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IR TROTATCTION

Tais i a report on the fifth of a series of Study Tours organized under the
PAO/UNIF programme, in cooperation with the People's Hepublic of China.

The Study Tour was financed by the UNDP as part of the Preparatery Assistance
phase of the Inter-Country project "Improving Soil Fertiliiy through Organic Recycling®
RAB,/T5/004.

The tour took place from 21 May to 11 June 1978 and had the following objectives.
To gain lmowledge and experience in:

- the pultiplication of Azolla as a source of biological nitrogen, particular
attention being paid to propagation of Azolla and its profection from disease,
insect danage and adverse climatic conditions;

— harveeting and sgricultural use of Azolla;
— construction of small-scale blogas units;

- management of biogas units and efficient use of the gas by faming
communities and of the effluents for improving seil fertility.

The study group consisted of eighteen participants, fifteen from countries in
Asia and three from FAO; in all, twelve different naticnalities were represented.
A list of participants is given as fmnex 1.

The group entered China by ftrain from Hong Kong and travelled extensively in the
provinces of Cuangdong, Zhejiang, Shanghai-Shi, Jiangsu, Sichuan and Beijing Zhi. (See
Figure 1 and Programme in Annex 2). In all, fifteen People's Communes were visited where
practices of biogas and Azolla production were active and in which these practices
differed in nature. Tus it was pogsible to study many kinds of biogas unit and fo
iearn of different techniques in Azolla propagation. 'The sroup wae the first such bedy
to visit Sichuan Provinee snd this wae by epecial request a8 the province is a leading
cne in biogas technology.

This report is devoted exclusively to the subject matter of the four, Azollzs and
biogas., FRelated matters of organic recycling were slso seen bui these have been
adequately described in the report of the Study Tour on recyecling of organic wastes
- (FAD Soils Bulletin No. 40, 1977). Similarly, matters of more generzl consideration
such 28 the structure of People's Communes, relevent history and agricultural background,
have been fully described in previous reports and are not repeated here. £ chapter is
added however in which possible follow—up activities are discussed so that the knowledee
gained cmm be applied in other countries.

fig in previews reports, internationally accepted units of measurement are used
with the Chinese eguivalenis in parenthesis; Chinese units are explained in Table 1.

With great sorrow is recorded the desth frow heart—failure of one of the
participants, Mr. Paitoon Nagalakshana from Thailand, which ocourred towards the end of
the tour while the group was visiting the Tamen People's Commne in Sichuan Province,

F.R. He=zee
Team Leader
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Table 1. Relevant Chinese Units of Measurement

1T om = 860 m (0.066 hectare) *
1 Jjin = 0.550 ke

Uss (as of October 1978)

E
B
.
&

¥  HNote: In Sichuan Province the unit mu ie equal to
1.3 timge that in other provinces, thus 1 mu
= 858 m" or 0.086 hectare,
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1. PROPAGATION AND AGRICULTURAL USE OF AZCLLA

1.1 General

Azolla has been used in parts of China for many years as 2 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.

1.7.17 Biclogy of Azolla

Azolla iB a genus of the Azollaceae family of cryptogamic, free—floating femns.
Te 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 go can hardly be considered as
descriptively specific.

The genus has six known species: A. pinnata which is the most prevalent species
in feia, A. nilotica {north Africa), A. filiculoides {sauthern South fmerica to. western
Worth America), h. carolinisna (eastern North America and Carribesn), A. mexicena
(northern South Americas to western North fmerica) and A, microphylla Etropical and sub-—
tropical America).

Azollz floats on the water surface with the fronds lying horizontally (Plate 1).
The fronds vary greatly in size between species, those of A.pinnata for example, being
1=-2 eom in diameter amd those of A. nilotica having a diameter of about 17 om. The colour
varies from green to purplish-red (see section 1.1.2).

tdventitious roote hang vertieally down into the water and can penetrate mudj
their length varies with species, being 1-2 em for A, pimmata.

Azolla has a sporophytic cycle (Pigure 2) =nd for A. pinnata sporocarp development
is associazted with the cooler, winter monihs, whereas for A. filiculoides in temperate
regions, development ie associated with the =summer months. As yet no method of inducing
the sporophvtic cycle has been found.

1.1.2 Fixation of nitrogen

The importance of cultivating Azella lies in the fact that it lives in
asspciation with a blue—green algal symbiont which fixes enough atmospheric niirogen for
rapid growth of the plant. The blue—green alpal species is Anzbaena azolla and it lives
in cavities of the fern's upper lobes (Figure 3). Thues the Azolla—Ansbaena complex
offers a source of organic nitrogen fertilizer and may be considered =s an aquatic green
mermre and so, of partioular interest in rice enlitivation.

> The Azolla~finsbaenz Bymbiosis can produce 10° ke (1 ton) of rreen manure per 107
m” (hectare) per day, containing 3 kg of fixed nitrogen which is equivalent to 1% kg of
smmonium sulphate or 7 kg urea. It has been estimated that the developing world, by
means of Azolla cultivation could produce one and a half million tons of niirogen per
rice orop.

Experiments have shown that Azella can double its weipghi in 2 nitrogen—free
gubstrate within three to five days and vigorously growing Azollza containe belween Q.15
and 0.2% nitrogen, or from 3-9% N on a dry-weight basis.

The relatiomship, if any, between nitrogen—fixing ability and colour of Azella
hae not been satisfactorily settled. At one Commune i1 was said that young Azolla
remains reddish in colour until commencement of nitrogen assimilation csuses the colour
to change to green. In znother Commne (see section 1.2,3), if the Azolla is red,
it is sprayed with = solution containing urea and superphosphate, However, it has
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been shown that red Azolla containe just as much nitrogen as green Aszolla and mature
plants can he of either colour. Research at the International Rice Research
Institute* has shown that the red colour of Agzolla is associated with phosphorus and
with ecaleium deficiency as well =8 with temperature and this was borne out during
discussione with several Chinese experts. In Guanpgdong Provinece, the red colour wae
associated with high summer temperature and in the Changzhou district it was stated
that red colour is due to a too denee cover of Azolla. Whether or not there ie a
relationship between denseness of growth anrlfor high temperature and availability of
phoephorus or caleium has yet to be demonstirated. For practical purposes the colour
of Azolla does not seem to affect nitrogen fixation or growth; in most parte of China
red znd green Azella were Been in mixed stands, In Vietnam, green, red and parple
Lzolla are distingished as three morpho-physiclogicsal types or strains; the red
Azolla is eaid 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. pinnata and in Guangdong Frovince
at least, the variety is Imbricata. The plant is kmown leocally ae "luping"” or "hang ping".

There are records of Azolla cultivation in Zhejiang and Fujian provinces during
the Ming dymasty nearly 400 years ago and in Guangdong Province, Asolla has been
enltivated for improving rice soils for more than one hundred years amd as an animal
fodder for even longer. The province nommally has about 790 thousand hectare of land
devoted to Azolla production.

In Zhejisng Provinece during modern times, Azolla cultivation hae been practised
anly since 1974 as a consemence of fertilizer and fodder shortage. For example, the
Anshi People's Commine has increased the land area ueed for Azolla ten times (from 40
to 400 ha) since 1974,

Similarly, in Sichuean Province, Azolla has been seriously oultivated only since
1972 and ite importance has been emphasized by the creation of special Production Brigades
for its propagation (e.g. at the Tumen People's Commne).

Again, in Jisngsu Province, Azolla has been introduced relatively recently but now
near Changzhou more than 70% of the rice fields are fertilized with Azolla and in the
Hua Shi People's Commine over 10 Q00 kgfma.(T 500 jin/mi) of Azolla are grown for each
rice crop.

It is estimated that over 6,5 million hectare are now cultivated for Azolla
production in the country. However, not all China is yet convinced of the need fto grow
fzolla. At Wuxi, Jimgsu Province, Asolla was introduced in 1965 but since then ite use
has declined due to shortage of land for other crops. In the Bhu Ching People's Commne
nezar Shanghai, Azolla ie not cultivated at all as a fertilizer, only on z very emall scale
in ditches as chicken and pig feed.

ntil such time 28 a procedure ie evolved for initiating the sporophytic cycle,
Azolla mist be reproduced vegsetativelyr. Two main practices are followed: the plant
ig rrown in emall nurseries and then "sown' onto the rice fields for further reproduction
or, it is grown over relatively large areae as a green manure crop in ite own right,

* 8% Los Banoe, the Philippines



In either case it is necessary to maintain a basic stock of viable material

throughout the year and thie is discussed in section 1.2.4.

Azolla nursery beds are small (3 x 4 m), shallow (10 em) basins in groups of ten
or twenty (Plate 2). Water is maintajned to a depth of 3~(> em 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 1.2.1) and so differs slightly
from province to province, In Jisngsa Province only three days are necessery before the
mursery beds are fully covered by Azolla ready for harvest, It was claimed that during
the peried 20 May to 10 July, 0.5 kg of Azolla ultimately produces U 000 kg; another
period of high growth rate is September-October.

The wsual rate of multiplication of Azolla is about five-fold over a period of
five weeke. Rice fields are "ceeded" with Azolla stock at a rate of about 7 500 kg/ha
(1 000 jin/ma).

In some parte of China a procedure ie used lnown as 'double narrow rows'. In thie
procedure rice is grown in double rows about 10 cm apart; a space of about CO om is
left between each pair of rice rowe, ‘Thue a bigger space is left for Azolla to grow
and it ¢an be eultivated for one month longer than usual. A record crop has been obtained
of over 14 000 kg rice amd 140 000 kg Azolla per hectare simultaneously. LEvery available
space is utilized for growth of Azclla. For example during periods when compost pits are
not in use as such, they provide small localized Azolla 'nurseries’' (Plate 3)

Sichuan Province. At the Tumen People's

tapping it with bamboo brushes. Armed with

advances through the Azoclla-covered rice field
This wae eaid to sub—divide the plants and

An unueual practice was observed in
Commune, growth of Azells is encouraged by
z lonpg=handled brush of bamboo, the farmer
snd gently beats the Azolla mat (Plate 4).
accelerate growth; it is done once a week,

1.2.3 Optimum conditions for cultivation of Azolla

i) Temperature: The optimam temperature range for growing Azella pinnata
in China is from 293 K to 298 K (EO—ECQC}. According to information given by those
concerned in the Anshi People's Commune near Hangzhou, Azolla will not grow at temperatures
below 278 K (5°C) although it can survive at temperatures down to 270 K (-3°C).  Above
this temperature its growth rate increases over a peried of five days, as indicated in
Table 2.

Table 2. Effect of temperature on the growth rate of fAszolla with reference to the rate

at 278 K (5°).

Hater temperature Increased growth rate

283 K m"’cg 2071
288 ¥ (15°%¢ G0,
293 K (20%) 1108
298 K (25 ¢C) 22%
303 K (30.¢C 180%
308 ¥ (35°C 1204,
316 ¥ az.“cg stops growth
318 ¥ (45% 907, dies

The Chinese experte were interested to hear of the work being done at the
Internationzl Rice Research Institute on temperature effects. Experiments have indicated
that A. mexicanz mzy be able to resist higher itemperatures than can A. pinnata and that
A. filiculoides grows best at temperatures below 298 K (25°C).  Apparently Malaysian
etrains of local Azella are the most tolerant of high temperatures. Other experiments
using what is thought to be A. pimmata showed no significant differences in yield or in




Plate 1, 4zolle pinnatse fleating on water surface between rice planis.
(inshi People's Commune, Zhejiang Provinee).

Plate 2. Nursery beds for Azolla pinnata at fnshi People’s Commmune,
Zhejiang Province




Plate 3. Azolla pinnata covering the surface of = composi pit
(Anshi People's Commune, Zhejiang Province).

Plate 4, Tapping Azolla beds with bamboo brushes to stimulate growth
(Tumen People's Commune, Sichuan Province).



nitrogen accumula%inn over the average (i.e. of day and night) tgmperature range of
295_304 K (22-31 “C).  When the temperature exceeded 295 K (22 °C) however, reddish-brown
discoloration was apparent in the fronds (see also section 1.1.2).

ii) Light: Tt was said that_ghe optimum solar energy for growth of Azolla is
from 20 000 4o S0 000 Iux (20—58 ked sr m ) and that the permissible range is from 5 000
to 100 000 lux { 5-100 ked sr m ~); during the rainy season sunlight wae sometimes a
limiting factor for growth when Azolla and rice were grown together.

iii) pH value: 4 neutral (pH 7) reaction has been given (FAQ Soils Bulletin
Wo.40, 1977) as the best for growth of Azolla. 4t the Pin Niun People's Commine near
Changzhou, a pH range of 4 to 6 was said to be best and that Aszolla is very sensitive
to alkalinity. The soils of the Commne however had pH wvalues of up to 8 and Azolla grew
mquite well on the overlying water., Research made at the International Rice Research
Institute hae suggested that pH effects are connected with availability of iron and thies
confirms the acid ranpe of pH 4-% a8 being most suitable.

iv) Salinity: For good growth of Azolla, the salt conteni of the water should be
less than O.1%.

v) Humidity: The optimm relative humidity is 85-90%; at humidities below £0%
or higher than 1&%, Azolla does not grow.

vi) Nutrients: For optimum growth, Azolla needs fertilization with phoephorus
=nd, in some instances, potassium. At the Anshi People's Commune near Hangzhou experi-
ments on phosphorus fertilization were made during the period mid-April to early May.
Phosphorus wae added at a standard rate of about © kg P/ha (1 jin Pzﬂpfmn] using three
different forms. Superphosphate gave a CA% increase in weight of ﬁ.znila, rock phosphate
a 477 inecrease and fused magnesium phosphate a 228 increase, The phosphorus was added
in split applications every two days.

Research at the International Hice Hesearch Institute has shown that phosphorus
and czleium deficiel.cies restrict growth of Azolla and that phosphorus is best added at
2.5 ke/he every two daye, five times in all. As ATP-molecules are neceseary for the
process of nitrogen fixation, phosphorus is an important limiting factor for Azolla growth.

At the fnshi People's Commune potassium ie also needed for Azolla during the
winter months and this is sprayed on as a 1% solution of potassium sulphate at a rate of
800 kg K/ha (130 jin Kgﬂfnm}.

Nitrogen fertilization is not uswally necessary but at the Heiachiao People's
Commane in uanpdong Provinece, if the Azolla is reddish-coloured it is sprayed with a2
solution econtaining 19 ures and 1% superphosphate. It was not clear however whether or
not the ures wae necessary as development of green colour could well have been due to
the phosphate (see section 1.1.2). At the Anshi People's Commne near Hangzhou,
ammonium sulphate is applied at 15 kg/ha during I-Ia.rchfﬁpril and at any time when rapid
growth is required.

4 common practice is to fertilize Azolla by means of compost. Compost is
prepared from vegetative matter much as straw, mixed with river =ilt (Plate 5) and in due
course is mixed into the Azolla nurseries (Plate &).

Te influence of external factors upon the growth of Azolla is diagrammatically
presented in Fipure 4.



Plate 5. Preparing compost from a mixture of straw and ®ilt{ pumped from a river
(Heilang People's Commune, Jiangs: Province).

Flate &, Compestl being mixed into the Azolla beds
(Heilang People's Commune, Jiangsw Provinee).



1.2.4. FPreservation of Azolla

As the plant ie reproduced wvegetatively, it is necessary to maintain wviable stocks
throughout the year and this presents problems during the very hot and very cold manths,
Procedures for solving the problems vary between Commines.

i) Preservation during summer (July/August)

At Ehe Heiachize Commune in CGusngdong Provinee, if the water temperature reaches
315 K (42 C) it is drained off during the night and replaced with fresh cooler water.
This is done every night until day tempsratures drop io permissible levels.

A%t the Pin Wiu People's Commne near Changghou, Azolla is kept between widely
spaced (1 m) rice plants which provide shade as shown in Plate 4. During thie warm
part of the year, pests are most active and so pesticides are used to help preserve the
hzolla: the pesticide is an organo—phosphorue compound.

A Eimilar2procedure is followed in Sichusn by the Tumen People's Commine, An
average of 850 m° (1 mu) of Azolla is preserved for future propagation and this is grown
between widely spaced (1 m) rice on 15 em of standing water. At noon each day the
water is stirred to reduce the surface temperature; pesticides are aleso applied. If
the Azolla layer becomes too dense, =25 indieated by 2 rippling or corrogating of the
surface mat, it i® manually thinned. Summer temperatures in Sichuan reach 08 K (3% “ay,

ii) Preservation during winter (November-Harch)

4t the finshi People's Commine near Hangzhou, Awclla is heaped in pite dug in the
rice fields; in very cold weather the pite are covered with plasiic sheets,

At the Pin Wiu People's Commne near Changzhou, winter temperatures can reach
270 K (=3 ). Several methods are used to preserve Azolla; in one method, it is
placed on 25 cm of water in a pit and covered wdith plastic to keep it air-tight:
the water ie changed frequently. Tn znother method the Azolla is stored in thin layers
2t the bottom of 30 cm deep pits and covered with siraw (Fig.5). Necessary humidity is
provided by = shallow depth of water at the bottom and aeration is provided by means of
bamhoo pipes. It was Baid that fzolla can be kept alive in this mamner for two months.
During the winter months Azolla cannot be iransported and should net be touched as
movement causes it to die.

4 third method used by the Commine was 1o pipe industrial wasie hot water inio the
Azolla fields in order to raise the temperature.

At the Tumen People's Commmne in Sichuan, Azolla is preserved in the open fields,
but in selected spols exposed to sunshine and shielded from wind. For the purpose it
is grown in exceptionally thick, dense layers and is fertilized with phosphorus and
potassium to encourage growth., Five percent of the totzl paddy area is used and, again,
it was emphasized that during this peried the plant muet not be physically disturbed.
The average winter temperature is 300 K (7 °c) tut can reach 271 ¥ (=2 e

1.3 tgrimltural Use of Azmclla

1.3.1 is green manure

The principal use of Azolla is 28 a green manure for rice, In some parte of
China the plant is used also as a green mamure for other crops; at the Pin Niu People's
Commne, Changzhou for instamce, Azolla was being composted and used to fertilize wheat
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and at the Tumen People's Commune in Sichuan Azolla is added at 30 000 kgfha to wheat,
maize and rape. Pertilizer ftrials have been made using Azolla in several provinces.
Typical results of Azolla application are 2 yield increase of over 500 kgfﬁa 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 uplend
Crops.

The practices of using Azolla for rice fertilization vary between provinces and
even between Communes, At the Anshi People' Commune Hangzhou, fields are flooded to =
shallow depth, about 3-4 em, and 'seeded' with Azolla at = rate of 7 500 ke/ha of fresh
Azolla harvested from the maresery beds; the Azolla is thus 'seeded' into muddy water.
When the field is covered with a mat of Azolla (about 20 ton/ha) and which usually
izkee about ten to fifteen days, the water is drained off and the Azolls ploughed into the
soil. Rice is transplanted 2-3 days later. A second and third crop of Azolla may or
may not be similarly grown amd incorporated before rice is transplanted into the field.,

T™e other technique for cultivation is to sow the plant in the field after
trensplanting rice seedlings. For example, at the Tumen People's Commune, Sichuan
Azolla is added to and multiplied in, the fields after trensplanting the first rice
crop seedlings. Fhosphorig and potazssium fertilizers are added and fields are carefully
veeded before adding the Azolla at 7 500 kg/ha (Plate 7).  When the water surface is
covered with Azolla (Plate &) about 70F of the plant is dug in by hand, the remaining
307 being left io regenerate; no tools are used, the Azolla is buried in the mud with the
hands (Plates @ =nd 10) and this is ususlly done ai zbout the end of May. After
harvesting the first rice crop, the field is again flooded and in due course {about the
end of June) the second crop of Azolla is dup or ploughed in before transplanting the
second rice crop, and again sbout 105 is lefi to regenerate. A final dipging in, thie
time completely, is done towards the end of July.

% was szid that before the Commune siarted using Azolla paddy yields were only
3 000 to 3 500 kgfha (500-000 jin/ma)., In 1977 Azolla was used at the rate of 21 000
kg/ha (3 500 jin/m) and paddy yields rose to 9 600 keg/ha (1 800 jin/ma).

After being incorporated into so0il, Azolla decomposes within sbout two weeks: as
green Azolla has a /N »atio of about 10, it decomposes easily. According to one Commune
(Anshi) 1 000 kg of Azolla is equivalent 3o 1° kg of ammonium sulphate and shows residual
Tertilizing effects, Experiments made at the International Rice Research Institute have
shown that no nitrogen is available from Azolla until the plant has decomposzed and that after
a period of two weeks only 40% of the nitrogen is available to rice plants; it takes eight
weeks to liberate 79% of the nitrogen and so residual effects are to be expected. In
this connection the variety of rice is important and a variety having a long growing
period will benefit most from Azolla applications.

When harvesting Azolla from the nursery beds it is first swepi into piles by
horizontally pushing a bamboc stick across the water surface; +the plant is then gathered
into baskets for transport (Plate 11). From 7-10 cm of standing water is necessary during
harvesting in order to obtain 2 clean, mud-free crop of Azolla,

Experiments made at the Anshi Pecple's Commune showed E&at incorporation of Azolla
into the soil reduced the bulk density from 1.28 to 1.15 g em 7, increased pore space by
3.7% and increased humis content by 0.0%%.

In provinces south of the Yangtze river the cultural pattern is wheat, rice, rice
ocoupying 420 days including nursery propagations. Thus firstly wheat is grown and this
is followed by the first rice crop planted at the end of May and harvested in August.

The second rice crop is raised in the nursery during June, transplanted in Auget and
harvested in September. This is often followed by = green meanure crop. Thie intensive



Flate 7. Weeding 2 rice field by tresding the wesds into the mid before seeding
with Azolla (Tumen People's Commme, Sichuan Frovince).

Plate 8. Water surface of rice field completely covered with Azolls pinnata

just prier to turying the Azolla (Anshi People's Commine, Zhejiang
Province),




Plate 9. Burying the Azolla by hand in the mud of = rice field =zt the
fnshi People's Commane,

Plate 10. Detail of Plate 9, showing the burying nrocedure,



agriculture is made possible largely by the use of Azolla on a large scale,
1.3.2 As animal feed
Records going back to 540 B.C. indicate the use of Azolla as an animal feedstuff
in China., In most commnities Azolla is used to supplement animal (pigs, ducks and
fish) feedstuff, usually after drying; it was said to contein 16% protein and 29 fat on
a dry-weight basis. Azolla has been used up to 50% in the diet of pigs and one hectare
of green Azolla will provide enough roughage for sbout two hundred pige. At Pin Niu
Feople's Commune in Jisngsw Province dried Aseclla was mix=d with sludge from biogas plante
as an additive to pig feed (Plate 12).
1.4 Problems of Azolla propagation
The problems to be feced when growing Azella can be summarized as:
i) breeding of wvarieties that can resist high and low temperatures;
ii) conservation of viable material during hot and cold monthsj
iii) pest and disease control;
iv:l- only one method of propagation, i.e. vegetative;
and V) transport of material.
The first two problems relating to temperature resistance and preservation of fAzolla
have been discussed in section 1.2.3 and the best possible solution is to develop or

adapt other species or straine of Azolla for the temperature ranges concerned: research on
this iz wnder way.

)

Damage, or even total desiruction, of Azolla by pesis is a very serious problem
particularly during the summer months, The principzl insect pests of Azollza are the
larvae of Lepidopterous and Diplerous species, Pyrelis, Micropsecta, Nymphila and
Chiraenoma,which eat Azolla leaves during May-August. These pests are controlled by
using a 2% emulsion of DDT or with 2050 'Phosnent'. During the periods April-May and
Aupust-October, larvae feed on Azolla roots and are combated with 2 1:800 mixture of =0
'Fenthion' and water or by spraying with 'Parathion'® or 'Toxaphene', Enails are asnother
pest, attaching themselves to the rooie and young leaves; +they are conirolled with the
game insecticides as for larvae.

Some common pests of Azolla are shown in Plates 131 - 14,

At the Tumen Pecple's Commune in Sichuan, it is the practice to use ducks for
destroying harmful insects and snails in Azolla beds (Plate 17).

Zuring periodes of high temperature Azolla ie attacked by the fungus Symanae;
control ig attempted by spraying with diluted 'Defusit' or 'Tipterex' mixed with
'Malathien'.

The fourth problem, of vegetative propagation, is not being examined yet in China
but at the International Rice Research Institute work has been commenced on the eporo-
phytic cycle and, if successful, will enable Azolla to be propagated by spores as well as
enabling research to go ahead on the breeding of new strains and epecies having desired
characteristics. :

* Wote that use of Parathion is restricted in many countries and use of DDT is restricted
in some countries,



Plate 11, Harvesting Azolla in baskete from nmursery beds at
Pin Niu People's Commne, Jiangsu Province,

Plate 12. fizolla being mechanically mixed with sludge from a
biogas unit to provide a pig feed additive (Pin Niu
People's Commmne, Jiangesu Province,



WEEVIL

Pests of Azolla (Weevil):1,Unaffected Azolla; 2, atincked Azolla;
3. moth and actu=l size; 4. egg depoeit and single efg;

“« larva and actusl size; &, coccoon; 7. pups and astual size,
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FPlate 14, Pests of Azolla (Moth): 1. Tunnel dug by moth in Azollaj
2. moth and actual size; 3, efggs on Azellaj . larva and actual
gize; L. pupa and actual size,



Plate 15,

CHIRONOMID

Fests of Azolla (Chironomid): 1. Unaffected Azolla; 2. attacked
Azolla; 1. moth (white silk worm) and actual size; 4. erg mass
and egg; Y. larva and actual size; 4. pupa; 7. moth (red silk
worm) and actual size; 8. epgp mass and egg; 9. larva and actusl
size; 10, pupa; 11. Azolla attacked by amuatic snail; 12 and 13
aquatic snails, &



Plate 1&,

PYRALID

Peste of Azolla(Nymphuls and Pyralid): 1. Azolla affected by
young larwvaj; 2, Azolla affected by adult larva; 3. moth and
actual size; J. egps on surface of Azells; L. larvae and actual
size; 4. pupa and astual size; 7. Pyralid moth =nd actual size;
B, Pyralid pupa and aciual size,



Flate 17:

Ducks eating snails and harmful insects on a2 hed of

Azolla at the Tamen People's Commune, Sichuan
Provinee,

The fifih problem, that of transport, is not of much consequence in China today,
but if more suitable kindes of Azolla are found elsewhere in the world, they would have
to be transported - even if only for experimental purposes, Once Azolla can he
propagated through spr-es, the transport problem will be solved automaticslly but
meanwhile, the Chinese were interested to learn of a temporary technique developed at
the International Rice Hesearch Institute. In order to obtain and send Azolla
specimens from various countries for experimentation purposes, a =small quantity ie

'geeded' onto agar-jelly in a test-tube; the plant can be kepi alive in this manner
for over one week,



2. BIOQGAS TECHHOLOGY
2.1 Genersl

Cne of the outcomes of the "Great Leap Forward" in Chins was a directive from
Chairmsn Mae to popularize the production and use of biogas, This led to serious
efforts in improving the technoleogy and lowering its coets, thus meking a study of
Chinese household biogas units essenlial for other cuuntries contemplating similar
activities.

2.1,1 Theory of biogas production

Crzanic matier can be decomposed by bacteris either aerobically or anaerobiecally.
sevobic decomposition lerds to formation of compest for example, and any sases produced
(moﬂtly carbon dioxide) are lost to the aimosphere. Anaerobic decomposiiion results
in geses such 28 hydrogen, hydrogen salphide and methane and by suilably contrelling
conditions, methene production con be maximized.

Raw organic materials often considered as waste, cen be divided infto a small
minerzl or inorganic portion, undigestible organic matter sach as lisgnin, and
bacterizlly—decomposable matier. Baecterial decomposition under anaercbic conditions
is pometimes called anaerobic digestion and it takes place in three main phases;
hydrolysis, an acid phase and the methane phase.

The hydrolysis phase is a breakdown by enzymes of wvery large molecules into
smaller, simple molecules that are zble to pass through the bacieria membranse.

During the acid phase, complicated molecules such as proteins, fats and
carbohydrates are broken down by acid-forming bacteria into organic acids, carbon dioxide,
hydrogen, ammonia and 50 on. The organic acids are meostly short chain fatty acids,

In the Tinal phaee hydrogen and carbon dioxide yield some methane and fermentation
of ecides and alechols produces more methane.

A typical example of methane (biogas) production can be given using the complica-
ted molecule of cellulose as= source material:

Cellulose
y iy s - ¥
Hydrolysis S, kcé}smou}n ¢ nH0 —— n(c!_leG{ij
b cellulose glucose
Glucose
; e = ; :
iﬁiie E.F. {Lﬂh1296} —— UHBGEGHCODH

L fFlucose lactic acid

Fatty acids, alecohols, eic. CH.CH CH?EDUH B q

ﬂuﬁyrlc acid 2

CH,GH,OH + CO

ethanal 2
Methane Cafla dHE * GG2 ¥ EHEO + CH
rhase oH fﬁ oH™+ GDE ———— CH,COO0H + CH4
GHEGDGH G05 + GH4
hd GHEGHECH COCH + HED + CGE-—aﬂH}CDﬂH + CH4

Methane + 002



Usually in = biogas digestion unit all three phases are ccourring similtaneously
and if any one phase gets out of hand, production of methane is adversely affected. This
ig especizlly so for the acid-forming phase as too great an acidity will prevent the
methane—producing bacteria from functioming. The theoretical cptimum acidity is from pH
'5-.'5 to T.2-

The highly specific methane-producing bacteria® are also sensitive to temperature;
optimum temperature is 308 K (37 DG) and the bacteria cease to function if the temperature
drops below 283 K (10 OC}. The methane bacteriz are also very sensitive to oxygen and
are slow to reproduce. The acid-forming bacteriz are not very sensitive o the
environment and tend to reproduce rapidly.

AS the methane-producing bacteria cannot use nitrogen or carbon from sources such
ag carbohydrates smd protein, the acid-forming phase is essential and thus it ie important
to obtain and maintain the correct balance between the two bacterial populations. This
depends not only upon the temperature and degree of aecidity, but alsc on the nature of the
original organic material.

As bacteria use carbon atoms at 2 rate approximately thirty times Taster than
they need nitrogen, the best ratio of carbom to nitrogen in the organic material is 30 & 1.
If +too muich carbon is present digestion will decrease as soon as all nitrogen is used;
similarly if too much nitrogsn is present digestion stops when the carbon is exhausted
and excess nitrogen is lost 25 ammonia. A proper mutrient balance is also important and
especially phosphorus availability; thus it is often beneficial to add night soil to the
seource organic materizl.

Mring the acid phase the pH wvalue will drop to below & over a period of two weelks.
After a further two weeks as digestion contimwes and ammonia is formed, the pH will again
rise and with methane Tormation will reach a value of 7 and will contirue to rise to 8,2,
4t this stage the mixture is fairly well buffered and new material can be added without
disturbing effects.

The bacteria are most efficient when they have intimate contact with their food
souree and thus methane production csn often be increased by gently eiirring the mixiure
during dipestion. This is sometimes done mechanically btut in China is usually achieved
by the effect of adding fresh material at the bottom of the digester,

2.1.8 Benefits of Biogas Production

The benefits fto be derived from small-scale biogas units can be considered from
two aspects, the immediate primary benefits of the outputs - gas and manurs, and
secondary benefits related to the inputs — humsan, animal =nd crop wastes.

The' zas produced, being largely methane with up to 30% carbon dioxide, is = 'clean'
and convenient fuel. Ite combustion does not pollute the atmoephere and its calorific
yalue is higher than that of many traditionally used fuels {Table 3); the group were
teld in cne Commine that cocking times have heen more than helved since biogas has
replaced wood,

# There are four morphological groups of methane bacteria:

Rod-shaped cells, Sporulating .. Methanobacillus
Eod-shaped cells, Non-sporulating e.z. Methanobacterium
Spherical celle in sarcina arrangement e.g. Methanoearcina

Spherical cells not in sarcinA arrangement e.g. Nethanococcus



MTahle 3, e effective calerific wvalue of biogas compared with some other fuels.

ey : . :
Im” of bicgas will generate approximately

. U T o
33 1077 (5500 keal ) of heat enersy.

2
Fuel Calorifie value
5% i wu i g
L1ogas 1= 800 =J kg
| S =1
Wood 2 A00 kI ke
. - —1
Chareoal 00T kI kg
» — bl !
Herosene 18 000 kd kg

=

Use of the gas =& fuel saves other fuels such as kerosene and coal and eliminaies
the need to burn other wvaluable natural resources, Thue by using biogas instead of
firewood, deforestation and hence soil ercesicn is reduced,

The gas provides a convenient and cheap source of power not only for cooking,
but for lighiting, heating and running Carm machinery, irrigation pumps and B0 on.

If larger biogss units are employed, or if the gas from several small units is
sombined, generators can be run te produce electricity.

The effluent and sludpe remaining after digestion has iaken place, is a rich and
A1l objeciionable cdour is removed and most harmful organisms are

effective manure,




In “Zhejisng Province there is z special administrative office for popularizing
biogas and in one commne (Lismg Chu) fortyseven percent of the households have biogas,
amoanting to over ftwo thousand units; thowever distritumiion is very erratic and sonc
Production Brigades of the Commune have no units whatecever; it seeme ae if the
influence znd interest of individual Production Brigade and Team Leaders is very important,

In the same province {(Zhejiang) the Chang Ching Production Brigade of the Everpgreen
People's Commune commenced biogas production only in 1977, whereas in Wuxi county twenty
three thouszmd units are operating. In Jiangs Province the Pin Hiw People's Commune
has a biogas research and demometration centre and by 1370 eighty percent of the households
had individuzl units and the Commune was building a large unit for producing electricity,

In general, biogas technology having started to develop in China in 1958 waned
durings the late sixties when it was c¢laimed thst the process was uneconomic; its use
aFain became popular in 1570, t ig diffienlt; if not impossible, o esiimate the total
mamber of small biogas units now in China, but there must be at least several million.

2.2 Conegtruction of Biogas Unite
2.2.1 General

A biogas unit conzists of {two Dasic parts: a fermentation tanke where the organic
material is digested and, a2 storage tank where the produced biogss is collected., In
moest other countries where Liogas is produced these two components are constructed as
geperate parts of the unit. An inverted metal drem is placed on the Termentation tank
to serve as a gas holder and this floate on the slurry moving up and down according o
the wvolume of gas, Such gfas holders need sldlled artisans and equipped workshops to
fabricate them aznd are thus expensive. Purthermore, metal gas helders require resular
painting to prevent damsge and hence leaks, due to maeting all countries using the
floating drum desigmm of unit are experiencing this problem,

The unimue feature of biogas units of Chinese deeigm is that the two basic
componenis of digestion tank and ges holder are combined into one. Thus the metal rae
holder is replaced by zn upward extension of the digester inte a2 dome-shaped siracture.
The desigm ig variously referred to as 'fixed—dome' or "drumless', & second distinguish-
ing feature of the Chinese biogas unit is that it iz completely underpround thus ssving
land space and imoroving temperature conditioms for fermentation. The third important
fezture is that lecally availsble materials are used to construct the units; this leads
to variations in details of construction in different locations and zlso 4o low building
coste,

The fixed—dome fype of biocgas unit is a development from earlier desipne hoving =
recta?gular shape and which suffered from defects due to leakare of ras (22e seciion
Z.2.4).

242,72 Size of biogas units

A blogas unit can be designed either %o process a given amount of organic materisl
or to produce a given smount of gas. The size of household biogas plants in China is
determined by the amount of gas required for daily use. Under normzl conditiens it is
asgumed that 1.5 m” to 2.0 m° of gag per person would be sufficient for family cooking and
lighting.

Each cubic metre of raw materizl will yield from Q.17 to 0.30 m3 of gas per day,
depending upon climatic conditiem ‘and kind of material used. Based on these assumptions
the size of the digester is caleulated according to family needs. Usaally the size of =



1 3
Chinese household biogas plant is from & m” Lo & ma but sizes up to 12 m~ were occasionally
encoantered.

. 3 i
Sizes of 90 m” and zbove are suitsble for commnity parposes and some exahnles of
these are discussed in sectiom 2.7.

2.2.3 Plzcement of hiogas units

Houechold biogas units are sited in upland where the groundwater ftable is low.
& unit should not be far froem the howse where the gas is to be utilized but ot the same
time should not be near to 2 source of drinking water, Two main kinds of sife were
cbserved; one nesr to the house tut in the open vwhere sunlight (and hence warmth) is not
rezstricted and the other inside the house underneath the lkdtchen or under the animal stzlls.
The latler arrmmgement gives the besl proteciion from low temperature during winter monihs
and is also a neater and more compact arrangement than having The unit ouisideyhowever
petential danger from gas leaks ie pgreater,

The prevalent arrangement for siting of household biogas units is referred to
locally zs the 'three—in-one' whereby the unit is comnected with & pig—sty and the house
latrine (Figures & and 7, and FPlates 18 and 19). In other places a "{wo—in-one'
arranrement is common with either the latrine or the animal pen being attached to the
digester.

Commnity bioges units are sifed for convenience of loading, cleaning and ras
utilization. Where animal wastesg are the main input the unit is uwsually placed near
to the animal sheds on a farm whereas if human wastes are used to any extent, the unit
adjoing the latrines outside a school, factory, hospital and so on.

In all cases, a2s the hiogas unit is enftirely undersround (with the necessary
excention of inlets and outlets), ne space is wasted =nd ihe land sbove the unit can he
used for other muirposes. Thus vepetable rordens, animal conpounds and even pathwagys
were seen on top of biogas planis.

Sometimes topography has to be ftaken inteo consideration. At the £tate Orcherd
Tehysns County, Sichuan Province it was not pessible o build & sufficienily large unit,
or set of units, adjscent to the cattle sheds on 2 hillion, The unite were ascordingly
built on a relatively level site further down the slone. Cattle dunyry, made into A
slurry with water, was conveyed to the diresters dowm a cement trough which crossed the
rozd by means of a emall 'agmaduet' (Plate 20).

2.2.4 esign of biogas units

As mentioned in section 2.2.1, there are several variations in design of biogas
unite in China, this being dus mainly to kind of availsble building material and also
to differences in spil and level of water table. However, all variations are of the
same besis, batch—feed type of unit and 211 are below ground lewvel.

Modification ond improvement of design is a continuing exercise in China and this
is the responsibility of special organizatioms, commitiees or depariments met up at
Commne or even Gounty, level. Tirthernore, individual Production Brigades and
Production Teams hawve their own emall groupe of Technicians for investigating the
desigm =nd cperation of units whish resulie in continual medification to existing
designs,

The early desipn of biczas unit in China was rectsnmular in shape, with flai base
and top and having a licuid pressure tanlk for conirelling #as pressure (Fipare §). This
degsirn of unit tended to lesk gas from joints snd corners and has now been discarded,
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Plate 18,

Plate 19,

Inside a pirsty at Liang Chu People's Commne (Zhejians Province)
showing the househeld latrine situated in the same building, The
latrine and pig pen comnect directly to a biogze unit benenth the
fleor.

tutside the pigsty of Plate 18, showing an inlet in the w=1 for
adding househcld waste to the biogas unit and, at ground level,
the biogze unit outlet.
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The basic design of modern Chinese household biogas units is shown in Fierure 9.

% is circular, small and shallow. & eircular unit is relatively easy to construct
and is economical in uilding materials. The bottom of the unit is ssucer-shaped result-
ing in proper streseing;  the ssucer—-shape =lso increases the diameter and reduces the
depih of the digester. The incressed diameter gives a larger sarface of fermentation
limuid =nd thus more ras production. In earlier designs, depth of digestion tanks
varied from 3 m to 4 m but in present designe it is not more than 2 m; this also helps
o reduce costs of comstructiom. In the fleating drum (vertical) type of digester

common in other countries the depth is from 3.9 m to 4 m.

The tank is designed without consideration of bending movement and so wall
and deme should be independent of each other; the wall and beotiom are considered as
being hinged together, e load of the deme is fransmitted directly to the soil
through the springing of the dome to lessen the wall load.

The basic design of biogas plant includes a manhole fitted at the top and having
a removable cover. This facilitates maintenance and permits removal of sludge when
cleaning out the digester as well ae providing a means of exhsusting gas prior to
clezning; it alsc serves as a safety deviece in case the outlet pipe becomes clogzed.

The inlet pipe enters the unit sbout halfway down and thus feeds the raw
materials at middle height; its present straighi, narrow shape is an improvement upon
earlier desims which had a wide mouth and were bell-shaped st the bottom, Materials
are eaeily fed in and the pipe is convenient for stirring the fermenting liemid.

The outlet pipe also is situated with its lower opening at middle height of the
digester. Thiz position results in parasite eges Betiling in the deeper part of the
fank and not being expelled with the effluent as a health hasard (see section 2.3.7).
The wide—mouthed outlet must be covered as a safeiy precaution and to improve sanita—
tion.

e to the TEEEd dome design, gag pressure inside the digester becomes very hipgh,
up to sbout 10 KN m © (1000 mm of water) fgr example, compared to that in the floating
tank desimn which rarely exceeds 0.7 K m s The pressure wvaries however according fo
Zas prndgation and v=e, When ihe pressure in the tank exceeds atmospheric (about
100 K m 7) slurry in the digester is forced into the ocutlet chamber and when the
pressure in the gas storage space decreases srain slurry from the outlet chamber flows
back into the dizester, Thus pressure in the tonk ie matomstically comtrolled and the
eystemn 1s followed in all family size biegas plants; it is an improvement upon the
limmid pressure fank situated on top of the old, rectanpular designs (Figure 8).
Pressure is further conirolled by use of small (approx. 1 om) diameter polyethylene
tubing at the ras cutlet. At one housheld of Chang Ching Production Brigade (Eversreen
Feople's Qommune, Zhejisng Province) gas pressure was measured and found to be less then
0.7 ® m © (% cm of water) at delivery point to the gas burner.

As previcusly mentioned, details of design for household biogas plants vary
acgording to iype of soil, water table and building material. However in Sichuan
Province three types of struecture are most common; these ares

-  Tank cast-in—place (Figure 10)

- Tank cut-in-place (Figures 11 and 19}

-  Masonry tank (Figure 12)



For tanks cast-in-place, euitable concrete mixturee are poured to cast the walls,
dome and base, whereas cut—in-place tanks are dug out directly from suiteble (hard,
clayey) soils with 4he minimam of structural work. Sometimes the two systems are
combined by a casi dome being fixed onto a cul-in-place tank. For masonry tanks, bricke,
stones, pre-cast cemeni structures and so on, are used,

The group was showm plans of a1l the above desimme, each of which has its own
variationg depending upon the cepacity or size of unit fo be buil:. Thue each design
of viogas unit shown.in Figures 10 - 12 cen be used to build units having a capacity
of 4, &, 10 and 12 m”, certain details varying according te materiﬁls used. The same
designs can be used for units having capacities of "0 m™ =nd 100 m” providing certain
gpecified modifications are made. 11l detsile of all these modificatione were given
and it is intended by FAQ to incorporate them in = comprehensive hendbook.

2.2.0 Materials for comstiruction of hiogas units

In fixed-dome designe of blogae unit the main problem to overcoms is gas leakage,
which cccurs if the dome and joinie are not properly mads or plastered; the poesibility
of lezksre is enhanced by the high gas pressures formed.

The materizls used for tank construciion in China are:

il Lime—clay. This is a traditional building material in Chins, and which with the
gorrect proportion of water, compaction and curinge becomes hard and durable.

The mixture coniaines lime and clay in the proportion 1 :7 =19 by weight and
wvaries in moisture content from 214 to 245%; curing takes a long time,

ii) Lime-gconcrete, ™is mixture is aleo traditional =nd conmtaing lime, sand and
rravel in 2 proportion of 1: 3:r & by volume, After adding water the ingredients
are thoroughly mixed and prior to use any visible lumps of lime are removed.

Thiz nrevents 'flowering' of lime in the walls of the tank and which damages the
gtructure.,  When using the mixture it ie poured in successive layers, each layer
being tamped repeatedly for compaction.

iii) Low—strength concreie This ig a mixture of conecrete having a compressive
strength of 30 kg em © (# 30) and a paste made from lime and clay. Usually
this mixture is employed Tor the body of the tank while for the joinie and any
corners # 190 cement is used.

iv) Concrete, This is made using portlsnd cement and has a sirength of # 400,
v) Other., Apsrt from the materials listed in (i) = (iv) =bove, bricks, stones,

rocks, slate and so on, are used for coneiruclion of bicgas digesters, their

selection being determined by local availabiliy. In such cases the binding

material is a mortar of # 10 to # 1% made with coment, sand snd lime.

The quantity of material to build a biopas unit of from & m3 te 8 m3 depende
upon the kind of material used. Ae an example we csn consider the construction of a
hougehold bioges unit by Chang Ching Production Brigade (Evergreen People's Commune,
Hengzhou) :—

Cement 00 kg
Gravel 1200 kg
Sand 1200 ke
Lime 2% ke

Bricks o,



1-3 mm thick parting agent of fine sand —
tamped backfill 300 mm at [zast in thickness -
bamboo {branches) mat —————
earth formwark cnd its timber deck —/

as design : i / —1—levei

ring of trench
(for pouring
of wali), -

the width W depends on - v i ;R\
soil condition, usually 1/2 7= \_second excavation
the diameter of tank. f [the portion unexcavated
I.’r at first, but dug just be-
SUM P s fore pouring.

Figure 10. Design for a 'cast—in-place' biogas unit (Sichuan).
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Hote,

Certain symbols appearing on biogas designs are not explained in

thie text but full details will be given in the forthcoming manual on

Chinese-type biogas units.
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This Production Brigade obtained poor results by using bricke and since 1977 have
ueed concrete, 28 reflected in the above fipgures.

At the Chen Hsiang Production Brigsde (Pin Niv People's Commune, Wu Cheng County)
a mixture of % lime and 5% clay was being used to construct the digester while bricks and
cement were used for the dome, 'This procedure required for each unit:

cement 200 kg
lime 300 kg
bricks 500

and could be completed in two days by six men.

Gosts of conetruction for,small bicgas units up to 2 capacity of 10 m3 varies
between 30 to &0 Yuan ($18 — 36) . As the units are commumzlly built, these costs
take no account of labour.

2.2.6 Methods of construction

A1l unite are built in the ground zbove groundwater level for preference but
in no case should the groundwater level exceed half the height of the digester wall,
Cut-in-place tanks are exclusively sbove ground water level Tor obvious reasone.

Two major approaches to construction are followed; in one method the tank is
built with minimam displacement of soil which is dug ocut afterwards from the finished
structure and in the other method all eeoil is first removed by digging a pit and the unid
comatracted in that pit.

Cut=in-place biogas unitis are a variation of the gecond approach and instead of
construeting 2 tank inside the excavation the so0il itself is shaped to form the
fermentation tonk. Construction of ocut—-in-place unite is limited by the kind of s=soil,

Method 1 - Cast-in-place

Firetly a shallow, cireular pit is excavated in hard soil and in its base =2
ring trench is dvx. Conerete is then poured inte the trench to form the ocuteide wall
of the dipester — this in effect is now a concrete cylinder in the seoil.

The untouched soll within the ring now serves as 2z base for casting the dome,
Te ecil is shaped into the required dome—ehape with the help of 2 weooden deck; thie is
covered with a mat of bamboo branches on which is tamped an earthen backfill at least

30 em thick, Finally = thin layer of sand is spread as a parting agent for casting the
concrete dome (Figure 10).

The dome is cast not only layer by layer o the required thiclness but strip by
strip as illustrated in Figure 13. After curing, when the dome becomes hard, the
earth beneath is excavated throuch the manhole at the top and as ghown in Fieure 10,

For casting the botiom of the unit, it is divided into strips and digging is
done in mumerical order of etrips as indicated in Fipure 14, While digging under the
dizester wall bricks are placed at several points on the circumference as a temporary

support for the wsll.  When excavation is complete, the floor is poured with concrete
mixture.

# Exchange rate in October 1978,
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; rope as radius to
H - 1 "control curvature

Figure 13}. Casting of dome according
to numbered segments.

brick bearin locks —— ;
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wall !

“stakes

Figure 14. Excavating of bottom according Figure 1%. Use of centre pole with rope
to numbered segments. for initial laying out of
biogas unit excavation.



1-3 mm thick parting agent of fine sand —
tamped backfill 300 mm at least in thickness
bamboo (branches) mat ——— -
earth formwork and its umbrella- shaped
support {itsmembers resting in shoes for con-
venience of removall)

-* /

dome as designed ? /
AN\ A — — A
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i < : springing
backfill | F & P watt
150 clearance I\ @ | -
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— traversed
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fine sand as T / sirips
parting agent
mats ——— — —
masonery wall ——

~~4— shoes

center tied together — — |
with wires

Figure 16. Overall excavation with cast dome on a bamboo support.



Method 2 — Preliminary excavation

In thie procedure = circular pit ie first duy using a centre pole and piece of rope
for esentrolling the radius (Figure 15).

Next, the floor is laid down in eegments as in method 1; thie is followed by
erection of the wall and finally the dome is cast on a back-filled earth frame resting
on an umbrella-shaped bamboo support (Figure 16)., The clearance eutside the wall is
back-Tilled with earth, layer by layer in alternation with wall pouring.

HWhen the building material is brick, stone, rock, pre-cast cement and so on,
first the overall excavation is done, then the fleoor conetruction and then the masonry,
Wo umbrell a—shaped structure is used if the dome is made from brickes. The Chinese hawve
developed a very simple way of constructing a brick dome using two bamboo sticks and a
metal clamp. The sticks are to maintain the correct eurvature of the dome ond the
clamp is to hold the brickes while laying. (Figure 17 and Plates 21,22). The lensth of
the bamhboo sticks is precise and is calculated from the height and diameter of the
fermentation tanlk. The size of the metal clamp is just enough to hold two bricks
breadthwise.

Figure 17. Kethod of btnilding dome with bricks =nd using a2 pole
for maintaining shape and angle. (see section 2.2.6
and Plates 21/22).



Cut—in-place biogas units

Two veriations of cut-in-place fermentation tanks were seen in Sichuan Province,
one simply cut in primitive soil (Figure 18) and the other having 2 cast dome (Figure 11).
After shaping and tamping the fermentation tank, plaster is applied directly onto the
soil.

In all cases, inlet and outlet pipes are made in conecrete and fitted =fter
completion of the digester ftank. At the point where the inlet pipe passes throurh the
dome's springing, the thickness of the concrete ie increased. The moveable cover is
zleo made from concrete and the opening in the dome is etrengthened with a concrete rine
or collar, At Wuxi in Jiangsa Provinee, provision was made in the cement collar for
bricks 1o be inserted for holding the cover in place (Firure 12) and which are also
evident in Plates 23 and 24.

Plastering

Efficient plastering of the walls and dome of the biogas unit is a very
important part of construction. as and water leaks depend solely on how perfectly
the plastering has been done,  'The Chinese advocate mltilsyer plastering with a final
brushing of pure cement slurry or lime and sand mixture. Procedures differed slightly
in different districts but that followed at the Hvergreen People's Commne at Hanpzhou
is fairly typical. Three coats of plaster are applied.

- First cocat of cement and sand (1 : 2.5), § mm thickness
- Second coat of cement and lime (1 : 1), 3 mm thiclmess
- Third coat of cement and lime (1 : 1), 3 mm thiclmess

Finally comes a brushing over with a slurry of pure cement or a very thin layer of
plaster made from lime and sand (1 : 1).

Before applying the third cost of plaster, the whole inner surface of the tank
is examined by tapping with a stick. If & hollow sound is given off at any place, that
spot is dug out md replastered more solidly. The biogas unit being constructed as
shown in Plates 21 and 22, appeared as in Plates 23 and 24 after plastering.

Gaz putlet pipes are inserted through the dome at time of its construction mnd
are nade of metal, plastic or bamboo.

4  =pecial and possibly unique progedure was being practised at the Everpgreen
People's Commune, Hangzhou for building household biogas units,

In the first place the design of the unit was that of 2 sphere and had no straisht—
sided fermentation tank (Figure 19). The building procedure had developed as a result
of the fact that the lecal water table was too high for usuzal practices.

The procedure is illustrated in Figure 20. Firstly the lower half of the ephere
was cast in place in the upper and dry, layers of soil. Afterwards the upper half, or
dome, of the sphere was built in brick and plastered: the biogas unit at thie stape is
partially above ground level.

A second excavation is made immediately to the side of the sphere and filled or
allowed to fill, with water, The sphere ie then floated above the deeper hole and sunk
into peosition by filling it with waler. (nce in position, the water is pumped ocut and
the conetraction completed in the usual manner.



Plate 20, Concrete 'aqu§ﬁuct' conveying cattle-dung slurry to large biogas
digesters under concrete covers (State Orchard, Tehyang County,
Sichuan Province),

Plate 21, Constructing the dome of 2 biogas unit from bricke and using bamboo
sticks to maintain the correct shape and =ngle, HNote the nail through
the stick for supporting the brick while cementing and, at the upper
right hand side, the wire clampe femporarily supperiing recently laid
bricks. The outlet of the unit is on the extreme right. (Everrreen
People's Commune, Hangzhou).
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Chowings how the brick beins Fiwed is resiing on the neil through the banboo
stick. Hete slsc the inlst chamber commected teo the interiecr of the tank.

e biozas unil shown under comsiruciion in Flales 27 and 22, after iss
initial plasiering,  The ouzilet is in the foreground and ihe inlet in the

backaround.
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2.3 Operation and maintenance of biogas units

2.3.1 Inputs

The amount of gas produced is in direct relationship to the raw material used
for digestion. In China the raw materials used for household biogas production are
of two kinde:

(i) source of carbon - leaves, grass, agriculiural waste
(ii}) source of nitrogen — human and animal wastes
For larger biogas units additional scurces of material are sewage works and urban wasie,

Depending upon availability, raw materials are used in different combinations.
The most common mixture is 40-50% nightsoil and animal (mostly pig) excreta, 10-1°0
grass and crop residues and the remainder being water. Thig mixture sometimes has
only 106 nightsoil with an excess of animal manure, but sometimes has 207 or even 04
of nightsoil. The carbon-nitrogen ratic varies between 1:15 and 1:259 snd the ratie of
golids to limmid ie between 1:1% and 1220, If water is added in greater amount, fras
production decreases due to methane bacteria being restricted in mutrient uptake.

2.3.2 Loading

As previocusly mentioned (section 2.2.4), Chinese household-size biogas units are
batch-feed type; that is, some if not all of the ingredients (inputs) are mixed and
loaded in amounts sufficient to fill the unii =ll &t one time, In most cases, i1 is
the carbon—source material loaded in batches while the nitrogen—source materials are
slowly added every day. However, sometimes the carbon-source material is bulk mixed
with animal marmre before loading, but even S0, nightsoil andfor more animal mamire
is still added daily.

Frequency of bulk loading, depends upeon ¢ircumstances but is usually iwo to four
times a year. 4t Liang Chu People's Commune (Hangzhou, Zhejians Province} 1100 kr of
straw is put in the digester three times a year; at Pin Niu People's Commne (Chanrehou)
the digesters are loaded every four to six months.

e daily addition of niirogen-source material is in the form of washinge from
latrines and animal pens. No special arrangements are necessary except to connect the
sources to the inlet tube of the dipester. In the three-in-one arrangement {section
2.2.1) for example, as each day a certain amount of excrets flows into the digester, so
an equivalent amount of dipested slurry flows intc the outlet chamber. this renders
feeding arrangements easy, prevente heat loss and improves sanitary conditioms,

In some parts of China (for example “th Production Team of the 7th Productiom
Erirade of Yunghsing People's Commune, Mianyang County), raw carbon-source material such
as prass and straw, are composted with biogas effluents before being leaded into the
direster. The period of composting varies from ten days to several weeks and helps to
produce biogas immediately after loading. In such cases, pif is often adjusted by
mixing in lime or ashes,

In at least one Commune (Evergreen, Hangzhou) individual household bioras units
were loaded with personally contributed carbon-source material and humsn wastes but with
communually provided animal manure, This was because animals were not kept by each
family and so pig dung wae transported daily from the Commune's pig farm,
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Procedure for building the
spherical biogas digester
in land having 2 high water
table (Eversreen People's
Commne, Hangzhou).

Fipure 20.



2.3:3 Internal mixing

The principle of stirring the fermenting organic materials in 2 biczas unit is to
break up the ecum vhich forms on the surface and to agiiate the sludpe settled at the
bottom. This stimulates bacterial activity (section 2.1.1) and results in higher gas
production. The study group saw no evidence of any household unit being fitted with =
meane for stirring the contents., It was agreed that stirring improves gas production but
the Chinese maintain that in such small unite, daily addition of raw materials itself,
provides the necessary agitation. At the State pig breeding farm near Hangzhou, an
opportunity was given to see;a mamually operated stirring mechanism incorporated ae an
experiment into a large (“Om”) biogas unit (Plate 29).

2.3.4 Emptying

The daily addition of washings from the latrine and animal pens resulte in an
outflow of decomposed effluent into the outlet chamber. Thie effluent is removed
manually in wooden buckets for agricultural use, or sometimes led away by means of
shallow troughe. On one occasion the group &aw 2 home-made, simple pump for emptying
the outlet chamber, ‘e pump (Flate 26) was mersly a polyethylene tube of about ¢ em
diameter fitted with a leather plunger and an outlet tube of 3 cm diameter,

In large-scale biopas units, the outlet chamber is empitied by pumps driven
either by eleciricity or by the biogas (Plate 27), and the discharged effiuent is
sprayed directly onto the fields (Plate 28).

The digestion chamber of a biogas unit ie emptied of sludpe before each pericdie
loading with fresh raw material. This is done manually and the fremency of emptying
is two or three times a year as diciated by the loading procedure. In actual fact, the
digestion chamber is not completely emptied as from twenty to twenty five percent of the
sludge is left to bacterially activate the newly added material.

2.3.5 Maintenance

As the Chinese model of biogas digester is almost completely underground and has
no moving parts, routine maintensnce is negligible. Every {time the unit is emptied
prior to re-filling, checks are made on the plastering and on joints and, depending upon
the material used, it may be necessary to re-new the gas outlet pipe.

2.3.6 Safety precautions
(i) Pressure

Irrespective of size of biogas unit a simple safety device is fitted in
the form of a pressure gange. This consists of two glass tubes each 1m in length and
1 cm diameter; the tubes are connected by a rubber pipe Torming a U-shape and coniain
coloured water., One end of the gauge is connected to the gas supply using a T=joint
and the other is either left open or fits inte an inverted jar through a two-holed
rubber stopper (Figure 21).

The gauge indicates whether or not there is any leakage of pas and the guantity
of gas in the unit. It also serves to protect the structure from damage due to too high
pressure, When gas pressure becomes very high water will be forced into the boitle
through tube C and any extra gas will be released through tube I pressure then drops
in the tank sutomatically. When the pressure inside the tank is reduced, water in the
bottle will flow back inte the gauge.



Plate 24, The dome of the biogae unit shown in Plate 23 when completely finished and
awaiting the manhole cover. Note the strengthening collar on the top,fitted
with slote for bricks to hold the cover in place. The zas ouilet tube can be
seen jJust in front of the collar.

Flate 25. Handle of stirrinz mechanism through centre of a large biogas unit at the pizs
breeding farm near Hangzhou,



Plate 20. Home-made hand pump for
emptying the outlet
chamber of a biogas
wnit. The pumped
effluent flowe from ihe
lower barrel-shaped
junietion into a trough
which leads to a
vegetable garden.

Flate 27. f picgas—driven pump removing effluent from a large biogas unit for direct

field spreying. {Pin Wiu People's Commne, Jiangsu Province].
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Pigure 21. Safety pressure gauge for biogras.

Figure 22. Some "do's and don'ts" when
entering a biogas unit.



(ii) Toxiecitiy and explosion

A biogas is combustible safety precautions should prevent amy
naked flame being introduced inte the tank; furthermore methane is explosive if mixed
with sir in proportions ranging from 5% to 155, by volume, A 3% conceniration of
methane can anaethetize a person while Tﬁf concentration can asphyxiate. The tank there—
fore, must be well ventilated before one enters - for cleasning, meintenance and so on.
One procedure used by the Chinese is to breathe through a hose hanging inside, Before
entering the large biogas units at the pig breeding stetion at Hemgzhou it is customary to
lower a basket containing a live chicken as a teet for non—toxicity in the atmosphere,
Fipure 22 shows the precsutions observed in China before entering 2 biogas tank.

2e 3T Control of disease

Application of raw sewage, nighteoil and even animal manure to sgricultural soils,
presents the problem of gpreading disease, Digestion of exereiz in the biogas tank
greatly reduces thisz health hazard by kKilling the responsible pathogens, baeteris and so
Ol .

Extensive research hae been done in China on the effectiveness of the treatment in
bieogas plants from the health point of wview. GSome of the main Tindings of one year's
regearch are summarized below:

- A4 comparison of fecal liguid introduced into biogas units with effluents
showed that the tolal number of parasite egge was reduced by 93,65, the
average number of hookworms was reduced by 99, schistosome flukes
disappeared and the number of dead ascarid eggze was high,

- Faraeite egge can survive in 2 biogas plant for 14 daye in antumn and
37 days in winter.

- 2% of hookworm eggs died within 30 days in winter and 9%, of filiariasis
parasites died during the ssame period in summer,

- experiments on bacteria viability showed thai the E, coli index was
reduced, the shigellsa baecillus and the spirochetes which sre aercbic
bacteria died within twe days, but 44 days digestion were needed to
kill the baecillues paratyphoid B,

Dilution of the input material with water results in settling of worms and egee
1o the bottom of the tank. The bhasic design of Chinese biogas units wherein the outlet
pipe commences halfway up, ensures that these parasites are not discharged until
sufficient time has elapeed for their destruction.

Generzlly all parasite egge settled with the sludge are dead when the tenk is
clezned.

2.4 Uee of biopas
2ad Domestic use

The gas produced in individuzl household unite is used by that household for cooking
and lighting., The gas is led from the tank to the howuse by plastic or metal piping,
usnally underground. Ince inside the kitchen the gas is led via the szafety pressuare
gage (2.3.6(1)) to the wvarious household appliances, Each household or group of house—
holds, has its own contrivances for diesplaying the gas tubes and controlling the rate of
flow. Some arrangements were relstively sophisticated using different coloured ftubing



Plate 28,

The effluent (see Plate 27) being sprayed as fertilizer onto

the

farmer's field,

Plate 29,

Inegide a Chinese kitchen
showing the orderly
arrangement of gas tubes.
Each tube ig of a
different colour accord-
ing to the final use of
the gas and 211 tubes

are connecied to the
pressure gauge seen to
the left, A series of
plastic taps control gas
flow. (Sichusn Province).



Flate 30, A loeslly made clay biogas burner (Anshi People's Commune, Zhejiang Provinece).

Plate 31. Showing the nozzle which fits into the clay biogas burmer of Plate 30.



for different purposes and employing plastic or metal gas taps (Plate 23). At the other
extreme, a eingle gas tube is led to arners smd lamps using T—tubes =nd ras flow is
controlled by means of a large clamp-type paper clip.
Cooking

The Chinese have desismed a number of burnere for use with bioras, all of
which are simple and can be made loeslly.  The burners sre made from clay or
occasionally metal, depending upon availability of materiale (Figures 23 and 24 =nd
Plate 300, Zach Commme or even each Production Tesm, desims itz own applisnces
znd burners were seen of several different kinds and sizes. Designs are constantly
being improved and distributed for the users' reaction before being locally mamufactured
in muaniity.

The basic features of a burner are a nozzle, an air inlet and a mixing chamber,
The nozzle is a hollow tube made of glass, metal, plastic or bamboo (Figure 23 and
Flate 31). The size of the nozzle hole wvaried from 0.9 to 0.8 mn in dizmeter.
By moving the nozzle in and out of the burner a proper mixture of air and gas is
obiained in the mixing chamber before flowing on to the burning point. The
appliances are made for a ratio of 1:8 to 1210 gasfair mixture.

The burners are always placed inside a deep hearth to provide maximum heat (Plate
32). All burners seen in action by the group were working well as leons as the cookine
vessel remained in place; if a vessel was lifted however, ithe gas fended to gzo out.

Liﬁhtinﬁ

Again all the gas lamps seen were simple and locally made from available
materiale. Ae for the burners, the lamps have the basic Teatures of noszle, mixing
chamber and air inlet and in addition have s clay ventury for asitaching the mantle,
Lamps were of two main designs,hanging (Fipure 2°) and standing (Fisure 2¢) and the
mantles are made of Ramie fibre net coated with thorium nitrate; biogas provides light
equivalent to shout a 40 watt electric bulb.

4% the Hein Chao Pecple's Commine in Sichwan Provinee, the houssholders had
exercised their ingemity by fitting automatic lighting devices om burners and
cookers., In the case of hanging lamps, a flint lighter was attached to a2 small,
secondary gas pipe controlled by a tep (Fimure 27) and esituated immediately below the
Fas mantle. The mechanism of the lighter is worked by pulling 2 string and when the
lamp is alight, the secondary gas supply is closed. For burners a flint lighter was
fixed s0 as to directly light the applisnce,

4% the Ehu Ching People's Commune, Shanghﬁi a large biogas unit provided gas for
cooking all the meals in a central commnal kitchen, .

2.4.2 Agriculitural use

The main agricultural use of biogas in China is for rumning irrigation pumps.
At several places the group saw fields being irrigated by sprinklers for which the
water was pumped by a biogas-run engine {Plates 33 and 34),

Ln indireect use of biogas for irrigation purposes was seen =t a State Orchard in
Tehang County, Sichusn Province. Biogae engines pumped water up to s larse reservoir
on a hill- top. sprinklers in the lower fields were then operated by the pressure of
the water being fed by gravity.

fnother sgricultural use for biogas is for pumping out the effluents of the unit
af'ter dirpestion and spraying them directly as mamire, (Plates 27 and 28).
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Figure 26, A standing version of biogas lamp

The large quantities of gas necessary for running irrigation pumps are not
available from the small household units and are produced on a commnal basis by
larger units.

2.4.3. Other uses for biogas

The most important and prevalent use of biogas is for the production of electricity.
The electricity can then be used for domestic, agricultural and industrial purposes.

There is no biogas engine as such manufactured in China, but any internal combust-—
ion engine can be adapted to run on biogas. The group saw on several occasions,
kerosene, diesel mnd petrol engines altered so as to run on biogas, The necessary
adaptation invelves replacement of the fuel injector by one designed to introduce the
gas; in doing this care has to be taken for providing the correct mixture of gas and
air.

At Pushan City, near Guangzhou, the municipality convert biogas to electricity
using two engines. Ome is a 120 h.p. engine previcusly run on kerosene and the other
of 80 h.p. was previously usi diesel. These engines were adapted to use a biogas-air
mixture of 1:7. Normally 1 ﬁf of biogas (which had 709 methanﬁ? is enough to run an
engine for two hours or to generate 1 kW of electricity. Under summer conditions at
Fushan enough gas is produced (from city sewage) to give 630 KW of electricity (only
half this amount in winter) which is fed into the main electricity grid.

At the Hangrhou pig breeding station a 12 h.p. diesel engine had been adapted
to produce 8 kil of electricity, enough for the uses of 100 people. The adapted
engines do not always worg_Fntirely upon biogas; for example diesel is also fed by a
drip system at 0.0004 kg & ' (1.6 kg per hour).
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Plate 32. A Chinese kitchen showing
how the biogee burners
are placed inside a deep
cover for maximim
efficiency.

Flate 31, Biogze, stored in plastic bags is used to run
irrigation pumps. (Mianysng, Sichuan Province).



Plate 34. Irrigation sprinklers operated by biopas as detailed in Plate 33,

Plate 7. A large still being fired by biogas. Note the pressure geuge which accompanies
211 uses of biogas in China. (Pin Niu People's Commne, Jisngsu Frovince),



Other, direct uses of biogas seen were the rumming of small grain processing
mills, noodles and tea processing factories, a muts and bolts factory and a dietillery.
In the distillery (Plate 3&) not only was the still itself fired by biogae but biogas—
heated wire gauzes were heating the greain fermentation rooms,

2.5 trricultural use of effluents

In most other countries a biogas plant is basically regarded as a sourece of
energy for fuel, but in the Chinese concept it ig meore important as a source of
organic manure, O more than one occagion biogas units were referred to 23 'mini-
marure factories’, It is enggested that this could be the reason why the Chinese do not
place over-emphasis on the efficiency of gas—-run applisnces.

2.5 Manuring crops

The effluent from s biogas plant is of two kinds due to the nature of the raw
materiale used as inpuat. {nme kind is & slurry which can be removed daily from the
outlet chamber and the other is sludge which settles at the bottom and ie available
only when the tank is periedically emptied.

Both kinds of effluent are a pood source of plant nutrients and also provide
an excellent scil conditioner. The effluent is used as = basal or top=dressing for
crops and it is applied marmally or, in the case of slurry, as a direct spray (Plate 28),

The effluent is sometimes applied direcily to the fields without further treatment,
or il is first enriched with limuid ammonia snd 2 phosphorus zource or it is first
composted in a2 pit with straw and silt.

Fisures given (Mianyang City, Sichuan Province) for inecresses in nutrients in
effluent compared with inouts were 14% for total notrosen and 19.3% for totazl phosphorus,
These resmlts were obtained by comparing the resulis of biogns direstion with those of
aercbic composting over a period of thirty days.

Regardless of method of application inereased crop yields as = result of adding
bioras unit effluents were said to be always obtained. The Lisngs Chu Feople's
Commine (Yahang County) observed that 2 major factor in rice yield increase (10¢) in
1977 was the application of effluent. At Mianyang eity, the averare increase in crop
production in 197¢ compared to 197% was 13.2% and was said to be due entirely to
apolication of effluent. Similar results were quoted in most commnes visited,

The ouantiiy of effluent obtained as organic fErti%izer depends upon the size of
the biogas unit and the amount of inputs. A plant of 7 w™ yields 20 000 kg of organiec
MEmLre every year {Liangchu Feople's Gommune}. A farmer of the 10th Production Team
of the “th Production Brigade in Weichens People's Commine (Sichuan Province) kept
records of inputs and outpui from his 9 m™ plant. He found that per yesr he obtained
besides gas, 30 190 kg of slurry and 15 S00 kg of sludge which he used on his rice and
wheal orops.

2.0.2 Animal feed supplement

Use of biogas unit effluent (the sludre portion) as an animal feed supplement
was observed only once by the sroup. Thies was at the Pin Niun People's Commane at
Changzhou where sludpe was mixed with dried fzolla as an additive to pig feed {Plate 12).



2.0 Problems of biogas technology

| Operation during cold seasons

Although several million gas plants are operating successfully in China, they are
not without problems. In all regione visited, a decrease in gas production during -
winter was reported, Whereas the gas produced during summer from a household unit is
sufficient for cooking three or four meals a day and for lisht, in the winter, sapart
from light only two meals a day can be cooked,

lue to temperature limitations upon biogas production (section 2,1.1) the plants
tend tc be concentrated in the south-east of China and in Sichuan Frovince. In south
; ; . : 43 £ " o ; 2
China at Fushan City (Juangdong Province) gas production at 293 K (20 G} during winter
was half that during summer. In Sichman Frovince, biogas plants operate for only
eight to ten months of the year.

No account wae given as to what is being done about this problem; however specinl
reference was made to a biogas unit recently constructed at an altitude of 3 000 m
somewhere on the Tibetan plateasn from which no resultis are vet svailsble. ;

2,8,2 Jas preseurs

Az described in section 2.2.4, gZas preseure in the tank is high and sabject to
fluctustion according to the rate of gae Tormation. Fluctuating presmare does not
lead to efficient rmuning of biogas appliances which are designed to work 2t a fiwed
Faf Dressure.,

Although this problem is not considered severe in Chins, if applisnces and engines
are to work with maximm efficiency, some form of pressare repulstor is remquired.®

2.6.3 Other probkems

Other problems associated with the Chinese desipn of biogas plant arei—
- no provision for hrealking the socum build-un in the tank

- necesgity for using manual labour or 2 pump Tor removing slarry from
the outlet chamber

- need for periodie opening of the digester to remove sludre,

Problems in biogas technolozy still to be adequately solved but which are not
peculiar to the design of unit, include purification of the gas to prevent gas meters,
enrines and so on from corrosion and improvement of measures to prevent health hszards,
iz discussed in 2.3.7, faoultive bacteria such as paratyphoid B and E. cali can survive
for long periods in the tank and further resezrch is needed on this,

2.7 Large—scale biogas units

Although the Study Tour was essentially for examining small, household bioras
units, the group had the opportunity %o visit = number of large-scale uniis. The
large unite, run on a commnity basis are invariably used for production of electricity
which is then uged for domestic, agricultursl and industrial purposes,

# ps a result of the Study Tour, Wepal has recently developed 2 pressure refalator.
Thie device 15 attached io the gpas line and delivers gze at 2 constant pressure of
shout 1 0 m - (8 em of water).



The larpge biogas units are not necessarily cireular in shape nor do they always
have a dome—shaped gas tank. Some were rectanfular with flat tops and some consist of
several larpe tanks which are interconnected.

At Fushan City near Guangzhou, seware was being converted to biogas for
electricity productiion and for agricultural mamare, WNightsoil is collected in carte and
brought to the site where it is stored.in speciazl pits before being loaded into a series
of thirty five digesters, each of 4% m” capacity. The material is dirested for fifteen
days, the gas being collected in plastic balloon—type holders; there are two such holders
of 122 m~ capacity each. In due courge the effluents are loaded inte hoats and talken by
river.to farme, It was said that &0 m” per doy of nighteoil gives 40 n” of sludre and
A20 m” of biogas (in summer).

41 the Pin Nin People's Commune, near Changzhou, the Chens Hsians Production Brigade
had built two, interconnected units of 400 o capacity each. (biﬂu:e 25] These uniis
were fed with inputs of rice straw and the wastes of 40 cows and 200 pigs. The gas was
used Tor operating a distillery snd producing electricity and the effluent was pumped
directly onto the fields.

., Near Hienganr City, Bichuan Province, two round-shaped digesters were seen of
174 m” and 180 m~ capacity respectively. The nitrogen—-scurce input was the duns of
30 pigs and the gas was used for electr1city to run small industries such 28 rice
nolishing and milling and noodle maldng.

4 comventional rgundwshape biogas unit was visited in Sichuan Provinee and which
had a capacity of 268 m This unit was still unfinished at the time and so it was
possible to climb down inside. It had been constructed by the 10th Production Team of
the =th Production Brigade gf the Weicheng People's Commune., & hilleoek had been partly
Flattened by removing 230 wm” of earth for the construction and was to eventually have a
willing and husking plant, accommodation for 100 pigs and houses for worlmen.

4t the time of wisit the basic construction was complete, stone blocks having
been used to mske the tanik which had a2 conventionsl, although large, dome top, The
approximate dimensions are given in Figure 29, Of special inierest was the desipgn of the
outlet; this was 2 long tunnel situated at the bottom of the tank and which led to a
final opening through the hillside onto terrace land.

The outlet wae fitted with 2 drop door which can be opened manually by soing
down the steps. On one side of each step was an extension in the form of 2 concave
gtone slab having a hole in it; each hole was plugged with a stone plug. The holes
are comnected vertically with the ocutlet funnel with 5 om diameter pipes.

Maring operation of the unit, a slurry of raw materiale will fill the tank to =2
certain height and including the stairway. If one has occasion to descend the steps to
open the drop door for emptying owt the sludge, the stone plugs are renoved from the

teps and slurry is drained to the ocutlet tunnel.

It was intended to use rice straw, grasses snd vegetzble wastes asg carbon
materizal and pig dung as nitrogen—spurce material and to renew the raw input material
onee every Six months,



inputs

outlets

Y
Fimure 28, Design of inter-connscted lsrpe—-scale biogas dipesters of 200n~ each
at Pin Niu People's Commune, Jisngsa Provinece,
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3. . CONCLISICHS MD RECOMMEN DA TTONS

3.1 Extension of Azolla technology

Following the UNBPjFﬂﬂ study tonr on orgamic recycling in China (19??; FAC
Goils Bulletin ﬂD], infomation regerding agrimuliurazl use of Azolla wae carried to
geversl other Asian countries, In some cases this in itself was sufficient to
initiate national programmes of research usings locally ocourring varieties of the
nlant.

In addition, FAC followed up the study tour by sending a consultant to certain
countries in Asia to conduct short training courses in propagation and uase of Azolla.

Thus, even before the present study tour took place, interest in the arrieultural
posgibilities of Azolla had been aroased in the regiom and in some instances practical
work had bemin. It is as = result of the present study tour however, that widespread
activities in Azolla cultivation are expected.

fieports from participsnts in the study tour show that in many cases pomitive
action has already been taken by governments to take full advantapge of Chinese
experience, Thus for example, in Malaysia cultivetion of Azolla as a2 source of
compost snd animal feed has been commenced in the numercus mining ponds. It has,
however, been resliszed thet it is not feasible merely to trensfer directly the Chinese
technology which demands good water control and hizgh lsbour inpats; consequently
modifications of the procedure are now under investigation.

Cultivation of Azella in India is now bheing increased snd introduced to all
climatically saitable States. In Nepal work has started on forming a collection of
native varieties of Azolla and testing them for nitrogen fixation, yield and fertilizer
effect. GSome countries, for example, Lao, Bengladesh and Nepal have requested FAD
aspistance to condact training courses for extension officers in Asclla cultivation
leading to pileot demonstration schemes, In Afghenistan, FAD consultant advice has
shown that cultivation of Azeclla is not feasible due partly to low winter temperatures
but more especially to very low humidity.

It is glear that the countries of Asia nol previesuly aware of fzolla and its
uses, are now extremely interested and anxiome %o avail of lmown technology and
experience.,

It is muggested that in all cases 2 first etep would be to identify loeally
oecourring varieties of Azolla and to invesiisate then for nitrogen fixing capacity,
rate of maltiplication, resistance to temperature, acidityfélkalinity, galinity,
disease, and so on., At all stages of investigation contact should be maintained with
others carrying out similar investizations - especially at well estsblished research
centres,

When the stare ig reached for larger scale applied research on Azolla ecultivatien,
due consideration should be given to the conclusion formed in Malaysis that it nay be
better to adapl Chinese ftechnology to local conditions rather than ftrying to introduce
it unchanged.

There is little doubt that Azolla will grow well in most parte of Aeia,
especially as research extends its temperature tolerance. It is thues a potential source
of nitrogen and green mamure for erops, particularly rice,which could relieve to a
certain extent the relisnce upon minersl nitrogen fertilizers. t could slso consider—
ably and cheaply =mugment svailsble feedstuffs for animale; generally speaking therefore,
its proliferation is to be encouraged.



However, a sense of proportion should be kept. As already pointed out by T.A.
Lompldn®:

"izella is not a2 panacae. It can make a useful contribution to weed contreol and Lo
the nitrogen economy of rice, but it is neot as ubimuitous as rice nor will it provide
21l of the nitrosen required in every lecation.”

3.2 Extension of biogas technology

Utilization of waste orpanic materizls to produce biogas and marmare is not a new
concent and its technelogy is not comfined o China. The wvalue of the activities in
China lies in the following facts: the national approach leading fo widespread
proliferation of the technology; the relative cheapness of biogas units attezined by use
of locally available materials and communal lsbour andi the unirue basic design of the
units wherein the digester acts zlso as gas holder.

In a2ll other countries of Asia, with perhaps the exception of India, there is
(at time of writing) no national policy to introduce biogas technelogy =and this is

almost certainly due to a lack of awareness of the multiple benefits to he ocbtained.

In some cases, Pakiston and Bangladesh for example, tentative effords fto commence
biogas production had not been very successful and interest had waned. fuch lack of
success was due mainly to poor technelogy and partly 1o excessive costs. Both these
faults czn be remedied to some extent a8 & result of the study tour in Chins and
Banrladesh has now commenced a new biogas programme based on Chinese experience.

By adopting ithe Chinese desijm of biogas unit the main source of expense, that is
the floating cag holder, is eliminated, True, the floating gas holder has certain
advantares over the Chinese system — betier control of gas pressure for example - but
the great saving in coste more thanm outweirhs these. Marthermore, research will
undoubtedly remedy the present defects of the systen. Hesearch may however also lead
to cheaper models of the fleoating tank type and so it 18 not recommended that this
technology be completely abandoned in favour of the fixed dome model,

As an immediate resuli of the study tours several countries have already started
to introduce or extend biogas techneoleogy.

Thue India, which previocusly had exclusively comstructed floating tank units, has
now produced several modifications of the Chinese design and a considersble number have
been built for demonsiration purposes,

In Malaysia a biogas digester of Chinese design is plamned as & cooperative
wenture betwesn the Agriecultural Resesrch and Development Imstituie and the Apricultursl
University. In the tin mine areas integrated farming systens are plamned involving
biogas, Azollz and crops smd smimal production.

Lao has requested FAD assistance to commence biogas deronstration units in
conjunction with pig farming., In Nepal national seminars on biogas have been orpanized
including demonstration of Chinese biogas equipment such 25 cockers and lamps and a
Biogas Newsletter has been commenced for extension work,

As in the case of Agolla cultivation, Chinese biogas technology cannot simply be
transferred as such and without modification. Iwven in China itself, different regione
have different techmologies. Seversl factors must be considered; purely physical
factors such as soil type, water table and climate; economic factors and even idealogical
factors.

* Mniversity of Hawaii



Most,if not all, of the physical factors have beecn discussed in this report which
should aid those concerned in deciding upon the technelogy to be fellowed.*  Six
different models of Liogas unit have been detailed and it should be possible to select 2
basic desism suilable for loeal conditions. 'The other factors (economic and ideslogicszl)
will vary between countries and must be considered by individual rovernments bui there are
ne valid reasons why the use of small-scale biosas units should not be adopted throughout
heip Az a mesns of cheap fuel and power for farming commnities with concomitant
improvenent of the environment.

3.3 General

The comntries of Asia are at different stares of development in respect to the
technoelogies of Azella cultivation and biogas production. Future progranmes should
therefore be planned according to relative needs and capabilities. It is suprested that

each country formulates = programme having the following conponents:

i) a plan to utilize and promote biogas and Azolla as part of integrated
rural development;

ii) ghort and long term projects with specific tarpets;

iii) a nationzl coordinating body to ensure cooperation of 211 relevant
departments and organizations and to review progress;

iv) a system for disseminating information %o all concerned;

v) training of extension workers for demonstration of technigues to
farmers;

i) periodic seninars to discuss progress snd problems; such seminars

conld be national or infter—country;

vii) provision for initiating przectical work in ferns of persomnel,
equipment and supplies;

viii) research in all teclnical aspects of biogas production =nd use;
ix) research in use of biogas effluent and sludge for inproving seil
condition and fertility with emphasis upon the complementary use of

mineral fertilizers and wanure;

x) studies on sSocio—economic issues affecting biozas production and use
of the effluents;

xi) research on health hazards of using biogas effluents as fertilizer
xii) research on Azolla propagation with a view to selection cf most

suitable species and strains, improvesent of nitrogen fixing capaecity
and resistance io adverse factors.

* FAD is presently occupied with a mammal or handoook detailing all practical aspects
of small-scale biocgas technoleogy in China.



Home couniries already have one or more of the sbove programmes bui not every
country has the facilities for including all the suggested components — particularly
those involving research, In every programme sdopted the experience of the Chinese will
be of immense value, even if it can not be utilized immediately at 2 practical level.

Cooperation and sharing of information — even of practical assistance = within the
region is essential. In thie respect the UNDP/FAO inter-country project RAS/7-/004
"Improving Seil Fertility through Orpanic Recyeling" (which initiated this Study Tour)
will be of great use.
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AMNEX 2
PROGRAMME
Arrival of participante in (RJANGZHOU

Introduction and discuession of programme with
Br. Yang Ching—jso, Head of So0il and Fertilizer Office, Peking,

Welcoming dinner by courtesy of Mr. Wu Tung-kiang, Deputy Directer,
Agricultural Burean.

Visit to Fushan City: treatment of sewage to produce electricity
via methane,

Gunangghou: Discussion with Chinese counterparts on Azolla and
biogas in (uangdong Province.

Travel by air to HANGEHOF

Introductory discussion

Film show

Anshi People's Commune: dzella

Group discussion with members of the Revolutionary Committee

Idnner by courtesy of Mr. Chia¢ Hsiang-chung, Deputy Idrector of
Apriculture.

Luang Cha People's Commune, UThang: biogas
Hangzhou Pig-breeding Station: biocgas
Group discussion

Evergreen Feople's Commine, Chang Ching Production Brigade
{Ten Shan Shin): biogas

Travel by train to SHANGHAT
Introductory discussion

Mecusaion with Deputy Director of Agriculture smd hie staff,
manicipality of Shanghai

Shu Ching People's Commune, Changpu: Azella, biogas
Ma Chiac People's Commune, Shanghai: Azolla, biogas

Dinner by courtesy of Mr. Wang, Deputy Director of Agriculture.



May 28

May 29

May 30

May 31

June 1

June 2

June 32

Vieit to Shanghai Industrial Exhibition
Travel by train te WIXI

Introductory discussion with officers of agricultural burean
and members of the Revolutionary Committes

Dimner by courtesy of the Fresident of Wuxi Revolutionary Committes
Mai Tsun People's Conmune, Wuxii biogas

Heilang Pecple's Commune, {Ehian Yang Brigade) by Lake Tai Hu: fzolla
Croup dl=cussion

Travel by train teo CHANGZHOU

Introductory discussion

Pin ¥iu People's Commune, Chen Hsiang Production Bripade: biocgas,
Azolla '

Discussion with Chinese counterparts

Huz Shi People's GCommmne, Hsi Production Brigsde, Kiangs Tint biogas,
Lzolla

Group discussion
Travel by train to WANJING

Introductory disouassion with the Reception Committee of the
Apricultural Bureau

Visit to Hational Research Institute of Seil Secience

Vigit to Jiangsu Provincial Academy of Agricultural Science

Tinner by courtesy of Mr, Yang Tuns-shens

Travel by air to CHENGIU

Introductory discussion with Director of the Bureaw of Soil
Fertility and specialists

Iinner by courtesy of the Director of Agriculiure

Travel by road to MIANYANG CITY

Introductory discussion with members of the Revolutionary Commitiee

Tunghsing People's Commane, 7ih Production Brigade: Azolla
5, 1 =



June 4

June

June

June

June

June

8-9

10

11

W1 Ching People's Commune: biogze
Hein Chiaoc People's Commne: biogas
Teh Yang County Orchard:; biogas

Travel by road to CHENGIN

Group discussion

Tumen People's Commune, Azolla, biogas
Iiscussion with Chinese counterparts
Chengdu; Seninar, biogas and Azolla
Travel by air to PEKING

lMeeting with Mr. [i Yung—kai, Director of Bureau of Foreipn Affairs
Minietry of Apriculture snd Forestry.

mner by courtesy of Vicedlinister of Apriculturs and Forestry
Group disouseion

Freparation of .raft report outline

Marewell dinner by courtesy of the Team Leader

Travel by air to CGHANGEHOU

Travel by train to HONG HKONG and departure of participantis io home
countries



ANNEX 3

— i,

PERSCHS MET

FPEKING Ministry of Asriculiure and Forestiry

Hao Shih—chung, Vice-Minister, Agriculture and Forestry
Li Yung=kai, Director of Foreign Affairs

Chang Skih—chan, Head of International Divieion

Tang Ching-jac, Head of Bo0il and Fertilizer Office

Tsui Li—chuan, Staff member, Intermational Division
Yang Yung=-hsing, Staff member, International DMivision
¥in Pac-hgisng, S5taff member, Internationsl Iivision

GUANGIRONG PROVINCE Arricunltural Departnent

W Tung-liang, Deputy Director, Agriculturszl Buresn, Gusngzhou

Lei Ta~fang, Deputy Head, Agrieultursl]l Burean, Administration
Office, Guangzhou

Liu Lisng-jung, Session Chief, Science =md Techmology

Chen Hai-teo, Provineizl Agrieultural Officer

Han Hung-loazng, Staff oember

-

Moreign Affairs Department

Chung Chung—chun, Head of Iepartnent, Guangzhou
She Fang, DHrector, Fushon City

Acaderny of Arriculiural Eciences

Ke Tu-too, Regearch Worker, Soil and Fertilizer Division

Tuan Pin-yusn, Assistant Research Scientist, Fertilizer Division
Iu Jin-eclws, Assistant Resesrch VWorker, Fertilizer Division

Liu Shu—chan, Lecturer

Manicipal snd Enviromuental Sanitation, Pushan City

Chin Chen, Head of Administration

Hsinchiao Feople's Cormune

Sung Wen=lmei, Vice-Chairian, Revolulionary Cotmittee
Yang Pu=hisng, Leader, 2nd Productien DBrizade
Liu Yi-hsing, Leader, 2nd Production Tean of Znd Brigade

(=1 |

ZHEJTANG FPROVINCE Apricultural Departuent, Hangshou

Chiao Hei=ang—chung, Deputy Director

Shn Yam, Head of Science snd Education Depardment and Deputy
Tirector of Administrative 0ffice for popularizing biogas
technology

Hew Teeng-fu, Techniecal worker in office for peopularizing biogzs
technology

Chang Lin, Technieal worker, Agriculture DBuresu, Hangzhou

Pao Wei=hmn, Technical worker, Agriculture Buresm, Hangzhou

Tend Shue—fang, Technical worlker, Agriculture Bureau, Hangzhou

Hen Chin-yin, Techniesl worker, Agriculture Yuhang County



Zhejieng Aprienlfursl University

Chier Ten~shu, Lecturer and Director of Mierobiclogicsl Research
W Chin-peng, Teacher

Jiang Yin County

Chang Chen-hua, Vice—Chairman, County Administratiwve Office
Chien Chi-hsu, Head of Agriculfural Buresm
We Heeh-tangs, Deputy Leader, Huashin Production Brigade

fnehi People's Commune

Yeh Yung—liang, Ch=zirm.an of People's HRevolutionary Conmiites
Tu Chin-yin, Deruty Chairmen of People's Revoluiicnary Coumittee
Yeh Chi-mei, Head of Science Research Centre

Bvergreen People's Commune, Kiungkhean district

Hsiang Kwin=lin, Chairman of People's Revelutionery Conmittee

Chin Heueh~fen, Vice—Chairsion of People's Revolufionary Commitlee

Chon Lian—%en, Vice~Chaim.sn of Pecple's Revolutionary Cormittes

Hsu Hsua-jung, Tesm Leader, 10th Produetion Te=.. of Changching
Production Brigade

SHAWGHAL SHI PROVINCE Deportuent of Agriculture

Wenyz, Deputy Director

Shu Ching Feople's Coumung

i
jy=!

g, Vice—Chairuon, People's Revolutionzry Cormiites

Machizo People's Commune

Weng Yueh-hsin, Vice—Cheirman, People's Revolutionary Committee
Meno Hwei-ti, IMrector of Parm Machinery Fland
Tang: Ping-huz, Ddrector of Health Clinic

JIMGET PROVINC Department of Agriculfurs

Yong Yeo-chuns, Vice-Director, Wuxi County Agricultursl Bureau
Shen fu=lin, Genecral Cffice of Provineiazl Buresu

Wong Tu-liang, Chief, Biorszs 0ffice of Wuxil County

Chen Wen-luang, Deouty ITrecior, tuchin County Buresu

Weng Chiz—chun, Head of Biogze Experinental Station, Wuchin County



Departnent of Foreipn Affairs

Chou Lung—Hen, Staff member, HWuxi County

Ho Cheng-1in, Director, Changzhou City

Cha Y=o—chung, Deputy Director, General Office of Wuchin County
Revoelutionary Conmittes

Pin Niu Peonple's Commmune

Chouw Bhou-hai, Leader of Chenhsiang Production Brigade

Hatiom=l Repearch Institute of Soil Seience, Wenjine

Hegung Yi, DHrector

in Chin-sia, Deputy Director

Huanpg Tung-mai, Responeible llember

Huang Yu-shin, Research Officer (bacterial fertilizers)
Chin Chih-pei, Research OfTicer

Tang Yu-kengs, Assistant Research Officer (hydroloay)

General Office of Academy of Asriculture, Nanjine

Yang Yun-sheng, Director
SICHUAN PROVINCE
Huang Liu, Vice-Chairuwan, Provineial Scientifiec Commission

Departnent of Asriculture

Chang Min, Deputy Idirector, Provinecisl Buremu
Yu Ching-lmei, Deputy Head, Biogas Prouotion Office
Wang Shou—chien, Deputy Head, Soil and Fertilizer Departoent

Biclogical Hesearch Institute, Chengdu

Heu Chi-chman, Biogas Technician

Aeadeny of Apriculiural Science, Chenydu

Lizo En-chang, Biogas Technician

diiony=ne Countiy

Hsueh Pin-kuei, Respomsible Member of Munieipal Revelutionaory
Coumittee

Tenp Teuo=you, Head of City Poreisn Affairs Office

Lei Hsaio-chien, Head of Ciiy Biogas Office

Liu Lung-hui, Vice-Chairman, Yunghsing Commune Revolutionary
Cormittee

Pao Hsing—wu, Leader, 2nd Production Brigade, Yunghsing Coumune

Lo Ting-fangz, Head of Grain and Qil Processing Plant, Yunghsing

Conmune
Chang Tao=chu, Chairmen, Reveluitionsry Committee of Weichang People's
Conpune

Lo Kug=fan, Leader, “th Production Brigade, Welchmng Commune



Tehyang Coanty

W Teng-teh, Director, Siate Couniy Orchard

Chiakiang County

Fan Min-chung, Chaoirman, Revolutionary Committes, Tumen People'’s
Commmne
Wang Fanp—yao, Leader, Chisaldang Production Brigade of Tuien Commne.



AREX 4

VISITS OF GENERAL THTEREST

Interspersed with the purely technical items on the prograsme, were specially
arranfed visits of historicsl, cultursl and genersl interest:

- The Mac Tse—tung Memorial Hall

= The Great Wall

- The Ming Tombs

- Tien An Men, Square of Hezvenly Peace

- The Imperial Palace Museum (Forbidden City)
- Yiheyuan, the Summer Pal=zce

- The Yangtze River Bridge, Nonjing

- The Memsoleum of Dr, Sun Yat-sen, Wanjing
- Tzi Hu Lake, Waxi

= The Industrial Exhibition Cenire, Shanghai
- Wezt Lake and gardens, Hangzhou

- S5ilk weaving factory, Hamgszhou

- Tiger Spring, Hangzhon

B Liuw He Pagoeds, Hengzhou

= Ying Lin Temple, Hangzhou

- Folk and Handicraft Research Centre, Fushsn
- Tagist Temple, Fushen

- Hill resort, Ouangzhou

- House, garden and temple of Ta Fu, Chengdn
i Pilm show: "Drean of the Bed Hensions" and severszsl euliural shows mnmd
conecerts,
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