps can be operated easily on bioqas.
 
Natural gas lamps will work well with biogas without modification. Propane lamps, designed
 
for air/fuel ratio of about 25, and butane lamps, designed for an air/fuel ratio of about
 
33, have to be adapted. In order to use them with biogas, less air should be mixEd with
 
the gas so that the air/fuel ratio will be less than 9, depending on the design of the
 
burner. /8/
 

To calculate the amount of biogas needed for lighting:
 

(1) Estimate the total number of lamps necessary for the household, the number
 
of hours each lamp will be operated per day, and whether the lamps have single
 
or double mantles. Multi'ly by the gas consumption rate.
 

(2) (A) For example, consider a hypothetical household using a single mantle
 
lamp for 4 hours/day and a double mantle lamp for 3 hours/day.
 
(B)Multiply by the gas consumption rate:
 

--single mantle lamp:
 
0.11-0.15m 3 biogas/hour X 4 hours/day = O.44-O.60m 3/day,
 

--double mantle lamp:
 

0.22-0.3Cm 3 biogas/hour X 3 hours/day = O.66-0.9om 3/day.
 

(C)Total consumption of biogas for lighting: l.l-l.5m 3/day.
 

Refri gerati on
 

Absorption cycle refrigerators (ACR) designed to run on gas or kerosene can easily be con
verted to biogas operation. The only adjustment is to rr-lace the kerosene or gas burner
 
with a biogas burner (see Figure 18). However, the following modifications may be required

/3/: 

-- A piece of metal gauze (preferably non-ferrous) should be put over the 
flame port to prevent the flame lifting off. 

-- The jet size may have to be slightly altered to get the right amount 
of heat (done by trial and error). 

-- The air port may have to be adjusted to get an 
than a long, "lazy" flame. 

"efficient" flame rather 

-- The barrel size should be altered. Th, diameter may have to be in
creased in diameter to rcduce the flame speed and thus avoid flame 
lift off. 

The amount of biogas required to run the refrigerator will vary, depending on its size,
 
room temperature, refrigerator temperature, amount of material in the refrigerator and
 
its condition. For estimating purposes, a figure of 0.6-1.2m 3 biogas per hour per m3
 
refrigerator capacity is normally used. Therefore, a refrigerator of 105 litres (0.105m 3)
 
capacity would require:
 

-- 0.06-0.13m 3 biogas/hour (0.105 1 X 0.6 - 1.2m 3/hour) 
-- 1.5-3.0m3 biogas/day (0.105 1 X 0.6 - 1.2m 3/hour X 24 hrs/day) 

A summary of kerosene, gas, and electric refrigerators tested by the World Health Organiza
tion is included in Appendix 1.
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Figure 18 
7 Nos. holes a 2 mm0 

0.1. pipe 1/2'0 (15/21) 

o 2 Nos oirholes 6rnm 0 

Nj 

/ 
bronze  piece, 
nozzle =|mm 0 

height adjustable 

i 
Ln

' 

m /f--stand, 

IS1x 

M.S. 

3 rmm 

top 

4 -

measurements in mm 

o E3 13.12.78 

A REFRIGERATOR BURNER 
A fridge that runs on the heat of a kerosene flame can be run on cowdung gas with a 

suitable burner. The burner whose design is presented here has given very good results in tests 
conducted in Nepal. With a gas pressure of 8 cm and a consumptiun of 100 ltr/hr, this burner 
has successfully worked a fridge of 12 cft capacity over a test period of eight months. 

It is simple. elegant and inexpensive. To fit it into the space provided, the stand can be 
made t ler or shorter. The nozzle can be slightly adjusted and fixed a little higher or lower, as 
may be found necessary. 

This burner has also run a kerosene incubator (100 egg capacity), and can serve very well 
as a low temperature bunsen burner, or for any other application requiring a small, continuous, 
clean, smokeless flame. 

http:13.12.78
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Electricity Generation
 

1. Introduction 

Biogas is an excellent fuel for use in internal combusiton engines (ICE) because
 
it has a high octane rating, leaves little carbon deposits in the cylinder, and

greatly reduces the amount of "sludge" build-up in the oil, and thus its use allows
 
greater oistances between oil changes. It is important, however, to take a realistic
iook at the practicality of using biogas in engines because the amount of biogas

needed may be substantial, depending on the size of the engine and the number of
 
hours of use.
 

Gasoline ICE's 
(spark ignition engines) can be adapted to run on 100% biogas although

it'scommon to use a little gasoline for starting the engine. 
After the engine has been
 
started on gasoline, the engine is switched over to biogas operation. Biogas high

octane rating (Methane rated at 120 or more, biogas at 100 or more, gasoline at 85-95)

allows it to be used in high compression engines since it very rarely pre-detonates in
 
the cylinder. In theory, the higher the compression ratio the more efficient the
 
engine will be. In practice, about a 15:1 compression ratio is optimum. /13/
 

Carbon dioxide in biogas decreases methane's ability to detonate when it is ignited in
 
the cylinder (hence, biogas has a lower octane rating) as compared to 
pure methane gas.

Carbon dioxide also dilutes the energy content of biogas (biogas-600 BTU/ft3, methane
1000 BTU/ft3). These two things reduce the available power from the engine. 
 Removing

(scrubbing) carton dioxide will 
increase the power available, although for small-scale
 
applications, the 10-20% decrease in power from using biogas may not be critical.
 

Diesel engines (compression ignition engines) 
can be easily adapted to biogas operation,

especially because of the higher compression ratios employed. In a diesel engine, the
 
air alone is compressed. When the piston reaches the right place in the cylinder, diesel
 
fuel is squirted into the cylinder and the heat developed by the compressing of the air
 
ignites the mixture. Therefore, in a diesel engine, the injected fuel should burn as
 
soon as it enters the cylinder. Cetane numbers are a measure of how easily the fuel
 
spontaneously ingites in the cylinder. The higher cetane number fuels make the best
 
diesel fuels.
 

Unfortunately, biogas has a poor cetane number, i.e. it doesn't ignite very fast.
 
Another problem is that in diesel engines, the temperature at the end of the compression

stroke is normally not over 7000C, whereas the ignition temperature of a methane/air

mixture is 8140C. 
 In diesel engines, these problems are solved by injecting a little
 
(10-20,%of the normal amount) diesel fuel just before the end of the compression stroke.
This small amount of diesel fuel ignites the whole biogas/diesel/air mixture. Thus die
sel engines which run on a biogas/diesel fuel mixture are commonly called dual-fuel 
engines. 

2. Engine Parameters
 

When converting an engine to run on biogas, keep in mind that every engine seems 
to
 
behave differently in terms of what is "optimum" for that particular engine. The main
 
factors which change are:
 

a. Compression Ratio - Higher compression ratios, such as are found in dual-fuel
 
engines, increase the power available from biogas fuelled engines. Ratios be
tween 12:1 and 17:1 are best.
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b. 	Timing -
Due to the slow flame speed of methane or biogas, many researchers
 
suggest advancing the timing for most efficient operation. Neyeloff and Gunkel(

found that advancing the timing on their test engine that the engine fired 3Cso 
degrees before top dead center was best. As all 
engines are different, the a
mount of timing advancement for each engine will 
have to be done by trial and er
 

c. 	Fuel/air ratio - As previously discussed, the high octane rating of methane and
 
biogas allows higher compression ratios to be used. The fuel/air ratio seems to
 
depend on the compression ratio and the amount of methane in the biogas.

"perfect" mixtures of methane gas (fuel/air ratio 

For 
- 1 part methane to 10 parts a 

the compression ratio should be lower than for "leaner" mixtures (fuel/air ratio

1 part methane to 15-30 parts air)./8/ In a dual-fuel engine, the leaner mixtur
 
may prove to be better. The correct-fuel/air mixture for a particular engine ca

be found by experiment, 
 Start with a lean mix and enrich the mixture as necessa
 

d. 	Altitude - At higher altitudes, the efficiency of using biogas as a fuel will dr

because of decreased air pressure. Lower air pressure means that less air and b
 
gas will be forced into the cylinder, causing a loss of power. For example, at
 
altitude of 5000 feet, the volumetric efficiency will drop by 16% as compared to
 
sealevel, all else being equal.//
 

e. 	Efficiency - An important factor affecting the efficiency of an engine is its loi
 
While it may appear to use less biogas, a free running engine, i.e. with 
zero 1o.
 
actually uses more biogas per brakehorsepower-hour. Therefore it's important, il
 
terms of engine efficiency, to match the load on the engine to 
it's rated output

nearly as possible. See Table 10 below. Stationary engines can be made more ef
cient by utilizing the waste heat for other tasks. For example, an engine that
 
33% 	efficient produces:
 

Heat Energy Output/8/ 

as work 33%
 
as friction 9%
 
as hot water
 
(in cooling
 
system) 27%
 

as exhaust heat 29%
 
as radiation
 
losses 3%
 

Total 100%
 

TABLE 10
 

percentage of rated load BTU per BHP hour Calories per BHP hour 

100 	 10000 2520 
80 	 10800 2720
 
70 11300 2850 
60 12000 3020 
50 13000 3275 
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Thus, 66% of our energy input is given off as waste heat. 
 But other engines

may not have an efficiency as high as 33%. 20-30% is a more realistic figure.

Hence, with less efficient engines, more waste heat (i.e. total number of BTU's)

is given off which means that the engine will run hotter. Striving for a more
 
efficient biogas powered ICE will mean a cooler running, longer lasting engine.
Waste heat from stationary engines located near the biodigester can be recircula
ted through the slurry or used to heat a water jacket around the digester. This

should not be done, however, if intermittent heating of the slurry causes temper
ature fluctuations in slurry temperature, as this can decrease gas production.
 

Diesel engines, although already a high compression engine, can have their effec
tive compression increased by adding a turbocharger--essentially an air pump which
 
rams 
the fuel/air mixture into the cylinder. This means that you start with a
 
higher air pressure in the cylinder and therefore end up with a corresoonding high
er pressure. A turbocharger diesel engine has increased power output (up to 75%
 
greater) and hence a greater overall efficiency./8/
 

3. Engine Conversion
 

a. Any ICE can easily be converted to run on biogas but the person doing the
 
conversion should always be an experienced mechanic. The parts needed for
 
the conversion should be available locally. The cost will 
greatly depend on
 
the method of conversion. There are dual-fuel engines available that are al
ready adapted to run on 
biogas. Companies which manufacture such dual-fuel
 
engines include Kirloskar Oil Engines (Appendix 2) and Onan (Appendix 3).

Other companies which sell 
gasoline and diesel engines in Jamaica (Appendix 4)

should also be consulted. Their products can be easily adaptable to biogas

operation and they should be able to tell you how best to effect the conversion
 

b. Diesel engine conversion and operation:
 

Biogas should enter the engine between the air cleaner/intake and the engine
 
as 
in Figure 19, but there are several gas inlet devices designed to suit
 
different engine designs. 
 One way is to connect it directly to the inlet pipe

(Figure 20), 
another way is throuah a cross pipe (Figure 21), and a third way

is through a gas venturi (Figure 22). The design you choose will 
depend, to a
 
large extent, on the design of the engine to be adapted.
 

The starting procedure for a dual-fuel diesel is the sane as with an unconvert
ed engine. The engine is started on diesel 
fuel only, with. the biogas choke
 
valve fully closed. After the engine has been running steady on diesel fuel
 
for awhile, the bioqas choke valve is opened very slowly.
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Figure 22
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Because the fuel mixture is now richer due to the biogas entering the cylinder,

the engine will tend to run faster, but the speed governor will automatically
 
compensate by decreasing the diesel oil supply. If the biogas is fed into the
 
engine too suddenly or too much, the engine may start to knock, fail 
to take on
 
load, emit smoke, or even stop altogether. If this happens, the biogas choke
 
should be slowly closed, until the engine is running smoothly. The amount of
 
biogas an engine will consume depends on 
its make and the efficiency of its
 
governor. 
The biogas choke valve should be opened or closed in response to
 
any changes in engine speed or load to ensure smooth running, If the load varies
 
too much or too frequently, the biogas choke valve will require constant atten
tion unless the valve is equipped with an automatic governor. Small fluctuations
 
in engine speed will be compensated by the speed governor by decreasing the
 
diesel oil. Engines run best when gas pressure (usually between 2-4" water
 
gauge) is constant. To stop the engine, close the biogas choke valve first
 
and then the throttle valve.
 

c. Gasoline engine conversion and operation
 

These are not as commonly used as diesel engines, although they can also easily

operate on 100% biogas. The same gas inlet devices used in diesel engines

(Figures 19-22) can be used with gasoline engines. 
 Another possibility is
 
presented in Figure 23 and Appendix 5.
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Figure 23 
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Gasoline engines 
can be started on bioqas but the amount of gas supplied to
 
the engine during starting should be areater than that required during normal

operation. After the engine has started and warmed up, 
the flow of biogas car
 
be reduced a bit until the engine is running smoothly. It is, however, often
 
easier to start the engine on gasoline and then switch over slowly to biogas.

Gasoline engines tend to 
run hotter on biogas so it is important to make sure
 
that the colling system is functioning properly and the engine has proper ven
tilation.
 

d. Biogas consumption
 

Engines require about 0.45-0.54m3 biogas ner hour per brake horsepower. Table
 
11 below shows gas consumption rates for small engines.
 

TABLE 11
 

Biogas Consumption/Power Output Number of gas
 
Equivalent number of 
 lamps operatii


60W electric lights per Biogas consumpt on on this amoun

Horsepower Kilowatt 
 hour (m3/hour) 'M biogas Der ho
 

0.67 0.5 
 8 0.34 2.3
 
1.34 1.0 17 
 0.67 4.5
 
2.01 1.5 
 25 1.05 7.0

2.68 2.0 33 
 1.34 8.9
 
3.35 2.5 
 42 1.68 11.2
 
4.02 3.0 50 
 2.01 13.4

4.69 3.5 
 58 2.35 15.7
 
5.36 4.0 67 
 2.68 17.9
 
6.03 4.5 
 75 3.02 20.1
 
6.70 5.0 83 
 3.35 22.3
 

(l1 Biogas consumption assumed to be 0.50m3/BHP/hr

Gas lamp consumption assumed to be 0.15m3/hr (single mantle).
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From Table 11, you can see that generating electricity is a more
 
efficient use of biogas than using gas lights. For example, one
 
Kilowatt-hour of electricity will operate 17 lights, each 60 watt, for
 
an hour. The same amount of biogas would run only 4.5 single mantle
 
(rated at the equivalent of 60W) gas lights per hour. For the user,
 
electric light fixtures are also cheaper and easier to maintain than
 
gas lamps. The disadvantage to generating electricity is the high

capital cost of purchasing the engine, generator, and electric wiring,
 
which can be especially expensive if the generator is not located close
 
to the house. Small (less than 7.5KW), asynchronous generators are
 
recommended for coupling with biogas engines because of their simple
 
structure operation and ease of maintenance.
 

The biogas produced at Porus and Point Hill is slated to be used for
 
electricity generation. At Porus, the gas production was estimated to
 
be about 3.3-6.1m 3/day and at Point Hill, 6.9-13.0 (Table 5 -- Note:
 
values multiplied by 1.5 accounting for the time to load and unload
 
the batch unit). Using the gas consumption figures from Table 11, Porus
 
has enough biogas to produce 4.93-9.10 Kilowatt-hours per day. Point
 
Hill could produce 10.3-19.4 KWh per day. if you assume that biogas will
 
also be used for cooking at each site, that 0.38m3 biogas is consumed
 
per person per day for cooking (Table 7), and each household cooks for
 
7 people each day, then Porus and Point Hill would consume 2.66m 3 biogas
 
per day for cooking. The remaining biogas could produce 0.96-5.13 KWh
 
per day at Porus and 6.3-15.4 KWh per day at Point Hill. Without knowing

the exact rate of gas production it's impossible to specify the expected
 
outputs more precisely.
 

One potential problem to keep in mind is the amount of biogas needed to
 
run the engine. While the daily gas production may indicate that enough
 
gas will be ava lable to run the engine for a certain number of hours,
 
all that gas must be available durina a short amount of time. The gas

holder must be able to store this amount. For example, at Porus totai
 
gas production is estimated at 3.3-6.1m 3/day. A two kilowatt engine
 
generator will use all that gas in 2.5-4.6 hours (Table 11). How big a
 
gas holder would you need? The biodigester produces between O.la and
 
0.25m3 per hour (3.3-6.lm 3 divided by 24). In 2.5-4.6 hours it will
 
produce 0.35-1.15m 3 wiogas (0.14-0.25 X 2.5-4.6). Therefore the gas

holder will need to have a minimum capacity of (3.3-6.1m3/day) minus
 
(0.35-I.15m3) equals 2.15-5.75m37 Arid it's always a wise idea to make
 
your gas holder capacity a bit larger. The miniiiuum gas holder capacity

needed at Point Hill, using a 2.0 KW generator for 5.15-9.70 hours/day,

would be 1.7-11.5m3. This is quite a range because the storage size
 
depends on daily gas production, size of engine and amount of time the
 
generator is being used.
 

If the generator is not being used to its full capcity, the amount of
 
biogas consumed will be less. For example, a 4.0 KW generator runninq
 
for 3 hours would consume 4.0 KW X 0.67m3/KW/hour X 3 hours or 8.04m 3
 
of biogas. If only 3 KW is being used, then the fuel required would be
 
only 8.04m 3 X 3/5 or 4.82m3. Below 50% of the rated power nutput of the
 
generator there will not be any further siqnificant savings. This rule
 
holds true for all ICEs no matter what fuel is bieng used.
 

http:5.15-9.70
http:0.14-0.25
http:0.96-5.13
http:4.93-9.10
http:3.3-6.1m
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IV. Gas Connections and Distribution 

1. Gas pressure in gas holder
 

Normally a pressure of 3-3.5" water gauge (75-90mm) is sufficient to force the
 
gas through the gas pipe and out of the gas applicance. The pressure is provided
 
by the weight of the gas holder or, in Chinese type digesters, by the digester it
self (gas pressure in Chinese digesters normally vary up to 40" water gauge, so
 
few problems are experienced with inadequate gas pressure). If a gas holder is
 
too light, weights may have to be added to it to achieve the desired pressure. Ta
 
calculate the pressure exerted by a particular gas holder, the weight of the gas
 
holder must be known. Since it is difficult to weigh it, the weight can be accura
 
ly estimated by listing all the materials used to make it and refering to standard
 
engineering handbooks for the weight per unit area or length. Once you know the
 
weight, the gas pressure can be easily calculated as follows:
 

-- For this example, assume a gas holder of radius 1.0 meter and a weight of 200kg 
--resur =weight IkK 

area = kg/cm 2
 

=200k 
-i .0cm)2 

= 0.0064kg/cm 2 

-- 1 kg/cm 2 = 10,000 mm water gauge 

-- 0.0064 kg/c,12 = 64 mm water gauge 

This pressure is a bit too low, 85 mm would be more sa isfactory. Therefore, weig
 
must be added to the gas holder equal to 85 - 64 or 21mm water gauge.
 

Pressure = weiqht 
area
 

Therefore, weight = Pressure X Area
 
21mm X fT'(lOOcm)2
 

=10000
 

= 66kg
 

If weights totalling 66kg are added to the gas holder, then the gas pressure will
 
85mm water gauge.
 

2. Gas pipes, water traps, gas valves
 

Since biogas contains water vapor, care must be taken to drain water that condense,
 
on the inside of the gas distribution pipe. A water condensate trap works well f
 
this purpose. To help the water drain, it's generally recommended that gas pipes
 
slope gently--about a 1:100 slope (i.e. one foot rise per 100 feet pip? length) is
 
best. The water trap should be located at the lowest point in the Tihe and care
 
taken that the pipe is flat. If the pipe is not flat, water will collect at each
 
small depression in the line and could interrupt the flow of gas.
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a. Type of pipe
 

(i) Plastic pipe. This should be buried underground. Otherwise, rodents may 
eat through it or it could be cut accidentally. Ultravio,,t radiation from
 
the seam can also degrade the plastic and shorten its life span. The plastic
 
pipe should be flat so that water doesn't collect at depression points.
 

(ii) Galvanized pipe. This is commonly used although its price may be somewhat
 
more than plastic pipe, dependino on local conditions. Galvanized pipe can 
rust easily, especially in acidic soils. Several coats of paint or tar will 
solve this problem. Special care should be taken with the joints connecting 
two pieces of pipe--a good jointing compound should be used to seal the joint
 
properly.
 

(iii) 	 Copper tubing. This is by far the most expensive type of pipe. It is not
 
recommended because of its high cost, although, if available, it holds up
 
very well.
 

(iv) Flexible pipe joining gas holder to main gas line. This can be a trouble
some spot where leaks often occur. If available, 5 ply rubber hose should
 
be used. Black plastir water pioe, commonly available in many places, tends
 
to crack easily (due to the sun's radiation) and may be difficult to join to 
a metal gas line. Clear plastic tubina tends to blacken, become brittle, 
and crack. In general, if you use olastic pipe in tropical areas, expect 
to replace this flexible pipe about once per year. Figure 24 shows an ex
ample of how the flexible pipe c;;n he cnnnected to the gas holder. 

Rubber hose 	 pip Galvanized iron pipe (G.I.)-~-_~ 

Figure 	24
 

To .Kitchen 	 -

Woer remvl...

b. Water traps
 

There are many types of traps available. The type now being used in the OLADE
 
program in the gas line connectinq the digester with the qas holder are one qood
 
type. Other types of water condensate drains are shown in Figures 25-28.
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Figure 25
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The water drain in Figure 25 is the most expensive type of those shown.
 
Itworks best with underground gas lines, and requires about 1.4 litres
 
of water to form a water seal in the bottom "U". The dipper is used to
 
remove excess water. Since there is a water seal, the dipper pipe cover
 
does not have to be tightly sealed.
 

The "T" shaped water trap in Figure 26 works well with above ground gas

pipes or ones that are near ground level. Often a hole will have to be
dug to accommodate the "T" drain. In areas of high rainfall, water and/ 
or earth may fill up this hole. Therefore, it has to be cleaned out
 
periodically.
 

The "" 
shaped drain in Figure 27 is simple and works well. In dry areas,

however, water in the drain may evaporate, causing gas leakage. Heavy rains
can 
cause water to enter the open drain tube, especially if it is placed

in an underground hole. This entering water can cause the water level 
to
 
rise up into the gas line and block the flow of the gas.
 

The bottle drain in Figure 28 is self-operating and requires only occasional
 
attention. Since it is set in a hole in the ground, it 
can overfill during

heavy rains and block gas flow. 
 In hot, dry areas excessive evaporation of
 
the water in the br' c can cause gas leakage.
 

If the problems .iated with each design are kept in mind, each of the
 
condensate water .ins will give trouble-free service.
 

c. Gas valves
 

The main gas valve should be located as near to the gas holder as possible.

In fact, in cases where a flexible gas tube is connected to the gas holder,

the main gas valve is usually joined to the gas holder directly (see Figure

24). 
 Placing a gas valve so near to the gas holde '(or digester in Chinese

designs) is essentially a safety feature. If work is being done on the gas

line, a gas valve near the digester will allow the gas to be easily turned
 
off.
 

Ordinary water valves with plastic or leather washers should not be used as 
gas valves as there is normally insufficient gas pressure to operate them.

Full way water valves can normally be used to shut off gas flow. Quarter
 
turn gas valves, often cheaper than water valves, work very well. They

should, however, be equipped with a spring to compensate for any wear exper
ienced as the gas valve ages. Gas valves are often equipped with a nut that
 
can be adjusted to take up this slack but this must be done manually, whereas
 
a spring adjusts the valve automatically. If the gas valve is made of brass,

be sure that it doesn't contain any lead--hydrogen sulphide in the gas will
 
attack the lead and destroy the valve. Figure 29 shows three types of suit
able gas valves for use in biogas distribution pipes. Figure 30 shows 4
 
possible configurations for placement of gas valves and water traps in gas
 
lines of varying lengths.
 



-44-


Figure 29
 

i)Full way valve ii)Main gas tap iii) Gas cock to suit rubber tube
 

3. Flame arresters 

A flame arrester is a safety device which should be incorporated into every
 
gas line. It is commonly paced near the digester just after the main gas valve
 
or just before a gas appliance (light, stove, or refrigerator). It's safest
 
to have one in both places. The purpose for a flame arrester is to prevent

the flame from running back through the gas pipe to the gas holder and causing

an explosion in case of an accidental back fire. Figure 31 shows two possible
 
types.
 

Figure 31
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Figure 30
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The flame arrester is basically a ball (?f fine copper mesh (iron will
 
work but it rusts too easily and is not recommended) inserted into a
 
gas pipe. Since it forms an obstruction ot gas flow, it should be placed
 
in a slightly larger pipe. For example, for a " (13mm) main gas pipe
 
use a 3/4" (19mm) flame arrester; for a 1" (25mm) gas pipe use a 11"
 

(32mm) flame arrester; for a 1 " (38mm) gas pipe usea 1 3/4" (44mm) flame 
arrester. 

4. Manometers and safety valves
 

With digesters havinq floating gas holders, it's very easy to see what the
 
approximate gas pressure is. If the gas holder is low, gas pressure is
 
low and if the gas holder has risen up, so has the gas holder. In fact,
 
if the gas pressure increases too much, the gas holder will rise high
 
enough to allow gas to escape around the sides of the gas holder. Mano
meters are, therefore, not necessary.
 

Fixed dome digesters are more difficult to gauge. Since fixed dome digest
 
generate a higher pressure than ones with floating gas holders (fixed dome
 
pressures up to about 40" water gauge; 3-5" water gauge with floating gas
 
holders), the gas pressure should be monitored carefully to prevent it fro
 
building up too high. A simple "U" tube manometer filled with colored wat
 
works well (Figure 32).
 

If the gas pressure increases too high, the water in the manometer Vll be
 
forced into Bottle "B". The outlet tube in the bottle is placed so that a
 
the water can enter the bottle but not spill out. When the gas pressure i
 
too high and all the water is in the bottle, the gas will bubble through t
 
water and escape out the outlet tube. As pressure decreases, the water wi
 
flow back into the manometer.
 

Figure 32 
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5. Gas pipe size selection
 

The size of the gas pipe needed to pipe gas to the point of usage depends
 
on several factors: rate of gas flow, length of the pipe, and the allow
able pressure drop. Since the gas pressure drop (due to frictional losses
 
in thr pipe) increases as the diameter of the pipe decreases, using a gas

pipe that's too small will cause the gas pressure at the end of the pipe
 
to decrease your costs. Therefore, the correct size of gas pipe required
 
should be carefully calculated &s follows:
 

(1) Estimate maximum gas demand. For example, a house has:
 

1 oven consuming .89m 3/hour = O.89m 3/hr. (Qg. 12) 

4 burners consuming .33m 3/hr = 1.32m 3/hr. 

2.21m 3/fr.
 

(2) Measure the length of the gas pipe needed, i.e. the distance between
 
the gas holder and the gas appliance. For example, assume 15 meters.
 

(3) Refer to Figure 32 for determining pipe size. The point marked X on
 
the figure corresponds to this example-- 3/4" pipe (inside diameter)
 
is required.
 

Determining pipe diameter
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3/4" pipe need not be used the whole length of the pipe. It should be use,
 
to the point where the oven and burners are located. For branches leading

to individual burners or other applicances " pipe can be used. All of the 
OLADE digesters, with the exception of the ELIM digesters, can use 3/4" pil 

The situation at ELIM is a bit different because the biogas digesters are
 
located about 1200 feet from where the gas will be used. Poles' formula i!
 
used to calculate the size of pipe necessary:
 

Q = 1350 	 hd5 

sL where: Q = quantity of gas needed in cubic feet,
d = diameter of the pipe in inches 
h = pressure drop in inches of water 
L = length of the pipe in yards 
s = specific gravity of biogas 

Assumptions--pressure in the fixed dome to be 20 inches of water
 

--	 A minimum of 4" water pressure needed to operate stoves (actually 
3--3.5" water pressure is satisfactory but 4" used as a conservativ 
estimate). Thus, the pressure drop is assumed to be 20-4 = 16" of 
water. 

--	 To calculate the specific gravity of the biogas, a 60% methane, 
35% carbon dioxide mixture was assumed. Specific gravity is equal 
to (%C02) (0.015) X (,/CH 4 ) (0.005). 

--	 Eight 6" burners were assumed to be used per hour or 180ft 3/hour. 
(from Table 7) 

Therefore,
 

OJ( 16 d
 
Q = 135 (-84) (1200/3)
 

180 = 1350 .04762 (d5) 

180 = 1350 (.2182) d 

d5 	= (180)2 

(294.57)2
 

d5 	 = 0.3734 

d 	= 0.8212 inches
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I" diameter pipe should be used, to be on the safe side, as fluctuations in gas
 
pressure or gas utilization may occur.
 

Effluent Utilization
 

The effluent from a biodigester can be even more valuable, in an agricultural area, than
 
the biogas itself. In any successful biogas project the total integrated system should
 
be considered carefully and planned accordingly. Riopas effluent makes an excellent
 
fertilizer and one that can vastly improve agricultural output.
 

A. Effluent as fertilizer
 

Many people seem to believe that a biodigester will produce more fertilizer nutrients
 
than the manure originally contained. This is a misconception. Some of the manure
 
fed into the digester will be degraded by bacteria to form biogas and water. However,

the effluent will be a more effective fertilizer than raw manure (Table 12), if the 
manure is not immediately used.
 

TABLE 12
 

The amount of nitrogen in cow dung
 

,itrngen 
et~ecivenes,

Field praetice Index 
(per rent) 

Dung sprcad and ploughed in irnmcdlatcl)' . . . 100 

Dung piled for 2 days bcfore sp:'ading and ploughing 80 

Dung piled for H"(lays before spreading and ploughing 55 

Dung piled for 30 days hefore bprcadin,- and ploughing 50 

Effluenr fror gas :Want intriduccd imme atcly intu 
irrigation wfatcr .. . . . ....... 100 

Dricd bingas plant effluent spread and ploughed . 85 

This is because the nitrogen contained in biogas effluent is in a readily accessible
 
form for plants to use. Effluent contains nitrogen in the form of soluble ammonium
 
compounds (and organic nitrogen too) that is more able to bind to clay and humn
 
particles and thus less apt to leach away. Biogas effluent, in general, makes a
 
better fertilizer than aerobically composted organic wastes, which contains primarily
 
oxidized forms of nitrogen--nitrates, nitrites. And in compcsting, more total nitrogen
 
is lost before it can be spread on the fields.
 

Like compost, biogas effluent adds humus, supports microbiological activity in the soil,
 
and increases the soils porosity and water holding properties, all of which add up to
 
increased crop production. Recent information from China (Institute of Soil and Fert
ilizer, 1980) indicates that crops yields can be increased by using effluent for
 
fertilizer (as compared to using sludge from an aerobic lagoon) by about:
 

Rice 6.5%
 
Maize 8.9%
 
Wheat 15.2% 
Cotton 15.7%
 
Rape seed 10.6%
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Unl'ike chemical fertilizers, which need to be applied annually, biogas effluent is

effective over a 	period of three years /3/, 
 as some of the available nitrogen

ii) the effluent is released slowly to tT-e soil. 

Some soils respond better to effluent than others. The rate of application of effl
 
ent on a certain 	field will depend on type.
its soil Open, porus soils--sandy or

loamy--will generally respond better than silt or clay soils to effluent. 
The use

of effluent encourages the growth of soil bacteria, which benefit the soil in many

ways. However, if the soil 
becomes saturated or "clogged" by excessive application

of effluent, slime organisms can begin to grow. Movement of water through the soil

is reduced and carbon dioxide released by decomposing materials in the soil and the
 
roots cannot escape the soil environment. Carbon dioxide (inthe form of carboi
 
acid) causes the soil to become acidic.
 

Two ways to prevent or control 
soil clogging, which is a particular problem in silt

clay soils, are by testing the soil 
pH and by plowing. If the soil pH increases,

then the rate of effluent application should be decreased. Plowing breaks up the
 
soil and will in general allow greater quantities of effluent to be applied. The

real 
secret to using effluent as a fertilizer is to keep the soil open, so that car[

dioxide can be released and oxygen can enter the soil.
 

Effluent can be applied as a fertilizer in the following ways:
 

-- Liquid form. 	This can be taken in buckets and put on vegetable gardens, fruit
 
trees, or cereal crops. It is a good idea, when introducing this
 
in a new area, to use a portion of a plot or field as a control,
 
i.e. do not add effluent to one section. The difference in yield

from the two sections should be easily noticeable.
 

-- Diluted form. 	Effluent can 2 mixed with irrigation water and transnorted to
 
the fields. Take care not to overfertilize one field and under
fertilize another.
 

-- Composted. 	 Since slurry makes such a good composting material, this is a 
commonly used method. Bacteria in the slurry help break down 
other organic matter in the compost pile. 

B. Other effluent uses
 

Much has been written about "totally integrated systems" in which the effluent is

used to feed algae and fish ponds. The food produced by these is used to feed human
 
and animals. The waste products from the humans and animals can 
be digested to form

biogas and the cycle repeatd. The problem is that this integrated system is not eas
 
It requires a fair amount of technical expertise in many disciplines, careful coor
dination of all 
parts, and a fair amount of capital for it to succeed. If any part

of the system fails, the scheme will not be successful. Thus, although an integrate

system sounds attractive, it 4s not a feasible scheme for the average villager.

Various components of this system are feasible, however, but the elements chosen wil
 
depend on locally available expertise.
 

-- Algae production: This is difficult; it needs good technical 
knowledge, very
 
careful control and substantial capital. The algae produced
 
can be used as a pig feed supplement. Specialized advice
 
should be obtained before attempting to produce algae on a
 
big scale.
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--Animal feed: 
 Slurry dried and processed to free it from parasites and patrogens.
 
Used to replace a proportion of standard feed for pigs. Needs
 
capital and control. Probably only suitable for big installations.
 

--Fish ponds: Easy, no processing, small capital required. 
Control simple. Only

requires 
a small amount of slurry. Advice can be obtained from
 
national fishery departments. (Nitrogen in the slurry encourages

algae to grow. This in turn absorbs oxygen from the atmosphere.
 
Oxygen is essential for the fish.) /3/
 

Specific information on how to establish any of the above technologies in conjunction

with a biodigester are contained in Appendix 6-8.
 

C. Public health hazards
 

There is much concern about the heavy metal 
content and disease carrying organisms
 
-n the effluent. In a village situation, heavy metal concentration in the effluent

is not a problem, unless industrial wastes are 
being used. The spread of disease,
 
e.q. water-borne diseases, should be carefully looked at. 
 This especially holds true
 
if human waste is being added to the biodigester.
 

It's impossible to give exact figures concerning the effectiveness of anaerobic
 
fermentation in reducing the number of disease-carrying organisms (DCO) .nthe effluent
 
since it depends on several factors:
 

--Input material: the type and number of DCOs in the waste material added.
 

Temperature: higher temperatures will kill more of the DCOs.
 

--Retention time: longer retention time kill more of the DCOs.
 

See Appendix 9 for further information on the effectivcess of anaerobic fermentation
 
as a waste treatment process. It's certainly true that effluent contains far fewer
 
DCOs than the input materials. One good way to further decrease the number of DCOs

is to 
compost the effluent before applying it. This may not be practical if the
 
effluent is used in 
a diluted form, carried in channels to the fields.
 

Gas production is but one part of an 
integrated anaerobic fermentation system. Efflu
ent utilization, as fertilizer, animal 
feed, or in fish ponds, should be an integral

component of any biogas scheme. 
 The spreading of disease carrying organisms should
 
not be overlooked. 
The entire biogas system requires daily attention and maintenance.
 
The extent to which the various facets of the system--slurry loading and unloading,
 
gas monitoring and usage, effluent utilization--are incorporated into the daily life
 
of the farmer will 
determine the ultimate success or failure of the integrated system.
 

The Jamaican Biogas Program
 

The OLADE funded biogas project has afforded the ED/MME the opportunity of evaluating the
 
feasibility of biogas production in Jamaica. 
Various designs are being tested, biogas production in different climatic regions is being explored, cost estimates are being prepared,

and the technical and construction problems are being worked out. 
 The OLADE program will

enable Jamaica to be technically capable of building biodigesters. Three other important

questions remain to be evaluated--the economic viability, the social/cultural contraints,

and how best to disseminate biogas technology.
 

For biogas technology to significantly spread throughout Jamaica it must be economical.
 
Wealthier farmers will 
be able t(, afford a large capital investment and a long payback
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period but the smaller farmer will not. An analysis of the constructions costs to buil,
 
a digester, the cost of fuels (kerosene, butane, propane, diesel, etc.) the biogas reple
 
the availability of loans and current interest rates, and an estimate of the projected r
 
back period is needed. When bioaas is proven to he economical, it stands a better chan(

of being implemented on a large scale.
 

Social/cultural considerations are just as important as proving the technical feasibili
 
of constructing biodigesters. The lifestyle of Jamaican farmers interested in implement

biogas projects, in terms of their cooking habits, farming patterns, and their feelings
 
about handling waste products should be explored. Integrating biogas technology into
 
their daily routine is essential if biogas technology is -'.o be promoted.
 

Now that the OLADE digesters are almostcomoleted the question of how to proceed from 9
 
biodigesters to several thousand throughout Jamaica remains. Many countries have tried
 
unsuccessfully to introduce biodigesters; China alone stands out as an excellent example
 
of a country where biodigesters are popularly supported. There are several reasons for
 
this:
 

-- There is a strong committment by the Chinese government to disseminating biogas techn 
logy.
 

-- Some of the materials used to construct biodigesters are subsidized by the government
decreasing construction costs and the payback period. 

-- There exists an organized framework for teaching people how to construct the biodiges 
themselves, thereby reducing labor costs. 

-- Follow-up support by "district biogas officers" provides technical assistance when pr 
blerns arise. 

These elements are necessary if biogas technology is to be introduced on a wide scale.
 
Follow-up support and community education are crucial. Farmers tend not to truely under
 
stand anaerobic fermentation. As soon as a problem occurs--a leak, stoppage of gas pro
duction-.-the farmer often has little idea how to solve the problem. The biodigester may
 
sit for months before he figures out the solution. Or he may never be able to remedy th 
situation. In effect, i useless piece of equipment is created--a waste of time and mone 

Community development units, proposed as part of the new MME/USAID energy program, may
 
provide a possible solution. Extension workers could train interested tradesmen and
 
farmers how to construct, operate, and maintain biodigesters. They could also provide

follow-up technical support to solve problems as they arise, especially if they have acc
 
to the expertise of the major biogas research organizations in Jamaica. Other local bio
 
experts, such as Leon Cushnie, could be called upon to provide technical assistance. Mr
 
Cushnie is especially knowledgeable in adapting gas applicances--stoves, refrigerators,
 
water heaters, and engines--to run on biogas.
 

Biodigester technology is certainly a good possibility for Jamaica. The OLADE program i
 
proving that. The challenge that now presents itself is how to take the next step--dis
semination of biodigesters throughout Jamaica. Careful study of economic constraints,
 
social/cultural factors, planning of a biogas dissemination program, and development of
 
an integrated biogas system (including utilization of the effluent) should be carried ou
 
With these problems properly addressed and linkages established with the major biogas re
 
search organizations, biogas production can play a role in the reduction of oil imports
 
and the conservation of forestry products.
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WORLD HEALTH ORGANIZATION A -0",1 EPI/CCIS/79.5 

ORGANISATION MONDIALE DE LA SANTt ORIGINAL: ENGLISH 

SUMMARY OF VACCINE REFRIGERATOR TESTING:
 

CONSUMERS' ASSOCIATION: UNITED KINGDOM
 

Expanded Programme on Immunization
 

Tests are complete on nine types of refrigerator for the storage of vaccines. Table I
summarizes the results. Performance tests were carried out at 
continuous external temperatureE

of +32 Cand+43 C and a "daytime-night-time" cycle.of +43 C/+15°C. 
 The refrigerators were
 
loaded with vaccines and icepacks as shown in Figure 1.
 

Illustrations of the samples and addresses of the manufacturers appear in Annex 1.
 

General Observarions:
 

Two types of refrigerator (samples 4 and 9) are suitable for storiA-g vaccine at central or

regional stores but only one refrigerator (sample 1) has a satisfactory performance and suitable

icemaking facilities for use in district stores. 
 Kerosene refrigerators do not have thermo
stats to control the internal temperature. Their performance is therefore highly dependant
 
on fine adjustment of the wick and availability of high grade, clean fuel.
 

Bottled gas powered refrigerators have a thermostatic flame control which provides partial

control of the 
internal temperature and the burner is nearly maintenance free. For this
 
reason, gas powered refrigeration is strongly recommended over kerosene if electricity is not
 
available.
 

Extensive modification experiments were conducted to discover whether adaptations to some

of these refrigerators could satisfactorily improve their performance. 
 This experimental work

is discussed in another EPI document, but sample 9 is a new product designed on the basis of
 
test results from this work.
 

1. Absorption Type Refrigerators:
 

Samples: I Electrolux, RAK 100 (kerosene) 

2 Electrolux, RAK 66 (kerosene) 

3 Electrolux, RAK 36 (kerosene) 

4 Electrolux, RC 65 (gas or kerosene) 

7 Sibir, Tropic (electricity) 

lContract references Z9,-/V and EL/At 10.79
 

The issue of this document does not constitute Ce document ne constitue pas une publication.
formal publication. It should not be reviewed, ii ne doit faire I'objet d'aucun compte rendu ou
abstracted or quoted without the agreement of resume ni d'aucune citation sans l'autorisation de
the World Health Organization. Authors alone I'Organisation Mondiale de la antd. Les opinions 
are responsible for views expressed in signed exprimdes dans les articles signds n'engagent
articles. que leurs auteurs. A 
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Figure 1: Refrigerator loia_
 

The Electrolux RC 65, is capable of maintaining vaccine storage temperatures at a
 

continuous external temperature of +43 C and, when operating on gas it can control the internal
 

temperature effectively even when daytime and night-time temperatures vary between 430C and 150C
 

The vaccine load also remains cool for 40 hours after power failure. This is the highest
 

performance recorded among this group of samples, yet the RC 65 would use about 75 litres of
 

kerosene or 45 kgs of L? Cas per month. This high fuel consumption, the high vaccine storage
 

capacity and the lack of an icemaking compartment suggests that the RC 65 should be used at
 

stores, operating where possible on LP Gas. The LP Gas version has a thermostatic flame
 

control device which makes it easier to control at refrigerator temperatures than the kerosene
 

version. The RC 65 can be run as a refrigerator or as a freezer by adjusting the flame height.
 

In the regional store therefore one may be run at -180C containing live vaccine or icepacks,
 

while a second may be run as a refrigerator.
 

The Electrolux RAK 100 maintains vaccine storage temperatures during daytime night-time
 

fluctuations in temperature from +43°C to +15°C, and during continuous outside temperatures of
 

320 C. The RAK 100 cannot, however, be used for vaccine storage in a continuous external
 

temperature of +43°C and it is calculated that +350C would be the maximum external temperature
 

in which it would continue to operate effectively for vaccine storage.
 

The Sibir Tropic had excellent performance under all tests when empty but, because of
 

certain design characteristics, the internal temperature differences when loaded with vaccine
 

are excessive, and the refrigerator cannot be recommended for vaccine storage in tropical
 

conditions. It is calculated that the Tropic could be used for vaccine storage at
 

temperatures below +27 0C.
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The Electrolux RAK 66 and RAK 36 can maintain vaccine storage temperatures of 320C and

it is calculated that 357C would be the maximum temperature in which it could be effectively
 
used.
 

All the 
tests were carried out with clean, high grade kerosene and the results could not

be repeated with low grade or polluted fuel which is frequently supplied in rural areas of
 
EPI countries.
 

2. Electric Compression Type Refrigerators:
 

Samples: 5 Expo Machinery, Tropicana 113
 

6 Merloni, Ariston TDF 280
 

8 Gelomatic, Medinic
 

9 Electrolux, TC 1150 (modified)
 

The Electrolux TC 1150 with ice-lining has the highest performance of this group of
refrigerators and is suitable for vaccine storage in external temperatures of 43 C, and with
 
a daytime night-time range of +43 C to +15°C. 
 The TC 1150 is economical to operate and has
 
40 hours of safe vaccine storage after power failure and is, therefore, a good choice for
vaccine storage at regional level where electricity may vary in voltage, or may be interrupted

each day for periods of up to 16 hours. 
 A separate freezer would be required for storage of

'Livevaccines at -20 
C and for freezing quantities of icepacks. A dial thermometer is

supplied with this refrigerator and tests have confirmed that it is accurate 
to +1.80C. The
 
equivalent_txpe now available fromElectrolux is TCW-lI50.
 

The Gelomatic, Medinic has satisfactory internal temperature control at +320C and during

daytime night-time variations of +43 C to +15°C but has 
a very short period of safe vaccine
 
storage after power failure. The small vaccine capacity suggests that its main use would be

in district centres. However, it has no icemaking facilities which are normally required for

vaccine carriers used at district centres. The thermometer was tested and is accurate to
 
within + 1.50C.
 

The Expo Machinery, Tropicana 113 has certain design characteristics which result in a

wide difference of internal temperatures which suggest that it is not suitable for vaccine
 
storage. However, 
if ony the top four shelves of the refrigerator are used for vaccine, it
 
has acceptable performance at +32 C and +43°C.
 

The Merloni Ariston TDF 280 is not suitable for vaccine storage in tropical climates due
 
to 
the wide temperature distribution in the refrigerator compartment.
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K E Y 

Column Title Notes 

I 

2 

3 

4 

Fuel source 

Litres usable vaccine 
capacity 

Front, top opening/ 
No. of doors 

MX/MIN internal 
temperature 0C 

K = Kerosene G = bottled gasE = 220 volts AC electricity supply 
E = 110 volts AC 60 cycle electricity supply 
Net volume in litres available inside refrigerator for 
vaccine or icepacks used for temperature control 
Front door or top lid with or without separate access 
to a freezing compartment 

Lowest and highest internal temperature of the vaccine 
load - therwostat set at its maximum position and 
stabilized in an ambient temperature of 320C 

Hours to rise to +10 C The measured rate of temperature rise from minimum
internal temperature to +100C - so "0" hours if the 
minimum internal temperature is already above 100C. 
Test at +320C 

7 

Icemaking, kgs per
24 hours 

Fuel or power consumed 
in 24 hours 

Weight of ice made at +32 C ambient in icepacks.ND Not determined during the current series of tests 
KWh Kilowatthours per 24 hours 
KG = Kilograms LP Gas per 24 hours 

8 

9 

MAX/MIN internal 
temperature °C 

MAX/MIN internal 
temperature 0C 

L Litres kerosene per 24 hours 
Maximum temperature reached after 12 hours at +430C,
and minimum temperature reached after 12 hours at +15°C 
with constant, full vaccine load and thermostat at the 
maximum setting, during four 24 hour cycles 
Lowest and the highest internal temperatures of the 
vacc!ine load - thermostat set at its maximum position and 
stabilized in an ambient temperature of 430C 

10 

11 

Hours to rise to +10 C 

Fuel or power consumed 
in 24 hours 

The measured rate of temperature rise as noted in "5",
but in an external ambient temperature of 430C 
Power consumption as noted in "7", but in an external 
ambient temperature of 430C 

12 Litres gross internal 

volume 

Measured gross internal volume of refrigerator 

13 

14 

Litres icemaking compart-

mentThermometer supplied 

Measured gross internal volume of freezing compartment 

Dial type or stem type thermometcr supplied with 

15 Lock fitted 
refrigerator 

Integral lock and key supplied 



0 	 43°C/150C
 0
32C AMBIENT 	 AMBIENT 43 C AMBIENT
 

0 0 

o to 	 o° 	 on o
.0 	 oi 
0 1, 

s.. 
. ... 0 41. 4 0 0o01..
0 0-t00. ~ 	 $1 0 0 30 .4 00 

- ~ 	 Q0e

(0 O r0 	 0 0 0 0. 4E r .F 0 r O .70 0 1 7 0 r8 	 10 

.4 --. 	 -4 o. 0 

Maike/Model /Type 1 2 3 4 	 65 	 7 8 9 10 11 12 13 14 15 

RA.,22 	 FI +6 
 0 O~ -I. .151- +18+1 O2O. L 57
 
RAK 100 K 105 F/2 +7/o 9 4 1.0 L 
 +10/0 .6+10EI.CTR I.X .1" 0[ -91-1 1.. 0, 3 	 161 4 1 N E0.9 K3/-	 +21-8 1.
(Absorption) K 	 TEST 1 0 0.5 0G1 0 NO 0E 

2 FUCTROLUhX____ 
Tro c0..1312 
 F/0 41+. 12.e8KNI 0220eAi 66 K 40 F/I +4/0 10 2 + 1-	 5 3. 0NI 155 00 0 YES0.7 i+ 	 +I1+5 7 0.6 LI 1 N 

(Absorption) 2ES +O
 

nTF20143 0LRLNrs F2 +0 8 2 
 D.0 Kk) I0.ND 	 +25+ 
 2 k) . 0 02; 503 NO N3EIECiROI.UX 
RAK ' 	 K F/2 6 0D1 4.1 KNI+121. 415/-5 2- 00II 40222 F/i +1/+0+6/+2 0. b 	 ++18/+13 20 5.2 I~l1L .2 0 NO0.4 
 57 7 NO YES(Ab sorp i il) 

W
TEECTRO UX 	 19 i -91-19 25 0 0.9 c +31-3 +2/-8 14 1.5 Kt 142 0 NO YES
C 65r 

(Absorpt ioni) K 142 T/1 -9/-18 25 0 1.8 L. -10/-19 +3/-5 14 2.5 L 142 0 NO YES 

5	EXl'O MACINERY 
Tropicana 113 E 128 F/I +14/+l 12 7 1.8 RN)) *11/-8 +22146 5 34111 	 0 N E(Compression - -5 34 WI15 0 NO)E 

5MERLONI 
Arisron TDF 280 F. 143 Fl2 +201+8 2 ND 2.0 KWII 1D +25/+7 2 3. 0 KWII 177 53 NO NO(Comp ressi on) 

7SI HIR E 102 Fl? +15/+4 6 ND 4. 1 KWII +7/-2 +27/1 2 5.2 KWHI 117 29 NO NO

Trop ic 
(Absorption) KNO 
 TEST
 

.GELUM4ATIC*
 
Nediroic 
 E* 20 T/3 48/+2 3 0 0.4 K1411 +7/+2 +11/+515 0. KW300 
 YS N
(Compress ion) 15 09KI 00 YS N 

9ELIECTROLU1X 
TI. 1150 E 190 T/I14 NO TEST 	 +6/0 4610 40 1.9 KWH1 190 70 YES YES
(Compression)
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AB Electrolux 
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DUAL FUEL BIO-GAS ENGINE SERIES DEVELOPED
 
BY M/s. KIRLOSKAR OIL ENGINES LTD., PUNE (INDIA)
 

1.0) INTRODUCTION 

Considering the world-wide shortage of energy and with a view to utilise Methane produced in 
bio-gas plants for developing power and thus to save the consumption of fossil fuels Kirloskar Oil 
Engines Ltd., Pune (India) began a programme of development of bio-gas dual fuel engines in
1976. The first engine developing five horsepower 1500 RMP. was released commercially in June, 
1977. Since then other engines have been developed both in water-cooled and air-cooled versions; 
and now Kirloskar Oil Engines can offer bio-gas engines upto 75 horsepower, specifications of the 
various Kirloskar bio-gas engines are given in table 2. 

2.0) DESIGN FEATURES 

All these engines were so designed that when bio-gas is available, engine will utilise bio-gas for 
developing power. When the bio-gus is exhausted or when the engine is to be run where the 
bio-gas is not available it will work on diesel. When running on bio-gas, nozzle and the fuel pump
of the engine is used to create pilot diesel spray in combustion chamber to initiate the combustion 
of bio-gas. A special carburettor is designed for effective and thorough mixing of bio-gas and air 
before admitting the mixture into the combustion chamber of the engine. 

3.0) ENGINE CHARACTERISTICS 

Dual fuel bio-gas engines when running on full load consume about 15% of diesel, rest of the 
energy being obtained from methane in bio-gas. Typical test results on five horsepower 1500 
RPM. engine when running on dual fuel are mentioned in Table No. 1,performance at part loads is 
also specified. Figure 2 illustrates typical power curve of dual fuel engine. Curve (a) represents
specific fuel consumption when workin:; only on diesel. While curve (b) represents specific diesel 
fuel consumption when the engine is working on dual fuel i.e. on diesel and bio-gas. Horse-power 
developed, torque developed remain the same in both the cases when working purely on diesel or 
when working on diesel and bio-gas. 

4.0) SPECIAL FEATURES OF BIO-GAS ENGINE 

Comparative study was made with engine running on diesel alone and running on diesel +
 
Bio-gas for different engine parameters like.:
 
i) Exhaust smoke density
 
ii) Exhaust gas temperature
 
iii) Engine deposits
 
iv) Effect on lubricating oil etc.
 

4.1) Exhaust Smoke density 

Exhaust smoke density of the engine decreases when the engine is running on bio-gas than when 
it is running fully on diesel. 
Figure 3 compares the smoke density at different loads with operation on diesel and on bio-gas 
+ diesel. 

4.2) Exhaust gas Temperature 

Exhaust gas temperature of the engine exhaust remains almost the same in both the cases wh3n it 
is running on diesel and when running on bio-gas. 

KIRLOSKAR OIL ENGINES LIMITED
 
MARKETING DIVISION
 



4.3) Engine Deposits 

For comparison two engines were run simultaneously, one on diesel and the other on bio-gas for
hundred hours. General engine cleanliness with bio-gas was found better than the diesel 
operation. Rocker box cover, cylinder liner, valve guides were found cleaner than the diesel 
operation. 

4.4) Effect on lubricating oil 

After hundred hours lubricating oil of both the engines was compared. Lubricating oil with bio-gas
operation was much more clean. Detailed chemical analysis is being carried out. 

b.0) SPECIFICATIONS OF DIFFERENT ENGINES RUNNING ON 810-GAS 

Engines working on bio-gas both in water-cooled and air-cooled versions are available. Technical 
specifications of water-.-ooled series engines are mentioned in Table No. 2 and for air-cooled 
engines in Table No. 3. 

6.0) APPLICATION OF BIO-GAS ENGINE 

Kirloskar bio-gas engines can be used as a prime movers for Pumpsets, Generating sets 
Threshers, flour mills and other Agricul' lral applicationis etc. 
Pumpsets for low, Medium and High heads are available, proper Selection of the pump can be 
done knowing the duty points. Generating sets up to 9 KVA capacity are available. 

For any further enquiries please write to: 

Messrs 
Kirloskar Oil Engines Ltd. 
Laxmanrao Kirloskar Road, 
Khadki,PUNE 411 003.(INDIA) 

KIRLOSKAR OIL ENGINES LIMITED 
MARKETING DIVISION 

\ i 
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Test Report of 5 H. P. Kirloskar AVIG Engine at 1500 RPM 

TABLE-1 

SR. SPEED HP TIME FOR TIME FOR SFC OF SFC OF RATIO OFNO. R.P.M. (AS PER 50cc OF 50cc OF DIESEL DIESEL SFC OF DIESEL
BS649) DIESEL WHEN DIESEL WHEN WHEN WHEN ON WHEN ON DUALON DIESEL ON DIESEL + ON DIESEL + FUEL TO WHENSECONDS GAS DIESEL GAS ON DIESEL %

SECONDS g/BHP-h g/BHP-h 

1 1520 1.27 1 350 1500 344 79 23
 

2 1520 2-54 
 241 1680 250 35 14
 

3 1520 3.8 
 189 1650 210 24 11.4
 

4 1500 5 162 
 1120 185 26.8 14.5
 
5 1500 5.5 144 
 1000 190 27.26 14.35 

KIRLOSKAR OIL ENGINES LIMITED 
MARKETING DIVISION 
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SPECIFICATIONS OF BIO-GAS ENGINES
 

WATER COOLED SERIES
 

TABLE-2
 

AV1 AV2 TVl TV2 
Description G G G G 

Bore (mm) 80 80 80 80 

Stroke (mm) 110 110 110 110 

Piston displacement (cm') 553 1106 661.53 1323.06 

Number and arrangement of cylinders 1 2 1 2 
vertical vertical vertical vertical 

Working cycle 4 storke dual fual ( Diesel + Bio-gas) 

Compression ratio 16.5:1 16.5:1 17.5:1 17.5:1 

Direction of rotation cluckwiso/Anticlockwise 

(Facing flywheel) 

Maximum speed (RPM) 2000 2000 2000 2000 

Minimum idle speed (RPM) 750 750 750 750 

Minimum operating speed (RPM) 1200 1200 1200 1200 

Cooling system Water cooled 

Lubricating system Forced feed gear pump 

Overall dimensions 

Length (mm) 617 785 615 785 

Width (mm) 504 527 504 527 

Total height (mm) 744 825 744 825 

(1) Height 'A' (mm) 540.8 621.8 540.8 621.8 

(11)Height 'B' (mm) 203.2 203.2 203.2 203.2 

Note : I ) Height 'A' is distance of top from crankshaft centrg line 

II) Height 'B' is distance of bottom from crankshaft centre line 

Cont... 

KIRLOSKAR OIL ENGINES LIMITED 
MARKETING DIVISION 



Description AV1 AV2 TV1 TV2G G G G 

Total weight ( without flywheel) kgs. 127 180 127 183 

Continuous rating as per B. S. 649 
B. H. P. ( At 2000 PRM) 6.6 13.2 8.7 17.4 

Maximum torque 1400 1150 

(In kg/m ) 2.42 4.84 3.60 7.20 

(In Ib/ft) 17.5 35 26 52 

Brake mean effective 
Pressure:
 

(In kg/cm') 5.5 5.5 6.80 6.80 

(In lb/in' ) 78.2 78.2 97.15 97.15 

Intermittent rating as per B. S: 649 
B. R. P. (At 2000 RPM) 7.25 14.5 9.57 19.15 

Maximum torque 1400 1150 

( In kg/m ) 2.66 5.32 3.93 7.86 

( In lb/ft ) 19.25 38.5 28.6 57.2 

Brake mean effective 
Pressure : 

(In kg/cml) 6.04 6.04 7.5 7.5 

(In lb/in') 85.9 85.9 106.6 106.6 

Specific fuel consumption
 
at fuel load when fully
 
on diesel (gms/bhp-hr) 199.32 199.32 183.465 183.465
 

Specific fuel consumption
 
at full load of diesel
 
when on dual fuel (gms/bhp-hr) 29.898 29.898 27.5197 27.5197
 

Bio-gas requirement for
 
dual fuel ( m/bhp-hr) 0.424755 (15 Cubic feet/bhp-hr)
 

KIRLOSKAR OIL ENGINES LIMITED
 
MARKETING DIVISION
 



SPECIFICATIONS OF BIO-GAS 

AIR COOLED SERIES 

TABLE-3 

Descriptio i CA1 
G 

Bore (mm) 80 

Stroke (mm) 110 

Piston displacement (cm') 553 

Number and arrangement of cylinders 1 

veftical 

ENGINES
 

CA2 
G 

TA1 
G 

TA2 
G 

8 87-.5 87.5 

110 110 110 

1106 661.53 1323.06 

2 

vertical 

1 

vertical 
2 

vertical 
Working cycle 4 storke dual fual (Diesel + Bio-gas) 

Compression ratio 16.5:1 16.5:1 17.5:1 17.5:1 

Direction of rotation clockwise/Anticlockwise 

(Facing flywheel) 

Maximum speed (RPM) 2000 2000 2000 2000 

Minimum idle speed (RPM) 750 750 750 750 

Minimum operating speed (RPM) 1200 1200 1200 1200 

Cooling system Axial fan air cooled 

Lubricating system Forced feed gear pump 

Overall dimensions 

Length (mm) 516 684 516 684 

Width (mm) 524 527 524 527 

Total height (mm) 743 825 743 825 

(I ) Height A' (mm) 539.8 621.8 539.8 621.8 

(11) Height 'B' (mm) 203.2 203.2 203.2 203.2 

Note : I ) Height 'A' is distance of top from crankshaft centre line 
II) Height 'B' is distance of bottom from crankshaft centre line 

Cont... 

KIRLOSKAR OIL ENGINES LIMITED 
MARKETING DIVISION 



CA1 CA2Description G G 

Total weight ( without flywheel) kgs. 118 217 

Continuous rating as per B. S. 649 
B. H. P. ( At 2000 PRM) 6 12 

1400Maximum torque 

(In kg/m) 2.42 4.84 

(In lb/ft) 17.5 35 

Brake mean effective 
Pressure 

( In kg/cm?) 5.5 5.5 

( In lb/ins) 78.2 78.2 

Intermittent rating as 'per B. S; 649 
B. H. P. (At 2000 RPM) 6.6 13.20 

Maximum torque 1400 

( In kg/m ) 2.68 5.36 

( In lb/ft ) 19.25 38.5 

Brake mean effective 
Pressure: 

( In kg/cm) 6.04 6.04 

( In lb/in2 ) 85.9 85.9 

Specific fuel consumption 
at fuel load when fully 
on diesel (gms/bhp-hr) 212.91 212.91 

Specific fuel consumption 
at full load of diesel 
when on dual fuel ( gms/bhp-hr) 31.9365 31.9365 

Bio-gas requirement for 
dual fuel (ml/bhp-hr) 0.424755 

KIRLOSKAR OIL EN,GINES L;MITED 
MARKETING DIVISION 

TA1 TA2
G G 

118 217 

7.5 15 

1500 

2.90 5.8 

21 42 

5.5 5.5 

78.2 78.2 

8.25 16.5 

1500 

3.1512 6.30 

23.1 46.2 

6.0 6.0 

85.34 85.34 

215.175 215.175 

32.27625 32.27625 

(15 Cubic feet/bhp-hr) 
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SPECIFICATIONS OF BIO -GAS ENGINES 

TABLE 2 

DESCRIPTION RDA 3 RDA 4- RDA 6 RB 33 RB L R3 66 

BORE (mm) 103 103 103 110 110 110 

STROKE (mm) 116 116 116 116 116 116 

MAX. SPEED (RPM) 2000 2000 2000 2200 2200 2200 

MIN IDLE SPEED (RPM) 550 550 550 550 550 550 

MIN.OPERATING SPEED (RPM) 1000 1000 1000 1000 1000 1000
 

COOLING SYSTEM AXIAL FAN AIR COOLED 
 WATER COOLED
 

B.H-P (AT 2000 RPM) 36,0 L7.0 
 70.5 48-6 6.-0 96-0
 

S.FC. AT FULL LOAD
 
WHEN FULLY ON DIESEL 
 173 168 170 171 171 171 

(g / bhp-h ) 

S.FC. AT FULL LOAD OF
 
DIESEL WHEN ON DUAL 30 30 30 30 
 30 30
 
FUEL (g/ bhp-h) I I I I 

BIO GAS REQUIREMENT 

FOR DUAL FUEL 0,425 (15 CUBIC feet/ bhp-h) 
(m 3 1 bhp-h) 
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Brings you these exclusive benefits: 
Consumes a mixture of 80o/. biogas and 20% diesel. 

* The design enables the engine to automatically switch 
over to diesel...without interruption, in case the gas
supply cuts off. 

* Diesel consumption: 1 litre for a 5-hour run, when full 
supply of biogas is available. 
Lube oil consumption: drastic reduction. You now
require only 50% quantity as oil-changing period is 
doubled. 

* Life of engine increases considerably. 
* Suitable for biogas plant of any capacity. Requires

15 c.f.t. gas per BHP per hour, i.e. only 75 c.f.t. gas
required for running a 5 BHP Kirloskar biogas engine
for one hour. 

*Very economical to irrigate, to power a crusher and a
 
thresher.
 

* Where electricity is not available, this engine is used for 
generating set application. 

Liberal subsidy and technical guidance available from the
 
Khadi & Village Industries Commission for the installation
 
of biogas plants.
 

Commercial bank loan available for the purchases of
 
Kirloskar biogas engines, as well as for the installation of
 
the plant.
 
Patents applied for.
 
Saves around Rs 2000 annually on operational costs.
 

Distributors Kirloskar...4argest selling dieselengines in India 

Manufactured by 

KIRLOSKAR 
OIL ENGINES LTD

Khadki, Pune-411 003 
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~~~3'~~~41 7,5, ~au~f~i.eA~ardware,'sUch a's line3 and'ftc:n,Infrrwicn"inthis' -bulletin appli. s ton r o'a bad"'
 
r~auatrd(ct)gsr 
 LP,,, (liqufied petroleur) ' ;' ~''~ g. Th is bultijs not intended to, be anisa td GAS AS A', :FUEL>>
 
mnoluabt t hr' ide. a
adesi gu .is''Gas des'hiable fuel'for internal'combustion enigi es*even tog g4TheQ ' .c[ insta""l'ato poles cannot at huho'g thes niCyt s ~t'os Le. -, :v"Ad~hs~ll~'io'~ robemstho~,vazou ty gh' Caous' fuels ',generally,~ ha've higher anei~be -c'overdi. because of 'the v'arie ty of requirements. ratings than gasoline, som'e maniifa~tured "oil .3-asI'Ii'raoi'of inst'allations are only typical and do have a 'poor octane rating. 6'c t 

not' represent 'actual ,installations. ' They; do represent of an engine may be increased withouW prduing mrnoe~
eco'nlend~iois sf'the' ufatrer:V' heat by increasing the, comcressioni rat o~ompresszon 

. "' <'iratio of, an engine is limited by th~
Io'uta reput'able local -gas distriutor 

' 
'rb and NFP Generaly nat1 a -as and e ll : fsi-e higAA ,ntrlpropae alo sng hje~.(Nationzil Fi e Pr'otection~Association) Pamphlet 5$ compre ionrtios.
 

for more s.;ec ifi informationi.' '
 

EXCPPS Gaseous fuels have a low residue content 'and gererally (FOMNFPA PAMPHLET 58 build up' minimum dec ~G suuabofuels MuX' 
itj ,recmmnde tatthe installer 'or architect read more 'thoroughly v'-ith~air to produce a giixtuce whichpamplilet 5S . ' '' buirns' mrne completely than gasoline mixtures. " 

#1~ll~ip 'gand tuoin- shaItlbe suitable for a, working ' "' 

'~'pressurie of n'ot' less than 125'psi (pounds per 'square Advanags ocabos Fuel Operation:
c'' "inch), t1. " at be 'used ' ' formation.

2."AluminuLm tbn shl'nteuedin exterior '2. L&sa lugei oil.'
SVlocations or where. it is in contact with masonry, 3 esvlebri
, plaste ed valIts or insulation.' '' 4.3. Ldesvalv,'s unig rfcyinderwall Ilubrica 'ion durirg".'3'.No gas in sliquid phase shall be piped into any engine starting.'b'uildini for fuel purposes except, buildings, or 5. ortaehlla ofu nr lgand otherft' 

se -atefe.dvinso buildings used' exclu- at'e~e 

i%Iely, for Jhousing'internal cobsin nie 6. 'Excellent antikn'ock qualities.
,and', for. .esearch" and experimental laboratories. 7. Smal muto otmntn res idues.'-''"
 
4. The use-., of~ tireaded cast iron pip- fittings is S. A'nearly hom-ogene'ous, mixture in cylinder'


''~-proh ibited 'S


~5 A~pproved ' flexcible hose may be used on 'the lovi TYPES OF GASE:OUS FUELSZ
~Vpressure side system.of, the The "selection of a particular gos forfuel dePend s- i>6., l i ing,' tub ing and hose -sha Ll be tested after ' sei.'ral' important factors: (1) availability, (2) efficiency''
;a b ly and pro".,d free from, "leak a oot1e~> ~r',() 0t ,en'Ine qoolicatio'n (c.obile cr o '(YLi-2 '-

I -tr m'i op- 'rai presue s. ±escs shall in 'ial.i . .() coSE otW'rntiorn' 

7. Piping outside. buildings. may bebreaoe The 'amount of heat -any fuel is capable of produigY ' gru r,bt u shall be uvell. supported and -depends on. the basic structure, of the fuel, hry gases,P" plteCted .',against >phyical~ aue* Whre s~il "vary in rtgard to h."ar content -as' do 'gasoline, daesel:
'.'~odi:ns~ ar'nt, :allpiping' shil 'puetd fe r~hrf~~ rpn a''uinef have 'cons ide'2' 

iiiit corrosion'. Ihere~ Cind'efl~atiUll 1. CCLr, 'jib ly ,,heLr :IL-at 'values than do mehn rdetha~& 
"the piping snlbeA;-itched bacek to the container,.'4.-""0" m~~eans., shallbe 'rovid'zi-ovid.-- for r~inoi TTe amount of heqt a aie fuiel is capabtl of 1pou i/"It.300 'ot" the condensate. is usually expressed in BT'U'_ ;au~c- gasAH~"-8~Pcviions'hiIbemd~f 'eansion, conrt rac--r p ccd primarily of methane (mrhgr2

ti tion''J'arring,'y ibrj 19n and s.4 tling. ,This maY be conten cf about 500 BTO/ .u1A~tt rin 
ac -~comp'ished ,by~flexible connetio's. ," h s rswuld produce abotlt 40%il, less ~ith-xer 'th 

,ITE FF r.-'c"lA~uir~sthr,Jill stjndbL/ ~i'.i' bt'' ~~~i~ por1- nt ot,LP~' gs"i''..:~36i 'l~~an o m r"se ' 1 9ul4n 'bu a,"m' o' "'' $""-'" ~~ y'~'i'~:eprj( an: 3)60A 
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STUUcu ic. No draing would be recess,-y wivth this percent .4t its gasoti.e rated po.er.
fuel. See Table 1. .4. Us;ing ,130 BTU gas, a unit will deliver 5D to 6( 

percent of its guso!ine rated power.
If prcpane is used, it is recommended that typ, HD-5
be used. Natural gas is coMposed primarily of methane and vary.

ing amou.its of cther dry gases with a heat content ofFOW1ER CQMAPARIS0N TABLE  of nbcut 1000 BTU/cu. ft. 1, is ,ized from the source tcA u:It using butane, oropane or a cam-nerci.il nix:ture poin.s consumption. In IocatiL. s situated far f"o
ci both vill deliver nearly the samen power as when the source, natural gas is comparatively e:xpensive asusing gasoliae. a fuel. Lccalities not serviced by natural gas frequentl, 
1. Usirg 1100 BTU gas, a unit wi ll deliver SO to 95 have a manufactu:ed ias system.
 

percent of its gasoline rated power.

2. Using 830 BTU gas, a unit will deliver SO to 85 Manufautured gas is not greatly adaptable as fuel fota 

percent of its gasoline rated power. generating sets .vhen efficiency is important because3. Using 600 BTU gas, a unit will deliver 70 to 73 the heat vcilue is so low the engine must be derated as 

TABLE 1. MAXIMUMt K'N (POTENTIAL ENGINE CAPABILITY ) 

MC L NOTE (see be-low) GASOLINE PaOPARJE NATURAL GAS 550 S r 

2.5 LK 2.6 2.5 2.1 
2.SAJ 2.5 2.4 2.3

4.0CCK 
 5.5 5.4 5.0 
5. CC K 5.5 5.4 5.0 

6.SNi 7.0 6.5 6.0 
7.5 1E 8.0 7.8 7.5

I0.OCCKB.3, 10.2 9.5 8.0

12.SjC 17.0 16.0 13.5 

12.5RjC 17.0 16.5 16.0
i 17.0 16.0 13.515.0]C 

15.0* I .15.0RJC 17.0 16.5 16.0 CONSULT-: 
3 U. 0E K J3.0 31.0 28.0 FACTORY 

4 .E,, . . 48.0 45.0 39.0
 
35.0KB 
 3.0 63.0 53.0 52.0
70. 0'_R 4.0  - 77.0
 
83.fjKR 4.0 F 93.0 85.0 77.0
 

84.0. 

.. . 5.0 120.0G 9.! 1 3.0
 
1-,0.uNE. 6.0 '-32.0 i-O. 1"0.
0.-

- I 140.0-,
 
150.0'.VE 6.0 152.0 140.0 120.0
 

- - 140.0 ,t
 
170.O'VB 10.0 Is.0 180.0 174.0
 

1: 0.0± 

2.50.GFT 10.0 260.0
Z5C.C,'F 20.0 - 390.0 

, .O0.1K 20.0 430.0 

.I.x i m e.gine cap:ibilitv after reasonable break-in: c'ricJ.
 
60-h'.-r ratings show,;n. For 50-i:ertz u;,s, us= 03 -e:c;.t o e->trtz razings.
 

"!:- value ob.aimd vith high uomi.sti.,n citie. 

• -T:':.: .. !ue Cm- h' added :.- _in: fn: i, , on ,it.. " -.- , 

3 
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TAB'L,I 2. PPESSURE EQUIVALENTS 
1 inch water column equals .58 ounces/sq. in.
 

11 inci water column equals 6.38 ounces/sq. in.
 
11 inch water column equals .4 lb./sq. in.
 
1 lb./sq. in. equals 27.71 inch water column 
1Ib./sq. in. equals 16 ounces
 
1 lb./sq. in. 
 equals 2.04 inch mercury 
I inch mercury equals .49 lb./sq. in.
 
I standard atmosphere equals 14.73 ib./sq. in.
 
1 ounce/sq.in. equals 
 1.73 inch water column 
1 inch mercury equals 13.59 inch water 

much as 50 parcent. Also, the gas manufacturing cost is transported under pressure in tanks, LP gas at normal 
usually high,.r than for other types of fuels. On the tcnmeratures is a vapor. By i'ncreasing pressure and 
other hand, "here are no storage p:oblems such as vith lowering theL P Pas, ... .. temperature, i; rernains in a liquefied stateawne om..

L ......nbient temperure also has no effecr on until ,ithdrawn from its storage tanks. 
supplies. 

TEMPERATURE AND PRESSURE 
LP g,,s refers to liquefied petroleum gas, a commercial Temperature and pressure are interdecendent. [[ gas
mixture of propane and butane. The ratir between thea temperature is changed, the pressure will change orovaries with local temperatures and user requirements. portionally. A gas at room temperature can be changed
While propane vaporizes at a lover temperature than to a !i,:uid by compression and stored in a closed 
butane, butane has a higher heat content. Stored and container. This is how LP gas is liquefied and stored. 

TABLE 

'MODELS 

3. AV-RAGE

] 
FUEL 

RPM 

CONSUMPTION AT FULL LOAD 

NATURAL GAS 

IN CU. FT./HR. 

LPG_ 

1.O J0-"1,800 
...."\, 3,600 

33 
62 

13 
25 

2.5LK 
4.CCCE, 

1,800
1,s00 

54 
90 

23 
40 

5iOCCK 1,800 115 47 
6.S,,H 1,800 150 60 
7.5JB 1,301) 126 I 63 
1o.oCC KB 3,600 200 I 1CO 
12.3JC 1,800 230 92 
12.5RJC 1,S00 230 92 

IIn.ORJC 
30.0EK 

1,860 
1,800 

255 
600 

[10 
245 

45.0EM 1,800 690 2. 0 
55.0K8 1,800 840 330 
70.OKR 1,800 1,000 -
85.0KR 1.80 1,400 4U0 
115.0WA !,_0u 1,800 730 
140.0Wl 1,'8100 1,450 730 
15 .0,E 1,800 1,450 730 
170.0WB 
.59. 0F T 

350.OWF 

_ _ i,800 
1.soo 
1,S lo 

2,500 
3,00 
3.850 _ 

1,0_,) 

4 (]"] 0V,'K I ,,tat)4 .2:j, _ 

LV-a: 1 gallon 36.5 cu. ft., 1 lb. = cu. U. 

4 cf0 

http:ounce/sq.in


A liquid at atmospheric pressure can be changed to a 
gas by raising the temperature to the liquid's boiling 
pC.int suLh as boiling water. Vaporizing LP gas builds 
pressure within the container. 

WORKWi G PRESSURE 
The fuel system components must operate at vorious 
working pressures depending on the kind of gas, size 
and lengrh of fuel lines, number of units to be supplied
by a given source, ambient temperature, etc. Components 
mus-t have the strength to function properly under anti-
cipated or calculated maximum working pressures. LP 
gas Links, for example, must be able to withstand a 
,oki-g pressure of 250psi as specified in Pnmphle. 53, 
National Fire Protection Association. Regulators must 
con.orm to the applicable specificatians of the same 
agency in addition to performing the functions for which 
they are designed. The final regulator iii a system must 
be able to maintain a constant pressure within a 
prescribed range which may be from 3 ounces to 5 
pounds at the inlet. 

NOTE: Some codes ;rohibit the use of hi4h pressure 
.uc~umu!ciror t.-iiks within the building or high pressure 
fuel .supply.piping to r,.-gas units of 350 10Y and 
lir.e:. For these in.a-alkitions, the gas supply must 
enter,h, building under low pressure ind be "boosted" 
b, ,ht- 4en-:.ating set. Onan has fctorv. 'mounted boo.ter 

twnap.:,, vaiable for thsv generating sets. 

There are several ways of measisinp and expressing 

piessu:re. Pressure measured with a manometer is 
expressed in inches of water or mercury. Pressure 
measure-d with a gautge is expressed in ounces or pounds 
per s:;uire inch (psi). Because both systems are used 
and to Co;.vert calcu!ations into like units of measure, 
re'er to the pressure equivalents in Table 2. 

SYSTEM COMPONENTS 
Components depend on individual requirements. Us'ually 
the following components are standard. 

Regulators: Gaseous fuel is metered to the carburetor 
on a demand basis. A regulator (demand or s.econdary 
type) is supplied with fuel at an inlet pressure only 
sl,,htly above atmospheric pressure. If supply pressures 
.1:e high (above 6 ounces), an additional primary regula
tor is used to reduce the supply pressure to n suitable 
level. Two primary regulators used in series are referred 
to as a "two-st..ge" regulation system. 

The demand regulator in most systemns regulates the 
gas flow by responding to pressure changes :n the 
I,.tate system oi the engine. When :he engine is shut 
dcw.'n and there is no demand for fuel, the regulator 
prevents gas flovw. A solenoid valve should be installed 
in the line as a positive shutoff device. 

Regulators are not alv,,ays separate units. They may 
bt integrated with a converter or carburetcr but their 
function remains the same. 

NOTE: Onan recornmerds venting regulators in buildings 
to the outside. Gas leakage cculd occur if the reg5ulator 
has diaphragm failure. Heavy industrial line regulators 
.vih a relief valve definitelv need a vent. 

7 A separate regulator must never be 
used between the tank and converter 

in a liquid withdrawal s.stem. 

Regulators are designed to do a particular job in a 
particular system. A regulatcr dsigned for use in a 
vapor gas system cannot be used in a liquid gas system 
without modification. Regulators should be mounted 

TABLE 4. REGULATOR SELECTION 

IF SOURCE PRESSURE IS: 

MODELS 6toll OZ. 11 OZ. to I L3. lto 2 LBS. 2 to 4 L3S.4 LBS. orOVER 

AK, Aj, LK iii
 
JB, CCKB, NH 6 6 6 6 6 

JC, RJC 2 2 2 2 2 
K ,None -3 3 3 3:E ,
M,, 4 3 3 3 

RB
K None 4 3 3 3I 
KR None 4 3 3ri 
SA, WE -k 1 4 4 4 

7 4 4 4 
FT None - 4 4 4 

rif..c regulator standard on EK. K'.1, KR, KR, W\A. WR. WF and FT gas fuel I:,!PCO system. Maximum supply 
. to Thermac is 12 ounces. Thermac cu!:t pressure is 3 Ounces for 10030 BTU gas.•. C''n:':,inaticn natural gas -gasali:,.. s':nteins caa use re:lultor in next column. For naturnl gas, no regulator 

i.; needed up to 11 ,n'cu,.
 
Cc4e numbers
N -e: rtfir to :EEY cc1er,re,::,:-,a i- l'aije ,qto: L1rt number and identifcaticn. 

1/ 



___ __ __ __ __ __ __ _ _ __ __ __ __ 

TABLE 5. INLET PRESSURE TO SECONDARY REGULATOR 
(Straigh't Gaseous Fuel Only) 

M11ODEL PRESSURE MODEL PRESSURE 

AJ, A K, NH 	 jC 
CC%, CCK! 2 oz. RJC (Spec 6 oz. 
JB, JC to A through I) to 
RJC (Begin 6 oz. 	 5 psi 

Spec P) 


*Usually only require one regulator (see text). 

where they will receive ieast vibration. They should 
not be in 	 areas of extreme heat. 

(n most 	 late model systems using IMPCO gaseous 
fuel cnrburetors, the recommended pressure to the car-
buretor is 	3 ounces. A THER,,AC regulator is installed 
at tne car-buetor to r.gulate this pressure. "'et. 
THE..'IAC r--gulotor is suitable for pressures up to 12 
ounces. For regulator selection of higher supply 
pressures, see Table 4. 

NOT ,:ol F and 1,'K shoufrn'! require an n1di-
'ior:d re"uiccrtor na-tural gas. The WFV and W,'K require
a 20psi nit,7l gas supply and therefore do not use a 
THER.,AC vale, 

Converter (Vcparizor): These components, used only 
in LP gas l.Lid vithdraal systems, provide heat for 
vap.rizing liq,_-.t'ied fuel. All LP gas converters should 
be vented to outside of building. 

He;tt is u:sua i!.supplied by the engine coolant, thermo-

MODEL PRESSURE MODEL PRESSURE 

EK 	 12 oz. 1KB,KR 12 oz. 
E.M 	 maximum WA, WB .axigU.n
 

(to thermac) WE
(otemc E(oteMc (to thermac) 

WF,WK* 20psi 

statically controlled at. about 170 1F, maintaining a 
rather constant fuel temcerature. This positive raethod 
of vaporizing liquefied fuel allows a constant fuel-air 
mixture despite changes in withdrawal rates and atmo
spheric temperature. 

IMPORTANT: Where ambient temperattres fall below 
frCezing, generating sets of 50 KWF and hiOher cap:fcity 
Shouhl employ a vaporizer which has a 5as-.ueled 
burner to supply heat for vaporization. Ar adequate 
t.,uppy oi vaporized fuel will then be assur=e.J [cr start
in,and permitting the set to immediatcly carry the load. 

A burner-type vaporizer must be installed ou'doors'and 
as close as permissible to che point of consumption. 
It may be used with either surface or subsurface tanks.
" rat- vaporization is autornatical~v controlledT,--_ of 

to meet vapor demands. Generated gas. storage gas
 
or both may be supplied on demand. An anti-overilow 
vale prevents liquid fuel from reaching the service 
line. 

TABLE 6. PRIMARY GASEOUS FUEL REGULATORS 
PART INLET OUTLET INLET OUTLET 	 MAXIMUM

NUM BER FUNCTION ORIFICE SIZE SIZE PRESSURE PRESSURE CAPACITY jKEY
143P33 	 PressureuF4P'crss , 9/64" /4 1/2" 250 lbs 11" Wc 190 c:' 1 

14SP34 	 Pressure I
Reducing 1/4' 3/4 ,3.'4" 203 lbs 11 wc 680 cfh 2 

I-lSP343 	 Pressure.[ < l 

Reducing 12" l-i'/4 4 35 Ibs 11 wc 1,800 cfh 3 

!4SP36.5 	 Pressur. 4 
Reducing 1" 1-1/2"i 1-1/2" 25 lbs 11" wc 7,750 cfh 

1-8 1) -12 	 7_I,-----P__s . ;	 _.
 

re. .,-	 1' F 
I b 

-P52 	
Reduir~ /8S1 L ureII 20Wbs~o 1', 26,6.rfh 

148i'23 Pressure 1/4" 1/2"' 3 '4" 20c lbs 11" ,.vc 330 c: 

l-3P60 Pressure 2 2 	 2" 5 ls Il" c 33,600 7 
t1educing 

t 	 __ _ _ __ __ __ __ __6_ 



TABLE 7. FUEL STRA" 
 .. 

PART PIPE 
NUMBER SIZE(in.) TYPE TYPE OF FUEL 

49PS53 
-P624 

3/ 
I-I/4 yNa:ual 

Natural a LP 

4P625 [/4 CeGas Liqud .. 

S149P751 2 

149P752 I 

149PI 241 3 

The capacity of a converter 
of flow and volume of water, 
volume of gas it is capable 
verter should have ; 20 percent reserve capacity for 
peak load operation. 


The flow of water through the converter must be great 
enough to vaporize enough fuel for peak demands. If 
water lines are obstructed or too small, s. much heat 
will be take n from the water that it freezes. Moreover, 
if the fuel .':tire becomes lean, efficiency is lostI too 
and engine va,es may become susceptiblt,to burning, 
Not only does this apply to converters but to the size 
of fuel tznks in vapor withdrawal syst:.r, as well. 
Many converters have the primary and sec ondary regu-

Fuel Strainer: Foreign substances can cause failure 
oof seansitive components in gaseous fuel systems. 

Natural gas contains a gummy substance with a sulfur 
base v.'hich is one of the chief contaminants. Rust, 
scale, etc., eventually find their way into the fuel 
system and damage valheE .and orifices, 

Moisture, usually present to some dcgree, must be 
elirnnated or freezing may occur at the regulators or 
carburet.or durig peak loads. Mount the filter slightly 

2Check 

Y Natural 

Y Natural_ 

y ,
Natural 

is defined in terms of rate 
horsepower it serves, the 

of vaporizing, etc. A con-

lower than the regulator, between the tank and. first 
system component (refer to typical installation illus 
trations). 

Electric Shutoff Valve: localMost codes require the 
use of an electric fuel shutoff (solenoid) valve which 
shuts off the gas supply when the engine is stopped.applicable agency code requirements for electric 
lockoff valves for protection against potential fire 
hazards. 

The final regulator insome instances isan acceptable
 
shutoff valve, but a more-positive lockoff is usually
 
desired and may be required. See the shutoff valve
 
selection Table 8 for characteristics and usage.
 

VAPOR WITHDRAWAL -
LP gas vapor withdrawn from the tank for consumption 

carries away a certain amount of 	heat from the liquid.This heat loss causes the temperature and pressureof the liquid within the tank to fall. Heat is normally
absorbed through the tank wall to replace the lost heat. 
If heat can be replaced, the system will function as 
intended. If fuel consumption is high and ambient 
temperatures are low, for example, so much heat is 
lost that it cannot be replaced from around the tank and 

ie system will not function efficiently. 

There are tvo methods to assist heat transfer (tanks 
in vapor withdrawal systems absorb heat through only 
the portion which i3in direct contact with the liquefied
gas): 

1. 	Use a suitable vaporizer for positive vaporization 
(liquid withdrawal). 

2. Use a tank large enough to meet peak engine
demands..".a 

Surface and Subsurface LP Gas Tanks: Select and size 
the LPgas tanks according to the foilowing requirements: 
1. Type of withdrawal system. 

MODEL OR 
UNIT SIZE 

TABLE 8. ELECTRIC 

LINE PRESSURE 1 
12 

SHUTOFF 

VOLT 

VALVE SELECTIONS 

24 VOLT MAXIMUM 
2__VOLT [ OPERATING PRESS 

PIPE 
SIZE(In.) 

1,Z 

15 KI 

ElK, 

and Smaller 

and Smaller 

ELM 

Under 8 Ounces 

To 25 Founds 

15 Pounds 

30 P312 

307A834 

307A336 

18 

__A 
307A863 

307A865 

Ounces 

25 Pounds 

25 Pounds 

3/4 

3/4 

I 

KB, 

''A, 

TKR 

WE 

15 Pounds
I 

15 Pounds 

307A837 
-

307A340 
I 

25 Pounds 

15 Pounds 

1-1/4 

2 

WE, FT 15 Pounds 307A841 15 Pounds 2 

FT 
- 15 Pounds 

r 
307Pl04 

.. 
5.Pounds 3 

WF, WK 
__ __ __ 

Liquid Fuel 
__ _ 

20 Pounds t 

I 307F'2tt3 

II _ 

I 

307A866 
_ _ _ 

307P757 

25 Pounds 1-1/4 

1/4 

i7
 

http:carburet.or


PART NO. 420P280 GAUGE 

INSIDE NUMBERS 
OUNCES PER SOUARE INCH 

LINE SERVICEh 
REGULATOR 

OUTiOE NUM ERS 

INCHE UMWAER 
INCHES OF WATERCOLUMN 

SOLENOID VALVE IDLE ADJUSTMENT 

ATMOSPHERIC
VENT 

THERM AC PRESSURE 
REDUCING VALVE*-. 

MA N F 
A7MAN 

E 
ALV 

MANUALSHUT OFF VALVE 

ATMOSPHERIC VENT 
OR BALANCE CONNECTION 

Thermac regulator standard on EK.EMKB. 
KR.WA.WB and WE gas fuel Impco systems. 

5 TO 30 LBS 

~FILTER 

INLET PRESSURE 

SDRY FUEL 

IMPCO GAS FUEL SYSTEM 

2. Atmospheric (or design) temperature. 
3. Vaporization characteristics of fuel. 
4. Consumption. 

LP gas temperature is critically impoFrtant and imposes 
several limitations. Full power cannot be obtained 
from generating sets fueled by vapor withdrawal sv'71ems 
in which the fuel tanks are too small for the prevailing 
tn perature. In many cases, it may be less ex:pnsive 
to purchase a vaporizer for positive vaporization than 
to purchase a larger tank to merely provide a greater 
area for heat transfer. 

Burvin, tanks be!ow frost line where the temcerature 
never g'.cs below 35 F is all right ii adequate allow
ancet; ire made for year to year varinion. In ncrthern 
cimates, the frost line might be four feet one year and 
eight feet the next year, depending on snow cover, etc. 

Following are some representative figures for tanks 
buried -t least two feet below the frost line when used 
in vapor withdrawal systems: a 500-gailon tank half full 
will vaporize 8-1/2 gallons per hour (300 cu. ft./hr) at
40'F and a 1000-gallon tank half full will vaporize 
15 gallons per hour (540 cu. ft./hr) at 40F. 

The following four tables apply only to propane, the 
major component of LP gas. Tite vaporization rates 
are based on the average temperature over an 8-hour 
period. The column temperatures heading represent the 
lowest average winter temperature which is the average 
of the daily winter low temperatures. Use the table 
wh;ch certains to the type of container used. 

Determining Number of 20-Golion Cylinders Required: 
Assume that a model S.CCCK-1R generating set is to 
be installed using propane gas. The lowest average 

TABLE 9. NUMBER OF 2,3-GALLON PROPANE CYLI NDERS REQUIRED AT THE 
VARIOUS INDICATED TEMPERATURES WHEN KEPT AT LEAST 1/2 FULL 

LOWEST AVERAGE WINTER TEMPERATURE 
WITHDRAWAL RATE 

10 cfh - 25,000 BTU./hr11 

L32'F 20-F L O'Fi 

I 

OF 

1 

".0-
1 

F -20F .30OF 
2 

25 cih- 62,500 BTU/'hr 1 . I 3 4 
50 cfh - 125,000 BTU/hr 2 2 3 3 4 5 9 

100 cfh - 250,000 BTU,/hr 4 4 5 I 10 20 



TABLE 10. SIZE OF PROPANE TANK (IN GALLONS) REQUIRED AT THE 
VARIOUS INDICATED TEMPERATURES WHEN KEPT AT LEAST 1/2 FULL 

WITHDRAWAL RATE 	 LOWEST AVERAGE WINTER TEMPERATURE 
32"F 20: F 

50 cfh - 125,000 BTU/hr 115 115 

100 cfh - 250,000 BIU/hr 250 250 

150 cfh - 375,000 BTU/h* 300 400 

200 cfh - 500,000 BTU/hr 400 500 

300 cfn - 750,000 BTU/hr 750 1000 

outdoor temperature is found to be -10F. No other 
gas appliances will be used. 
1. 	 Refer to fuel .onsumption Table 3. Note that a 


series CCK uses approximately 50 cubic feet of 

fuel per hour at full-rated 

2. 	 Refer to cylinders required 
-10OF, four cylinders will 
of vapor fuel per hour. This 
unit operation. 

load. 
Table 9. Note that at 
provide 50 cubic feet 

will be sufficient for 

Combination Gaseous Fuel and Gasoline Systems: The 
combination fuel system can use either a gaseous fuel 
or gasoline to run the generating set. Conversion from 

-10 	 F O0F -10OOF I.20)F j 

115 250 250 400 600 

250 400 500 1000 1500 

500 500 1000 1500 2500 

750 1000 1200 2000 3500 

1500 2000 2500 4000 5000 

one fuel to the other usually consists of shutting c 
one fuel supply and allowing the other fuel to flow 
the carburetor. Most combin!tion carburetors conta 
fuel shutoff valves and float iocking devices for simp 
conversion. Idle and power adjustments for either fu 
are also included in the carburetor for ease of mai 
tenance. Refer to the generating set's operator manua 
and technical bulletins for installation techniques. 
Gasoline supply lines and tanks are conventional 

designed, installed and serviced as on straight gasoliz 
fuel generating sets. The gaseous fuel (natural ga! 
LPG) installation is essentially the same as on straigi 

TABLE 11. PROPANE FUEL TWO STAGE REGULATION (2 REGoJLATORS)
(5 to 15 LB. - ALLOWING PRESSURE DROP OF I PSI) 

DIAMETER OF FUEL LINE IN INCHES FOR THE VARIOUS LENGTHS OF P!P_ ". 

UNIT K , [CFH 115 FT. [_25 FT. 50 FT. 75 FT. 1100 T1 150 FT. 200 FT. 300 FT. 

AJ 1,2.5 13,25 1/4 * 1/4 * 1/4 * 1/4 1/4 * 1/4* 1/4 * 1/4 * 
LK 2.5 23 1/4 * 1/4 * 1/4 * 1/4* 1/4 * 1/4* 1/4 * 1/4 * 
CCK 4 40 1/4 * 1/4 * 1/4 * 1/4* 1/4 * 1/4* 3/8E 3/8E 
CCK 5 47 1/4 * 1/4 * 1/4 * 1/4* 1/4 * 1/4* 3/8£ 3/81 
NH 6.5 60 1/4 * 1/4 * 3/8f 3/8E 3/8E 3/8E 3/8£ 3/8E 

JB 7.5 63 1/4 1/4. 3E 3/ :_ / 3/3E 3/8E 
CC-B 10 100 3/8E 3/8E 3/S I,/2 t i/2" 1/2-" 1/2 1/2"t
JC,RJC 12.5 92 38 1 3/81 3/E 1/2 t 1/2 t 1/2 t" 1/2 t 1/2 t 
JC, RJC 15 110 3/81 3/8L 3/8 1/2 t 1/2t 1/2t 1/2t 1/2 t 

EM 45 290 3/81 1/2 t 1/2 t 1/2 	 3/4 3/4 3/4 
30 245 3,,/S E 1/2 t 1/2t 1 1/2 1/2 3/4 

KB 330 1/2 t 1/2 t 1/2 1/2 3/4 3/4 3/4 3/4
KR 85 400 1/2 1/2 3/4 3/4 1 1 1 1-1/4 

WA 115 730 1/2 3/4 3/4 1 1 1 1 1-1/4
WE 140 730 3/4 3/4 1 1 1 1-1/4 1-1/4 1-1/4
WE 150 730 3/4 3/'4 3/4 1 1 1 1-1/4 1-1/4
W13 170 1,000 3/4 3/4 1 1 1-1/4 1-1/4 1-1/4 1-1/4 

* 3,"8 outside diameter tubing may be used. 
£ 1,2 outside diameter tubing may be used. 
t 5/8 outside dia:.:eter tubing may be used. 

9 



ga fue! units. The selection of valves, regulators,
filttr and other components is the same as in the pre-
ceding s-ctions of this bulletin with the exception of 
the inlet ;p.,=,sure differences. 

FU EL L INE SIZ E 
Fuel line size depends 
to run a unit at full load 
be moved. Tables 11, 12 
tion. A reserve factor is 

on the amount of fuel needed 
and the distance the fuel must 

and 13 contain this informa-

taken into account. 

TABLE 12. LPG VAPOR - 11 INCH WATER 

DIAMETER OF FUEL LINE IN INCHES FOR 

GAS REGULATOR GASFUEL 
/ ,O,,,..o,. 

MIXER 

ELE CTR IC 
, CHOK E
 

GAS FUEL
 
MAIN

AOJUSTMEMT 

GASOLINEi 

sH A FTO "-A-T 
FUEL CAR3URTOR 
PUMP 

TYPICAL CMBINATION FUEL SYSTEM 

COLUMN, 0.5 INCH PRESSURE DROP 

THE VARIOUS LENGTHS OF PIPE 

UNIT JKW,_ CFh-.Y 15 FT. 25 FT.J 50 FT. 75F. 100 FT. 150 FT. 200 FT.j 300)FT. 

AJ 
LK 
CCK 

I 
2.5 
4 

13 
2 
40 

1/2 
1,/2± 
1/2 E 

1/2 
1/2 
1/2 

1/2 
1/2: 
3/4 t 

1/2£ 
1/2k 
3/41 

1/2£ 
1/2E 
3/4 

1/2"t 
3/4E 
3/4 

1/2 t 
3/4 

1 

3/4t 
3/-t 

1 

CCK 
N!f 
CCKB 

6.5 
10 

47 
60 

100 

3,14 
3/4 
3/4 

3/4 t 
3/4 t 

1 

3/4 t 
3/4 

1 

1 
1 
1 

1 
1 

1-1/4 

1 
1 
1-1/4 

1 
1-1/4 
1-1/2 

1-1/4 
1-1/4 
1-/2 

J. 
JC 
EM 

7.5 

12 
45 

63 
110 
290 

3/4 
3/4 

1 

3/4 -
1 
1-1/4 

3/4 
1 
1-1/4 

1 
1 
1-14 

1 
1-1/4 
1-1/2 

1 
1-1/4 
1-1/2 

1-1/4 
1-1/2 
2 

1-1/4 
1-1/2 
2 

EK 
KB 
KR 

30 
55 
83 

245 
330 
400 

1 
1 
1-1/2 

1 
1-1/4 
1-1/2 

1 
1-1/4 
1-1/2 

1-1/4 
1-1/2 
2 

1-1/4 
1-1/2 
2 

1-1/4 
1-1/2 
2 

1-1/2 
2 
2-1/2 

1-1/2 
2 
2-1/2 

IVA 

WB 
WE 

115 

170 
150 

1000 
730 

1-1 

2 
2 

2 

2-1/2 
2-1/2 

2 

3 
2-1/2 

2 

3 
3 

2 

4 
3 

1021'9_ 

4 
3 

4 
4 

2 

4 
4 

/-1, 

* These values are only representative; refer to Table 3 for all specific values. 
' 1/2 outside diameter tubing may be used. 

£ 5/8 outside diameter tubing may be used. 
These engines require 15 psi natural gas fuel supply. 

-"3/4 outside diameter tubing may be used. 
Ncee: Never use smaller than 1/2 outside diameter tubing. 



TABLE 13. NATURAL GAS - 11 INCH WATER COLUMN, L.5 INCH PRESSURE DROPDIAMETER OF FUEL LiH4E IN INCHES FOR THE VARIOUS LENGTHS OF PIPE 

UNIT KW CFH 15 FT. 25 FT. 50 Ft. 75 FT. 100FT. 150 FT. 200 FT. 300FT 

AJ 
LK 
CCK 

1 
2 
4 

33 
54 
90 

1;'2 
1/2 
3/4 

t/2 
3/4 
3/4 

1,/2 
3/,; 
3/4 

3/4 
3,/4 

1 

3,/4 
3/4 

1 

3/4 
1 
1 

1 
1 
1-1/4 

1-1/4 
1-1/4 
1-1/4 

CCK 
NH 
CCKB 

5 
6.5 

10 

115 
150 
200 

3/4 
1 
1 

3/4 
1-1/4 
1-1/4 

3/4 
1-1/4 
1-1/4 

1 
1-1/4 
1-1/4 

1 
1-1/2 
1-1/2 

1-1/4 
1-1/2 
1-1/2 

1-i/' 
1-1/2 
1-1/2 

1-1/4 
2 
2 

J 
JC 
E 

7.5 
15 
30 

126 
255 
600 

3/4 
1 
1-1/4 

3/4 
1-1/4 
1-1/4 

"3/4 
1-1/4 
1-1/4 

1-1/4 
1-1/4 
1-1/2 

1-1/4 
1-1/2 
1-1'?) 

1-1/4 
1-1/2 
2 

1-1/4 
1-1/2 
2 

1 
2 
2 

EM 
KB 
KR 

45 
55 
70 

690 
840 

1,000 

1-1/4 
1-1/2 
2 

1-1/2 
1-1/2 
2 

1-1/2 
2 
2 

;2 
2 
2 

2 
2 
2-1/2 

2 
2-1/2 
2-1/2 

2-1/2 
2-1/2 
2-1,2 

2-1/2 
2-1/2 
3 

KR 
\WA 
,E 

85 
115 
150 

1,400 
i,80 
1,450 

2 
2 
2 

2 
2-1/2 
2-1/2 

2 
2-1/2 
2-1 /2 

2 
3 
3 

2-1/2 
3 
3 

2-1/2 
3 

.3 

2-1/2 
3-1/2 
3-1/2 

3 
3-1/2 
3-1/2 

WB 
FT 
XF t 

170 
250 
350 

2 500 
3,000 
3,850 

2-1/2 
2-1/2 
1-1/4 

2-1/2 
3 
1-1/4 

3 
3 
1-1/4 

3 
3 
1-1/4 

3-1/2 
4 
2 

3-1/2 
4 
2 

3-1/2 
4 
2 

4 
5 
2 

WK t 
WF t 

400 
350 

.ki400 

4,200 
3,850 
4,200 

1-1/4 
2-1/2 
3 

1-1/4 
3 
4 

1-1/4 
3 
4 

1-1/4 
4 
4 

2 
4 
4 

2 
4 

6 

2 
4 

6 

2 
6 

6 
* These values aro only representative; refer to Table 3 for all specific values. 
" These engines require 20 psi natural gas fuel supply. 

"" Gene:ating sets with gas boosters on engines .... for low pressure incoming fuel line. 

INLET PRESSURE TO 
TABLE 14. 

SECONDARY REGULATOR OR THERMAC REGULATOR 
(Combination Fuel with Impco System) 

UNIT PRESSURE 

EK, EM 12 oz. 

WA, VB, WE 12 oz. 

KB, KR 12 oz. 

I!
 



REGULATOR , 

BALANCE 
CONNECTION "'-.--. 

01i 
, 

__J !, . 
, PFICE JOINT 

20 TO 30 LBS 
INLET PRESSURE 

REPLACEABLE 
PRESSURIED 

TURBO CHARGER 

MANUAL SHUTOFF 
VALVE 

IMPCO 

-DRY FUEL 
FILTER 

NATURAL GAS FUEL SYSTEM FOR WF AND iK 

12 



.O, CLSM _ 

HOT WIE 

ntN lu, 

iIT C I T MAI ,4VJOLIAGI | - . . 

PRESUR SWTC SUPIE T 

- }2;001GAENTIA SETTCIUN. IESS.UofIZ 

,S. 

7_. 

:-
L? GAS LOAD AOU$lmtNI VALVE'. 
..... ' .. .. 

-

_ -
'ESU"r . ..-- t r c=1 -

Lo IIi 1 I I " -

. TOR.ALANCE-f (--5 )4 WIN _IL_0) 1 AIC -11- 'O-IAGE ' . 

- LSI AI kil..CI.. VALVE 

VAPORIZED LP-GAS SERVICE REGULATOR 

NOTE: Mount Press.ure reduction valve close to 
carburetor to minimize amount (if fuel scavenged 
from line when tiansfer is made to alternate fuel 
(eliminates engine hesitation on transfer at full 
power). 

When natural gas pressure is maintained, LPG 
pressure reduction valve remains closed. When 
gas pressure drops upon failure of su'pply. LPG 
valve opens and supplies LPG fuel vithout 

rupton. 

.A--

-. 
NATURL GAS SLLV)C IEGATOI 

-ner 

lAL GASS 10 3 'A,o t5l.I 

___ 

VA.XIZ..A.-S-0 

DRY FUEL
FIL.TE:R 

t 1To t s . O 

DRY FUEL 
FILTER 

SCHEMATIC FOR IMPCO
NATURAL GAS, LPG 

DUAL FUEL SYSTEM 



TYPICAL GAS-GASOLINE FUEL SYSTEM 

GAS
CARBURETOR 

O A SOLiNE 

J4RBURE TOP 

THERMAC PRESSURE 

REUIGVALVE 

LINE FROM )RYF Li 

... 
... . 

- S.-' . 

1ii 

'J ~i ASOLINE

"J'{ i F=U E.L TAN K 

', 1 

;- ,l. 



TYPICAli NArURAL OR MANUFACTURED CITY GAS SYSTEM 

LINE FROM - ,--! 

GAS FUEL . 

SUPPLY 

-ELECTRIC 

FUEL 5OLENO;D
 

-DRY FUEL

FILTER 

LMANUAL 
FUEL SHUTOFF 

NOTE: WF and WK do not use two-step regulation. 

15 



TYPICAL LPG VAPOR WITHDRAWAL SYSTEM
 

iI
 ELECTRIC FUEL
 

SOLENOID 

SHUTOFF
 

VALVE 

VAPOR 
SHUTOFF 

DRY VALVE
FUEL FILTER 

PRIMARY 
REGULATOR 

TANK 

16
 



TYPICAL LPG SYSTEM WITH GAS BURNER VAPORIZER
 

//
 

REDUCING ~VAPORZER IFUELII STORAGE TANK 

PRIMARY 
REGULATOR 

THERMAC PRESSUR'E 
VALVE) 

ELECTRIC FUEL SOLENOI DE-T 

L 
DRY FUEL FILTER "' 

SHUTOFF VALVE Viy/ 

4% 4% 

o.fft .v;
DRY FUELFILTER .. ~~t_,,.. 

SHUT FFALVE" l; '#l' ... 

". 

P 
' 

/
I 

" 

0 

,4.rvoFL=I 

o 

-. '" 
o40 

, 

E 



TYPICAL LPG SYSTEM WITH LIQUID WITHDRAWAL 

)LQI LIQUID 
0 VALVE 

F=UEL STRAINE'R" 
a J
 

LPG TANK 

C A RB U R E T O R
NE'-SAL1 U /'- ELECTRIC 

SOLENOID 

3AS FUE-L 

CONVERTE-R
 

,N|EVER !IJST tL-P"Z3ULAT 0 -%M' -7I TANK 
AND CONVERTER IN LIQUID WITHDRAWAL. 

13 



Onan manufactures a complete line of electric power systems from I to 500 KW (generator 
sets 9 automatic transfer switches , industrial engines), gas-, gasoline- or diesej
driven. For standby power in homes, industrial plants, commercial buildings and 
institutions. For auxiliary or portable power in boats, recreational vehicles, service 
trucks and construction equipment. 



Ivory Coast ,P"/F Z/( . DETROIT CIESEL ALLISON Telex: 381-2213 Haultrax 
ALLIS CHALMERS 
Compagnie Africaine D'Equioement 
Industrial 

Telex: 
Cable: 
Phone: 

768 
Afequip 
157039 

Industrial Equipment Company 
22 6qll Road 
P.O. Box 22 

Cables: 
Phone: 

Powerload 
(92) 36519, 36529 

(C.A. E.1.) Kingston 11 
30 Rue Thomas Edison 
P.O. Box 836 
Abidjan 

DORMAN DIESELS LIMITED 
Caribbean Industrial Equipment 

Cables: 
Phone: 

Indquip 
926-1240 

Limited 
CATERPILLAR OVERSEAS SA Telex: 675 7 South Avenue 
Manutention Africaine Cables: Mee Rest Pen 
P.O. B:)x 1299 Phone: 37-33-66 Kings:ori 10 
Abidjan 37-33-86/7/8/9/

90/91 KATOLIG,-li"
S0iaecilis. Agencies Limited 

DETROIT DtES,.L ALLISON Telex: 969-Abidjan 2207 P.O. Box 657 
Blackwood Hodge (Cote dlvoire) Cable: Suntract Spani',h Town 
S.a.r.l. Phone: 324083 
25 Boulevard Angoulvant 
P.O. Box 14066 

KLOCKNER-HUMBOLDT-
DEUTZ AG 

Telex: 
Cables: 

2271 Servocomp JA 
Kemtex 

Abidjan The Tectanical ;upply Co. Limited Phone: 9367?44 
44 Hagley Park Road 

KOHLER INTERNATIONAL P.O. Box 75 
LIMITED Kingston 10 
Ets. Peyiissac Cote D'lvoire 
P.O. Box 1272 AbidjanLIMITED 

KOHLER 'NTERNATIONALKOMLED 
Abdulla C. Marzouca Limited 

LEYLAND INTERNATIONAL Telex: 777 157 Cange Street 
Cie Francaise de I'Afriqua 
Occidentale 

Cables: 
Phone: 

Senafrica 

226.51, 262.26 
Kingston 

Ag-nce Centrale 
P.O. Box 2114 
Abidjan 

LEYLAND INTERNATIONAL 
C-rs&Commercials Limited 
67/.-9 Harbour Street 

Cables: 
Phone: 

Ca,-ncom 
2'7121,26821 

Kingston 
LUCAS SERVICE OVERSEAS 
LIMITED 
Matfoce Diesel (Div. of CFCIT) 
6 Rue Thomas Edison 
Zone 4 
P.O. Box 1844 
Abidjan 

Telex: 

Phone: 

Tecofra 
640435 
35 58 69 

LUCAS SERVICE OVERSEAS 
LIMITED 
John Crook Limited 
Lucas House 

86-28 Tower Street 
P.O.KingstonBox 21 

Cables: 

Prone: 

Lica.,jm 
JCA 
5227/8/9 

NISSAN DIESEL MOTOR CO. PERKINS ENGNES LIMITED Telex: 2170 Mrco 
Comafrique 
B.P. 20817 

Abidjan 

Reginald Aitken Limited 
437 Spanish Town Rcad 
P.O. Bcx 28'3 

Cables: 
Phoi'e: 

Marco 
933/6737/9 
933/6730, 933-

Kingston 11 8538, 933-84' 1 
PERKINS ENGINES Telex: Carena323 
Carena 
P.O. Box 453 
Abidjan 

Cables: 
Phone: 

Carena 
22.22.27, Z2.13.36 

PETTERS LIMITED 
Will's Batter,, Co. Limited 
P.O. Box 440 

Cables: 
Phone: 

Battery 
936-5921 

PETTERS LIMITED 
Hamelle-Afrio.ue SA 

Telex: 
Cables: 

Hamelaf 401 
Hamelaf 

e6 Slipe Road 
Kingston 5 

Km3 Autoroute Sud Phone: 35.67.43,63.28 
P.O. Box 1326 
Abidjzn 

Japan 
ALLI3 CHALMERS Telex: 232-2936 Denyo J 
Denyo Co. Limited Cables: Denweltyo 
No.2, 4-Chome Phonie: 03-552-1201 
Nakano-Ku 
Kamitakada 

Jamaica "okyo 

ALLiS CHALMERS 
Kingston Industial Agencies 
Limited 
381 Soanish Tcwn Road 

Telex: 
Cables: 
Phcr.e: 

01042 - Indage 
Indage 
933-7121, 933-7123 

BRIGGS & STRATTON 
CORPORATION 
Yanase & Ci. Limited 
Trading Civision 
Minato-ku 

Telex: 
Cables: 
Phone: 

78102422551 
Yanaseco 
452-4311 

P.O. Eox 80 Tokyo 
Kingston 11 

BRIGGS Pi STRATTON 
CORPORATiON 
Will's Battery Co. Limited 

Cibles: 
Phone: 

Battery 
936-5921 

CATERPILLAR OVERSEAS SA 
Caterpillar Mitsubishi Limitetd 
3700 Tana 
Sa;FmiharaShi 

Telex: 
Cables: 

J222877 
Caterbishico 
Sagamihara 

66 Slipe Road Kanagawa-Ken 229 
Kingston 5 

CATERPILLAR OVERSEAS SA 
Jamaica Tractor & 

Telex: 
Cables: 

2135 Alproiam 
Jamtrac 

DETROIT DIESEL ALLISON 
Tominca & Co. Limited 
Ibasen Building 

Telex: 
Cables: 
Phone: 

781-22435 Tomco 
Tomidiesel 
662-1851 

Equipment Company
379 Spanish Town Road 

Ohone: 923-9251 No.5 Nichome Kobunacho 
Nihombashi 

P.O. Box 213 Chuc-Ku 
Kinqton TnL--- i.nn 201 
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1 vy pickup, two90 LP-tankson topthe flick of a switch. "2-.al. Runs on choice of Propane or P-soline 

Jer'ryF 
ane alentv
Lots 

an , of exciting materialfue h2sc appeared recently on metl:-o~ 

ane, an alternative fuel you canic materials -
make yourself from crganmanure, garbage, and vegetable matter.We've learned a lot about general theory, specific experi-ments, and detailed plans for construction of small andlarge methane-producirg plants. None of the literature,however, deals in depth with the potentials, problems, andnuts-and-bolt of making and using your own auto fuelThis article deals specifically with "home-made" methaneas an auto fuel, the pros and cons, together with anotherleading alternative, propane,

When manure, vegetable matter, and water are put intoairtight containers called digesters, in the presence ofinitial starter bacteria, decay takes place releasing gas that
can be collected and used 
 for fuel. This gas. 6o-gas, canbe used for lightir.g, cooking, powering engin es, and orh,:rcommon fuel uses  and the sludge that remains in the
digester after the bio-gas is released is extremely valuable 

as fertilizer.
No.v the good news: the research octari rating of bio-
gas is over 10, compared 
 to 82-100 for gasoline, so Uatbio-gas can usedbe as auto fuel ',ith even he high1e:;tcompression auto engines. Pound for pound, bio-gas gives
roughly the same 
 mileage as gasoline, and is rather easy
on engines and the environment. 
 But where natural gasand gasoline are fossil fuels, taken from oil wells and coalmines, ultimately limited in supply, and involving depen-dence on vast corporate undertakings, bio-gas can be made 
by anycne, on scales large and smail, fromof organic "waste" a wide varietymaterials. 


The idea of producing your own 
auto fuel from "waste"materials right at hand is very exciting. In practice, how.ever, it's i far larger, more difficult, and more costlyproject than first appears. Anyone wanting to do it wouldest know the negtive side of the picture as well as thepositive. Here are some of the problems, followed by afresh look at the whole subject. 

(ZJerry Fiederg. 1976. 

ie berg 
A.nutO.raicitr eddAmo:nt of Organic Material Needed: 

First, for clarity again' methane and bio-gas are not thehing. Bio-gas commonly is 65% or so same methane and33% carbon-dioxide 
gen, 

(CO2 ), with small amounts of nitrohydrogen, carbon monoxide, and hydrogen sulphide..The !ast item gives bio-gas a rotten egg smell'that's unpleasant but an important safety factor in detection ofleaks. Since bio-g:.s is only 65% methane, diluted by some33% uncombustible CO', the ener D , value of bio-gas runsabout 1/3 (600less BTU/ft3) than that of methane(1,000 BTU/ft3). Which means that more bio-gas is required to do a given job, mearing larger jet:;, nozzles, hoses,and so forth. While it takes about 150 cubic feet of methane to give the fuel equivalent of one galloi, of gasoline, ittakes about 215 cubic feet of bio-gas.
And that presents the first problem in usin- bio-gas asauto fuel: the amount of organic matter needed. To make 

comparisons easier, let's usemean die the phrase "bio-gallon" tobio-gas equivalent (215 ft3 ) of one galion ofgasoline. Since the bio-gas yield from a pound of, say,fresh wket cow manure is about I ft 3 , it takes ibout215 Ihs of fresh cow manure to produce each bio-gallonof fuel. For a household how consuming an average of,say 3 gallons of gasoline per day, that means hauling645 lbs. of cow manure each day to the digester. In recent tests on a working 100 ft 3 /'day digester, it actuallytook 810 lbs fresh cow manure per day to yield 3 bio
galions per day.

If you had access to wastes from cows kept indoors, sothat all their manure were collectable, it' would take some18 cows to produce that amount of manure each day.Using chicken wastes, potenta and much publicizedsource of bio-gas, it takes the wastes from somechickens each day, to produce a sinie bio-gallon, or 1800chickens for 3 bio-gallons/dav. One final example: itwould take the wastes from 179 adult humans to produce 
ReorInted with Dermlss;on. - alternative sources of energy 
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one bio-gallon, or 537 humans for 3 bio-gallons/day. In
short, operating a continuous.feed digester, adding daily
to maintain output, you've got to haul hundreds of
pounds of waste matter every day from a large number of
animals to get anything like one to three bio.gailons per
day. 

The alternative is the batch-fed digester, loaded with alarge charge, collected from over about 40 days, and then
emptied of fertilizer-sludge and reloaded with the next
batch. For such a plant, it takes about three to four tons
of waste matter to yield a single bio-gallon a day for 40
days, or aboit 10 tons for 3 bio-gallons per day. Either 
way, continuous or batch fed, that's a lot or organic mat-
erial to haul for a modest output. 

Storage: 
organic

Assuming, though that great amounts of organic material 
are at hand, we have a second problem: storage. A single
bio-gallon is such a large volume of gas (215 cubic feet)
that it would take twenty 55-gal. drums to store a single
bio-gallon at normal atmospheric pressure. Your vehicle
hardly could go around the block on the bio-gas stored 
in a standard auto fuel tank at normal pressure. 

The easiest,. lowest cost method of storing bio-gas for-
auto fuel - - in quantities enough to go any mileage with.is compression. (Other methods are cyrogenic liquifica-
tion using temperatures below -830C, polymerization, andchemi-absorption, all more complex and expensive.) Atabout 2,600 psi (pounds per square inch) pressure, each
bio-gallon requires only 1 cubic foot of storage space.
(It's stored still as a gas, not liquifying at any pressure un-
less temperature is reduced below-1 160F.) - :.'. .!-

The tanks usually used in experimenting with methane 
or bio-gas as auto fuel are 5 feet long and 9 inches in dia-
meter, containing about 300 cubic feet of bio-gas
pressed down 

com-
to 1.9 cubic feet at 2,600 psi - - about 1.4

bio-gallons per tank. So it would take ten such bottles 
to carry 14 bio-gallons, a little less than the equivalent of a standard gasoline tank. The ten tanks, of course, must
be high-pressure tanks, generally rated at least to 3,700

psi. So, in addition to large quantities of waste material

for producing the bio-gas, we need a compressor capable

of about 2,600 psi, perhaps 10 high pressure 'cyliriders

for the auto, and another 10 for storage at thc plant - 
a substantial investment. And a substantial volume
weight of tanks to carry. 

and 

Impurities and Emissions: 
" 

For many of us, interest in alternative fuel stems from, 
concern with environmental pollution. Recent tests in abio-gas powered vehicle by Dr. William Stine at California 
Polytechnic State University indicated the following 
emissions (in grams/mile): 

1978 
Proposed

Bio-Gas ' Fe.Stds. Fed. Stds.Hydrocarbons . 4.18 0.41 • 0.41
Carbon Monoxide 6.03 3.4 3.4
Nitrogen Oxides 0.63 --- 0.4 

Typical figures for gasoline-powered vehicles are: hydro-
carbons 1.15, carbon monoxide 10.05, and nitrogen oxide
5.13. Bio-gas, then, pollutes far less than gasoline in terms 
of carbon monoxide and nitrogen oxides, but not in terms 
of hydrocarbons. With finer tuning, hydrocarbon emis.sions can be reduced, and it's also true that hydrocarbon
emissions from bio-gas are not as smog-producing as thosefrom gasoline, but still bio-gas remains far from meeting
federal emissions standards. Certainly bio-gas is not a 

pollution-free fuel, as some have mistaken it to be. ' 
-Other impurities in bio-gas as auto fuelare C202, 

vapor, and hydrogen sulphide (H2S), 
wat 

a corrosive agei
that can pit metal cylinder wall&and other parts. W.la
Stine's research indicates that H2S levels are not'so hi: 
as to threaten coirosion very seriously, but he still recor
mends "scrubbing" bio-gas to remove that impurity.
the C02 is not scrubbed, it causes problems of freezir
and clogging of equipment as the rate of bio-gas fuel u
increases. This problem can be. overcome either by scrul
bing the CO 2 or, as Stine did, by blowing engine he;
onto, the equipment to keep it from "freezing up

ias!ng bio-gas through ferric oxide filters, iron filings,
steel wool can remove the H2S ;through calcium chloric 
to remove the water vapor; and through lime water to r-move the C02. Scrubbing out impurities involves add
tional expense and energy.. It's not yet clear just honecessary such scrubbing is, or what digester materials an 
processes yield what, kinds and degrees of impuritie

If only in the interests of reducing pollution, scrubbin
i recommended. The resulting bio-gas will be more purel
methane, 'improving mileage, reducing storage requir
ments, etc. On the other hand, scrubbing systems, whil
already available, add a lot to the cost and complexity c 
using bio-gas as auto fuel. 

Size and Costs: 

Which raises a fourth point: the total size and cost c"all that's necessary. To produce a single bio-gallon a da:
requires a digester about the size of forty-two 55-ga
drums - - or 126 55-gal. drums for 3 bio-galons/day

"That's a lot of digester to build, heat, agitate, and main
tain. One-large-scale venture (Ecotope, Snohomish, Wash.
envisions using manure from 350 dows to produce a littl
less than 40 bio-gallons/day, at a cost of $56,700 for thisystem - or about $1,400 for plant alone per bio-gallon
day output. Scrounging used parts and such, this cost ar
be cut, perhaps down to $1,000 per bio-gallon/day plan
capacity. The point is that we're talking about a larg,
and costly digester even if you want only several bio
gallons per day output. I - ... • ,

Since the digester must be maintained at about 90oF
for optimum performance, some of the bio-gas producec
typically is used to provide digester-heat. Depending upor
the climate surrounding the plant, the bio-gas used foidigester. heating will be anything from 0-30% of total bio 

- gas produced, usually 10-15%, increasing by that amountthe organic material to be hauled, size of digester, etc,
The cylinders to be used for bio.gas auto fuel tanks,to be least expensive, probably would be used welding

(oxygen) cylindors, sometimes available surplus forabout $50 each. Using 10 of them to hold 14 bio-gailons
ives a range of 105 miles from home (at 15 mpg)and 

means an expense of $500 just for fuel tanks (and a lotof added weight). If the vehicle is to be used only locally,you can do with fewer tanks, say 3 tanks for a range of
about 30 miles from home - - but even then fuel tank costwill be $I. ,.

Another and probabl, larger expense will be the com
pressor. A multi-stage unit, capable of tak'ng flammable 
gas to 2,600 psi, costs from S2-3,000 new. It's possible
to get extremely slow-working, used units for as low as$100. Such compressors take hours and even days to dotheir work. And to cap it off, the compresser uses energy
amounting to'about 207o of the value of the bio.gas being
compressed. 

. Range and Performance: 

One last item: range and performance. Methane is not
available commercially, nor is it likely to be, for use as 
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motor fuel. (Union Carbine, in New Jersey, will provide
methane at $54 to $78 for the equivalent of about 2
gallons gasoline - s.6high a cost as to be impractical for 
general use.) In response to a recent request for a list of 

ti. sewage plants where bio-gas can be gotten for auto use,tU the Environmental Protection Agency returned a reportindicating it would take $22 million to construct such 
rr a plant - - a cost considered prohibitive. tio-gas current-
ap ly produced at sewage plants typically supplies energy 
_ requirements orJy of the plants themselves. Nor, "ven all 

the problems involved, are there any commercial outfits
dispensing methane or nai-ural gis as motor fuel. So, if 
you run on bio-gas, your range from home is limited.
to what you carry with you. . . 

a As for performance, Stine's research indicates a loss, 
going from gasoliue to bio-gas, of 25-30%. 

I 'pollutes
b Two Sides of the Picture: 

S Small wonder, then, that the common complaint among
s 
 those ,who have tried setting up small digesters is that the5 amount produced hardly seems to justify all that goesaaio 

into the process. ~hile the sludge left inthe digesier is a
valuable fertilizer, or the amount oforganicmaterialneeded,
problems of storage, need to deal with impurities and pol-
luting ernissions, limitations of range *and performance,
and the sheer size of plant, expense, work, and time all
add up to a discouraging picture. It's no surprise then 
that, as of March 1976, there is no one in the UnitedStates powering an auto with bio-gas except for brief 
experimental-educational demonstrations. ,

So much for the sobering side. There is another side. 
First, fossil fuels, including petroleum, coal, and n,1tural 

gas, are running out. Within our lifetimes, gasoline may
f well become unavailable or severely limited for automo-
I tive use. -. ... .. 

Second, political developments and inflation continue to
drive the price of gasoline upward, and the time may not 
be far off when for many of.us the price will be prohibi-
tive. ". 

Whether home-made bio-gas "pays" as auto fuel involvesweighing it against what else is available at what price
(energy, time, money) - and bio-gas auto fuel that doesn't 
pay right now may well pay handsomely in the foresee-
ab.e futue. So it makes sense to be experimenting, edu-
cating ouiselves, and demonstrating the potentials of such 
alternatives. 

Another Alternative: Propane: . 
•.-at


For many of us, especially those concerned with doing 
something about auto oollution now, and finding an auto 
fuel alternative that makes sense immediately, it' s helpful
to compare bio-gas and liquid petroleum (1P, either pro-
pane, butane, or a combination fo the two). LP, like gaso-
line, is a commercially a'ailable petroleum product, at 
more than 10,000 LP motor fuel filling stations through-
out the U.S. and Canada. Storage as a liquid requires only
150-250 psi, which means you can carry 19 gallons of LP 
in a tank the same size as your 19 gallon gasoline tank. 
And your range can be whatever you'd like it to be. Travel-
ling crosscountry several times on LP in the past four 
years, I've found LP filling points through the Yellow 
Pages just about everywhere I've gone.

Performance and mileage fall off only 10% from gaso-
line to LP, compared with the 25-30% 16ss on bio-gas.
At the same time, cost per gallon goes down an average
of about 30-35% from gasoline to LP. So effective cost-
per-mile comes out about 20% cheaper on LPthan on 
gasoline. That savings, tank after tank, eventually (took 
me li years) pays for the initial conversion equipment 
- - and the savings keep coming thereafter, 
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Where bio-gas has a fuel value frorn 540-700 BTU per
cubic foot, LP ranges from 2200-3400 BTU per cubic 
foot, with an octane rating of 110-4, same as bio-gas. A 
typical emissions test reveals the following (grams/mile): 

1978 . 
1976 "Proposed

Gasoline Propane Fed. Stds. Fed. Stds. 
Hydrocarbons 1.15 0.25 0.41 •0.41 
Carbon
 
Monoxide -10.05 2.07 3.4 3.4
Nitrogen Oxides 5.13 0.58 -- 0.4 

Comparing these figures with Stine's research on bio-ga.
emissions (above), the contrasts are striking. Even though
different' autos wQte -used, the conclusion in clear: LF 

less than blo-gas does. Claims that LP reduces 
•pollution 70% compared to gasoline seem well justified.

Since LP has been used as mo~or fuel for over 40 years,.
long-range studies have been possible. In one of these, thecity of Orlando, Flonda converted most of their transportation system, including city buses, to LP in 1962. Twelve 

nldigct ue, oL n16. .,tr Twelv 
years later a 1974 report in lcateu: 

- Engine tune-ups every 40,000 miles on LP compared to4-10,000 on gasoline. : - . I. I .. 
- Complete engine overhauls at 200,000 miles on 1P ver

sus 100,000 on gasoline. 
" Change of spark plugs every 45,000 on LI compared to 
.25,000 oil gasoline. 

- Engine oil and oil filters lasting twice as long on LP. 
-virtually no muffler replacement on .LP vehicles.

In Califomia's Santn Clara County, the bus system recent
ly was converted to LP with similar results. . -. . :'. 


Since LP, stored as liquid, enters the engine totally vap
orized, cold weather starts a"e easier, no choking is neces
sary, and no .mixing with and dilution of oil is possible.
Oil cannot be washed from cylinder walls (as incomplete
burning gasoline does), combustion is virtually complete
with no carbon or sludge buildup, ring wear is cut drama
tically, and engines stay cleaner and last much longer. 

Propane and Methane as a Teim.We Can Produce: 

Perhaps'the best news of all is from Joe Ennis, who ha! 
been working for several years on a process for home. 
making propane from home-made bio-gas. Propane, in. 
st-ad of being only a commercial petroleum product, may
well come to be, like bio-gas, a fuel any of us can makefrom organic matter. And sirce propane stores as liquid

only 150 psi, the propane process could involve far lesscompression-storage hassle than the biogas process. Coin
mercial or user-produced, propane has a lot going for it in 
comparison with bio-gas. People who want to keep explor
ing bio-gas as auto fuel may weil want to proto convert 
pane as a first, and maybe last, step.

Happily, there's no need for an either-or choice. The fact 
is that the conv'rsion cqy.ipinent needed for bio-gas is
much the same as that needed for LP or home-made 
propane! So it makes sense to do it all  - run on com
mercial LP, keep gasoline as a reserve fuel for those rare 
times (middle of the night) when LP is unavailable, and 
develop bio-gas and home-made propane, ALL WITH 
THE SAME SYSTEM! 

. -

Nuts and Bolts: 

So, for those ready to move from talking altout it to 
doing it, let's get to the actual nuts and bolts. Enough lit. 
erature has appeared recently on digester design and 
operation that we can omit that here, focusing where 
there is no literature to speak' of: from the dig,,ster to 
driving on bio-gas or propane. 
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The schematic arawing shows all components of a de
luxe auto conversion that permits operation on bio-gas, 
propane (commercially bought or home-made), or gaso-'
line. Hose H is LP high-pressure Aer-O Quip Type. I' goes
either to a two-stage regulator atop a bio-gas cylinder, a 
propane meter fuel tank, or (via a "T" fitting) to both. 
Where both are connected, valves on the tanks permit
either fuel to be turned on and the other off. 

Item (3) is a filter-fuellock which automatically shuts 
off the supply of fuel when the ignition key is turned 
off, also filtering -he fuel. Item ('.) is an Impco EOP 
converter, actually a two-stage regulator andheat ex
changer, where ,'quid propane converts to vapor and isreleased in'response to engine demand (vacuum). Hose 
L is the hose carrying water from the engine's water 
.urnp to the car's heater, arranged to run hot water 
through the EOP, keeoing the converter warm so the pro
pane can vaporize witlhout freezing up.

Tank can also be mounted under truck be. Item (5) is an Imperial CA300A-1 mixer, a carburetorand air cleaner combination that sits directly atop the_Compression and storage of bio-gas comes first. Check' ,.t,!o's present carburetor, in place of the present air* out scuba-diving compressors, used if possible, and c>'aner. No change in the gasoline carburetor is required.compare with units available from - - The mixer has air-fuel controls for both idle and speedAir-Dry Corporation of America mixture adjustments, and can be set for proper carbure-Northridge, California 91234 ti-n with propane, natural gas, or bio-gas. Since bio-gas* * * .has only the fuel value per cubic foot of LP, it's often
Pneumetric necessary to restrict air intake to give proper bio-gas/19338 Londelius Street air ratios. Item (6) is an adapter, available in sizes to fit.Northridge, California 91324 all carburetrrs, and in straight-up (pictured here) or offsetFor storage tanks, check out scuba-diving tanks and designs. And item (7) is the present carburetor with (8)compare with availability of surplus oxygen tanks used for an on-off solenoid to shut off the gasoline supply whenoxy-acetelyne welding. Any iank that tests to, say, 3,7000 operating on LP or bio-gas.

psi will do. Surplus oxygen tanks sometimes can be gotten Actually, a serviceable conversion can be done withoutfor about $50 each. Then you'll need a two-stage regula- items (3), (8), 'or (10). For four years I've used a simple. tor to step down bio-gas pressure from 2,600 psi storage manual on-off valve in place of (8) to cut costs a littlepressure to around 125 psi. An ordinary oxygen regulator and keep things simple. For quite a while, until I got lazy,(welding type) will do fine, or a two-stage U.S. Diver regu- I used the fuel tank's on-off valve in place of(3). Item (9)lator (used if possible) at about $25. is a vacuum control switch that automatically shuts off 
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ocebr'6LP mixer atop standard carb. Requires no changes to be made in the engine. *,\ 
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the LP or bin-gas when the engine stops, even if the key
is left on an additional safety item overlapping some
what with (3). And finally, item (10) is a dash control
panel that allows the driver to switch fuels from tie driv-
er's seat, even while the car is in motion. It includes a
toggle switch (T) connected to the gasoline solenoid and 

the LP-bio-gas-solenoid, to turn either one 
 on and the 
other off; a primer button (U) connected to the conve'r
ter's electric primer, releasing a shot of gas for cold starts; 
and a bodtn cable (P) for opening the mixer's air valve
when running. on gacoline. None of this is necessary if 
you're willing to have the inconvenience of getting out of 
the car (in the rain) and turning a few valves to change 
fuels. 

No that we've run through, the schematic, here are some
pictures of the real thing, showing all the equipment need
ed, aside from fuel tanks, for operating on propane, biogas, or gasoline. Not all that much. The total conversion 
can be done by the average mechanically inclined personin just one day ,. ... .i . e 
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Control panel mounted under dash has LP fuel gaugo anfd s itcl'for switching between gasoline and propane, plus a primer for sur 
cold-weather starts on LP. 

"C osts
Standard, time-tested, high quality equipment is supplie 

guaranteed by manufacturers such as Impco-Imperial 
and Beam. Stine, Ennis, Moser, and others whi

have been experimenting with bio-gas and propane all us 
Irnpco equipment, as I do, and it's Impco equipment yo,

" see in the schematic and phoios. A standard propane cor 
version, which you can then easily adapt for bio-gas, costabout S600 if done commercially. Doing it yourself 
however, and sticking to necessities rather than options 
you can cut the cost to S100-200 for everything. That'$70-140 for everything pictured (depending on auto 
plus $30-60 for an LP motor fuel tank, for the total o10 -2 0 0... . 

LP tanks are expensive new: 5 100-250, depending or 

siz (12-30 gals). But you can find them used at forklfplaces, L" pianzs, and junkyards for much less than that 
My 12-gal. tanks were S35 each, for exanple. Remembei 

frm c eso u:that you must get the motor vehicle tanks, not just an)
.LP tank, for only the motor vehicle tanks have the safet) 
features required by law and common sense both.,
To make ita three-way conversion, including bio-gas

add the cost of high-pressure fuel tanks, regulator, compressor, and digester ..a total of no less than $500, and 
probably much more. 
Conversion equipment, thor,, requires a chunk of money 
to.,..be laid out S1-200 to operate on LP or gasoline,
and quite a bit moe for bio-gas or home-made propanebut, with LP at least, fuel and rnaintainance savings soon 
pay back thepay investment, Mith continuing saving

And then there are the additional benefits oflonger engine life and much reduced pollution. 

Sources: 

For additional literature, p.ices, etc., these are the three 
largest manufacturers of conversion equipmeilt: 

Impco Carbuietion, Inc.
 
16916 Gridley Place
 

Cerritos, California 90701
 

Beam Products Mfg. Compan)
 
3050 Roslyn Street
 

Los Angeles, California 90063
 

\V1 



Marvel-Schebler/Tillston Div. (Century)
Berg-Warner Corporation
'2195 South Elwin Road 

Decatur, Illinois 62525 
The prices quoted above are available only from thenation's 	 sole discount source of conversion equipment:

Arrakis Propane ( onversions 

Route 2, Box 96C 


Leslie, Arkansas 72645

All others are 50o higher than Arrakis, and Arraks isthe only one that provides the equipment on a do-it-yourself kit basis, with detailed manual included,
The two main manufacturers of LP motor fuel tanks are: 


Brunner Engineering & Mfg., Inc. 

P.O. Box 559 


Bedford, 	Indiana 47421 
S *0 •Some

Manchester Tank & Eqipment Co.
2880 Norton Avcnue 

Lynwood, California 90262


And another address that may be helpful is: 
National Fire Protection Association 


270 Atlantic Avenue 

Boston, Massachusetts 02210


For S4 you can get their "Pamphlet No. 58, Storage and
Handling 	 of LP Gases," the bible of safety standards in
the most minute detail.

While looking at names and addresses, 
I 

here are some
people presendy experimenting n depzth with methane.bio-gas-LP systerns: 

Don Moser 

c/o Om Cocking


211 South Washington Street 

Stillwater, Oklahoma 72072 


Don's schoolbus runs on methane, LP,or gasoline with anImpco system like that in the schematic. Don helps others'set up digesters, hoping ever.tually to drive cross countryentirely on home-madc bio-gas. 

Joe Ennis .Popular Branch, N.C. 27965 
Joe's VW runs on 	 either LP or gasoline, with an lmpcosystem from Arrakis. Joe's working on systems of home-making propane as well as methanc. 

Ken Kimhle 

Kaiser-Brencar 


10831 Airport Drive 

El Cajon, C.di'fornia 92020
Ken displayed - truck powered by liquid natural gas
(LNG) at a San Diego energy fair in 1974. LNG was
stored in a cyrogenic tank at temperatures below .83 0 C. 


Jerry Friedberg 

Route 2, Box 96C 


Leslie, Arkansas 72645
My Chevy pickup runs on LI' or gasoline, using Arrakis 

equipment. I'll be revising 
 this article periodically, andwill appreciate reader feedback, especially front thoseactually doing it. 


In writing 
 to these people, enclose a stamped, self-addressed envelope, and, to Don and Joe who operate outof personal funds on a shoestring, enclose SI if you can to 
help them keep up their fine work. 

And Some Perspective: 

As fossil fuels run out and petroleum products soar n
it's exciting to can fu0l runtprice, Asoroutngknowfossilendntweperoemlrdutssaridevelop home-made 
bio-gas and propane, made from organic waste materials,
for auto fuel. But bio-gas ,nd propane are riot the final ans,,er either. The total bio-gas that could be producedfrom all available organic wastes in the U.S. wculd 
amount 	to only about 2% of total U.S. energy consuip-•don. And homemade propane is similarly limited. 

There are two ways to brilten that dim picture. One isto expand the supply of organic material collectable."Energy farming," growing crops specifically for conver
sion to bio-gas and propane, is a form of solar energy
conversion which c3uld increase 	user-produced fuel potentia to perhaps 15% of current U.S. energy use. 

The second, ana ultimately more important, way is toalter demand -  which is to say alter •lifestyles over halfjthe globe so that we live far more simply and demand lessenergy. 	 Difficult as it is to imagine our culture makingthat change, our only choice is to do what we can towardthat end, 	beginning with ourselves, now. ,ndworking onbio-gas and propane as homemade auto fuels is one small 
part of the effort to develop a more blanced relationship 
with our planet. 

Sources: 

Alternative Sources ofEnergy, Book One. 1974.Altern.'tive Sources ofEnergy Magazine, n.l 1, July 1973.Burgell, Jim, "Experierces With Methane." Alternative 
Sources ofEnergy, n.20, March 1976. 

Butane Propane News Magazine, November 1972.Ecotope Group, "Process Fv:asibility Study," Box 618,Snohormish, Wash. 98290.
 
Energy Book Ao. 1, Running Press, 38 S. 
 19th St., Phila.

delphia, Pa. 19103, 1975.
Energy Prime., Portola Institute, 558 Santa Cruz Avenue,
Menlo Park, Calitomia 94025, 1974.

Ennis, Joe, "Compost.Methane.Propane-.otor Fuel." n.d.. 
o.Jan. 1972. 

Ennis, Joe, "How to Convert A VW Bus to Methane,"Green Revolution Magazine, v. 33, n. 	 3, March 1976.Ennis, Joe, "Methane as Fuel," letter to J.P. Hurley,
A. -'l2, 1974. 

"FleetO'ier Magazine, August 1972.
Fry, 	L. John, Practical BuildingofMetane Power Plants,Dept. DA, 1223 North Nopal Street, Santa Barbara, Cal. 

ifornia 93103. 
"Methane Digester Design," Alternatit'ves Magazine,
Auturim 1973, v. 3, n.l.
 

Moore, Fred, "Information 
 on Propane and Methane," Inforr-ation Network, 1921 Menalto Avenue, Menlo Park,

Cal. 94025, v. 2, n. 1, September 1973.


Moser, Don, "Uncle Ben's Conversion," c/o Om Cooking,

211 South Washington Street, Stillwater, Oklahoma
 
74074.
 

New Alchemy Institute, "Methane Digesters for Fuel Gas
and Fertilizer," Newsletter No.3, Spling 1973.

Rutan, Al, 
 77e Do's and Don't's )f Vethane, Rutan Re

search. Box 69, Annandale, .Minn. 55302,1976.
"Special Eco-Fuel Section," Altenative Sources of
Energy, n. 11, July 1973.Steadman, Philip, E',er.kg' Environment, and Building,
1975. 

Stine, William B., "Comb6stion Characteristics of Se'vcrGas and Its Performance as an Automotive Fuel," 1975,available front Dr. Melvyn C. Branch, Reprints Chairman, WSS/CI, Mechanical Engineering Dept., Univ. ofCalifornia, Berkeley, California 94720. Ask for paper
75-7 (1975). 

U.S. Dept. of the Interior, "Emission Characteristics of
 
Propane as Automotive Fuel." Bureau of Mines Report
of Investigation RI 7672. 1972.

Worsham, John H., "Wlqieeis of Progress," Motor Trans
po.t Superintendent, 400 outh AvndeOrange Avenue, riah
do. Florida, 1974
 

Jerry Friedberg 
Route 2, Box 96C 
Leslie, AK 72645 
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Processing cattle waste for
recycling as animal feed 

by GeraldM. Ward and Thomas Muscato 

Increasing feed costs and interna-
tional concern for the conservation of 
resources have focused attention on 
the nutrients in animal wastes that 
have in the past been used largely as 
fertilizer or as a major source of fuel 
for villagers in a number of countries. 
Research and field trials in recent 
years have demonstrated a variety of 
other uses for manure, including di-
rect feeding of dried manure, a num-
her of systems for separating or pro-
cessing manure fractions, conversion 
to biogas (methane), use as feedstock 
for synthesis gas, pyrroiysis to pro-
duce fuel, and some industrial uses. 
A comparative study of these alter-
natives is beyond the scope of this 
article. These systems have been 
discussed by Yeck el al. (1975) and 
an analysis of their economic pocen-
tial has been presented by Harper 
and Seckler (1975). The feeding 
value of cattle wastes will be dis-
cussed here in relation to alternative 
methods of handling and processing 
waste as animal feed. 

Dehydrated poultr excreta has a 
definite place in the seeding of rumi-
nants as described by Smith (1974). 
The case for dehydrated cattle ma-
nure is not as clear-cut because the 
energy aiid protein density is consid-
orably lower than in poultry waste 
due to higher fibre and ash contents, 

Gerald M. Ward is Professor and 
Thomas Mu:;cato is Research .s.o-
:iate at the Departmeitt of A 1i11al 
Yciences, Colorado State L'niversitv,
Fort Collins, Colorado 80523. Unitd 
.tatw. 

Composition of manure 

Variations in the chemical compo-
sition of cattle manure have been 
summarized by Azevedo and Stout 
(1974) and Graber (1973). Table I 
sets out the average analyses of 139 
samples collected biweekly over a 
one-year period from a feedlot in 
northeastern Colorado, as well as the 
analyses of samples collected at three 
locations in the pens: from a concrete 
apron and from the middle and'rear 
of the pen. Ash averaged 37.1 per-
cent on a dry matter basis, varying 
from 30.7 to 42.9 percent by location, 
It was consistently higher when col-
lected from the centre and rear of 
the pens. Inclusion of soil during 
scraping presumably caused the in-
creased values. Total nitrogen of all 
samples averaged 3.67 percent (or 
23 percent crude protein on an ash-
free basis) and protein nitiogen rep-
resented 65 percent of total nitrogen. 

Crude fibre content of rations var-
ied from 6.5 to 27 percent at .] was 
reflected in the c-ude fibre content of 
the manure. P, K, Ca and Na, which 
are usually present in feeds, were 
less variable than organic constit-
ucnts, with mean values of 0.54, 1.35, 
1.88 and 0.51 respectively. Heavy 
metal analysis of Pb and Cd for 25-
random samples averaged 1.36 and 
1.68 ppm respectively, 

- The data in Table 2 indicate the 
influence of cattle diets on the corn-
position of fresh faecal matter. High 
forage diets result in faeces with ahigher percentage of ash and fibre 
and a proportionately lower percent-

age of protein. The principal poten
tidl nutrients to be derived from 
cattle manure are fibre and protein.
The faeces of grain-fed cattle con
tain grain fragments, although feed
ing trials generally indicate nearly
complete digestion of starch by 
cattle and a 75 to 85 percent digest
ibility of ration dry matter. A corn
plex set of factors influence the 
extent to which the fibre of feed 
will be digested by ruminants, in
cluding the physical state of feed (i.e.
ground, pelleted), the level of intake, 
and the amount of readily fermented 
carbohydrate in the ration. The ash 
fraction of faccal material contains 
major and minor elements of nutri
tional value and is probab!y in a 
form available for absorption. How
ever, a large fraction of the ash com
ponent consists of non-nutritive cic
ments such as silica and aluminium. 

Whereas the other components of 
faeces represent residues remaining 
after digestion, microbial protein is 
the result of bacterial growth in the 
rumen and large intestine (Mason, 
1969), and commonly represents a 
higher quality protein than that 
found in cattle feeds. The digest
ibility of the microbial protein in 
faeces has not been studied specif
ically, but considerable variation has 
been found in the digestibility of the 
crude protein of cattle manure. 

Preparation for feeding
and use as cattle feed 

The simplest approach to refeeding 
cattle wastes is to remove the air
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Table t. Averages of manure constituents 

Location in pen Dry Total True 

matter nitrogen protein Neutral Acid 
(KjdahlJ nitrogen NH,-N detergent detergent Cellulose LIgnIn Ash(TCA) fibre fibre....................... 
 .
 . .
 .
 .
 t r
ec matr .
 .
 . . . . .
 .
 .
 .
Concrete apronCentre ..... ..............
Centre 53.21 2.61 Percent dry1.62 0.37 matter ...............
41.42 33.6763.51 6.55 5.25 30.662.28 1.46 0.29 47.15 38.34 10.06 5.26 

Rear 60.49 37.962.07 1.34 0.27Average all samples 58.96 1.47 
49.46 43.08 12.59 5.41 42.902.32 0.31 45.92 37.98 9.63 5.31Average 37.14all samples (ash-free basis) 58.96 3.67 . 2.35 0.47 55.22 45.68 - 8.58
 

SOURCE: 
 Ward. 1976 [unpublished data]. 

dried waste from feedlots, grind it A comparison of driedand mix it in rations. Dried manure posted 
and corn- Wastelage. Anthony (1970)added to feedlot cattle rations at lev-

manure indicated that com- dated the idea 
ini-

Posting improved of "wastelage,"els of 20 to 60 percent has been stud- cell 
the digestibility of mixture of 57 percent fresh 

a 
wall constituents, manureied by Ferrell and Garrett (1973), but had less and 43 percent hay or hay plus grain.effect on otherWesting and Brandenburg (1974) 

components (Albin 
Albin and and Sherrod, 1975). Dairy 

The product is ensiled and undergoesand Sherrod (1975). It was cattlewastes a typical lactic acid fermentation.concluded that the have a higher content of fibre A manure is nutri- than wastes series of trials summarizedtionally valuable and from feedlot cattle be- by An
that acceptance cause thony (1974) indicated weight gainsof the differenceis not a problem. However, recycling in feeding on wastelage _upcriorpractices. to those onthrough feedlot cattle They could be expectedremoves only to show a grass hay for a period of 389 days forabout 30 percent of the dry 

lower digestibility in line ewesmatter and 332 days forwith the above results. beef heifers.of manure. TinnimitAn approach et Yearlingto solving a!. (1972) obtained 29 percent digest-
cattle fed wastelage werethe problem of manure removal is to slaughtered,ibility of dry matter and Smith and a comparisonfeed it to cows et al. meat of 

Hull et al. (1973) 
on winter range. (1969) found equally low values for 

quality indicated no difference
fed 75 percent dried dairy from animals fed conventional rations.manure frommanure pelleted cattle fed anwith 25 percent all-forage diet. 

When wastelage containing 60 percent fresh manurebarley to pregnant cows and 40 percenton range.Initially the cows refused the pellets,
but a two- to three-week adjustmentperiod resulted in pellet consumption Table 2. Chemical composition of cattle faecesof 5.5 to 8.2 kg per head per day.Several digestion trials with dried 

Lactating Holsteincattle manure from cows Hereford steersbeen reported feedlots have(Albin and RationSherrod,

1975; Johnson, 1972; High hay I
Taylor et al., High grain 2 Maize High1974; McClure et al., 1971; and Tin- Faeces ilage I grainkg/day 8.3nimit et al., 1972). 

22.2 8.67 7.83dicate considerable The results invariations in nu- Faeces kg/day 3.9
trient digestibility. 1.9 1.89 2.09cattle Manurefed high concentrate fromrations
generally showed 12.9 18.7a dry matter digest- Ether extract 13.0 16.7 

2.8 0.9ibility of 40 to 50 percent, while that 
2.8 5.2from high forage rations had digest- Crude fibre ,

ibilities as low as 16 percent (Taylor 41.3 26.1Nitrogen.free 20.4extract 12.6%, 
 44.9et al., 1974), although in this 
24.8 44.3 56.3case digestibility may have been rcduced bythe heating temperature Ashof 120-C. 


Prtidi agestbltfrom k..2wi, 
29.7 7.4 21.2
Protein dishwstibilit li 5i edl Dairy cows 9.1fed crackedwide range from 15 

e d maize.hay ration 75 25 
maize and alfalfa hay ration 17.83, average weightto 70 ptrcent. Hereford steers fed 500 kg. Same cowsper day. average weignt 

only maize siage and 043it kg. - kg Protein supplementI Same eteers fed 75' maize.soybean 32 meal per day 
20% matze sdage and 0 8 kgwet weight.
32 - rywe,ght. 
 Dry matter basis.
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Feedlot manure piles could be a valuable source of protein for animal feeds. (Photo: John M. Blanchard) 

rass hay was fed to growing steers, tions. Cooking or washing before Steers needed several days to adjust 
was found that a 40 to 70 percent mixing with concentrate did not im- to the rations containing the solids, 

vastclage ration resulted in weight prove the feeding value, and feed consumption declined as the 
,ains almost equal to the control percentage of solids in the ration was 
•ation containing 62 percent maize Other processing methods, increased (Hegg et al., 1975). 
;ilage (Harpster et al., 1975). Ra- Smith et a. (1969) studied in vitro Several industrial processes have 
ions containing 100 percent wast,-, digestibility of faeces subjected to been developel to exploit the fact 
age depressed weight gains by about treatment with alkalis and oxidants. that cattle manure can be frctionated 
ne ha~f compared to the control They concluded that chemical treat- into a high-fibre. high-ash, liquid
ation. The digestion o! dry matter ment enhanced the digestibility of fraction containing a higher percent
,v sheep was 66.9 and 47.2 percent cell wall con,tituents of ruminant age of protein and digesiible energy.

"cspectivelvwwhen they were fed 50 faeces. NaOH was more cconomical However, the latter fraction requires
md 100 percent waiclace. and resulted in non-specilic degra- drying before it can be utilized in 

The di esti i li :, of raw ma nure dation of hcmicellulose, cellulose and most rations. A firm in Colorado has 
nixed wiL con'.ntiiial feeds has Iignin, making them more accessible designed plants to accomplish this 
)ccn studied by Antlimy (1970). 01 to inicr, bial fermentation in the sep:iration. Their ensiled high-fibre 
our groups of cattle. tm, receiveld rumCn product has a feed value for cattle 
:onrIr rati 'l, and the athcr two rc- A recently describCd method for neirly equ: l to that of maize sibI ge. 
.eivC either cooked Or washed m11a- processing cattle manure involves while rations containing the dried 
lure a'; a fraction of the ration, the addition of formaldchvd, to re- high-protein (23 percent) fraction re-
Freated manuare (eithr cooked or dtice odour and spoilage anid posSihly suited in about three fourths the ni
valishcd) was fed folhIwine bYcndinc increase the rumen bypass of protcin. trogen retention of a control ration 
vith cointrol ration ingredients at a The solids collected frin an )i - containing soybean incal. The dried 
atio tf 4Ci. Dry matter and crude dation ditch containing waste from high-protein fraction, when fed at 15 
rotcin di,- n c t,).llicients vcre not cattle kill a igh-cne ration is to 30 percent of the ratiol, was 

ster%_etd h,, adding manure L the addcd to 1 high-enCrgv ration for compared with conventional protein 
:onccntrat,:. AI!, ir twnus wcre read- feeder ,,te rs at levels ,o 5, I5, or 25 sources in rations for layers and 
Iv inumed,_'in, a, fatteninig on a drv matilr basis. -he hroilers, and for trout, and resultedand percent 
teer,, ,aere es.,enia.ll eual to thoc -olids were etirirued to have 50 per- in similar growth or eg production

)btai ned ,%animal, i,:d :(,ntrol ra- cent of the feedine value of maize. iWard to al., 1-75). No clinical 
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symptoms or histopathology 
associ.ated with feeding the firm's products ';,were found in any of the animals in 	 - -, - . 7-/ / ..
 .
the fe ed ing trials. 

7.. . - ' . 
Another fractionation process dZ . , . ;velcped by a firm in Arizona pro-

"".: :
duces a pelleted feed containing 20
Percent protein and 14 percent insoluble ash. No increased accumula-
tion of heavy metals or chlorinated 7:
 
hydrocarbons 
 resulted from feeding	 .this product at 3 to 10 percent of the

ration (Senior, 1974).
 

Use as poultry feed 

Low energy and protein density havelimited the use of dried manurein cattle feeding, although before the Researchdiscovery of vitamin 	 and field'_trials In recent years haveB1 , cattle ma-	 demonstratedmanure, 	 a varietyIncluding blending 	 of uses fornure was 	 with otherfed to poultry as 	 ration ingredientsa source 	 in Industrial plants.(Photo:of the "animal protein factor" (Ham-	
John M. Blanchard) 

mond, 1942).Palafox and Rosenburg (1951)
cluded oven-dried and in
manure 	 air-dried cowin layer and breeder rations They also harbour a largepopulation in microbialtheir digestive tracts, 	 the States have published guidelinesfor feeding dried or processed wastes.at levels of 5 10 and 15 percent of
the diet. Egg production, hatchabil- Noity and 	 clinical abnormalitiesbody weight were been reported 	 have Theequal to trials in any of the 	 United Stateslisted above. feeding Administration regulationsFood and 

state 
control up to 	 Johnson et Drugthe 10 percent level. 	 at. the use of poultry that(1975) studied the 	 manureNo significaint 	 pathological or litterdifferences 	 andwere ob- parasitological effects 	

as a feedstuff for animal feed is notserved in shell thickness or egg qual-	 of feeding up sanctioned,
ity, but higher 	 to 15 percent ground feedlot waste to 

but cattle manure is notlevels of dried cow yearling 	 calves, mentioned specifically. Taylor et aLmanure produced darker yolks. 	 and concluded
No 	 that (1974) havethis level 	 outlined whathad no measurable 	 the FDAandrogenic potency 	 effect 

it was noted, and -on animal health 	
considers necessary for acceptance ofwas concluded that dried 	 ing manurecow ma- to 	 animal waste as a feedstuff. In 1973120:1C maynure supplies 	 achieve sterilization,essential nutrients, es-
peciall for hatchability. 

but nutrient digestibility may be sac-
United Kingdom regulations did not 

rificed (Taylor et a/., 1974). 
prohibit the addition of manure toReduc-Lipstein and Bornstein (1971) ob-	 feedstuffs, but theserved no tion of moisture to EEC countries
toxic effects when dried cent by 

less than 25 per- prohibited adding manure
cow manure was fed low heating appears or litter to
to very young quate: 	 ade- feedstuffs (Blair
chicks; however, 	 wet manure may provide and Knight, 1973).it produced 	 a Feedlotde- favourable environment for pathogen 
waste apparently is acceptcreased growth rates and feed utiliza- able as a feedstuff in Mexico (Martin,
growth during storage.tion in broilers due to the low content 	 1974).Wastelagcof metabolizable energy. (McCaskey and Anthony, 1975) offers 
 a product with a 

pH of 4.2 to 4.5 which at a temper- ConclusionsHealth and 	 atureregulatory 	 close toaspects strov or 35-C appears to deinhibit pathogen growth
the extent that 

to Research studies haveno abnormalities were clearly den-One of the major limitations 
produccd in long-term feeding trials., onstrated that cattleto re-	 eaten waste willcycling animal 	 Feed additive residues in large quantities be 

waste is the potential potential 	
are another and sheep, and that 

by cattle 
hazard hazard, 	 it containsfrom Pathogens but additives 	 nuand non-nu-	 are trients thattritive 	 now less extensively can be utilized.feed additives. 	 used in cattle ProteinBut itshould feeding 	 is the most valuablebe recgnized th:.t than formerly. Federal 	 nutrient: Thecattle are con-	 regu- feedinglatory agercies in 	 trials reviewedthe United States 	 in this articleindicatestantlywhenexposed t) microbial organ-	

the wide variation encounisms they sleep, feed.nibble on 	 lick and ha~c notgien approval formanure in 	 aninal waste, feeding teredfeedlot corrals, 	 but currently in the nutritive valuepartnients of Agriculture the Dc- manure. 	 of cattle
in three of This is attributedferences in the ration fed, the surface

to dif
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from which the manure was collected, role in tile agriculturol environment, 
and storage or drying conditions. Berkeley, Ca!ifornia Agricultural Ex-periment Station. Extension Service
Manure from cattle fed high forage Manual 44. 

rations generally has a low feed value. 
r 	 BLAIR. ROBERT & KNIGHT. DAVID Nf. 1973.Thle loss of nutrients under natural Recycling animal wastes. Feedstuffs, 
drying conditions is not well docu- March 1973: 32-34. 
mented but is certainly important. FERRELL, C.L. & GARREr-r, W.N. 1973. 
Although cattle manure has been Observations concerning the use of 
artificially dried for use in feeding cattle manures in drylot feeding. Call-

trials, it seems unlikely that this fornia Feeders Day, p. 4-14. 

would be economic under commer- GRABER, RICHARD. 1973. Agricultural
aninialsand the environment. Stillwater,cial conditions. Drying at high tern- Oklahoma State University. Feedlot 

peratures may depress digestibility. Waste Management Regional Extension 
Fresh manure has a higher feed value, Project. 
but it cannot be mixed directly in HAMMOND, J.C. 1942. Cow manure as a
rations. It can be ensiled with other source of certain vitamins for growingeeniledith oster Poultry Sci., 21:raos. i can bdeq 	 chickens. 554.
feeds if an adequate collection system 

and silos are available. 	 HARPER, JUDSON NI. & SECKLER, DAVID.
1975. Engineering and economic over-Manure can be chemically treated view of alternative livestock waste uti-

to improve the digestibility of fibre, lization techniques. In Managing live
stock wastes. Proceedings of 3rd In-

but the process has not been eco- tertiational Symposium on Livestock 
inomic. Processing methods to sepa- Wastes, April 21-24, 1975, University of 
rate a major part of the fibre and Illinois, p. 22-25. American Society of

Agricultural Engineers. Proceedings-
insoluble minerals have been devel- 275. 
oped, but expensive machinery and 
drying of the high-protein fraction HARI-rER, H.W., LonG. T.A., LALONJDE,C.M. & SAYLOR, W.V. 1975. Nutritivefrom manure are required. This pro- value of ensiled cattle waste. J. Anin. 

tein fraction has been shown to be Sci., .11: 240-241. 

of value to both cattle and non-runli- HEGo, R.O., LARSON, R.E., MOOR., l.A., 

nant animals. GOODRICH, R.D. & MEISKE, J.C. 1975.
Feeding trials with fresh or dried 	 Recycling solids from an aerated beefslurry for feed. In Managing livestock 
cattle manure and manure products wastes. Proceedingsof 3rd International 
have not resulted in any evident dis- Symposium on Livestock Wastes, April

21-24. 1975, University of Illinois, 
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'Dehydrated poultry excreta as a crude protein 
supplement for ruminants 

~XIV-CA-I -
SMITHL.W. 

Predictions were made during the 
1960s that world demand for protein
would soon exceed supply from con-
ventional sources. At the same time,
intensive animal production systems 
were generating waste excreta in 
localized polluting concentrations, 
These highly nitrogenous wastes rep-
resented a potential source of crude 
protein for ruminant animals. If a 
nutritionally safe couldway be de-
veloped to recycle these waste nu-
triens back into animal feeds, the 
doule purpose of conserving protein 
and alleviating pollution would be 
served. 
Recent reports have reviewed the 
nutritive value of recycled animal 
excreta in animal production systems
(Smith, 1973). The use of caged 
laying hen excreta (manure free of 
litter) as a crude protein source for 
ruminants was selected for discussi 

in this article because th's system
produces the most efficiently used 
excreta nutrients, offers the greatest 
pollution reduction potential through 

ruminant use, is nearest to commer
cial implementation and is safest 
from health hazards. 
There were about 329 million chickens 
of egg-laying age in the United States
in 1971. Because chickens excrete 

L.\V. S .ITH is Research Animal Scientist,Biological Waste Management Laboratory,
Agricultural Environmental Quality Institute,
,AgricuLhural Research Service, U.S. Department of Agriculture, Beltsville, Maryland 
20705. 

an average of 28 g of dry excreta per 2. That the beef animal would
day, the United States produces consume on the average 6.5 kg per
about 3.7 million dry tons of this day of a 11.5 percent crude protein
waste each year. With several as- ration. 
sumptions, it can be shown that 3. That the beef animal would gain
excreta from 18 hens could provide on the average 1.0 kg per day between
sufficient supplemental crude protein a starting weight of 150 kg and fin
to grow and finish one beef animal. ished weight of 450 kg.
The assumptions are: 4. theThat other main ingredient

in the beef animal's ration is maize 
I. That chickens.excrete an average meal. 
of28 g dry excreta per day, containing
 
a minimum of 30 percent crude With 
 these assumptions, it can be
protein. calculated that the caged layer excreta 

TABLE 1. Composition of dehydrated c'aged layer excreta 

- Nitro- E de ISource bOria flree Lignin CX r- ciu- pho
matter ex- tract rus 

tra __ 

. Percentage of dry matter................
 

UTED STATES 
Florida .. ..... 64.8  10.7 25.6 - 0.7 27.9 10.9 2.2 
Pennsylvania . 76.2 21.0. . 8.0 - 1.3 45.9 6.9 2.6 

Behsille..... 72.3 35.9 - - 3.4 32.5 7.3 2.0 
New York . . . 72.6 - - 1.4 36.9 9.3 1.5 
Michigan ....... 74.9 - 11.8 - - 2.3 24.7 7.8 2.6 

UNITED KINGDO.M, 83.3 8.2 39.3 - I., 26.6 8.3 2.4 

S ndard deviation 5.5 1.6 7.8 - 0.5 7.3 1.3 0.4 
Coetficient of ariation ( ) . • . 7.43 16.49 27.27 35.71 

___22.53_15.4__18.18
 

SOURCE: Analyical esults obtained from literature. priate laboratories. and Biological Waste.Ma,agementLaboratur), U.S. )crarrnent of Agrculur, Behtsvilie,1Njtrogen ,6.25. Nlar'land. 
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produceI, in the United States in 1971 
cou!d have provided the crude pro
tein to grov and inish about half 
the cattle slaughtered in the country 
that year. 
Several methods exist that would be 
suitabie for processing poultry excreta 
for recxcling as runmilant feed supple
ments. These include dehydration, 
pelleting. dry-heat treatment, aerobic 
fermentation, anaerobic fermentatior, 
or combinations of these processes. 
.el-ydration appears to be the most 

practical of these, and provides a 
product which permits greater flexi
bilitv in use. 

Chemical composition 

The vari .,ity in composition of 
poultry excreta (Table 1) is the result 
of several factors that include dietary
and physiological status, agze of theeand befsioregica sta tion adof thle 
texcreatuefre stabilion I h en

tem r on 
observed that hens fed diets with18bserentat hrudeprotein roducd18 percent crude protein nproduced

Sc 

crude protein, whereas hens fed diets 
with 16 percent crude proen pro-
ducd excreta containing 2S to 36 
percent crude protein. 
Increased storage time and drying
temperature reduce the ritrogen re
tained in dehydrated excreta. The 
autor has observed up to 30 percent 
nitrogen loss during dehydration;this loss can be attributed to ori 

moisture content and age of the 
excreta before dehydration. Nitro-
gen is probably lost as ammonia
nitrogen 2nd as tle result of bacterial 
degradation of protein and uric acid. 

However, data are not available for 
a full evaluation of the relative sig
nificance of factors affecting! nitrogen
losses from dehydration. 
The . ioisture content of hen excreta 
varies in relation to the physiological 
status of the hen and environmental 
conditions. The house shown in 
Figure I is located in the southern 
United States w here moisture loss 
is a result of natural environment. 
Dry-matter content of cxcreta from 
such a house can be as high as 80 
percent. The excreta handling sys-
tem shown in Finure 2 is simi ar to 

-


-
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-
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" 

. 
1. Open-sided structure for housing caged layers in mild to warm climates. .Mfoisture loss 

from the excreta is aie;ult of natural environment. 

one developed by Bressler and Berg-
man (1971) for use in caged layerhouses in cooler climates. Moisture 
i 
is reduced by mechanical stirring and 
onstant air movement provided by 

fars. The resulting d-y-matter con-
tent ofexcreta is generally higher than40 percent, and varies with relative 

humidity, temperature, stirring fre-
quency and air vlocity.Data in Table 2 show the costs (Feb
ruary 1974 prices) of dehydrating 
aged layer excreta of two moisture 

contents. These data were collected 
dunalring the operation of a rotary-drum 

dehydrator (Figures 3 and 4) rated 
by the manufacturer to remove 1 000 

pounds of moisture per hour. Costs 
for transportation, other necessaryequipment and raw material fluctuate 

widely, and were not included in 
this evaluation. Excreta contains 
about 25 percent dry matter when 
dropped by the hen, and it would notnormally be below this figure unless 

water were added to flush the gutters. 

Digestibility of dehydrated 
poultry excreta 

In vivo digestibilities of dry matter, 
organic matter and nitrogen of de
hydrated poultry excreta fed to sheep 

2. System of automatically timed scrapers for stirring and cleaning minure pits under caged
layers. Intermittent mechanicul stirring and constant air it ovement provided by fans aid
moisture loss and odour control. 
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VS.Relationship between the crude and 
digestible protein concentrations of rations 

-. •containin_? 19 to 100 percent dehydratedbroiler excreta compared with fresh forage. 

j J/ 
Y 0orge .1966x 

1 r2' 0.9 
/ 

' '4 / De[hydr'ated broiler 
/ manure
 

VY .- 0.8x- 4.55 

.:.~. .... . . . . . 09 

2. 6 10 14 18 22 26 30 34 

7 Percentage crude protein 

'. 2 m ,r-~ .  - Mitchell, 1948; Dijkstra, 1966). This 
3. The dehydrator used to process poultry excreta at the Biological Waste Management high correlation (r = 0.96 to 0.99)Laboratory, Beltsville, Maryland. has been used to predict digestible 

protein from crude4. Diagram of the dehydrator pictured above. protein content.Dry material is recycled and blended with "True" digestibility of crude proteinwet narerial to obtain a nixture with crumbly physical properties for efficient dehydration, is estimated by the slope of the regres
. .. ' sion of digestible crude protein (Y) 

Fine-,2--. -incinerator z-sses on crude protein content (X) in drydus ... matter. Figure 5 shows the results 

of feeding rations containing 19 to 
100 percent dehydrated broiler excreta 
to sheep. Other low-nitrogen in
gredients in the rations were molasses,

Bin solka floc (cellulose) and maize 
Recycle,.,starch. "True" digestibility of crude 

eed-rY- protein in dehydrated broiler excreta 
Feedh,/d Exhaust return was estimated to be 81 percent, com

"'Pconveyor pared with 96 percent for fresh 
forages. However, estimates from 

Eother data in the literature wereWet Hammer similar to those estimated for confed- mill ventional feeds (Smith, 1973). The 

17 ,, 1., outl e relatively high "true" digestibility 
____r__._____--fan estimates for crude protein in dehy/ -ps oavdu drated poultry excreta could resultForage hopper in misinterpretation of its use as a 

nitrogen source for ruminants, due 
to its high nonprotein nitrogen (NPN)are presented in Table 3. These bination with feeds of known digesti- content. Most of this NPN is uric

digestibilities determined with sheep bilities and calculation of coefficients acid nitrogen, which could have a
should be generally applicable to by difference. Fair agreement of theoretical or "true" digestibility
other ruminants: however, the known coefficients is shown, considering the 100 percent, similar to 

of 
urea nitrogen

ovine versus bovine difference docu- limited number of determinations in this system. Because the "true"
mented for conventional feedstuffs and possible iange in composition digestibility of nitrogen f.om poultry
mult be recognized. Two methods of the excreta fed. excreta implies nothing of its efficien
were used by the different researchers The apparent digestibility of crude cy of use for productive functions,
to derie these digestibility measure- protein by ruminants increases with supporting nitrogen utilization data 
ments: (1) feeding only processed crude protein content in concentrates, are necessary for a more critical eval
excreta; (2) feeding excreta in com- forage, or mixed rations (Blaxter and uation of this product. Uric acid 
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TAULE 2. Cost per ton t of drying hen manure in rotary drum ith afterburner Some aspects of digestibility, absorp

tion and use have already been dis-
Input dry matter cussed. High-level voluntary intake 
44 is of eqal imrortance to other factorsin acnieving satisfactory animal per. 

formance. Difficulties haveHo(RS. somi. . . . ... ........................... 
 . 2.06 5.20 times been reported in achievingadequate levels of consumption with 
U.S. dollars ... rations containing Jehydrated poultryCCSTS 

excreta (Bucholtz et al., 1971; BullThomasDepreciation: S55.000/15 years'- . . . ........ 1.51 183 et al., 1972).
and Reid, 1971; Tinnimit et al., 1972;Adaptation
Labour: S 3.00/hour ...... .............. 
 7.20 18.20 periods of 7 to 21 days were necessary
Fuel: 29.5 gal/hour, S0.38/gal .... ........ 23.10 
 58.00 before maximal levels of intake were 
Electricity: 21 kW, 5O.02.'kWh ........... ..... 0.28 
 0.73 achieved. Bucholtz et al. (1971) 

observed that steers discriminatedOperating cost per ton...................32.09 

80.76 against dehydrated poultry excreta 

I .and190 percent dry matter. - Straight-line depreciation based 
sorted out shelled maize andon operation 16 hours/day, 6 days/ maize silage.week. Sorting and adaptation difficulties 

were virtually eliminated at the 
was evaluated as a source Beltsville laboratory by pelleting cornof dietary reproduction, is the result of nutrient plete rations (Figure 6). However,nitrogen in purified diets of steers and intake, digestion, absorption and use. a problem remained when pelletedfound to compare favourably with concentrate containing dehydrated
other NPN sources (Oltjen et al., 1968). o ultry ex c ntainingf d eh yd ateNitrogen from poultry excreta was TABLE 3. In vivo digestibilities of dehydrated poultry excreta was fed withretained poultry excreta fed to sheep maizeand used for rowth (El silage: lower consumption by lactating cows of both the concentrateSabban et al., 1970; Tinni.it et al., Digestibility and the maize silage was observed.The di--estibility of" plant1972; Smith cell walls Level fed IPossiblyet al., 1973).Posbytemitilgpritd  the moist silage permitted

The digestibility plantcof walls Level fed Dry Organic ammonia releasein dehydrated poultry excreta as from the pelletsmatter matter Nitroge and this affected consumptio.ldetermined by an in vitro method was Dehydrated poultry excreta has beenfound to be 60-76 percent ............... 
 Percent ............... fed a
as crude protein supplement 
100 54 61 67 to beef cattle, sheep, and lactating

Performance 100 57 67 77 dairy cattle. El Sabban et al. (1970)compared the value of soybean meal,32 39 - 58 autoclaved poultry waste, dehydrated
Animal performance, whether in terms poultry waste and ura in ground

fattening,of gowth, 9Sue~ lactation or and Kaliert,Kight, 1970:Thomas1970; l.,andmt Thms er at., 1970.1970 L shelled maize and timothy hay rations 

6. Dehydratedpoultry excreta, control ration (86.2 percent maize meal, 12.8 percent cottonseed meal and 1.0 percent dicalcium phosphate),and experimental ration (79.5 percent mai:e meal, 20.5 percent dehydratedpoultry excreta). 
DRIED POULTRY EXCRETA CONTROL RATION EXPERIMENTAL RATION 

•. , " L- , . , . '' 

'J, -

. ) .. 
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.for. fattenin,2 steers. Steers fed the 
ration containing urea gained faster 
(1.43 kgiday) than steers fed the 
ration containing dehydrated poultry 
waste (1.15 kgiday). Differences in 
gain among the steers fed soybean 
meal, autoclaved poultry waste and 
dehydrated poultry waste were not 
significant. Feed to gain ratios 
\ere lowest (8.2) for steers fed the 
urea ration. Smaller differences in 
this ratio (10.0-10.8) were observed 
among the other three rations. 
Dehydrated poultry waste, soybean 
meal, urea, and 1:1 combinations 
of dehydrated poultry waste to soy-
bean meal or urea based on nitrogen 
content were added to maize silage 
and rolled shelled maize rations in 
tests for fattening steers (Bucholtz 
et al., 1971). All rations were for-
mulated to contain 12 percent crude 
protein. The group fed the soybean 
meal supplement gained 1.52 kg,'dav, 
whereas the urea group gained 1.41 
kg,'day; both gains were greater 
(P 0.05) than those of the groups fed 
other supplements, which gained from 
1.25 to 1.38 kg/day. Feed to gain 
ratio was the lowest (6.96) on the 
soybean meal ration and highest 
(10.43) on the dehydrated poultry 
excreta ration. 
Dehydrated poultry excreta was fed 
as a protein supplement to growing 
sheep (Thomas et al., 1972; Smith 
ei al., 1973). Thomas et al. observed 
that sheep fed 19 percent crude 
protein rations containing 61 or 
90 percent total protein from de-
hydrated excreta gained significantly 
less (0.16 kg/day) than sheep fed a 
control soybean meal ration (0.21 kg/ 
day). However, Smith et al. re-
ported that gains (0.18-0.19 kgiday) 
were not significantly different for 
sheep fed complete pelleted rations 
where 0 to 40 percent of the crude 
protein was provided with dehydrated 
poultry excreta. The primary dif-
ference between these two experi-
mients was in the crude protein level 
fed. and therefore in the supplemental 
dehydrat,-d excreta necessary to on-
lain that level. The high supplemen-
tal levels of excreta needed to obtain 
)
11 percent crude protein rations 

could account for the lower gain. 
In addition to supp!. ing crude pro-

10 

tein, mainly in the form ,- onpro-
tein nitroeen, excreta untains a 
relatively large amou~Lt of ash which 
has the effect of lowering organic 
matter content in the total ration. 
Dehydrated poultry excreta has been 
utilized to supplement rations for 
lactating cows (Bull and Reid, 1971. 
Thomas et al., 1972; Smith and 
Fries, 1973). Bull and Reid ceo:-
eluded that poultry excreta can serve 
as the sole source of supplemental 
nitrogen for cows producing at least 
28 kg milk per day. In a more 
extensive trial, Thomas et al. found 
that milk from cows fed poultry 
excreta was indistinguishable from 
that from cows fed crude protein from 
conventional sources. In a 90-day 
trial, Smith and Fries found that cows 
fed a poultry excreta concentrate 
consumed less maize silage and con-
centrate dry matter, gained less 
weight and produced less milk than 
cows fed a control concentrate. 
However, the ratios of feed dry-
matter intake to fluid milk production 
were the same, suggesting a nearly 
equal use of nutrients, 
Meat and milk from animals fed 
rations containing excreta have been 
evaluated by taste panels,and found 
indistinguishable from control prod-
ucts (El Sabban er al., 1970; Bull and 
Reid, 1971 ; Thomas et al., 1972). 
Carcass evaluations conducted on 
excreta-fed animals were similar to 
those on control-fed animals (El 
Sabban et al., 1970; Bucholtz et al., 
1971; Thomas et al., 1972). 

Effect on animal health and 
food safety 

The feeding of animal excreta prod-
ucts is not sanctioned by the U.S. 
Food and Drug Administration at 
the time of writing because of poten-
tial hazards from disease organisms 
and drug residues (Taylor, 1972). 
Problems of disease have not been 
associated with feeding deh)drated 
poultry excreta, as evidenLd bv 
the fact that no such cases are docu-
mented in cientific literature to date. 
Figures 7 and 8 show examples of 
animals fed excrcta-supplemented ra-
tions for LIp to 184 days without 

apparent ill effects. The steer in 
Figure Swas se en and a half months 
old at the start of the trial, weighed 
235 kg. and gained 0.91 kg per day 
during the period. 
No toxicological problems have been 
reported for animals on rations con
taining dehydrated poultry excreta. 
Excreta from caged layers would not 
normally contain residues of medi
cants because these are not included 
in routine la)er diets. When medi
cated rations are fed to poultry to 
control health problems, their excreta 
should not be used for refeeding 
unless information establishing its 
safety is available. 
Potential disease transmission from 
poultry to cattle does exist but is not 
a likeis hazard. Cattle fed rations 
containing dehydrated poultry ex
creta at Beltsville were intradermal
tuberculosis tested by the caudal 
method after 241 days on this feed. 
All caude were negative to this test. 
Bacteria such as Salmonelia or fecal 
coliforms can be eliminated from 
excreta by several feasible methods 
which include dehydration, ensiling 
or fermentation. The heating as
sociated with dehydration *and pel
leting has been sufficient to eliminate 
these bacteria in trials in the labora
tory. Exhaust temperature of the 
dehydrator is maintained at 80 0C, 
and the excreta is kept in the drum 
about ,15 minutes. These condi
tions are more severe than those for 
the "high-temperature (710 C) short
time (15 seconds) method" of pasteur
ization. However, it should be 
pointed out that the dehydrated 
product is not sterilized. 

Conclusions 

Dehydrated excreta from caged layers 
has substantial nutraonal value for 
ruminants. Properly dehydrated poul
try excreta is especially high in crude 
protein (30 to 45 percent) and is a 
source of energy; both appear to be 
efficiently used by the ruminant. 
Although intake is not usually a 
problem, more ingenious processing 
and formulatixe advances are neces
sarv in order to achieve more general 
use. 
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1. PROPAGATION AND AGRICULThJRAL USE OF AZOLLA 

1.1 General 

Azolla has been used in parts of China for many years as a means of improving the
 
fertility of rice soils and as an animal feedstuff; practices for its cultivation and use
 
have thus been developed to a stage where they can act as a guide for other countries in
 
the same region.
 

1.1.1 Biology of Azolla
 

Azolla is a genus of the Azollaceae family of cryptogamic, free-floating ferns.
 
The name is derived from the two Greek words Azo (to dry) and Ollya (to kill) thus
 
reflecting that the fern is killed by drought and so can hardly be considered as
 
descriptively specific.
 

The genus has six known species: A. ninnata which is the most prevalent species 
in Asia, A. nilotica (north Africa), A. filiculoides (southern South America to western 
North America), A. caroliniana (eastern North America and Carribean), A. mexacana 
(northern South Americai to western North America) and A. microphylla (tropical and sub
tropical America). 

Azolla floats on the water surface with the fronds lying horizontally (Plate 1). 
The fronds var-j greatly in size between species, those of A.oinnata for example, being 
1-2 cm in diameter and those of A. nilotica having a diameter cf about 13 cm. The colour 
varies from green to purplish-red (see section 1.1.2). 

Adventitious roots hang vertically down into the water and can penetrate mud;
 
their length varies with species, being 1-2 cm for A. sinnata.
 

Azolla has a sporophytic cycle (Figure 2) and for A. pinnata sporocarp development 
is associated with the cooler, winter months, whereas for A. filiculoides in temperate 
regions, development is associated with the summer months. As yet no method of inducinr 
the sporophytic cyclt has been found. 

1.1.2 Fixation of nitrozen
 

The importance of cultivatin,. Azolla lies in the fact that it lives in 
association with a blue-g-reen alga-l symbiont which fixes enough atmospheric nitrogen for
 
rapid f-rowth of the plant. The blue-green aliral species is Anabaena azolla and it lives
 
in cavities of the fern's upper lobes (Figure 3). Thus the Azolla-Anabaena complex
 
offers a source of organic nitroren fertilizer and may be considered -s n aquatic -reen
 
manure and so, of particular interest in rice cultivation.
 

The Azolla-Anabaena symbiosis can produce 10kg ( ton) of -reen manure per 10
 
2
m (hectare) per day, containing 3 kg of fixed nitrogen which is equivalent to 1- kr of
 
ammonium sulphate or 7 k, urea. It has been estimated that the developini- world, by
 
means of Azolla cultivation could produce one and a half million tons of nitrog~en per
 
rice crop.
 

Experiments have shown that Azolla can double its weight in a nitrog.en-free
 
substrate within three to five days ond vigorously growinr Azolla contains between O.1 
and 0.2% nitrogen, or from 3- on ,.dry-weight basis.
 

,he relationship, if any, bew,,een nitrogen-fixinF ability and colour of Azolla 
has not been satisfactorily settled. At one Commune it was said that young Aolla 
remains reddish in colour until commencement of nitrogen assimilation causes the colour 
to chang-e to green. In another Commune (see section 1.2.3), if the Azolla is red, 
it is sprayed with a soluticn containinrg urea and superphosphate. However, it has 



-2-

Sporophyte -. Embryo 

Megasporanyium Oosphere
Microsporongium Antherozoids 

2N 

IN 

Megaspore Archegonium 

Microspores Female Antherdium
 
Prothallus
 

Male 
Prothallus 

Figure 2. Life cycle of Azolla 

N 

Figure 3. Section through the dorsal 
"'.N . lobe of Azolla showing 

Anabaena filaments 

Anabaena.(after Strasburrer 1873). 

Anabaena------c -

- Jm-I . 

0.1 MM 



-3

been shown that red Azolla contain ji-st as much nitrogen as green Azolla and mature 
plants can be of either colour. Research at the international Rice Research
 
Institute* has shown that the red colour of Azolla is associated with phosphorus and 
with calcium deficiency as well as with temperature and this was borne out during 
discussions with several Chinese experts. In Guangdong Province, the red colour was
 
associated with high summer temperature and in the Changzhou district it was stated
 
that red colour is due to a too dense cover of Azolla. Whether or not there is a
 
relationship between denseness of groi.rth and/or high temperature and availability of
 
phosphorus or calcium has yet to be demonstrated. For practical purposes the colour
 
of Azolla does not seem to affect nitrogen fixation or growth; in most parts of China 
red and green Azolla were seen in mixed stands. In Vietnam, green, red and purple
 
Azolla are distinguished as three morpho-physiological types or strains; the red
 
Azolla is said to be resistant to high levels of salinity, the purple is resistant
 
to acidity and the green to high temperature.
 

1.2 Propagation of Azolla
 

1.2.1 Extent of Azolla cultivation in China
 

The species of Azolla grown in China is A. ninnata and. in Guangdong Province 
at least, the variety is Imbricata. The plant is known locally as "luping" or "hang ping". 

.here are recoris of Azolla cultivation in Zhejiang and Fujian provinces during
 
the Ming dynasty nearly 400 years ago and in Guangdong Province, Azolla has been
 
cultivated for improving rice soils for more than one hundred years and as an animal 
fodder for even longer. The province no.-mally has about 7,D thousand hectare of land
 
devoted to Azolla production.
 

In ZhejianF- Province during modern times, Azolla cultivation has been practised
 
only since 19.T" as a consequence of fertilizer and fodder shortage. For ezample, the
 
Anshi People's Commune has increased the land area used for Azolla ten times (from 40
 
to Z0 ha) since 197d.
 

Simile7rly, ir. Sichuan Province, Azolla has been seriously cultivated only since 
19'.'2 -ind its inmortance has been emphasized by the creation of special Productioni Brigades 
for its propoaation (e.g. at the 'hmen People's Commune).
 

Again, in Jiangsu Province, Azolla has been introduced relatively recently but now 
near Chan7zhcu more than 70 of the rice fields are fertilized with Azolla and in the 
Hua Shi People's Commune over 10 000 kg/ha (1 O0 jin/t) of Azolla are grown for each 
rice crop.
 

It is estimated that over 6.7 million hectare are now cultivated for Azolla 
production in the country. However, not all China is yet convinced of the need to grow 
A-oll . At Auxi, Jiangsu Province, Azolla was introduced in 19t' but since then its use 
has declined due to shortage of land for other crops. In the Shu Ching People's Commune
 
nea-r Sha-nhai, Azolla is not cultivated at all as a fertilizer, only on a very small scale
 
in ditches a chicken and pig feed.
 

1.2.2 Methods of Azolla cultivation
 

Until such time as a procedure is evolved for initiating the sporophytic cycle,
 
Azolla musl be reproduced veTetatively. Two main pr~cti6es are followed: the plant 
ic r-rown in small nurseries a-nd then "sown" onto the rice fields for further reproduction 
or, it is -ro,,m over relatively large areas as a green manure crop in its own right. 

At Los 3anos, the Philippines
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In either case it is necessary to maintain a basic stock of viable material
 
throughout the year and this is discussed in section 1.2.4.
 

Azolla nursery beds are small (3 x 4 m), shallow (10 cm) basins in groups of ten
 
or twenty (Plate 2). Watpr is mainta~ned to a depth of 3-6 cm and Azolla stock is put

into the beds at approximately 1 kg m- . Rate of reproduction varies according to

climatic conditions, especially temperature (see section 1.2.3) and so 
differs slightly
from province to province. 
 In Jiangsu Province only three days are necessary before the
 
nursery beds 
are fully covered by Azolla ready for harvest. It was claimed that during

the period 20 May to 10 July, 0.5 kg of Azolla ultimately produces .7000 kg; 
 another
 
period of high growth rate is September-October.
 

The usual rate of multiplication of Azolla is about five,-frld over a period of

five weeks. Rice fields are "seeded" with Azolla stock at 
a rate of about 7 500 kg/ha

(1 000 jin/mu).
 

In some parts of China a procedure is used '.cown as 'double narrow rows'. 
 In this

procedure rice is grown in double rows about 10 
cm apart; a space of about i 0 cm is
left between each pair of rice rows. 
 hus a bigger space is left for Azolla to grow
and it can be cultivated for one month longer than usual. 
 A record crop has been obtainedof over 1, 000 kg rice and 140 000 kg Azolla per hectare simultaneously. Every available 
space is utilized for growth of Azolla. 
 For example during periods when compost pits 
are
 
no- in use as 
such, they provide small localized Azolla 'nurseries' (Plate 3)
 

An unusual practice was observed in Sichuan Province. At the Turen People's
Commune, gro-ath of Azolla is encourared by tapping it with bamboo brushes. Armed with
 a long-handled brash of bamboo, the farmer 
 advances through the Azolla-covered rice field

and gently beats the Azolla mat (Plate '). 1his was said to sub-divide the plants and
 
accelerate growth; 
 it is done once a week. 

1.2.3 Ootimum conditions for cultivation of Azolla
 

i) Temoerature: Te opri:mm emperature range for growing Azolla ainnatain China is from 293 K to 298 K (20-25°C). According to information given by those
 
concerned in the Anshi Pecple's Commune near Hangzhou, Azolla will not grow at temperaturesbelow 278 K (5°C) although it can survive at temeratures down to 270 K (-3°C). Above

this temperature its Trow-th rate increases over a period of five days, as indicated in
 
Table 2.
 
Table 2. Effect of temperature 
on the ,rowth rate of Azolla with reference to the rate 

at 278 K (,Ic). 

Water temoerature 
 Increased Zrouth rate 
283 K (I 0C)


0 20 {

288 K (15c 
 60
 
293 K (20 C)

298 K (2)0C 
 223/
 
303 K 00 C 
 18 a
308 K -,5
0C 
 120%'
 
316rK (3,C)~ 
 stops growth

318 K ( ;'C) 
 90, dies 

The Chinese experts were interested to hear of the work being done at the
International Rice Research Institute on 
Temperature effects. Experiments have indicated
that A. mexic'na may be able to resist higher temperatures than cn L. innata and thatA. filiculoides g-,rows best at temperatures belcw 298 '{(2 °C'. 
 Apparently Malaysian
strains of local Azolla are 
the most tolerant of high temperatures. Other experiments

using what is thought to be A. pinnata showed no significant differences in yield or in 



Plate 1 Azolla Dinnata floating on water surface between rice plants. 
(Anshi People's Commune, Zhejiang Province). 

:.7 

Plate 2. Nursery beds for Azolla opinata t. Inshi Peop~le's Commune, 
Zhejii n Province 



Plate 3. Azolla irnnata covering the urfce of a compost it 
(Anshi People's Commune, Zheji-anz Province). 
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nitrogen accumulation over the average (i.e. of day and night) temperature range of 
29"-304 K (22-31 'C). When the temperature exceeded 295 K (22 0) however, reddish-brown
 
discoloration was apparent in the fronds (see also section 1.1.2).
 

ii) Li j: It was said that he optimum solar energy for growth of Azolla is 
from 20 000 to 50 000 lux (20-59 kcd sr m- ) and that the permissible range is from 5 000 
to 100 000 lux (;-100 kcd sr m ); during the rainy season sunlight was sometimes a 
limiting factor for growth when Azolla and rice were grown together. 

iii) pH value: A neutral (PH 7) reaction has been given (FAO Soils Bulletin 
Jo. ,tO 1977) as the best for growth of Azolla. At the Pin Niu People's Commune near 
Chanzhou, a pH range of 4 to 6 was said to be best and that Azolla is very sensitive 
to alkalinity. The soils of the Commune however had pH values of up to 8 and Azolla grew
quite well .n the overlying water. Research made at the International Rice Research 
.institutehas suggested that pH effects are connected with availability of iron and this 
confirms the -zid range of pH 4-6 as being most suitable. 

iv) Salinity: For good growth of Azolla, the salt content of the water should be
 
less than 0.1. 

v) Humidity: The optimum relative humidity is 8--90',,; at humidities below 60% 
or higher than 10(), Azolla does not grow. 

vi) Nutrients: For optimum growth, Azolla needs fertilization with phosphorus
and, in some instances, potassium. At the Anshi People's Commune near Hangzhou experi
ments on phosnhorus fertilization were made during the period mid-April to early May,
Phosuhcr-.s was added at a standard rate of about ". -kg P/ha (1 jin P2 0z/mu) using three 
differ'-n forms. Superphosphate gave a increase in weight of AzoIla, rock phosphate 
a 'L> increase and fused magnesium ohosphate a 2 1: increase. The phosphorus was added 
in zalia applications , very two days. 

Research at the international Rice Research Institute has shown that phosphorus
and c-lcium deficie-.cies restrict =rowth of Azolla and that phosphoruas is best added at2. ,: '%/h: every two days, five times in all. As ATP-molecules are necessary for the 
7rocess of nitroTen fixation, phosphorus is an important limiting factor for Azolla growth. 

At -he Anshi Peonle's Commune potassium is also needed for Azoll'a during the 
winter months and this is sorayed on as a V1 solution of potassium sulphate at, a rate of 

k/ha (1.70 jin K20/mu). 

Nlitrogen fertilization is not usually necessary but at tht Hsiachiao People's
CoLne in "an,,1dong Province, if the Azolla is reddish-coloured it is sprayed with a 

solution containing 1:. urea and 1 superphocphate. It was not clear however whether or 
no the urea was necessary as development of g-reen colour could well have been due to 
the phosphate (see section 1.1.2). 
 At the Anshi People's Commune near Hangzhou,
:anonium sulphate is applied at 1. kg/ha during March/April and at any time when rapid 
gro-:th is required. 

A cormcn practice is to fertilize Azolla by means of compost. Compost is
 
prepared from vegetative matter such as s~raw, mixed with river silt (Plate 7) and in due
 
course is mixed into the Azolla nurseries (Plate 6).
 

The influence of external factors upon the growrth of" Azolla is diagrammatically 
presented in Firire 4. 

1/
 



Plate 5. Preparing comoost from a mixture of straw and silt 
pumped from a river

(Hsilang People's Commune, Jiungs-a Province). 

Plate 6. Compost being mixed into the Azolla beds
(Hsilang People's Commune, JiangS,1 Province). 
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1.2.4. Preservation of Azolla
 

As the plant is reproduced vegetatively, it is necessary to maintain viable stocks
 
throughout the year and this presents problems during the very hot and very cold months. 
Procedures for solving the problems vary between Commnes. 

i) Preservation during bummer (July/August) 

At the Hsiachiao Commune in Ouangdong Province, if the water temperature reaches
 
315 K (42 'C) it is drained off during the nirJht 9nd replaced with fresh cooler water.
 
This is done every night until day temperatur-. ,irop to permissible levels.
 

At the Pin Niu People's Commune near Changzhou, Azolla is kept between widely 
spaced (1 m) rice plants which provide shade as shown in Plate 4. During this warm 
part of the year, pests are most active and so pesticides are used to help preserve the 
Azolla; thc pesticide is an organo-phosphoras compound.
 

A similar oprocedure is followed in Sichuan by the Thmen People's Commune. An 
average of 8.o m (1 mu) of Azolla is preserved for future propagation and this is grown 
between widely spaced (1 m) rice on 15 cm of standing water. At noon each day the 
water is stirred to reduce the surface temperature; pesticides are also applied. If 
the Azolla layer becomes Too dense, as indicated by a rippling or corrogating of the 
surface mat, it is manually thinned. Summer temperatures in Sichuan reach 308 K (Or0C). 

ii) Preservation during winter (November-March) 

At the Anshi People's Commune near Hangzhou, Atolla is heaped in pits dug in the 
rice fields; in very cold weather the pits are covered with plastic sheets.
 

At the Pin Niu People's Commune near Changzhou winter temperatures can reach 
270 K (-3 C). Several methods are uued to preserve Azolla; in one method, it is 
placed on 25 cm of water in a pit and covered wdith lastic to keep . air-tight: 
the water is changed frequently. In another method the Azolla is stored in thin layers 
at the bcttom of 30 cm deep pits and covered with straw (Fig.5). Necessary humidity is 
provided by a shallow depth of water at the bottom and aeration is p 'ovided by means of 
bamboo pipes. It ,as said that Azolla can be kept alive in this manner for two months. 
During the winter months Azolla cannot be transported end should not be touched as 
movement canses it to die. 

A third method used by the Cora-=ne was to pipe industrial waste hot water into the 
Azolla fields in order to raise the temperature. 

At the 2imen People's Coarune in Sichuan, Azolla is preserved in the open fields, 
bu= in selected spots exposed to sunshine and shielded from wind. For the purpose it
 
is grovn in exceptionally thick, dense layers and in fertilized ,,ith phosphorus and
 
potassium to encourage grow.th. Five percent of the total paddy area is used and, again, 
it was emphnsized that during this period the plant nst not be physicaly disturbed. 
The average winter temperature is 300 K (7 °C) but can reach 271 K (-2 0C). 

1.3 Agricultural Use of Azolla 

1.3.1 As green manure 

The principal use of Azolla" is as a _-reen manure for rice. In some parts of 
China the plant is used also as a green manure for other crops; at the Pin Niu People's
 
Commune, Changzhou for instance, Azolla was being composted and used to fertilize wheat 
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and at the Tumen People's Commune in Sichuen Azolla is added at 30 000 kg/ha to wheat,
 
maize and rape. Fertilizer trials have been made using Azolla in severalyrovinces. 
7Tpical results of Azolla application are a yield increase of over 800 kg/ha for wheat, 
710 kg/ha for broad beans and 945 kg/ha for maize. 

In some Communes Azolla mixed with river silt is applied as fertilizer to upland
 
crops.
 

The practices of using Azolla for rice fertilization vary between provinces and
 
even between Communes. At the Anshi People' Conmmune Hanrzhou, fields are flooded to a
 
shallow depth, about 3-4 cm, and 'seeded' with Azolla at a rate of 7 500 kgla uf fresh 
Azolla harvested from the nursery beds; the Azolla is thus 'seeded' into muddy water. 
;,hlen the field is covered w-ith a mat of Azolla (about 20 ton/ha) and which usually 
takes about ten to fifteen days, the water is drained off and the Azolla ploughed into the 
soil. Rice is transplanted 2-3 days later. A second ana third crop of Azolla may or 
may not be similarly gro;,wn P.d incorporated before rice is transplanted into the field. 

The other technique for cultivation is to sow the pl.nt in the field after 
transplnting rice seedlings. For example, at the Tumen People's Commune, Sichuan 
Azolla is added to and ,altiplied in, the fields after transplanting the first rice 
crop seedlings. Phosphorus and potassium fertilizers are added and fields are carefully 
;:ecded before 2,dnp the Azolla at 7 -03 kz/ha (Plate 7). When the water surface is 
covered ':i-h Azolla (Plate 8) about . of the is duir in by hand, the remainim-D plrnt 
").bein.- left to regenerate; no tools are used, the Azolln is buried in the mud with the 

hands (Plates 9 a--nd 10) and this is usually done at about the end of May. After 
harvesting, the first rice crop, the field is nn.ain flooded and in due course (about the 
end of June) the second cron of Azolla is dur or ploughed in before trnnsplanting the 
second rice crop, and a ain about Y: is left to regenerate. A final digging- in, this 
time completely, is done towards the end of Ju.y. 

It was said that before the Comune staxted usn.- Azolla paddy yields were only 
2 303 to 2 ':00 kg ha ('00-C00 jin,/ua). In 19-7 Azolla was used at the rate of 21 000 
g/ha (2 700 uin a) and paddy yields -0rose to 9 kg/ha (1 600 jin/mu).
 

A-fter being incorporated into soil, Azolla decomposes witnin about two weeks; as 
green Azolla has a CAJ -atio of about 10, it decomposes easily. According to one Commune 
(Anshi) 1 000 kg of Azolla is ecuivalent to 1. kj of ammonium sulphate and shows residual 
fertilizing effects. Experiments made at the International Rice Research Institute have 
shown that no nitrogen is available from Azolla until the plant has decomposed and that after 
a period of' two weeks only A of the nitrogen is available to rice plants; it takes eight
weeks to liberate ,, of the nitrogen and so residual effects are to be expected. In 
this connection the v.riety of rice is important and a variety having a long growing 
neriod will benefit most from Azolla anolications. 

..
hen harvesting Azolla from the nursery beds it is first swept into piles by 
horizontally pushing a bEmboo stick across tie water surface; the plant is then gathered 
into baiskets for transport (Plate 11). Prom 7-10 cm of standing water is necessary during 
harvestin! in order to obtain a clean, mud-free crop of Azolla. 

7xneriments made ua-the Anshi People's Corrnne showed teat incorporation of Azolla 
into the soil reduced the bulk density from 1.28 to 1.15 Pcm , increased pore space by 

-nd increased humus contcnt by 0.C)7.. 

Ti orovinces south of the Yan tze river the cultura-l pattern is wheat, rice, rice 
occupyinr ... including nurseryn' Thus grown this0 d orogations. firstly .,heat is and 
is fzollowed by the first rice crop alantcd at the end of May and harvested in Auoust. 
:he second rice crop is raised in the nurser-j during- June, transplanted in Aurust and 
harvested in ',epember. This ic often followed by a rreen manure crop. This intensive 

N1/1
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Plate 7. eeding a rice field by treading- The weeds into the mud before seeding,with Azolla (Tumen People's Connmune, Sichuan Provtinue). 
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Plate 9. 	 Burying the Azolla by hand in the mud of a rice field at the 
Anshi People's Commune. 

'9,/ 

r r 
:L 

Ple 1') -Detail of Pl.ate 9, showin-g the buryin; nrocpdure. 
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ericulture is made possible largely by the use of Azolla on a large scale.
 

1.3.2 As animal feed
 

Rccords going back to 540 B.C. indicate the use of Azolla as 
an animal feedstuff
in China. In most communities Azolla is used to supplement animal 
(pigs, 	ducks and
fish) 	feedstuff, usually after drying; it was said to contain 16% protein and ? fat ona dr-y-weight basis. Azolla 'as been used up to 5.3 	 in the diet of pigs and one hectareof zreen Azolla will provide enough roughage for about two hundred pigs. At Pin 'Niu
People's Commune in Jiangsu Province dried Azolla .as 
 mixed 	with sludge from biopas pl'nts 
as an additive to pig feed (Plate 12).
 

1.4 	 Problems of Azolla propagation
 

The problems tc 
be faced when growing Azolla can be sunmarized as:
 

i) breeding of varieties that 
can resist high and low temperatures;
 

ii) conservation of viable material during hot and cold months;
 

iii) pest and disease control;
 

iv) only one method of propagation, i..e. vegetative;
 

and v) transport of material.
 

The first two problems relating 
to temperature resistance and preservation of Azolla,
have been discussed in section 1.2.3 and the best possible solution is to develop oradapt other species or strains of Azolla for the temperature ranges concerned; research on
 
this is under way.
 

Dam -e, or even total destraction, of Azolla by pests is a very serious problemparticularly during the summer monThs. The principal insect pests of Azolla are the
larvae of Lepidopterous and Dinterous species,
Chiraonoma,which eat Azolla 	 f is, Microosecta ymphiandleaves 	 durinz May-Auust. etsaaec laeenld bChiraonoma,.These
L1ests pa 	 a;-e controlled byusin;-	 a 2.,, emulsion of DDT or with 2Oc, 'Phosnent'. During the periods Aril-4.,y andAu.-ust-October, larvae feed on Azolla roots and are combated with a 1:00 mixture of :C.'Fenthion' and water or by spraying with 'Parathion'* or 'Toxaphene'. Snails 	are another
pest, 	 attachin:- themselves to the roots and young leaves; they are controlled with the
 
same insecticides as for larvae.
 

Some common pests of Azolla are shownm in Plates 13 - 16.
 

At 'he Thmc-n People's Covmune in Sichuan, 
 it is the practice to use ducks for 
destroying harmful insects and snails in Azolla beds (Plate 17). 

During 	periods of high temperature Azoll-i is 
 ttacked by the fungus Rymanae;
control is attempted by sprayin7 with diluted 'Defusit' or 'Dipterex mixed with
 
'Malathion' 

The fourth problem, of vegetative propa.gation, is not heinr exvained yet in Chinn
but at the International Rice Research Institute wor< has been commenced on the sporophytic cycle and, if successful, will enable 	 Azolla to be propagated by spores as well isenabling reseaz ch to -o ahead on the b:-eeding of n w strains -nd species having desired 
characteristics. 

* Note 	 that use of Parathion is restricted in many cou tries and use 	of DDT is restricted 
in some countries.
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Plate 11. 	 Harvesting Azolla in baskets from nursery beds at
 
Pin Niu People's Commune, Jiansu Province.
 

r-.-  "
 

U.,.-.. . .
 

A-. I 

Pc.te 12. 	 Azolla beingr mechanicaily mixed with sludre from -a 
biogas unit to provide a pij' f.-eed additive (Pin Niu 
People's Comrunne, Jiangsu Province. 
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Plite 13. Pests of Azolla.(Weevil):1.Unaffected Azolla; 2, R+I icked Azolla;

3. moth and actual size; 4. eg deposit and sinr-le er;

5. larva and actual size; 6. cocoon; 7. pupa and actual size. 
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Plate I.. Pests of Azolla (,Moth): 1. Tunnel dug by moth in Azolla;
 
2. moth and actual size; 3. eggs on Azolla; #.larva and actual 
siz-e; n. pupa and actual size. 
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Plate 1-. 
 Pests of Azolla (Chironomid): 1. Unaffected Azolla; 
2. attacked

Azolla; 3. moth (white silk worm) and actual size; 4. egg mass
and egg; . larva and actual size; 6. pupa; 7. moth (red silk
worm) and actual size; 8. egg mass 
and egg.; 9. larva and actual
size; 10. pupa; 
11. Azolla attacked by aquatic snail; 
1? and 13
 
aquatic snails.
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NYMPHULA 	 PYRALID
 

3 

6 	 8 

5 

1 

Plate 16. 	 Pests of Azolla(Nymphuli and Pyralid): 1. Azolla affected by 
young larva; 2. Azolla affected by adult larva; . moth and 
actual size; t!. egos on surface of Azolla; -. larva and actual 
size; 6. pupa and actual size; 7. Pyralid moth and actual size; 
8. Pyralid pupa and actual size. 
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Plate 17: Ducks eatin- snails and harmful insects on o bed of 
Azolla at the Dhmen People's Commune, Sichuitn 
Province. 

The fifth Problem, that of transport, is not of s.Tuch conseT-ience in China today,
but if fore suit b!e kinds of Azoii nre found elsewhere in the world, they would hzve 
to be tra.nspor'.ed - evecn if only for ex7)eriment.alIu)rnoses. Once Azo'la uan be 
prop-nzsted threm -h spo-es, the trmnscort , problem will be solved automatically bu
memunwhile, the ]hinece were in prest-[ to lea-n. of i temporary technique developed at
the 7nt ernat jon! hoe Fesearch nstit e. In order to obtain and send Azoll?. 
zn~ctmens fro, v.o1 countries for ex-mri.mentslon purooses, a sm"Ill cun2.tv is
'seeded' onto ini;ar-Jla te -:t-tube; the pl!nt cn be kept alive in this m.xner 
for over one week. 

http:ex7)eriment.al
http:tra.nspor'.ed
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Fish Farming in Manure-Loaded Ponds 

GERALD L. SCHROEDER 
AgriculturalResearch Organization
 

Fish andAquacultureResearch Station
 

Dor, Israel
 

Abstract 

The principles of farming fish in manure-loaded ponds are discussed, including the au~ji-.phic and heterotrophic
food webs. The uses of manure as an aquatic fertilizer and as a component of supplemental feed are compared. Differ
ent animal manures are considered in relation to their quality fo. pond fertilization (C:N:P.K ratios, BOD, crude 
protein, fiber, etc.) and methods and rates o fapplication are described. The recommended manuring rate as dry organic 
matter is 2 to 4% of the fish biomass/d. Fish yields in manure-loaded ponds are compared from Israeli and other data.
Maximum fish yields of 30 kg/ha/d, averaged over a growing season, have been demonstrated, and a standing fish 
biomass of about 7 t/ha isattainable. 

Introduction 

A simple material balance shows that with the excep-
tion of ruminant husbandry, all semi-intensive or inten-
sive animal rearing consumes, rather than produces, 
energy and protein-rich foods that might otherwise be 
used directly for human consumption. This is because all 
animals, with the exception of those having a rumen, 
must have their entire protein and energy requirements 
presented in easily assimilable form. Only the ruminant, 
through microbial activity within its rumen, can thrive 
on coarse fiber-rich foods. In many parts of the world 
this net loss of available food is unacceptable. 

Yield Comparisons 

FED FISII PONDTHE COIVENTIONALLY 

Conventional fish culture is no exception to this 
pattern. If grains are used as a supplemental feed and 
annual yields of 5 to 10 t fish/ha are sought, then the 
ted conversion ratio (FCR) will be about three, i.e., 3 kg 
feed (dry weight) are required to produce 1 kg (wet 

weight) of fish. If fish meal-enriched feed pellets contain
ing a total of 25% protein are used, the FCR will be 
about 2.0 to 2.5. Assuming that fish contain about 20% 
dry matter, then with an FCR (dry weight food: wet 
weight fish) of 2.5, 12.5 kg feed will be required to 
produce 1 kg of fish dry weight. If the feed pellets 
contain 10% fish meal (a typical level), then 1.25 kg of 
fish meal will be required to produce 1 kg of fish dry 
weight. This fishpond consumes not only grain but also 
fish. 

This balance is discouraging from the viewpoint of 
alleviating food scarcity and from economic consid
erations. The cost of supplemental feed is consistently 
the largest single operating cost in conventional, semi
intensive fish culture, usually comprising 50% of the 
total operating osts. 

THE MANURE-lOADED FISHI POND 

There is an alternative method for achieving the 
costly but relatively high yields attained in conventional, 

73 
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semi-intensive fish culture. This is to use the pond, 
not only as the medium in which the fish grow, but also 
as the environment in which their food is grown. For 
centuries, fish culturists, especially in the Far East, have 
added animal manure to family fishponds. With pond 
management based on the experience of past generations, 
the average yield of manured ponds in China is estimated 
by the Food and Agriculture Organization of the United 
Nations (FAO) at about 3 t/ha/yr. While this is below 
the yields produced in semi-intensive culture (5 to 10 
t/ha/yr), it does point to an approach for solving the net 
loss of food encountered in conventional fish culture. 

The characteristics of a pond make it an excellent 
environment for converting crude, inedible nutrient 
materials into high quality fish food. Nutrients and 
minerals originally bound in relatively indigestible form 
are released by intense microbial activity in the water 
column and at pond bottom, and provide substrates for 
photosynthetic (autotrophic) and microbial (hetero-
trophic) production of basic fish food. 

A COMPARISON OF THE USE OF MANURE TO
 
FERTILIZE WATER AND LAND 


Fish yields in manure-loaded ponds, with no supple-
mental feeding, can reach 5 to 10 t/ha/yr, but this 
requires attention to pond design and management. The 
types of fish stocked and the stocking densities used 
must be appropriate to the rates of production of 
natural foods. Manuring must also be adjusted to fish 
densities and pond conditions, 

In farms raising land animZ. and field cropq, the feeds 
supplied to the non-ruminants are used once as feed and 
then the animal manure is returned to the field. Intro-
ducing fishponds to such farms allows better recycling of 
the animal feeds as the manure nutrients are used by 
microbial growth in the pond and the fish crop the fbod 
organisms produced. This is especially true for poultry 
f.'ms. The high biochemical oxygen demand (BOD) of 
poultry manure, as compared with ruminant manure, 
reflects the higher food value both of the feed caten and 
the manure produced. A high BOD implies rapid digestion 
and conversion to microorganisms upon introduction to 
the pond. 

The water from manured ponds is also useful for 
irrigation. The mineral component of the manure 
increases the plankton production. Standing crops of 
plankton in well-managed ponds will provide several 
ppm of dry organic matter equivalent in carbon (C):
nitrogen (N): phosphorous (P) ratio to a good fertilizer, 

The use of manure as a substrate for growth in 
fishponds is not without its cost to the farm. Extensive 
field experiments in China (FAO 1977) have demon-
strated the benefits of using compost and manures for 

soil fertilization. Their nutrients and organic matter 
increase the water-holding capacity of soil, decrease the 
rate of evaporation and increase enzymic activity, all of 
which increase fertility and crop yield. Twenty to 40 t of 
compost-manure/ha (assume about 5 t/ha dry matter) 
applied during the growing season produces about a 
l-t/ha increase in yields of rice, maize, wheat and millet 
over nonmanured yields of about 3 t/ha/season. This 
Qme amount of manure, when applied to fishponds 
receiving no supplemental feeding at the Fish and 
Aquaculture Research Station in Dor, Israel produced 1.0 
to 1.5 t of fish, with an average daily yield of 30 kg/ha, 
and 3 to 4 t of fish, with an average daily yield of 
20 kg fish/ha. (Schroeder and Hepher 1976; Moav et al. 
1977; Schroeder 1978). To attain 20 kg fish/ha/d, a 
lower fish stocking density and lower manuring rate was 
used than was used to attain 30 kg fish/ha/d. The 
utilization of the manure was more efficient at the lower 
rate. Hence the given amount of manure could be used 
over a larger pond area producing a higher total fish 
yield althougi a lower yield per unit area of pond. 

The relative value cl' using manure for l:md or fish 
crops must therefore be decided by the farmer when his 
supply of manure is limited. On a dry weight basis,
the available energy of wheat (3,000 kcal/kg) is similar to 
that of fish meal (2,600 kcal/kg) (Shiloh and Viola 1973) 
but the dry weight yield of wheat due to manuring 
is considerably greater than the dry weight yield of fish. 
Hence, for energy source production, the manure is better 
used for producing grain. The protein value of fish, 
however, considerably exceeds that of grain and it is 
often protein that is limited in subsistence farming, in 
which case the manure wduld be better used for fish 
prod u c tion. 

The Food Web 

Supplies of manure are limited and their use as a 
nutrient source in aquaculture incurs costs of collection 
and application, as well as the loss of availability for 
land fertilization. Understanding the paths that lead 
from manure application to fish production is of benefit 
in optimizing use of the organic and mineral components 
of the manure. A knowledge of the relative intensity of 
production of the various niches within the natural food 
web could enable us to tailor fish stocking densities to a 
polyculture that would harvest the natural foods accord
ing to their production. 

The present understanding of the dynamics of the 
food web is incomplete. Few, if any studies have started 
with manure application and followed its components 
through to fish production in the way that nutrient 
pathways have been followed in runihnants (IAEA 
1975). 
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Manure may enter the food web in several ways. as a undigested part of the pellet after it has fallen to the 
food consumed directly by the fish, as a source of pond bottom, either as uneaten pellets or as fish feces. 
minerals used in photosynthetic production of phyto. In this sense the pond fish combination becomes an
plankton (and hence as one of the first links in a food aerobic version of a rumen and its owner. Within the
chain), and as a source of organic substrates and minerals rumen, sources of crude fiber andNPN are incorporated
for heterotrophic microorganisms, which in turn may be into microbial production which in turn serves as effec
consumed either directly by the fish or by zooplankton. tive food for the animal (Abdo et al. 1964; Hobson 

1976). A similar succession appears to occur in the
MANURE AS A DIRECT FEED pond. The fish crops the food web that originates with 

the decaying pellets or feces, and can apparently satisfy
The effectiveness of cow, chicken and pig manure as a its nutritional requirenent3 and maintain a high growth

direct fish feed has been tested in a variety of fish: rate. 
common carp (Shiloh and Viola 1973; Campos and 
Sampaio 1976; Kerns and Roclofs 1977), tilapias, NATURAL FOODS APD FISH GROWTH 
(Stckney and Sir.mons 1977), channel catfish, (Fowler 
and Lock 1974; Lu and Kevern 1975) and goldfish (Lu Twenty-six commercial Israeli fishponds stocked with
and Kevern 1975). The usual approach in these exper- common carp (C'yprinus carpio), Sarotherodon aureus 
iments was to incorporate the dried manure into a and mullet were studied to determine factors affecting
standard feed pellet as a rcplacement for higher quality the FCR (Schroeder 1973). Supplemental feeds (sorghum 
components. In this manner, the firs,. exposure of the and/or fish meal-enriched pellets) were surplied daily at
fish to the manure was by direct consumption of the 3 to 4% of the fish biomass. In spite of the high supple
pellet. Experiments conducted in tanks or cages (the fish mental feeding rate, the most important factor affecting 
not having access to either the decay products of the the FCR was the abundance of natural foods. Inter
uneaten pellets or to fish feces) showed that manures estingly, the main correlation between FCR and natural 
are poor substitutes for the components normally foods was for heterotrophs and not for autotrophs. The 
included in fish feed pellets. Consistently, with each reason for this should become clearer below.
 
increase in manure concentration in the pellet, there was
 
a decrease in fish growth rates. Experiments conducted 
in open ponds, however, (the fish having access to the MANURE AS A FERTILIZER FOR AUTOTROPHIC 
feed pellet decay products) gave results such that feeds (PHOTOSYNTHETIC) PRODUCTION 
containing as high as a 30% manure produced fish 
growth equal to the growth obtained with conventional Upon 10,jition of manure to a fishpond, several
fish feed pellets. concurrent biolocical activities are started which produce

These results are explicable if we consider pond food the natural food web. The average mineral composition
chains. Feeding trials in which fish are isolated from the of several manures is listed in Table 1. This mineral
decay products of their feces or uneaten pellets allow fraction is directly available for photosynthesis or 
only that fraction of the pellet directly digestible by the heterotrophic growth of bacteria. Bacteria, digesting
fish to be utilized. Metabolizable energy in cow and dead plankton or the organic fraction of manure, liberate 
chicken mant,,e is reported to range from 600 to 800 bound minerals and produce carbon dioxide, both of
and from 900 to 1,200 kcal/kg, respectively, as compared which become available for further photosynthetic 
to 3,000 kcal/kg for conventional feed pellets (Shiloh production (Kajak and Hillbricht-llkowska 1972;Ander
and Viola 1973) and 3,000 to 4,000 kcal/kg for zoo- son and Macfayden 1976).
plankton (Yurkowski and Tabachnek 1979). Ash com- In the presence of adequate nutrients, primary
prises 20% to 40% of the dry weight of manure (Shiloh production reaches a maximum value set by the amount 
and Viola 1973; Bellamy 1975). Usually more than half of solar energy penetrating the pond water. In tropical
of the crude protein content (determined as Kjeldahl N and subtropical climates, this is about 10 g Carbon 
on the dried sample x 6.25) is not actually protein, (C)/fn 2 /d (Tamiya 1957; Anon. 1977), and is observed 
but rather uric acid or other non-protein nitrogen (NPN) in algae production ponds. Schroeder (1978) measured 
compounds that are not normally assimilable by the fish. primary production in fishponds receiving inorganic
Clearly, from the aspects of available energy and protein, fertilizers at rates of 70 kg superphosphate and 70 kg
cow and chicken manure are inferior foods. ammonium sulfate/ha/2 wk and ponds receiving 100 kg

In feeding trials conducted in cpen ponds, however, chicken or cow manure dry matter/ha/d. Primary
the fish can utilize the directly assimilable fractions of production was the same in the manured ponds as in
the pellet plus those organisms which grow on the those which received the inorganic fertilizers alone. Had 
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the primary production been limited by carbon, minerals 
or soluble nutrients, the added manure would most 
likely have produced an increase over the inorganic 
fertilizers. The limit in these tests apparently was due, 
however, to the available so!ar energy penetrating the 
pond. The range of primary production levels, observed 
in Israeli fishponds (subtropical climate) by Hepher 
(1962), Schroeder (197,*) and Noriega (in press), was 1 
to 5 g C/ra2 /d in the spiing and fall, and 4 to 8 g C/m2 /d 
in the summer. These values are below the maximum 
value of 10 g C/m2 /d observed in algae production 
ponds in the same regon. The fishponds studied had 
5,000 to 10,000 fish/ha. There was considerable turbidity 
due to bottom sediments being mixed into the water 
:olumn by the fish. This reduced lieht penetration 
and hence photosynthesis. 

Of the total primary production, 90% is in the 
nannoplankton size range, i.e., passing through a 30 to 
40 gm net (Hillbricht- lkowska et al. 1972; Schroeder 
1978). This is available as a natural food for fish only
after entering further food chains or conglomeration to 

ncrease its effective size. 

When trout are fed a nutritionally balanced diet, the 
:arbon conversion ratio, is five, i.e., 5units of feed carbon 
:onsumed produce 1 unit of carbon fixed in fish growth 
(Schroeder 1978). Assuming that this ratio is broadly 
applicable to other fish species and that natural foods 
provide a balanced dict, we can predict the fish yield 
attainable by direct harvesting of plankton larger than 
30 to 40 gim. 

In manured fishponds with no supplemental feeding, 
luring a period when fish yield was 30 kg/ha/d, primary 
production ranged from 2 to 5 with an average of 4 g 
C/m2 id (Schroeder 1978). Only if the entire primary 
production was cropped and utilized by the Fish could 
:he observed fish yield be accounted for, assuming a 
:arbon conversion ratio of five. Observations on sedimen-
ration ponds showed that plankton sedimentation to 
:he sediments (based on accumulation :ates of protein 
accompanied by microscopic analysis) was at a rate 
irilar to that of the primary production. This is con. 
;istent with the observation that 90% of the primary 
production was nannoplankton aid, therefore, only 

small fraction was harvested directly by the fish. 
hence, only a .- all fraction of the fish yield could 
)e accounted for by direct harvesting of autotrophiic-
Thotosynthetic production. Noriega (in press) also found 
ao correlation between primary production (range 1.3 to 
3.5 g C/m2 /d) and fish yields (about 20 kg/ha/d) in 
nanured ponds with no supplemental feeding. Attempts 
o 	 predict fish yields from measured primary production 
ave values less than 25", of the observed fish yields, 

Work in progress (Edwards & Sinchumpasak, pers. 
:dmm.) shows that the gut contents of Sarotherodon 

niloticus fed on the effluent from a high rate oxidation 
pond, contain large quantities of the algae Scenedesmus 
sp., Aficractinium sp. and Microcystis sp. These algae 
generally are classified as nannoplankton. Small amounts 
of detritus were also observed. 

Clearly, however, food chains additional to auto
trophic production must be involved in fish production 
in manure-loaded ponds. 

MANURE INTHE HETEROTROPHIC FOOD WEB 

Tang (1970), workig in Taiwan with a 6-ha pond 
receiving frequcnt additions of night soil, made detailed 
analyses of the natural food organisms present (phyto
plankton, zooplankton, benthic insects, worms and 
larvae) in relation to the traditionally accepted feeding
habits of the fish species used and their growth. From 

the amounts of these foods present, he could account 
for only half of the total 30 kg/ha/d measured fish yield. 
ie attributed the remainder to direct consumption of 
the night soil by the fish. Other researchers (Odum 
1968, 1970; Mann 1972; Terrell and Fox 1974; Marias 
and Erasmus 1977; Buck et al. 1978), when presented 
with obs erved fish yields in excess of the generally 
accepted na:ural foods available, found that hetero
trophic pro(uction of bacteria and protozoa could 
account for tl e discrepancy. 

This microbial commnunity flourishes on manure 
added to the pcnd, using the organic and mineral frac
tions as sources of energy and nutrients. These micro
organisms are eate: by pelagic as well as bottom feeding 
fish (Odun 1970; Kuznetsov 1977 , ,1nd are good food 
for fresh and saltwar r fish (Tacon and Ferns 1976; 
Beck et al. 1979; Bergstrom 1979; Matty and Smith 
1978; Atack et al. 1979). Kuznetsov (1977) further 
observed that more than half the bacteiia present in the 
waters tested were in the form of flocs of 21 to 60 gm: 
a size range available to many pelagic feeding fish. 

Spataru (1976, 1977). by analyses of gut contents, 
has shown that bottom feeding tilapias and the pelagic 
filter feeding silver carp (1ty*vophlahanichihysmnolitrLv) 
consume detritus as well as plankton in significant 
quantities. Sumnerfelt et al. (1970) found detritus to be 
the major component of the gut contents of common 
carp feeding in five Oklaoma reservoirs. Several authors 
(Fish 1955; Newell 1970; Hargrave 1976) conclude 
that the microbial community in detritus provides 
essentially all the nutritional requirements of Fish 
feeding on it. The detritus substrate itself passes through 
the fish gut relatiVely unaffected and when voideu as fish 
feces, it is recolonized by microorganisms and can be 
eaten acain by the fish. 

The data presented in Table I indicate that manure is 
a good substrate for microbial growth. Lnpublished 
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research at Louisiana State University has shown that Table 1. Aerage composition (%)of several manures (figures in 
good microbial production in crawfish-rice paddies, and brackets are based on the present author's estimates of the 
hence a good crawfish yield, requires a C:N of about organic matter in the manure as originally reported). 
17:1. This is quite similar to the C:N of many manures. Organic
 
Usually the C:NT' of a bacterial growth medium is about Water N P K matter C:N:P
 
20:1:0.2. 

Aerobic digestion of organic matter by bacteria fixes 
20 to 50% of the available C as bacteria cells. The Dairy cows* 79 0.5 0.1 0.5 (17) 17:1:0.2 
remainder isused for metabolic energy (Doetsch and Fattening cattle* 78 0.7 0.2 0.5Sheep* 64 1.1 0.3 1.1 
Cook 1973). Anaerobic digestion is less efficient. Mea- Sheen** - 0.7 0.3 0.3 
sued cellulose digestion rates, demonstrating hetero- Pig* 74 0.5 0.2 0.4 
trophic microbial production in manure-loaded fishponds, pig** - 0.6 0.2 0.4 15 13:1:0.3 
are consistently highest at the pond bottom-water Hen* 76 1.1 0.4 0.4 (19) 9:1:0.4 
interface (Schroeder 1978). The rate here is 2 to 10 Poultry** - 1.6 0.7 0.7 

times greater than in the water column. Within the *Morrison 1959 
bottom sediments, anaerobic after 1 to 3 mm of depth, **FAO 1977 
there is only slight digestion. 

Microscopic examination of detritus also shows a stirred benthic material (detritus) into the water column, 
consistent pattern: a :oarse matrix of organic matter making it available for the silver carp. The feces of the 
surrounded by dense populations of protozoa (often silver carp, containing partly digested plankton and 
ciliates) actively grazing on what appears to be a bacterial detritus, became available as a bottom manure. Each 
layer coating or focused on the matrix (Plate 1). species therefore increased the growth potential of the 

The detritus or seston (i.e., all organic and inorganic other. 
suspended solids) provided by the added manure appears 
to supply a base for colonization by microorganisms 
essential to the food web. Total production of all organ
isms larger than 37 pm, both autotrophic and hetero
trophic, in pond water and on the pond bottom, in The manure-loaded fishpond can be considered as a 
manure-loaded ponds with no supplemental feeding, can system to which mineral-rich organic matter is added in 
account for less than half the 20 to 30 kg fish yield/ha/d the form of manure and removed in the form of harvested 
consistently observed (Schroeder 1978). The evidence fish. In a properly managed pond there will be an 
points to microbial production being the key to the ecological balance that avoids thle'extreme fluctuations 
high yields. so commonly observed in highly eutrophic water bodies. 

The addition of manure to a pond provides a nutrient 
base for dense blooms of phytoplankton, particularly 

TROPHIIC NICHES WITHIN TIlE FOOD WEB nannoplankton which in turn triggers intense zooplankton 
development. The zooplankton have an additional food 

The food web is complex and dynamic. Under source in the bacteria which thrive upon the organic 
conditions of low fish density, the concept of specific fraction of the added manure. The zooplankton com
trophic niches for different fish type is probably valid. munity therefore develops from two fopd chains, and its 
In such cases, the growth rates of each fish type remain development soon exceeds the corresponding production 
high. At high densities, however, the demand for food in of phytoplankton if it is left unexploited The zoo
a given niche may exceed its supply. This will force the plankton then overgraze the phytoplankton and photo
fish to exploit additional trophic niches. Generally, synthetic oxygen production becomes inadequate to 
competition will force the fish to feed at low-r ,ophic supply the respiration demands of the total pond corn
levels where the production will be higher (May 1976). munity (bacteria, protozoa, zooplankton and phyto-
The growth rate of fish, such as common carp. which are plankton). The pond becomes anaerobic; the zooplank
highly specific in their feeding will suffer more than that ton population dies, gradually decays and a new cycle 
of detritus feeders, accustomed to a lower trophic level, of phytoplankton growth starts. 

The dynamic nature of the food web was demon- It has been clearly demonstrated, however, that 
strated by Yashouv (1971), who showed a strong feeding ponds receving high loading of manure or other nutri
interaction between common carp and silver carp. ent rich organic matter, do not have these extreme 
Polyculture gave higher yields of each species than the cycles when stocked with a proper polyculture of fish 
sum of separate monocultures. The common carp (Schroeder 1975a;Allen and Carpenter 1977; Bucket al. 
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1978). The fish grazing on the plankton community it is essential that adequate chemicals are present. Very 
maintain the balance between plankton production and soft water (e.g., 10 mg/i total hadness and alkalinity, 
consumption. The pond remains aerobic with higher Almazan and Boyd 1978) will not support adequate 
average levels of dissolved oxygen (DO), higher p11 and production. At least 0.2 ppm P is required (Jhingran 
lower standing crops of phytoplankton, zooplankton, 1977). Extractable P in the soil of the pond may supply 
benthic chironomnid larvae, and pelagic bacteria (Tables 2 part of this. With either soft waiers or acid bottoms, 
and 3). Table 2 shows that here the daily DO cycle, and agricultural grade limestone (2 to 6 t/ha, CaCO 3 ) and 
especially the critical early morning DO, is not adversely inorganic fertilizer (50 kg/ha, 20 (N): 20 (P): 0 (K) are 
affected by intense manuring. This is in accord with needed to increase total alkalinity, pH and general 
observations that the BOD of the added manure is not a production (Thomaston and Zella 1961; Boyd ana 
main oxygen consumer in a properly manured pond Scarsbrook 1974; Wiederholm and Eriksson 1977; 
(Schroeder 1975b). 	 Sreenevasan, undated). 

Unpublished data and observations at Dor, Israel have In several representative commercial ponds in Israel, 
shown that when the basic nutrients for microbial the water contained: Na, 300 to 800 ppm; Mg, 55 ppm; 
growth (cf. Rodina 1972) were added to aquaria, there is Ca, 70 ppm; K, 30 ppm; P, 0.3 to 0.6 ppm and Cl, 400 
greater flocculation and precipitation of microorganisms to 1400 ppm. These slightly brackish ponds highlyare 
(bacteria and protozoa) in the presence of fish than in productive. 
their absence (A. Razin, pers. comm.). Tis may be one 
factor contributing to the lower bacteria concentrations 
observed in eutrophic ponds stocked with fish than in MANURING THE POND 
eutrophic ponds without fish. 

Standard aerobic bacteria plate counts from 19 It is essential in a fish farming system based on 
samples of water, comparing manured ponds without aquatic production of natural foods that the growth 
supplemental feeding with conventionally.fed non- substrate, in our case manure, is adequate both in 
manured ponds, showed the same bacterial concentration quality and quantity. There are few data in the literature 
range: 1 to 5 x 104 colony-forming bacteria/mi. Thirty which quantify these parameters in relation. to attained 
similar analyses of the surface sediments also showed the high fish yields. The remarks in this section are based on 
same bacterial concentration range in both types of observations by the author and his colleagues at the Fish 
pond: 2 to 35 x 106 colonies/ml. In the presence of and Aquaculture Research Station, Dor, Israel, during 
adequate organic matter, whether originating from experiments in which fish yields in manured ponds with 
added manure or added feeds, there appears to be a no supplemental feeding averaged 20 to 30 kg/ha/d over 
maximum standing stock of bacteria. entire 100 to 125-d test periods (Schroeder 1974; Moav 

Since the fish productivity i a manure-loaded pond et al. 1977; Schroedei^i978 ;Wohlfarth 1978). 
is dependent on aquatic production of natural foods, 

Table 2. Some characteristics of ponds with and without Fish and manure-loading: a) Water temperature 9 to 15'C; no 
organic or chemical input was supplied to the ponds other than manure (adapted from Schroeder 197 5a). b) Water temper
ature 25 to 30'C; July to September; 6 ponds; manured ponds received pellet feeds daily at about 3%of fish biomass; all 
ponds received 70 kg superphosphale and 70 kg ammonium sulfate/ha/2 wk (adapted from Schroeder 1978). 

No fish Fish Fish, No fish, 
+ manure + manure no manure no manure 

a) 	DO at 9.00 AM (ppm) 0.7-9.5 9.0-15.9 10.0-13.8 
pHl 	 7.9-8.3 8.3-8.9 8.6-8.7 
zooplankton reSained on a 150 micron net 

(gdry wt./m ) 	 0.3-42.4 0.1-1.0 <0.06 <0.06 
phytoplanktonjetained on a 50 micron net 

(gdry wt./m ) 	 0.2-1.3 0.3-1.4 <0.06-0.2 '0.06 
chironomid 

(100's/1-) 	 79-215 14 0-2 1-7 
water column bacteria 

(1000's/nil) 	 17.7 1.6-6.7 0.74.3 

b) 	average early morning DO (ppm) - 4.9-5.4 3.3-5.0 
.avieage late afternoon DO (ppm) 14.7-15.9 12.0-15.3 
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Table 3. Some characteristics of ponds with and without fish 
receiving sewage (condensed from Allen and Carpenter 1977). 

Fish No Fh 

5-d BOD (ppm) 6 21 
Suspended solids (ppm) 12 37 
Total nitrogen (as N) 3 10 
ph r 8.3 7.9 

QUALITY CONTROL 

The major problem affecting manure quality is the 
inclusion of foreign, non-essential materials. With cow 
manure from dairy herds, it is essential that a minimum 
of wash water and disinfectant chemicals enter the 
manure pit. It has not been uncommon to find that 
manure from a pit under a milking room contains 99% 
water and 1%solids. Fresh cow manure should contain 
not less than 10,% dry matter, of which the maxi;num 
ash level should be 30%. 

A similar contamination problem sometimes arises 
with chicken manure scraped from the pen floor. Its ash 
content, due to added soil, can exceed 55% of the total 
dry weight. Unless there are large pebbles or stones, the 
soil is virtually undetectable by casual observation. The 
ash content of poultry manure should not exceed 20%. 
Higher ash levels may also result from long-term storage 
during which microbial digestion causes consumption of' 
nutrients and organic matter or leaching by rain water. 
Long-term storage of any type of manure is undesirable, 
but if unavoidable, it should be performed in a sheltered 
area, with minimum loss of the liquid content, since 
much of the nitrogen is in the urine. 

The C:N:P:K ratios of the manures listed in Table I 
show that they are good substrates for autotrophic and 
heterotrophic growth. In all cases there is a slight defi-
ciency of C relative to N for bacterial growth. Since partcienyeofaCurelati be eNfor ctera aotnc prt 
of the manure N will be used for phvtoplankton produc-
tion, without a corresnonding use of C, there is in fact 
not an excess of N, except possibly in poultry manure. 

Our unpublished analyses of cow manure show crude 
protein levels (Kjeldal N x 6.25) of 10% to 15% of the 
dry weight. Of this, less than 1%was digestible by pepsin,activity and production.
Fish digestive systems rely on trypsin rather than pepsin, 
but the two types of enzymes should give similar results 
(S. Viola, pers. comm.) tence,essentially aill the manure 
nitrogen is in the form of non-digesmile fractions 
(e.g., uric acid). Chicken manure has approximately a 
total of 25% crude protein and 10% pepsin-digestible 

protein, on a dry weight basis, 

Lignin is 14% to 20% of the dry weight of cow 
manure. Crude fiber (not lignin) is about 30% to 40%, 
and total fiber (crude fiber, lignin and hemicellulose) 
about 60%. In chicken manure, lignin is about 10%, 
crude fiber 25% and total fiber 45%. The starch content 
and reducing sugar content of chicken and cow manure 
are both usually less than 1%of the dry weight. 

During- manure storage, fermentation occurs and 
produces a general increase in ash, lignin and hemicellulose, and a decrease in crude fiber. This is logical 
since, with fermentation, the most digestible fractions are 
consumeu first. 

The BOD of a manure is a useful measure of its 
potential biological activity and quality. A 24-hr BOD is 
often adequate to estimate these values. The chemical 
oxygen demand (COD) is less useful since it partly 
derives from highly indigestible fractions. The 24-hr 
BOD (at 20°C) of a good cow manure, containing 12% 
dry matter and most of the original urine, is about 2.5 g 
02/kg manure. A higher BOD, as is observed in chicken 
manure, is an indication of an even better substrate for 
the pond food web. 

MANURE DISTRIBUTION OVER THE POND 

triton of manue or as much as sb of 

the total solids of fresh cow manure can remain sus
pended in the water column, 50 to 60% of this suspend
able matter is inorganic mhterals. Approximately 907 of 
the coarse organic matter settles to the pond bottomwithin I to 2 hr (Lombroz6 and Schroeder, in prep.). 
Accumulation of more than a few mm of this at any 
botom location will result in anaerobic digestion, 
poduin an i l pH of a arctistic 
producing an interstitial pH of about 6.5 (characteristic 
of organic acid fermentation). Ammonia concentrations 
in the manure layer will reach 30 to 100 ppm, even 
though 5 cl above, in the overlying water column, the 
ammonia concentration may be less than 1 ppm. H2 S 
generation will also soon start. There will be a generalreduction of microbial production in the area and the 
dangler of sudden release of 
sanes of I r fsubstances (NIl3, I- 2S) from 

3 
water into the water column. 
one or 2 nun of sediments will 

large amounts of toxicla bottm ntstitiatile bottom interstitial 

Only within the initial 
there be high microbial 

It is interesting to note that even in polyculture 
ponds containing o,000 common there isadult carp/ha, 
not uticient stirring of the settled bottom manure to 
mix theinterstitial water with the overlying water and 
thus reduce this accumlation of ammonia. 

Locating animals adjacent to or directly over the 

pond allows a continuous gradual supply of manure to 

v-K
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the water column and bottom. Since much of the Chicken manuring rates may be lower, 2.5 to 4.0%. Note 
organic matter settles rapidly, this gradual addition is that the calculation is based on organic matter, exclusive 
valuable in that it allows the water column as well as the of the ash content. This corrects for contamination by 
pond bottom to be active in microbial production. soil or water. At this manuring rate, with a polyculture 

of 9,000 fish/ha, the fish yieldsare 20 to 30 kg/ha/d. It is 
RATE OF MANURE APPLICATION interesting that supplemental feeding tables call for daily 

feeding rates of grains and pellets also at about 2 to 4% 
Proper manuring rates are essential if maximum fish of the fish biomass, depending upon fish size and species. 

yields are to be attained. The rate is determined by It must be emphasized that if a pond is experiencing 
several factors. critically low early morning DO, no organic matter, 

The temperature of the pond must be adequate for whether supplemental feed or manure, should be added 
microbial digestion of the organic matter. In tropical and until the problem is rectified. 
subtropical climates this is not usually a limiting factor 
during the growing season. There is adequate production 
of natural foods when the water temperature is above TYPES OF MANURE 

180 C. At temperatures of 10 to I 50 C, there is moderately 
rapid digestion of cellulose, but the fish studied at the The value of m.nure as a substrate for microbial 
Fish and Aquaculture Research Station, Dor, Israel- growth is directly related to the feed the animal received. 
common carp, Sarotherodon aureus and silver carp-do If the feed was of high quality, the manure will be 
not grow well at these temperatures. an excellent substrate. If, however, the animal has con-

Thirty measurement- of pond bottom respiration in sumed primarily crude fiber, its manure will be of lower 
Israeli fishponds (Schroeder 1975b) plus similar measure- value. 
ments in European ponds and lakes (Edberg and Hosten Feeding patterns vary with the availability of animal 
1973) and in fishponds in the southern part of the feeds. It is not practical, therefore, to characterize 
United States (Boyd et al. 1978), gave a maximum value manures on an absolute scale. The relative values of 
of 3.5 g 02 /m 2 pond bottom area/24 hr. This indicates specific manures carl, however, _.- evaluated by measuring 
heterotrophic activity. That there seems to be a maximum their BOD. Generally, the value of the manures, in 
value indicates that there is a maximum amount of increasing order is: cow and sheep manure, followed by 
organic matter that a pond can digest per unit area per a grouping of pig, chicken and duck. 
unit time. Adding manure at a rate ii, xcess of this In areas where feeds are plentiful, ducks ieceive a ration 
amount results in accumulation of organic matter on the containing 18% protein (calorific value, 2.9 kcal/kg). 
pond bottom with resulting undesirable anaerobic They can be grown on ponds at 100 to 125/1,000 m. 
interstitial conditions. From our experience, this maxi- These ponds give fish yields ot 30 to 40 kg/ha/d (I. 
mum amount is estimated to be 100 to 200 kg manure Polovnick and H. Barash, pers. comm., Volcani Research 
dry weight, or 70 to 140 kg organic matter/ha/d. Center, Bet Dagan, Israel). On natural foods alone, 

If the oxidation of organic matter is represented by however, ducks are grown at about one-tenth of this 
density. The value of raising ducks that receive supple-

CH2 0 + 0, = CO2 + H2 0 mental feeds over fishponds is that the unavoidable 
wastage of the food that they spill (about 10%) falls into 

then on a weight (not molal) basis, for each gram of the pond (Polovnick, pers. comm.) and is directly 
oxygen consumed, approximately 0.9 g organic matter available to the fish. Ducks, being in a more natural 
are oxidized. The measured bottom respiration (3.5 gm habitat on the pond, remain healthier than those raised 
02/m2/d) would therefore represent consumption of on land. 
about 32 kg organic matter/ha/d. If a similar amount of 
oxidation occur in the overlying water column (the total 
number of aerobic bacteria in I m of wqter column is FISHI YIELDS FROM MANURE-LOADED PONDS 
approximately equal to the number of aerobic bacteria 
in the underlying pond bottom), then this oxidation rate Quality of Fish Grown with Manure 
is adequate to account for the aerobic digestion of 70 kg 
organic matter or 100 kg manure dry weight/ha/d. Having demonstrated that fish grow reasonably well 
A similar amount would be fixed in microbial growth, in mantured ponds, it is essential also to demonstrate that 
There is also digestion, though less, by anaerobic bacteria. they are of adequate quality for human consumption. 

We add cow manure organic matter to the pond at a Sobol (pers. comm., Research Station, Dor, Israel) 
daily rate of 3 to 4% of the standing fish biomass. analyzed the fat content of approximately 100 carp 
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grown on manure, grains and on fish meal-enriched 
pellets. The fat concentrations were 6%, 20% and 15%, 
respectively. The taste quality of the manure-grown fish 
was considered superior, 

Public health aspects must also be considered. Manure 
contains fecal bacteria and may also harbor parasites. 
These may be transmitted to man via the fish. It would 
seem wise to consume manure-grown fish only after 
thorough cooking. This is advisable, however, for all fish, 
even those caught in the open sea. Gjerde (1976) reports 
bacterial evaluations of 200 samples of raw frozen 
marine fish, packed for sale. Fecal streptococci were 
found in 53% of the samples. Fecal coliforms (50 to 
l00/g) were found in 16% of the samples including 
Escherichiacoli (50 to 100/g) in 10%. Such contamina-
tion is possibly ubiquitous within the food fish industry, 

THE RANGE OF FISH YIELDS FROM MANURED PONDS 

To get from published data the maximum values 
of manure or other organic waste needed as substrates 
for in-pond growth of natural foods, it is necessary to 
concentrate on those tests in which pond management 
was appropriate for a manure-loaded system. This is 
usually reflected by high fish yields. Tests in which 
manure was directly incorporated into the feed pellet are 
not discussed here as this approach eives poor fish 
growth, as discussed above, 

There are reports of manuring ponds in Europe, in 
which manure is applied in large amounts (usually in 
.,z.ps) once or a few times during the growing season. 
Fish yields here are usually below 1,000 kg/ha/yr and 
often as low as a few hundred. Such examples should 
not be imitated since such low yields can be attained 
anyway by appropriate stocking with or without occa-
sional chemical fertilization. Work at the Centro de 
Pesquisas Ictiologicas, Fontalega, Brazil in 1977 (L. 
Lovshin, pers. conim.) is better suited to manuring ponds 
at high ambient temperatures. Here, yields of 3 to 4 kg 
ha/d were attained using monoculture of a tilapia hybrid 
and applying 800 to 1,400 kg cow manure/ha once a 
week. This yield range is also, however, well below the 
tartet of 20 to 30 kg/ha/d. 

There are reports from the Research Station at 
Ginossar, Israel for pond culture using supplemental 
feeding (grain pellets enriched with 15% fish meal) plus 
manuring. Yields of 30 to 50 kg/ha/d are reported, but 
much of these result from the supplemental feed: a 
luxury which cannot be afforded in much of the world. 

Fish yields of 20 to as hi-Jh as 32.5 kgha/d, averaged 
over approximately I20-d growing seasons, were attained 
by Buck et al. (1978) in Illinois with swine muanure 
and at the Research Station, Dor, Israel. using primarily 

a polyculture system of common carp, tilapia hybrids 
and silver carp with cow or chicken manure applied 
daily at a rate increasing with the fish biomass, from 20 
to approximately 150 kg dry organic matter/ha, 6 times 
per week. 

SOME REASONS FOR LOW FISH YIELDS ATTAINED
 
IN MANURE-LOADED PONDS
 

Poor yields in fish culture, as in animal husbandry in 
general, are usually the result of poor management. 
Unforseeable losses may result from prolonged periods 
of unseasonal cloudy weather (and hence low photo
synthetic production, anoxia and fish kills) but proper 
management must consider such general climatic con
ditions as well as the pond environment. 

The low fish yields discussed abovc result primarily 
from two deficiencies: improper fish stocking and 
improper use of manure. Monoculture, unless using a 
species that has adaptable feeding habits, e.g., the milkfish, 
Chanos chanos (Odum 1970), results in inefficient 
utilization of the natural food. Polyculture requires 
species that will exploit all the available feeding niches 
(Targ 1970). Adequate stocking densities are also 
required (Figure 1) as fish yields will increase with 
increasing fish density up to the carrying capacity of a 
pond (Hepher 1975). Exceeding the carrying capacity 
results in more of th, available food energy going 
into fish maintenance and giving decreased total yields. 

Inadequate amounts of manure fail to supply the 
substrates required for microbial growth. Also, with large 
piles of manure in the porid, aerobic digestion and hili 
microbial activity occur only at the surface of the pile. A 
few mm within the pile, conditions are anaerobic, gving 
inefficient conversion of substrate C into microbial cells, 
low microbial activity, and production of three toxic 
agents: H.S, NH3 and C114 . 

Poor microbial development, poor digestion of the 
manure and hence low autotrophic-photosynttietic and 
heterotrophic productivity, can also result from ponds 
having acid soils and/or very soft water. Fish yields here 
will be correspondingly low. 

SOME REASONS FOR HIGH [ISH YIELDS IN 
MANURE-LOADED PONDS 

Pond design and construction appropriate to manuring 
will help in attaining good fish yields but insufficient 
data exist to give exact parameters for this. The following 
recommendations are derived from experience at Dot 
and those of Buck et al. (1978). 
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The pond bottom should contain adequate fines for 
suspension in the water ("muddying"). These can 
provide colonization foci for microorganisms. The banks 
of the pond should be accessible to allow manure 
distribution along the pond. Rela:ively shallow ponds 
(0.7 to 1.0 m deep) have given good yields. Small ponds 
(0.04 ha) give yields of 30 to 32 kg/ha/d througliout the 
season. One pond of this size can supply the entire 
protein requirement for a family of six. Ponds of 0.1 ha 
gave yields of 20 to 22 kg/ha/d throu hout the season. 
These ponds were deeper (maximum depth 1.7 in) and 
appear to have had fewer fine particles in the pond 
bottom than the smaller ponds. A 1.5-ha test pond, 
much of which was less than 1 m deep, gave yields of 30 
kg/bald for 40 d after which the common carp (at 300 
to 400 g) ceased to grow. Wild tilapia fry appeared at 
about this time, but it is not certain that their competi-
tion was the problem. Nitrite accumulation in the pond 
water has on occasion been found concurrently with 
decreased fish growth rate (D. Engstrom, pers. comm., 
New Alchemy Inst.). 

Although allthe above are considered as
lthouingh allr high heterotrophic microbial production has alreadythe sao pondsponds hare considredubeen discussed. Zorn (pers. comm.) has demonstrated at
standing water, the small ponds have frequentmore 
water changes than the large ponds according to rough
metering of thernetrhwofwater usedhe torepaceevaoraionandreplace ewaporation andate usd to 
seepage. Their water is completely changed about every 
40 to 60 d.fore 

Ponds should be drainable to remove or kill all the 
fish. If excessive uncontrolled breeding occurs, this will 
place high demands on the available natural foods and 
retard the growth of adult fish. Thes, fry must be 
removed, 

Stocking an adequate number of fish is essential. 
Figure Ishows the relation between polyculture stocking 
densities and fish yields. At a harvested density of 
8,400 fish/ha, the carrying capacity of these ponds was 
not exceeded, but increasing the harvested density to 
16,000 fish/ha produced no increase in yield. For tiese 
conditions, therefore, the carrying capacity of the ponds 
lay between 8,400 and 16,000 fish/ha. Fewer than 8,400 
fish/ha produced consistently lower yields, 

Polyculture, or use of species with diverse feeding 
habits, is essential. The pelagic and benthic iches must 
both be cropped to give complete food utilization, 
In the initial work at Dor. common carp, Sarotherodon 
aureus and silver carp fingerlings were stocked in the 
ratio of about 5:2.5: 1.5. It was found that the relative 
density of the tflapia could be increased to make it the 
dominant species, while still naintaining the yield of 
about 30 'a,ha/d. Fish may cross specific feeding niches 
when faced with a shortage of their preferred feeds 
(Summerfclt et al. 1970: Terrell and Fox 1974): see 
Table 4. 

TaOle 4. Normal feeding habits of some cultured fish species. 

Feeding habit 

Algae and plankton 

Filgmentous algaeZooplankton 
Macrophytes 

iBenthos 

Detritus 

In maiure-loaded 

Species 

Silver carp 

Milktish (Chanos chaos) 
Sarotherodon galileus
 
Sarotherodon niloricus
 
Grey mullet (Mugil cephalus)
 
tilkfish

Bighead carp (Aristichthys nobilis
 
Grass carp (Ctenopharyngodon idella)
 
Common carp (Cy'prinus carpio)
 
Black carp (.tlbopharyngodon piceus)
 
Mud carp (Cirrhina molitorella)
 
Sarotherodonaurcus
Common carp
 

Miakfish
 
Sjrotherodon niloticus 
Grey mullet 

ponds, there is a very high produc. 
tion of detntus in proportion to food organisms. The 

Dor that there is higher recruitment of chironomid larvae 
in manure-loaded ponds than in conventional ponds with 
supplemental feeding. A stocking emphasis nmst there
frbplen bofeed ing fish. 

be placed on bottom feeding fish.
 

In the manure-loaded ponds that produced high fish 
yie!ds, manure (dry organic matter) was added daily at arate of about 2 to 4% of fish hiomass. This rate was 

continued until maximum daily loadings of 150 kg dry 
organic matter/habi were, reached. The m2-;zre was 
added in liquid form (cattle manure) or as moist solids 
(poultry manure), but the amount added was always 
calculated on a dry organic matter basis. 

If the water is soft, or the pond bottom is acidic 
(excessive humus), addition of inorganic fertilizers may 
be necessary. In the Dor experiments, ammonium 
sulfat,. and superpiosphate were added (Schroeder 
1978) but it is not certain that this rate of inorganic 
feltilization was required. The C:N:P ratio of most 
manures is adequate for microbial production. The 
dual demand for N and P by photosynthetic and bac
terial production may, however, warrant the use of 
inorganic fertilizers, or mixing manures (e.g., chicken 
and pig, with cattle), to maintain a suitable C:N:P ratio. 

Sum mary 

I . Daily manure application to a pond at one or 
several locations, gives maximum fish yields of 
about 30 kg/ha/d, averaged over the growing 
season. 
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2. The manuring rate, computed as dry organic 7. Fish stocking in standing water ponds should be amatter, is at 2 to 4% of the fish biomass daily. The polyculture or a fish type that harvests the various 
manure is supplied in liquid or moist form, retain- natural food niches. A high enough density of fish
ing the urine and feces. must be added to utilize the carrying cap-zity of

3. Fish yields appear to be based on a dual food the pond.

web: autotrophic-photosynthetic, and hetero-
 8. Water temperatures in excess of 180 C seem advis
trophic (bacteria and protozoa). able for good microbial development in a manure

4. Autotrophic production is limited by available solar loaded pond. 
energy penetrating the pond water. Heterotrophic 9. Desirable pond characteristics are: accessible banks
activity is limited by digestion rate of the carbon- to permit spreading of the manure; water depths
rich substrate (manure in this case). of about 0.7 to 1.0 m; adequate suspendable fines

5. Heterotrophic activity is maximum at the pond in the pond bottom; water with moderate alkalinity
bottom-water interface. Therefore, layers of or hardness; non-humic pond bottom; bottom 
manure thicker than a few mm result in inefficient with minimum seepage and ability to drain the
digestion and low microbial production, pond or to remove all the fish.

6. Adtequte chemicals must be present to allow high 10. Experiments have produced high fish yields with
primary production and microbial development, standing stock fish biomass up to 700 g/m 2 pond
This is especially important to consider in ponds area or 7 t/ha.

with soft water or with very acidic soils.
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Abstract 

The characteristics ofwaste treatment ponds and fish culture ponds, as they relate to an integrated waste/aquaculture
system, are described. Both pond types have a common purpose to promote the efficient transfer and circulation ofwater in order to provide oxygen for a biological community, and to maintain a suitable environment for aquatic life.

Biological models are provided of two integrated systems that provide a continuous harvest of fish in association 
with an acceptable effluent. 

Introductiop 

The world's energy and food crises are redirecting 
attention to a wiser use of all resources. One major re-
source is the waste from agriculture of both animal or 
vegetable origins, either directly from the farm or as a 
by-product of processing plants. 

Animal wastes have many qualities which make them 
resources to be valued, in addition to their use for re-
fertilization of the soil through land spreading. Some 
wastes have fuel values comparable to the oil bearing 
shales; others can be readily converted to methane gas 
by anaerobic digestion. They contain proteins, amino 
acids and nutrients which can be processed into animal 
feeds or into feed components. The reexamination of 
animal wastes for practical applications is increasing in 
importance across a broad technological front and is 
enhanced by advancing techniques to reduce odor and 
to remove the dangers of infectious contaminants and 
pollutants. 

Aquaculture has made use of animal wastes as fer
tilizers for centuries, increasing pond production of both 
animals and plants through direct and indirect utilization 
of nutrients. All of the traditional practices for pond fer
tilization, however, have been conducted at an empirical 
level using extensive production techniques. Present 
economic pressures for maximizing pond production 
and minimizing production costs for aquaculture crops 
are now compelling reasons to place more emphasis on 
understanding the Limits of fertilization, and also to 
explore the integration of aquaculture and waste treat
ment. In particular, there is the need to enumerate and 
define these specific' Limits for production, design and 
engineering of the optimum-production facilities. 

It is important to note in any reference to animal 
waste/aquaculture integration systems that "treatment" 
ponds are required by regulation to produce an effluent 
that meets certain standards for quality, whereas ponds 
receiving animal waste as a fertilizer for fish production 
are under no such regulations in most countries, and 
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may cmay not produce any effluent at all. The extent 
to w;,ch a waste treatment pond or lagoon can be used 
for fish culture is therefore contingent on the standards 
set for the effluent from the system. Although the waste 
treatment pond is often regarded as the ultimate in 
nutrient resources for fish culture, the controlled pro-
duction of fish in a treatment pond as a part of the 
dynamic treatment process to remove nutrients is a 
complex problem. 

As a general rule, the principle uf using fish culture as 
a method of tr".tment of animal wastes to meet strict 
standards is not desirable, but is an acceptable practice 
that can recover and redirect some of the valuable com-
ponents found in treated wastes. However, as the use of 
animal wastes as fish pond fertilizers continues to increase. 
and the volumes of fertilizer used and the production 
weights of fish increase dramatically to higher and higher 
levels, the distinction between the intensive pond ferti-
Lization proc.ess, complete with pond aeration, and the 
waste treatment process becomes less and less. The 
major difference continues to be Lh, requirement of the 
treatment process to meet defined standards for the 
effluent. 

Comparison of Animal Manures 
and Human Sewage 

There are several parallels between animal manures 
and human sewage, but there are significant differences 
in composition and treatments. The successful culture 
of fish, shellfish and water fowl in dilute sewage plant 
effluents has been demonstrated in many countries, 
The necessary conditions for success given by Babbit and 
Baumann (1958) are: settled sewage in a pond not more 
than 2 m deep, adequate diluting water to enter at a 
number of places to assur- adequate distribution and 
mixing of the sewage solids. The oxygen content must 
be at least 4 mg/I, and the system should exclude toxi. 
cants, oily wastes and other materiais deleterious to the 
health of the livestock. They also report that the sewage 
from up to 5,000 persons per hectare (45 kg BOD) can 
be treated with over 90% efficiency provided that the 
dilution and aeration are adequate in association with 
the fish production. 

Undiluted animal manure is similar to sewage sludge
and can be treated by anaerobic mii'obial digestion in 

lagoons. Integration of agricultural animal waste treat. 
ment practices and aquaculture, however, has centered 
on the aerobic secondary treatment processes for han-

dlin diluted and aerated manures, because of the 
more suitable form of nutrients at that level of decom-position and the similarity of the types of facilities 

used. The management of animal wastes involves four 

principal operations, namely, collection, storage, treat
ment and utilization or disposal. The traditional aqua
culture practice of keeping animals in buildings raised 
over fish poids bypasses the need for collection, storage 
and treatment, and deals solely with utilization or dis
posal. This also effectively eliminates one of the more 
expensive requirements of animal waste handling before 
use,'namely, drying. 

Comparison of Facilities 

WASTE TREATMENT PROCESSING PONDS 

The treatment of animal waste is usually achieved by 
biological decomposition in lagoons or stabilization 
ponds. The types and varieties of lagoons are many, 
depending on their use of aerobic or anaerobic conditions 
to fulfill the decomposition processes. Aerobic lagoons 
are often called oxidation ponds. Raceway structures are 
called oxidation ditches. 

Oxidation donds are relatively cheap wastewater treat
ment facilities and are widely used in rural areas. In 

ponds, the wastewater is mixed physically to some degree 
by the natural elements and internal biological and 
chemical interactions, but it is often moved more vio. 

.lently by mechanical agitation. Intensive oxidation 
ditches are more expensive, but efficient in land utili
zation. 

The biojogy and chemistry of the dynamic inter

actions of oxidaticn ponds are complex. Dead organic 
matter, in the presence of free oxygen in the pond 
system, goes through the following decomposition 
cycle. Firstly, some anaerobic decomposition of the 
easily decomposable products takes place. This produces 
carbon dioxide, ammonia and hydrogen sulfide. The 
latter two are both malodorous. Secondly, direct aerobic 
decomposition takes place using oxygen in the water and 
from the atmosphere. This process produces carbon 
dioxide, nit.ite nitrogen and sulfur. The same processes 
continue producing more carbon dioxide, nitrate nitrogen 
and sulfates. Thirdly, these chemical products are utilized 
by algae to produce more algal cells and oxygen by 
photosynthesis. The oxygen, in turn, adds to that already 
entering the water mass through the surface, and is used 

by bacteria to decompose further the original waste. The
products of this continuing cycle are proteins, carbo

hydrates and fats in the form of living plants. Plants, in 
turn, enter the animal food chain with the production of
further proteins and fats in the form of living animals. 

The complex process is simplified diagrammatically in 
Figure I.

The biological and chemical symbiosis between 

bacteria and algae in the oxidation ponds leads to 
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Figure 1. Biological processes in an oxidation pond. 
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stabilization of the incoming organic waste with time. 
The length of time required for stabilization is affected 
by environmental considerations, such as temperature,
pH, light and oxygen availability, as well as the presence 
or absence of such toxic compounds as pesticides, heavy 
metals, ammonia, chlorine and detergents. 

In order to stabilize in the shortest time and to func
tion efficiently, oxidation ponds or lagoons require cer
tain design criteria to be fulfilled. The parameters con-
sidered in the design of oxidation ponds are: I) oxygen
supply and mixing, 2) organic loading, 3) retention time, 
4) temperature and 5) physical configuration. All are 
important parameters, but two will be enlarged upon
here, namely, temperature and physical configuration, 

The depth of oxidation ponds is usually between l and 
2 m, to allow light penetration without additional agita-
tion. Facultative aerobic lagoons, which are similar to 
oxidation lagoons but are designed to permit accumula-
tion of solid waste for further anaerobic digestion, are 
much deeper. 

The design standards for oxidation ponds and lagoons 
are usually set by regulatory authorities. Some typical
standards include embankment slopes ( I in 3, or I in 4),
organic loading rate (2.2 to 5.5 g BOD/ni2 /d depending 
on climate), hydraulic retention time (60 to 120 d),
permissible seepage (0 to 6 mam/d), and liquid depth (not
less than 0.6 m). 

Much of the animal waste treatment process developed 
to date has been engineered for pig wastes, although it 
is readily adaptable for treatment of wastes froicattle 
(both beef and dairy animals) and poultry (ducks and 
chickens)(Woynarovich 1979). Pig waste has been easier 
to deal with as it is tuually in a slurry which is more 
manageable. There also has been a greater need because 
of the heavy odor problem. Manure from cattle is 
higher in solids and is more fibrous, often causing a 
buildup of floating matter on the surface of the pond. 
Poultry waste is usually well mixed with feathers wich 
are a problem, thus encouraging flies and other disease 
organisms around the pond. Pig houses have been readily
adaptable to fish culture ponds, and the slurry wastes 
from the pigs have been a manageable and effective 

source of nutrients. 


The dimensions of an 
oxidation pond are, therefore, 
very specific to the scale of its function, namely, the 
decomposition and treatment of organic waste from a 
certain popu!ation of people or from a number of animals 
or birds in an intensive production system. As a general 
rule, a surface area of I ha per 250 people is needed, 
This is equivalent to a 1OD load of about 25 to50 kg/ha/d.
Higher loads increase the retention period and require
supplemental aeration. 

Large capacity ponds are buffered to changes in many
of the components of the dynamic biological and chern-

ical processes, but their efficient operation can be altered 
by changes which interfere significantly with their 
balance. Such changes could be brought about by the 
loading of the biomass in the water body. This loading
could be the use of the facility for the farming of other 
animals, such as ducks, fish or shellfish. 

FISH PRODUCTION PONDS 

Just a the criteria for the configuration and design of
 
an oxidation pond are important for 
 effective waste
 
treatment, so too are criteria 
 for a fish (or shellfish) 
pond for effective environmental habitability. There 
are, of course, many similaaities between them. Both 
facilities have the common purpose to promote the
 
efficient transfer and circulation of water throughout, in
 
order to provide oxygen for a biological community
 
and to maintain a suitable environment for aquatic life.
 

As a rule, little engineering design work is ever
 
included in the configuration of a fish pond to make it
 
an optimal production unit. This is usually because there
 
is incomplete 
 biodata for the species o be fanned, the 
site configuration is irregular, and there may be other 
more critical decisions, such as the source and discharge
of water. For all intents and purposes, the engineering of 

. fish ponds in the past has gone no further than the con. 
struction of suitable embankments with the inclusion of 
inlet and outlet sluices. As a result, many ponds have 
proved to be poor environments for the aquatic animals 
and have subsequently required additional installations,
 
such as aeration systons, to enable them to meet 
 the
 
production levels originally calculated.
 

The biology and the environmental factors that affect
 
the growth of fish in fish ponds, together with their
 
particular behavior, dictate the limits 
 of pond produc
tion. Furthermore, pond production cannot be estimated 
unless tl,e water resources and drainage of the system are 
established. These parameters, in turn, are influenced by 
the dimensions of the pond, the engineering of the
 
water systems, pond management, and, of course,
 
water quality.
 

Much of the present design work is based on experi
ences and facts known to design engineers in hydraulics, 
ioil mechanics and structural materials, and to their 
ability to interpret and apply data gained from existing
fish ponds. The engineer has some basic biological infor
mation by which to reason the design of appropriate 
facilities. For example, large ponds are more stable envi
ronnents than small ones and can buffer themselves 
against sudden changes in water quality, outbreaks of 
disease and poor management practices. They often 
have the disadvantage of difficulty with harvesting. 
Small ponds, on the other hand, are easier to maintain 
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and manage, but are expensive to build and op-'rate and The water volume and water quality of a fish pond as 
have little with which to counter such emergencies as they relate to temperature are, therefore, important. 
disease epidemics and environmental changes. Ponds with little circulation and little water exchange

In addition to the importance of depth and surface may increase rapidly in temperature and suffer from 
area to aquatic animals, some consideration must also abundant plant growth, fluctuations in oxygen and other 
be made for the growth of other organisms which pro- dissolved gases, and pH changes. 
vide an important dietary component in a fish pond 
system. Most of the criteria for establishing natural 
food populations are related to satisfactory conditions Facility Sizing 
for algal production which is a vital component of the 
food web in the pond system. 

Fish ponds are designed and constructed for addi- The primary objective of the oxidation pond is BOD 
tional reasons other than the biological needs of the qsh. removal. The BOD of many animals and poultry wastes 
Just as the land farmer needs to observe his stucks are established (Table 1). In an aerated lagoon or pond 
daily, so does the fish farmer need ready access for that does not receive incoming water continuously, the 
sampling and harvesting, and also continual daily obser- BOD is met by the oxygen introduced through photo
vation. At these times, it may be necessary to drain and synthesis, transfer from the atmosphere across the water 
fill the pond rapidly without causing unnecessary stress surface, and sometimes by floating aerators. The reten
to the fish populations. tion time is based on the time required for treatment to 

The biomass of the Fish population (or pond loading) achieve an effluent which will meet discharge regulations. 
is related to the weight and the length of the fish and to The primary objective of the fish pond is the 
a suitable unit for either pond volume, volume to surface maximum production of fish on a sustained basis. Pro
area ratio, or water flow rate through the pond. The duction is directly influenced by management or mani
biomass of fish (as distinguished from the total biomass pulation of the ca:;ying capacity or standing stock. The 
of the pond) is first limited by the available oxygen levels carrying capacity is directly and indirectly affected by 
in the water and, subsequently, by the buildup of many variables, some of which are critical and limiting. 
ammonia. With some species of fish, the biomass is The three-.most limiting parameters which determine the 
influenced by the individual behavior of the species maximum standing stock of fish and shellfish in a system
toward territoriality. Oxygen saturation is the key factor are dissolved oxygen, gaseous ammonia (NI 3 ) and stock 
in estimating the carrying capacity of any fish pond density. Other key variables are temperature, size of fish, 
when the incoming water is the only source of oxygen. feeding rates, natural processes within the ponds (such as 
If mechanical aeration is used, increased oxygen demands primary productivity), and parameters such as pH, and 
can be met and the limiting factors become the nitrogen soil and water chemistry. It is these wide but tolerable 
compounds. However, mechanical agitation requires ranges of variables which permit the innumerable mani
energy and hece is an additional expense to the opera- pulations by management, produce variations in appar
tion's budgets. Oxygen saturation levels in the poiid are ently similar management practices, and cause confuson 
influenced greatly by temperature, the elevation of in the interpretation of practices and observed results. 
the pond system above sea level, and the accumulation In a fish pond, oxygen is the first criterion which can 
of metabolic products. influence the standing stock. For flow-through systems, 

In addition to influencing the oxygen level, water the main source of oxygen is the water flowing into the 
temperalure is a parameter which influences fish growth. pond. The following formula is used to determine the 

Table I. Production and some composition data of animal manures* 

Moisture Total solids Approximate
Live content ill composition 

wcight of waste waste BOD 5 % total solids 
Animal (kg) (1;.) (dry wt g/d/animal) (g/aninial/d) N P 

Man 68 91 91
 
Pic 45 84-92 268-509 91-159 4.5 2
 
Bcc"cattle 454 70-86 1643-3269 463 2.5 1.5
 
Dairy cattle 454 87 3087-5085 599-835 2.5 0.5 
Poultry 2.3 65-75 268-509 7.7 5 1.5 

*Converted after various authors from Whetstone etal.(1974). 
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flow rate required to supply sufficient oxygen to main-
tain minimum oxygen supply: 

Flow in liters per minute = C (A x 1440) 

where: C = oxygen consumed in kilograms per day 
A = ambient oxygen minus minimum ac-

ceptable oxygen concentrations in 
mg/1 expressed as mg x I0 - 6 

1440 = number of minutes in 24hr 

As an alternative or supple;rient to water flow, oxygen 
can be supplied mechanically. Increased standing stock, 
therefore, is not usually limited by the oxygen content 
of the incoming water, provided that supplemental 
aeration is used. However, for static or semi-static 
ponds, where the only sources of oxygen are exchange 
at the air/water interface and photosynthesis, the 
standing stock or pond carrying capacity is low and 
limited first by the oxygen level, 

A similar calculation can be made to determine the 
flow rate necessary to insure that ammonia concen-
trations do not exceed lethal limits. By making certain 
assumptions for the total ammonia produced per unit 
weight of food consumed, the percent of unionized 
ammonia, and the tolerable level of unionized ammonia, 
the flow rate can be calculated which will support the 
animal populations and prevent fish kills. Although 
nitrifying bacteria are present in most ecosystems, 
their effects are not usually considered in such calcula-
tions. It is assumed that the added increased production 
of ammonia from decomposing uneaten food and fecal 
material (which are often not con.sidered) would offset 
and balance the effects of nitrification. 

A critical pathway has been developed (Figure 2) 
to illustrate the associations and relationships between 
the oxidation treatment process of nutrients in a lagoon 
or pond and the nutrient recovery process by fish in the 
same environment. 

In order to get an understanding of the approximate 
balance of a nutrient recovery/fish production system, 
two models (Figures 3 and 4) have been developed. 
Obviously, many assumptions have been made to obtain 
the values used; thus, the models should be considered 
theoretical and are presented only for the purpose of 
giving relative dimensions to the system. As in any biol-
oLical system, the paths of energy transfer, losses and 
efficiencies are poorly understood. No attempt has been 
made to delineate all of the components, but merely to 
group them in a few broad categories. 

The first scenario (Figure 3) reflects a typical oxida-
tion lagoon with a water exchange rate of once per 30 d. 
The size of the fish population that could be maintained 
is based on the availability of oxyvgen. The starting point 

for the model is a more or less standard oxidation lagoon 
loading of 34 kg BOD per hectare per day. The flow chart 
illustrates the pathways of this waste as it is lost from 
the system or consumed by the standing stock of omni
vorous fish. Wastes from the fish are also recycled back 
through similar pathways: some of this waste will again 
be available to the fish. Different transfer efficiencies in 
the pathways of the pig waste and fish waste have been 
assumed due to a difference in composition of the 
wastes. It is assumed that the oxygen demand of the 
wastes is met by the primary production in the pond and 
transfers across the water/air interface. Although there 
will be some reduction of the BOD by direct consump. 
tion by the fish, it is assumed in this example that the 
increase demand of the BOD produced by the fish 
wastes will utilize any surpluses; therefore, all oxygen 
requirements of the fish are being met by water exchange. 
Because any increase in the flushing rate will increase 
washout of cels and detrital material, the effectiveness 
of the oxidation pond for wastewater trea.,nent is 
directly related to water exchange rates. A low exchange 
rate of once per 30 d is utilized. The standing stock of 
fish which could be maintained on the available oxygen 
in such a system is 476 kg/ha. 

The second scenario (Figure 4) is an attempt to utilize 
fully the nutrients available in the waste. Based on avail
able nutrients, it appears that 2,200 kg/ha of fish could 
be supported, assuming a fish feeding rate of 5% body 
weight per day, and that 5% of the diet is nitrogen. An 
exchange rate of approximately once every 10 d is 
required to supply sufficient oxygen to support this 
quantity of fish. This assumes that 3.5 mg/l 02 is avail
able and the oxygen demand is 0.19 kg/100 kg of fish 
per day. 

In both these scenarios, it is important to understand 
-nce more that the end results are: 1) a continuous 

harvest of fish in association with 2) an acceptable 
effluent of around 20 mg/I BOD. 

A search of the literature (Table 2) indicates that the 
standing stock value of the second scenario is in keeping 
with practical results obtained under experimental pro
duction conditions. If harvests of the stock were based 
on a more practical operation mode (i.e., fluctuating 
standing stock with monthly or annual harvests only), 
the annual yield of the pond would not exceed that of 
the maximum reported in Table 2. The annual yield thus 
reflects a theoretical maximum based on nutrients. 

Tho effluent under the two scenarios indicates the 
degree of treatment based upon retention time, dilution 
and waste products of the fish. Dilution is the major 
factor influencing scenario two and has the effect of 
producing a very acceptable effluent. However, the total 
weight of BOD discharged per day exceeds that of the 
first scenario. 
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Table 2. Annual production data of integrated aquaculture/agriculture waste utilization projects (after several authors). 

Annual 
production 
tkg/la) Fish under culture Manure source Country 

4,900 Carps Fluid cowshed manure Israel 
3,500 Polyculture Ducks Southeast Asia 
4,140 Carps, catfish, largemauth 

bass, buffalo fish Swine manure USA 
2,7290 Silver carp, bighead caip Sewage lagoons USA 
3,000 Polyculturc Domestic septic tank system Java 
3,700 Polyculture Domestic wastewater 

storage reservoirs Israel 
1,000 Carp Fish ponds receiving 

2,000 
4,000 

Tilapia 
Tilapia 

sewage waters 
Pig manure 
1,00C ducks 

Germany 
Rhodesia 
Rhodesia 

3,00o 
1,300 

Tilapia 
Carp 

Compost and farmyard manure 
Town sewage effluents 

Madagascar 
Poland 

*Area equivalents 

Discussion 

For a number of reasons, namely, 1)the need for the 
effluent to meet regulatory standards, 2) the relatively 
low standing stock of fish ,'nd 3) the imbalances which 
nay occur to upset the system as a result of other 
priorities, it is riot desirable to consider the utilization 
of animal waste with a fish culture system as a method 
of treatment or as a means of waste disposal in the 
proper sense of these terms, 

This is far from saying that the utilization of animal 
wastes with fish culture systems is not practicable. Fish 
culture integrated with animal waste utilization is a 
highly recommended way to recover much of the nutri-
ent value of animal wastes. However, it is not waste 
treatment per se. The ideal facility incorporatesintegrated 
animal waste/fish culture pond system(s) for the purpose 
of maxinium fidit poduction per unit area followed by a 
proper waste treatment pond for the purpose ofpurifying 
the effluent. Manure lagoons and oxidation ditches for 
aninal waste treatment are now permanent fixtures of 
many agricultural systems. As tr:atment facilities, they 
have to be well designed, well operated, and well main-
tained if they are to be available at all times for process-

ing waste. Fish ponds, on 

Reference 

Hepher and Schroeder 1977 
Ling 1977 

Buck, Baur and Rose 1979 

Henderson 1978 
Hickling 1962 

Hickling 1962 

Schaperclaus 1961 
Van der Lingen 1960 
Van der Lingen 1960 
Gruber 1966 
Wolny 1962 

the other hand, are more 
flexible in management needs and must be harvested in 
response to fluctuating market demands. The recom
mended approach is a combination of two pond systems. 

Fish production using a combination of was:e nutri
ents and a high water flow, can be significant. However, 
under high rates of water flow, retention times are short 
and, although the effluents may be low in BOD concen
tration, it is a direct result of dilution and not the result 
of treatment. 

The restraints to utilization of animal wastes in aqua
culture have been well summarized by Allen and Hepher 
(1979). Briefly, they listed dissolved oxygen levels in the 
ponds, toxic materials in wastewaters, taste and odors in 
fish, parasites and diseases, public health problems, 
pond effluent standards and public acceptance. They 
did not include engineering as a constraint, which is 
correct. The engineering of good integrated pond systems 
is, however, very vital. Well-engineered systems are 
dependent on good biocriteria. For aquaculture, this is 
still woefully lacking; therefore, the possibility to engi
neer totally integrated animal waste/aquaculture systems 
that will reliably attain high yields of fish, as well as 
acceptable effluent quality, is still futuristic. 
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Research Results on the Effectiveness 
of Excreta Treatment in Biogas Plants* 

Some of the society teams in the district of Mien Chu and other districts in 
our province have combined thc local methods of biogas production with the 
management and disposal of excreta. To investigate the changes caused in ilie 
parasitic eggs and pathogens, and in the efficiency of fertilizer by the 
fermentation of the fecal liquid in the biogas plant, a year-long investigation 
was carried out on 19 biogas plants in the districts of Mien Chu, Chung
Chiang, and Ann Hsien, and the details are given below. 

Parasite Egg Count and Distribution in Fecal Liquid 

Samples were taken from the intake chamber, the bottom layer of the 
fermentation tank, the fecal liquid in the bottom layer of the outlet chamber, 
and the applied fecal liquid in the upper layer of the outlet chamber in each of 
the fermentation tanks under investigation. The samples were then examined 
using the methods described below. 

A fixed amount of fecal liquid at a given water concentration should oe 
prepared and the number of parasitic eggs in every 10 ml of the fecal liquid 
should then be counted. A similar method can be used to determine the 
number of parasitic eggs in the top, middle, and lower layers of the fecal liquid 
in the outlet chamber. 

There were more parasite eggs in the fecal liquid in the intake chamber 
than in the tank bottom or outlet bottom, and there were fewest in the applied 
fecal liquid. The number of parasite eggs in the applied fecal liquid was 93.607o 
lower than in the intake chamber (Table 14). 

The number of parasite eggs in the outlet chamber was the highest in the 
lower layer (79.70a), followed by the middle layer (17.6 0 ), and lowest in the 
upper layer (2.707o) (Table 15). 

The Drop Board's Effect on Parasite Egg Distribution 

The percentage reduction of the parasite eggs in the applied fecal liquid 
was 8007a before and 98.230 after installing the drop board, showing an 
increase of 18.2307o (Table 16). 

Parasite Egg Viability in Winter and Summer 

Biogas production can be affected both in the summer (air temperature 
28 oC and tank temperature 23 OC) and the winter (air temperature 0 OC and 

0 This preliminary report was prepareed by the prevention of communicable disease office of the 
district of Mien Chu revolution committee, Province-of Szechuan. 
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Table 14. Distribution of parasitic eggs in the fecal liquid.' 

Area sample taken No. of exam. Avg no. of eggs (no./100 ml) 

Intake chamber 45 23852 
Tank bottom 35 17363 
Outlet bottom 45 15132 
Applied fecal liquid 45 1505 

(%) Reduction of paras tic eggs in the applied 
fecal liquid compared to number in intake chamber. 93.6% 

'No. of biogas plants tested: 19. Dates tested: January-June 1972. 

Table 15. Number of parasite eggs in various layers of the outlet chamber. 

Avg no. ofeggs 
Layer sample taken No. of exam. (no./100 ml) % 

Upper 
Middle 

13 
13 

- 403 
2817 

2.7 
17.6 

Lower 13' 12704 79.7 
Total 15924 100 

tank temperature 10 OC). Night soil containing schistosome, hookworm, and 
ascarid eggs was collected in January and June and thoroughly mixed. These 
samples (of about 120 g each) were placed in several porous plastic bags with 
four to six openings per cm 2 , and put into the biogas fermentation tank and 
then removed at Fixed time intervals. After incubation the schistosome eggs 
were examined. The soil and sand incubation method with isolation was used 
to determine the number of hookworms. The ascarid eggs were collected, 
incubated, and observed in terms of their viability. Each time samples were 
taken, the temperature, pH value, and the ammonia concentration of the fecal 
liquid were measured and recorded. 

The longevity of each type of parasitic egg in winter was determined. 
Schistosome eggs survived for 37 days. (They survived only 14 days in the 
summer.) Ninety percent of the hookworm eggs died within 30 days and more 
than 99% died off in 70-100 days. Between 10 and 90 days after placing the 
fecal bags in the tanks, the viability of the ascarid eggs ranged from 63 to 79%, 
which decreased to 47.1 % after 100 days. At this stage, the death rate reached 
52.9%, showing a remarkable drop in viability (Table 17), 

Schistosome Egg Count and Distribution 

Six litres of fecal liquid should be taken from the intake area, tank floor, 
and outlet chamber, along with 48 kg of applied fecal liquid, and these should 
be left to settle for I h. The four samples should be washed and left to settle 
separately several times before being poured into 4- or 10-litre flasks, 
incubated at 28 OC, and observed for schistosome flukes after a given time. 

Twenty-two samples were taken for examination from each of eight 
biogas plants in areas reported to have endemic schistosomiasis. Schistosome 
flukes were found only twice in the intake fecal liquid, and none were found in 
the applied fecal liquid. 
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Several experiments have shown that as the ammonia concentration 

increases, the schistosome egg survival decreases. 

Table 16. Number of parasitic eggs in various parts of the fecal liquids before and after using the drop board. 

Without drop board * With drop board 

Avg no. of eggs Avg no. of eggs 
Areasampleaken No.ofexam. (no./100 ml) No. of exam. (no./100 ml) 

Intake 4 64999 31 24066
Tank bottom 2 40500 29 17545
Outlet bottom 4 39666 31 13644 
Applied fecal liquid 4 12963 31 416 
(%) Reduction of parasitic eggs 

in the applied fecal liquid
compared with the intake fluid: 80.0 98.23 

Table 17. Longevity of parasitic eggs inside the biogas plant in winter.' 

Hookworm isolation Ascarid eggs 

No. of days after No. of schistosome No. in each Reduction Alive Dead 
commencement of expt eggs in night soil 10-g sample (%) (%) (%) 

Before expt: 20+ 789 96.5 3.5 
10 5+ 276 65.1 67.8 32.2 
20 5+ 184 76.7 
30 5+ 8 
37 5+ 
40 
50 
60 

(no discovery from 
40-43 days) 

. 52 
12 
44 

93.4 

94.4 

65 
70 
79.3 

35 
30 
20.7 

70 3 99.6 63 37 
75 
80 
85 

0 
4 
0 

100 
99.5 
100 

65 
69 
72 

35 
31 
28 

90 3 99.6 68 32 
95 4 99.5 66 34 

100 0 100 47.1 52.9 

'Dates of experiment: 25 January to 4 May 1972. Temperature: air, 1-20 *C; tank, 9-18 C. Average concentration of 
immonia: 0.19 g/100 ml. 

rable 18. The concentrations of ammonia and the longevity of schistos'3me eggs resulting from different proportions 
of organic materials in the fecal liquids. 

6oof feces, urine, & Avg ammonia conc. Avg!- ia 'of thegrass in the fecal liquid No. of expt (g/100 ml) schistosome eggs (days) 

30 1 0.09 13
50 2 0.13 13.5 
70 3 0.14 11.6
80 1 0.15 10 
90 1 0.16 7 

100 3 0.17 5 
'The proportions of night soil, pig feces, urine, and grass (all taken from the village pit privies) were pig feces and 

rine 90%, human excreta and urine 5%, and grass 5%. Room temperature during the experiment ranged from 23 to 
8C. 
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The Drop Board's Effect on Schistosome Egg Distribution 

Before and after placing the removable drop board in a 10.22 m3-capcity 
biogas plant at the Mien Chu Ching Tao public society, 360 kg of night soil 
were collected every 5 days from the public village privy (which proved to 
contain schistosome eggs) and were put into tre intake chamber. The next day 
the fecal liquid was withdrawn from the inlet and the applied fecal liquid from 
its tank for examination of the schistosome eggs. Experimental results before 
the drop board was used revealed the presence of schistosome flukes in the 
fecal liquid of the inlet four times out of six. After the drop board was 
installed, three sets of examinations were carried out in both the intake and 
applied fecal liquids, and flukes were found each time in the intake chamber 
and not once in the applied fecal liquid. 

Ammonia Concentration and the Longevity of Schistosome Eggs 

Into several 10-litre filter flasks glass tubes should be inserted through the 
centre of the stopper right to the bottom of the flask. The tube should be 
connected at the ncck of the flask to a gelatine capsule for biogas collection. 
The proportions of night soil, animal feces, urine, and crop stalks in the fecal 
liquid should range from 30 to 100%, the rest being water. Seven litres should 
be put into each flask and left fully enclosed to ferment and produce biogas. 
After biogas production begins, 2-3 litres of night soil sediment containing the 
schistosome eggs should be added through the sampling tube. Then the fecal 
liquid should be withdrawn from the bottom of the flask at fixed time intervals 
so that the schistosome flukes, the ammonia concentrations, and the 
conditions of biogas production can be observed. The percentage of feces, 
urine, and grass in the fecal liquid, th! ammonia concentration changes 
(g/ 100 ml), and the dying-off time of the schistosome eggs during several 
experiments are given in Table 18. 

Hookworm Egg Count and Distribution 

A 200-ml sample should be taken from each of the intake, tank bottom, 
and outlet bottom, together with 1000 ml of applied fecal liquid (calculated as 
settled for 1 h and concentrated about 10 times fecal liquid sediments). Each 
sample is then mixed with sand and soil, incubated, and isolated for a count of 
hookworms.
 

The hookworm incubation and isolation rates were the highest (87.09%) 
in the intake fecal liquid where the average number of hookworms was also 
high (168.8/200 ml); the rates and numbers were lower in Le tank bottom 
and outlet bottom and lowest in the applied fecal liquid (isolation rate 22.58% 
and number of hookworms 0.8 / 200 ml) (Table 19). 

Ascarid Egg Count and Distribution 

The .scarid eggs should be collected in the fecal liquids from different 
parts of the biogas plant, placed in a test tube filled with I ml of water, and 
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incubated at 25-28 OC. They should then be examined under a microscope and 
the number of eggs that have survived or died should be counted to determine 
their growth rate and mortality.

The number of viable ascarid eggs was highest in the fecal liquid of the
intake chambers; viability was reduced in the fecal liquids of the tank bottom 
and the outlet bottom, and reduced remarkably in the applied fecal liquid
(Table 20). 

Table 19. Hookworm isolation in various areas in the fecal liquid.' 

No. of hookworm Total no. of Avg no. of Area sample taken No.of exam. isolations (%) hookwonns hookworms 

Intake clamber 31 27 (87.09) 4568 168.8 
Tank bottom 22 13 (59.09) 810 70
Outlet bottom 30 16 (53.33) 448 28
Applied fecal liquid 31 7 (22.58) 6 0.8 

'Volume of sample: 200 ml. The sample of the applied fecal liquid was 1000 ml during the examination but only 200 
ml were used in the calculations to facilitate the comparisons. 

Table 20. 1 , gprjwth rate of ascarid eggs in various areas in the fecal liquids. 

Alive Dead 
No.of Total no. of ascarid

Area sample taken exam. eggs under observation No.of eggs (%) No.of eggs (%) 

Intake 22 1596 1086 68.04 510 31.96
Tank bottom 16 957 632 66.06 325 33.94
Outlet bottom 22 1137 732 64.3 405 "5.7
Applied fecal liquid 18 1173 710 60.5 463 39.5 

Bacteria Viability 

E. coil
 

Samples should be taken from both the intake fecal liquid and the applied
fecal liquid of the biogas plant, and after a series of dilutions, the MacCorkey
liquid media can be used for incubation and then the E. coil index can be 
determined. 

Three biogas plants were investigated twice each. The average E. coli 
index in the intake fecal liquid was 1218 billion, and in the applied fecal liquid 
was 0.7 billion; a remarkable decrease in the applied fecal liquid was evident 
( ',tble 21). 

Enteric Pathogens 

In a I-litre filter flask, 1 ml of bacterial seed containing 10 billion shigella
dysenteric or paratyphoid B pathogens should be mixed with different
proportions of the filtered fecal liquid (7.5 openings/ 2cm filter) from the 
biogas plant to a total volume of about 300 or 400 ml and then the flask should 
be sealed tightly with a stopper. Two glass tubes should then be put through
the stopper, one right into the feca' liquid for sampling and the other into the 
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Table 21. E. coil counts.a 

E. colicount (avg no./litre) 
Plant No. of exam. Intake fecal liquid Applied fecal liquid 

Lee x x 
Pong xx 
Sixth of the Seven Teams 
Avg of threeplants 

2 
2 
2 

billion 
5.76 

127.94 
231.95 
121.88 

million 
25.0 

137.5 
68.16 
76.85 

Date of examination: March 1972. Temperature: air, 13-17 C; tank, 12-16 C. Ammonia concentration: 0.12-0.17 
g/100 ml. 

top of the flask for withdrawing the biogas. The short tube of the filter flaskshould be connected to the gas transporting hose of the biogas plant. Then thefilter flask should be set in a bamboo basket and sunk with weights to thebottom of the outlet chamber of the biogas plant. Samples should be taken atfixed time intervals after the bitcterial seed is mixed with the fecal liquid andintroduced into the biogas plant. The pathogens should be isolated afterenrichment and distinguished by primary biochemical reaction andconglomeration e':periments. The pi'thogens are considered dead if nopathogens are isolated in three tests. ro the same bacterial seed either thefiltered fecal liquid from the biogas pla.,it or cool boiled water car be added,and the flask can be placed inside a room for comparison, and be sampled atfixed time intervals with the same methods described above to test the viability
of the pathogens. 

Shigella 
The shigella bacillary dysentery pathogens survived 93 days in the coolboiled water and 17 days in the c--dihary fecal liquid but could not be isolatedafter being placed in an environment similar to that of the biogas plant for 30 h

(Table 22). 

Bacillus Paratyphoid B 
This survived for 98 days in cool boiled water, 41 days in ordinary fecalliquids, and 44 days in an environment similar to that of the biogas plant

(Table 23). 

Spirochetes 

The spirochetes such as tularemia, hemorrhagic jaundice (Leptospiraicterohaemorrhagica),autumn fLver, and seven-day fever should be mixedwith the Koch medium cultures of about 20-30 ml, and placed in small 100-mlflasks with tight-fitting stoppers and connected to the top portion of the flaskwith.the tube transporting gas from the biogas plant, keeping the biogaspressure between 20 and 40 cm of water in the pressure gauge column. Samplesshould be taken at fixed time intervals after the introduction of the biogas, and a microscope used to examine the condition of the spirochetes. A sample of the same bacterial seed should then be placed in a test tube and left in a room forcomparison, and the same method used to study the spirochetes at fixed time 
intervals. 
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After four experiments, the microscopic observation showed that the 
spirochetes died out within 29.5-31 h after the introduction of biogas, whereas 
the spirochetes in the comparison group only died out after 101-308 h (Table 
24). 

Table 22. Viability of bacillary dysentery pathogens.' 

Ratio of bacteria' liquid Results of isolation after 
(seed) to fecal liquid enrichment 

Experimental group 
1:18.4 Immediate: negative 
1:17.5 Immediate: negative 
1:1 Immediate: positive; 24 h: negative 
Purely seed Immediate, 6 h: positive; 30 h: negative 

Control group 

17 days: positive 
1:7 18 days: negative 
(Seed: cool boiled water) 93 days: positive 
1:7 95 days: negative 

aDate of experiment: 5 April-12 July 1972. Temperature: air, 15.5-28 PC; room, 11.5-28 °C; tank, 14-24 PC. 
pH values: seed and excreta mixture, 7-8; seed and cool boiled water mixture, 6.8-7.5. 

Table 23. Life span of bacillus paratyphoid B.1 

Mix ratio of bacterial liquid Results of isolation after 
(seed) and fecal liquid enrichment (no. of days) 

Experimental group 
44: positivw 

1:10 47: negative 
44: positive 

1:1 47: negative 

Control group 
41: positive 

1:10 43: negative 
(Seed: cool boiled water) 98: positive 
1:16.6 103: negative 

aDate of experiment: 27 April-10 August 1972. Temperature: air, 20.5-28 OC; room, 17-27.5 PC; tank, 
19-23 OC. p24 value: liquid mixture of seed and feces: 7.8-8; liquid mixture of seed and cool boiled water: 7.7.5. 

Summary of Research Results 

More than 40 investigations have been conducted in 19 operating biogas 
plants. A comparison of the applied fecal liquid with the intake fecal liquid 
showed that the total number of parasite eggs was reduced by 93.6%, the 
average number of hookworms was reduced by 99%, no schistosome flukes 
were found, and the number of dead ascarid eggs was high; in the applied fecal 
liquid both the total number of parasite eggs and of surviving parasite eggs was 
considerably lower than in the intake liquid. Tests showed that the parasite 
eggs in the biogas plant could survive for 14 and 37 days in autumn and winter, 
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respectively. In winter 90% of hookworm eggs died off in 30 days, and the 
mortality of the ascarid eggs increased remarkably in 100 days. Experiments 
on the viability of the bacteria have proved that the E. colt index was much 
lower in the applied fecal liquid than in the intake fecal liquid; in an 
environment similar to the biogas fermentation tank the shigella bacillus died 
out in 30 h, the spirochetes within 29.5-31 h, and the bacillus paratyphoid B in 
44 days. After fermenting in the biogas plant the fecal liquid containing half 
night soil, animal (mostly pig) feces, urine, grass, and half water, had an 
ammonia nitrogen concentration higher in the applied fecal liquid than in the 
intake area by 7.707o, and by 40% over the level in the untreated pig feces and 
urine. 

Table 24. Viability of spirochetes. 

Results of microscopic observation 
(alive (A) or dead (D)/no. of hours following introduction of biogas) 

Isttest 2nd test 3rd test 4th test 5th test 6th test 

Ist sample A/4.5 A/21.5 D/29.5 D/46 
2nd sample A/4.5 A/21.5 D/29.5 D/46
Control A/4.5 A/21.5 A129.5 A/46 A/5I
3rd sample A/4 A/24 D/31 D/54 D/101
Control A/4 A/24 A/31 A/54 D/I01 
4th sample A/4 A/24 D/31 D/54 D/101
Control A/4 A/24 A/31 A/54 A/101 D/408 

Note: In the 1st, 2nd, and comparison tests, tularemia, autumn fever, seven-day fever, Spirochaetosis
icterohaemorrhagica,and Koch medium mixed cultures were used. In the 3rd, 4th, and comparison tests Spirochuetosis 
icterohaemorrhagicaand Koch medium culture were used. Room temperatures during experiments were in the 23-28 
'C range, and the pH value was 7.0-7.5. The 1st and 2na tests were begun at 12:20 p.m. on 27 June 1972, and the 3rd 
and 4th tests at 10:30 a.m.on 25 June 1972. 

Settling Out of Worms and Eggs 

For several reasons the settling rate of parasite eggs is high in the biogas
plant. It is relatively deep (about 3 m), the fecal liquid is more dilute than 
human and animal feces and urine (specific gravity: 1.005), and the fecal 
lumps decompose after fermenting in th-z biogas plant. As a result, 79.7% of 
the parasite eggs were able to settle down to the bottom of the tank, 17.6% 
remained in the middle layer, and only 2.7% were left in the top metre of fecal 
liquid. 

Mortality of Prasite Eggs 

All the parasite eggs settled on the tank floor were dead by the time the 
tank was desludged. Although many parasite eggs were present there, it was 
generally only the upper layer of fecal liquid in the outlet chamber that was 
removed for use as fertilizer. Normally, replacement of the input materials or 
reparation of the tank is carried out annually, and all the fecal liquid and 
sludge or sediments should be removed then. According to our experiments 
and previous reports, all the schistosome and hookworm parasitic eggs died 
out within 3 months in both summer and winter. In addition, when chemicals 
such as caustic lime, "666" powder, ammonia water, urea, and lime were used 
in the desludging, those parasitic eggs that had settled recently and were still 
alive were all killed. 
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The anaerobic environment does not favour the growth of aerobic 
bacteria. As large amounts of organic matter decompose in a fermentation 
tank, they consume large quantities of oxygen, and the tank fills up with 
biogas very quickly. According to the analysis done by the chemistry
department of the Chungking University the biogas produced by local methods 
contained 72-76% methane (CH4), 22-24% carbon dioxide (CO 2), and only
1-3% of oxygen (02). Basically, the environment is anaerobic and therefore 
aerobic bacteria such as shigella and spirochetes quickly die off. 

Increased Ammonia Concentration 

To determine the ammonia nitrogen level, samples from four parts of the 
biogas plant should be collected. The simple method of ammonia 
determination can be used to find the concentration of the ammonia nitrogen
in the pit privies where night soil and pig feces and urine are collected for 
comparison. 

Results have shown that after the feces, urine, and grass have fermented 
in the biogas plant, the concentrations of ammonia nitrogen of the fecal 
liquids in the tank bottom, outlet bottom, and the applied fecal liquid are 
higher than in the intake chamber (Table 25). The level is also higher in the 
applied fecal liquid than in the intake area by 7.7%, and by 40% over the level 
in untreated pig feces and urine. The concentration of ammonia nitrogen in 
the night soil and urine was 0.20 g / 100 ml in the fully enclosed three-pit privy.

The ammonia content of the fecal liquid in the biogas plant was 40% 
higher after fermentation than in the untreated pig feces and urine. This factor 
would accelerate the death of both the parasite eggs and pathogens. 

Table 25. Comparison of the ammonia nitrogen (NH 3-N) concentrations in various parts of the plant and in the fecal 
liquid in the privies and pigpens. 

Fecal liquid from Fecal liquid from Night soil and urine 
the biogas plant the pigpen from the enclosed privy 

Area sample 
taken 

No. of 
exam. 

Avg NH 3-N 
conc. (g/100 ml) 

No. of 
exam. 

Avg NH 3-N 
cone. (g/100ml) 

No. of 
exam. 

Avg NH 3-N 
cone. (g/100ml) 

Intake 39 0.13 
Tank bottom 31 0.14 10 0.10 10 0.20 
Outlet bottom 39 0.14 
Applied fecal 

liquid 40 0.14 

Factors that Affect the Efficiency of the Biogas Plant 
in Treating the Excreta 

Tank Shape
 

Most of the biogas plants are fully enclosed with pressure rising and 
falling automatically as biogas is produced and used. Generally the length,
width, and depth of the fermentation tanks are 3-5 m, 1.5-2 m, and 3 m,

3
respectively, with a capacity of 10-20 m .Most of the doors between the 
fermentation tank and the outlet chamber are as wide as the fermentation 
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tank. Some tanks have been modified by connecting the inlet chamber directly 
to the privie4 and pig- and ox pens. Most of the doors between the 
fermentation tanks and the outlet chambers in the biogas plants in the district 
of Mien Chu are only half as wide as the fermentation tank; in other places 
applied excreta tanks have been constructed adjacent to the outlet chambers, 
and removable drop boards have been installed across the doors (as described 
above). 

The problems related to the shape of the tank that affect the efficiency of 
the biogas plant in treating the excreta are the size of the door connecting the 
fermentation tank with the outlet chamber and the design and arrangement of 
the outlet chamber and the intake area. Prior to the modification of the biogas 
plant, the width of the door was the same as that of the fermentation tank, and 
the intake chamber was directly opposite the outlet chamber. In this type of 
tank, when the fecal liquid was flowing or when new materials were fed in, 
much of the fecal sediment would flow into the outlet chamber and the 
parasitic eggs floated up with the fecal sludge in the applied fecal liquid, so 
that parasite eggs in the applied fecal liquid could not be reduced by more than 
80%. In the modified brogas plant, the width of the door is only half the width 
of the fermentation tank and its height half of the depth of the tank. 

In some other tanks where fewer parasite eggs were found in the middle 
and upper layers of the fecal liquid, the applied excreta tank was constructed 
adjacent to the outlet chamber or a removable 1-m high drop board was 
installed over the door (Fig. 57) so that only the middle and upper layers of 
fecal liquid could flow into the applied excreta tank or outlet chamber and 
then be removed for use. Some even constructed the intake chamber at the side 
of the biogas plant (Fig. 58) to keep the fecal sludge from flowing into the 
outlet chamber: there the parasitic eggs in the applied fecal liquid were reduced 
by a remarkable 98.2307o. Experiments on the viability of the schistosonie eggs 
before and after the modification of the plant show that after adding the drop 
board, the flukes and eggs were even more efficiently removed. 

Proportions of Organic Materials Used in the Biogas Plant 

About 40-50% of the biogas plants use mostly night soil, animal (mainly 
pig) feces and urine, and some crop stalks. Others use 1006 or less of night soil 
and animal feces and urine and a higher proportion (15%) of crop stalks. 
These materials are then mixed with 50-70076 of water. In some areas because 
of a shortage of feces and urine or because of accumulated rainwater, the fecal 
liquid became very dilute and larval growth increased. The pH value of the 
fecal liquid ranged between 6 and 8. 

Biogas production increases with the proportion of night soil, poultry 
feces, urine, and grass in the plant's feed material. Therefore, efforts could be 
directed to reducing the size of the tank, and increasing the night soil, poultry 
feces, urine, and grass to suitable proportions. Also, work needs to be done to 
find an easier way to construct tanks at lower capital cost without adversely 
affecting biogas and fertilizer production while still treating large amounts of 
excreta. 

Green grass, crop stalks, and leaves are among the raw materials 
fermented to produce biogas. One biogas plant with a 10 m 3 capacity in the 
Chung Chiang area would require 1800-3000 kg of green grass each year. After 
fermenting in the biogas plant, it produces large amcints of both biogas and 
fertilizer. 
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Fig. 57. Pigpen and privy biogas tank (rectangular). 

Problems with Excreta Treatment in the Biogas Plant 

The ability of the biogas plant to kill the bacteria and destroy parasite eggs 
must still be increased. The tank's temperature is not high (10-24 OC). 
Although the ammonia concentration of the fecal liquid is high, it does not yet 
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reach the concentration that could kill and destroy the worms and eggs
quickly, and therefore the parasitic eggs in the biogas plant die off more slowly
than in an enclosed tank of night soil and urine. The facultative bacteria such 
as paratyphoid B and E. colican still survive longer. These are the weaknesses 
of the biogas plant treatment of excreta, and further research should be carried 
out on them. 

Pigpen 

oilets! 

Intake chamberI 

Excreta storage tank 

Removable cover 

Intake chamber 

SExcretaGas storage tank ' storage 

tank 

SFermentation tank Outlet chamber'Ote hme 
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Fig. 58. Connected pigpen and privy biogas tank. 
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The effects of the flow of the fecal liquid inside the tank on the efficiency
of the sedimentation of the parasitic eggs need to bc further researched to
improve the size of the tank and the efficiency of settlipg and removing the 
eggs. 

Research on how to increase the biogas production and the efficiency ofthe fertilizer and on practical problems of biogas production and fertilizer 
formation is still needed. 

Advantages of Excreta Treatment in the Biogas Plant 

Worms and eggs are effectively removed by settling and pathogens are
effectively destroyed. Advantageous conditions are created for the overall 
management of excreta disp isal. All the night soil and poultry feces and urine 
can be put into it for treatment, thus reducing the number of open-air human
and poultry pit privies. The result has been an improvement in public health 
standards. 

Biogas can be used for cooking rice and animal feed and provides an
efficient way to solve the brushwood shortage in the villages, also saving the
labour required to collect and transport the brushwood, which can instead be 
diverted to ..gricultural production. In addition biogas production provides a 
large amount of fe: tilizer for use in agricultural production. 
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APPENDIX 11: GAS SCRUBBING
 

Treatment to eliminate undesired gas components 

Some users of biogas in engines claim that it is 
necessary to clean the hydrogen sulphide (H.,S) out of 
the gas before using it. It is essential to clean it of 
H-S and carbon dioxide (CO2) if the gas is to be bottl-
ed. Biogas used for cooking or lighting does not need 
to be cleaned. 

(a) Removing H,,S(i 

Iron filings may be used to absorb HS. It is not 
easy to calculate the absorption capacity of iron filings 
as they get a sticky sludge on the surface from the 
action of the H.,S. which prevents the gas getting at 
the filings on the inside. Once this sludze has formed 
on the whole surface it is time to replace the filings, 
In one experiment in running a petrol engine the gas 
passes through a 200 litre drum full of iron filings, 
vhich is replaced every six months. Iron filings or 

ferric oxide (rust) of about 2.5 kg will absorb I nil ofHIaS. i.e., will clcan 100 n 3 of biogas assuming it con

tains no more tlUha I per cent H._S. 

(b) Removing CO._ 

CO., is usually removed by bubbilng the gas
through lime water. Lime water- is a mixture of 1.8 

13-U N 653 


kg burnt lime in 1,000 litres of water. One thousand 

litres of lime water will remove 560 litres of CO... 
Therefore assuming there is 35 per cent CO2 in the 
Hiogas, 625 litres of lime water will be needed to purify

3I m biogas. Lime water becomes a milky colour as 
i -.0sorbs CO. and then it starts clearing a little again 
as it becomes saturated. This shows when it needs to 
be replaced. 

These figures illustrate the fact that large amounts 

of lime water are required for removing CO 2. The 
lime sludge which comes out of the solution -" be
removed, if it is given time to settle. The water can 
then be re-used with fresh burnt lime. The dried lime 
sludge sometimes has a commercial value to chemical 
industries. Sodium hydroxide (NaOH) mixed in water 
also absorbs CO... It requires much less water but is 
not so easily available and is more expensive. Eleven 
and a half kg NaOH is mixed with 1,000 litres water
and this will absorb 3,200 litres of CO. 

Assuming there is 35 per cent CO. in the biogas,

3
I m biogas requires only l1 litres of solution for puni

fication. 

Sodium hydroxide is caustic and can cause burns 
to the skin. Great care must be taken when handling
it.
 

(From Guidebook on Biogas Development,
ESCAP, 1981, pgs. 82-83)
 

As stated above, a simple filter to remove
 
hydrogen sulfide can be made from a 55
 
gallon drum. The best type of drum is
 
one with a small hole in the bottom, as
 
shown to the left, which can be easily
 
adapted to allow gas to enLer through the
 
bottom and out the top(or vice versa).
 
It's a good idea to place 'removable' shelves
 
in the drum, made of fine wire mesh(similar
 
to sand filters), which stack one on top of
 
each other. The iron filings or rust would
 
rest on top of the shelves and gas would
 
percolate through the filter. The shelves
 
could then be easily removed when the filings
 
or rust need replenishing.
 

Filters to remove carbon dioxide can be made
 
from any available materials. Biogas bubbles
 
through the lime water, the carbon dioxide
 

being precipitated as calcium carbonate. Large glass/plastic jars, metal cans or
 
cylinders, or clay pots are examples of locally available materials that can be used
 
as containers to hold the lime water. If the decision is made to filter the gas, it's
 
best to remove the carbon dioxide first, since it constitutes 30-35% of biogas by

volume. 
This will greatly reduce the amount of gas flowing through the gas distributiol
 
system, allow other filters/pipes to be designed for a lesser gas volume, and
 
concentrate to a greater extent the other contaminants such as hydrogen sulfide.
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