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FOREWARD
 

The eight reports of the Preliminary Energy Sector
 
Assessments of Jamaica conducted by 
the United States Agency

for International Development Energy Team are 
contained in
 
the following five volumes:
 

Volume I Executive Summary
 
II Economic Assessment
 

III Renewable Energy:
 
(a) Solar Energy - Commercial & Industrial
 
(b) Solar Energy - Agricultural
 
(c) Biogas Applications
 
(d) Energy Conversion from Waste
 

IV 	 Coal Prefeasibility Study
 
V Electric Utility Rate Analysis
 

These studies were initiated by the USAID in conjunction

with the Government of Jamaica to 
further the objectives of
 
Jamaica's Five Year Development Plan and its Energy Sector
 
Plan. The studies also represent USAID's first energy
 
assessment of a developing country.
 

Due to the diverse technology requirements and the high

degree of specialization required by each of the studies, 
a
 
United States Energy Team of experts was assembled. The
 
individual team members were selected based upon a demon
strated balance between academic and "hands-on" experience
 
in the specific study area.
 

Energy Systems International (ESI) , had overall responsibility
 
for systems planning, project management and integration of
 
all elements of the Preliminary Energy Sector Assessments.
 

These reports should not be considered as the final product

of any study area, but as baseline documents to be used for
 
identifying specific energy programs and projects for
 
implementation in the near-term to assist Jamaica in allevi
ating its critical energy problem.
 

Any comments or cuestions concerning this study should be
 
directed to:
 

Energy Systems International
 
8301 Greensboro Drive, Suite 30
 
McLean, Virginia 22102
 
(703) 327-0303
 
Telex: 903039
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5.1 EXECUTIVE SUMMARY
 

5.1.1 	 Introduction
 
Biogas, a high grade fuel similar to butane, is
 

a mixture of methane and carbon dioxide which burns with an
 
invisible to blue flame and is useful for cooking and other
 
purposes. It 
is produced simply by anaerobic digestion of
 
organic matter. Agricultural crops can be used as feed
stock, 	but a common practice is to digest manure from animals
 
such as cattle, pigs and chickens. In producing biogas, the
 
slurry 	retains its original fertilizer components and there
fore, biogas is an energy dividend which can be obtained
 
merely 	by operating the digesters.
 

5.1.2 	 Terms of Reference
 
The objectives of the biogas study were to 
assess
 

the feasibility of biogas generation and prepare recommenda
tions for projects that might be undertaken. Included were
 
energy 	and economic evaluations, as well as a review of low
 
cost facility designs which would be most suitable for 
con
ditions in Jamaica.
 

This biogas study was initiated in August 1979. After a plan
ning period and development of a questionnaire, site visits
 
were made to selected farms and institutions in all parishes

of the country where biogas could be generated. Based upon

these studies and discussions with representatives of insti
tutions and agencies which would be involved, a recommended
 
program in biogas was prepared for presentation to the gov
ernment of Jamaica and to the Final Report Conference held on
 
November 13-14, 1979 in Kingston, Jamaica.
 

5.1.3 	 Background Information
 
Jamaica has many characteristics which could
 

lead to successful development of b ogas as an alternate
 
energy source. Much of the economy is agricultural in nature
 
and therefore la-ge amounts of biomass materials are avail
able. In fural areas where biogas plants could be built there
 
are often shortages of butane and kerosene, so the plants

would be located in areas of greatest need. The ambient tNm
perature is sufficiently high throughout the year in Jamaica
 
that auxiliary heating of digesters is not necessary. This
 
obviates the need for costly equipment which is required in
 
colder climates, where biogas is economically justified
 
even when such heating adds significantly to construction
 
and operating costs. Finally, biogas plants are cost effec
tive in Jamaica, where all oil and gas must be imported.
 

5-1
 



Cooking is often done with butane or kerosene in Jamaica.
 
Generally, 100 cu ft of gas per day is sufficient to supply

the cooking needs of a family of six. Approximately 2.7 lbs
 
of butane or 1/3 gallon of kerosene can be replaced by i00
 
cu ft of biogas. 

A brief review of biogas progress in countries which have
 
major programs, such as 
India, 	Korea, the Philippines,

Taiwan, China and the United States, indicates that Jamaica
 
should 	be able to institute a successful biogas program with
 
little 	initial research and development effort.
 

5.1.4 	 Study Method
 
In order to obtain input from those already


involved in developing this energy source, 
a Biogas Working

Group was formed with representation from appropriate

agencies and institutions. Meetings were held with this
 
group and with private individuals. Visi.ts were made to
 
sites where biogas plants are now operating, and surveys

were made of 75 farms, communities and schools throughout

Jamaica to evaluate the potential for a program of biogas
 
works 	(see Appendix E for survey results). Certain farms
were selected based on livestocK figures provided by the
 
regional offices of the Ministry of Agriculture. Though

this survey should not be considered a full market analysis,

the preliminary results indicate that the potential for 
a
 
viable biogas program exi,ts. Upon completion of the sur
veys, the data were eva uated, economic and energy analyses
 
were made, and a recommnmded five year biogas program was
 
developed.
 

5.1.5 	 Findings
 
The surveys showed that farmers and managers of


institutions were quite receptive to 
the concept of biogas.

In some cases their knowledge of the subject was fairly

good, and many expressed an interest in installing their own
 
biogas plants.
 

Th:. Scientific Research Council 
(SRC) has been conducting
 
r search and .evelopment on design of family size biogas

plants for 
th>: past five years. They are presently concen
tratin. (, 17C-eloping lower cost designs. 
 A basic design

has now been developed and perfected through the testing and
 
demonstration program and will enhance the potential for
 
success.
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The economic potential for biogas use is excellent in
Jamaica. Because of the high price of 
imported fuel, the
 
cost of butane or kerosene for cooking purposes averages

from 	J. $100 
to J. $250 per year per family. The present

biogas plant design would have 
a construction cost of about

J. $1,000 per family size unit, and a Chinese design being

studied by the SRC may reduce this 
to as low as J. $300.
 
Using the two designs for a national program of implementation

could result in an estimated average cost of J. $500 per

family size unit. 
 The pay back period could be as low as
 
one and one half years but would probably average in the
 
range of two to 
four years on the basis of energy alone.

This does not include the fertilizer and other values of the
 
digested residue.
 

The Ministry of Agriculture is interested in assisting in 
a

national program of biogas energy throughout the rural areas
 
of Jamaica. Personnel from this Ministry could play an
important role in the program because of their knowledge of

the agricultural sector and their normal day-to-day contacts
 
at the local level.
 

A biogas program would be compatible with the objectives of

the Energy Sector Plan, Section 4 .3-B.v. The suggested

biogas program would help divert the present energy supply

mix away from imported petroleum, develop an eccnomically

feasible non-conventional energy form adapted to 
local

needs, accelerate the development of an indigenous biomass
 
energy source, and contribute to Jamaica's energy self
sufficiencv through the development of a non-conventional
 
energy source. Moreover, it would reduce the 
cost 	of energv

to 
low income groups by replacing purchased butane, kerosene

and othe:- fuel with essentially free energy from renewable
 
feedstock.
 

5.1.6 
 Conclusions and Recommendations
 
Based on climate, rural population, animal


numbers, Jamaica's dependence on expensive foreign oil and
 
the enthusiasm shown in many sectors, it is concluded that a

national biogas program would be 
successful. To ensure this
 success the experts 
on the study team formulated a group of
 
:ecmendationj:
 

(1) 	Select for large scale implementation one of the SRC
 
family and medium size biogas plant designs.
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(2) 	Postpone program to install 
a biogas plant at UWI-Mona
 
Campus.
 

(3) 	 Implement the Option A (Section 5.7.3.1 and Table 5-7)

five year biogas program immediately.
 

(4) 	Begin a detailed marketing study to assess the commer
cialization potential.
 

(5) 	Conduct feasibility study for a 
large scale biogas unit
 
for electricity generation.
 

(6) 	Re-assess the feasibility of Obtion B, 
the accelerated
 
program (Section 5.7.3.2 and Table 5-9) 
after the
 
detailed marketing study.
 

(7) 	Explore the interest of government and private insti
tution in funding Option C (Section 5.7.3.3 and
 
Table 5-il).
 

(8) 	Establish a Jamaican Government biogas program organ
ization.
 

(9) 	Begin a comprehensive training and public 
awareness
 
program.
 

5.1.6.1 Recommended Biogas Applications Program

Based on the recommendations cited


above, a Biogas applications program has been defined that
 
could be implemented over E five year time frame
 
(Section 5.8.3).
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5.2 INTRODUCTION
 

Programs to satisfy energy needs with biogas which -can
 
be produced continuously from reoewable biomass sources have
 
recently captured the interests cf scientists and government
 
leaders in many developing countries. Application of the
 
technology was slow until 1950, but has increased at an
 
accelerated pace over the past three decades because of
 
increasing energy costs and the rapid rate of depletion of
 
fossil fuel iaserveo. The oil embargo of 1973-74 was espe
cially important in focusing attention on those energy
 
sources such as biogas which are indigenous, renewable and
 
environmentally clean.
 

It is only logical that the developing countries have taken
 
a great interest in biogas technology. The economic base
 
and population of these countries are mainly rural and it is
 
in the rural areas where agricultural and animal wastes,
 
which are the major raw materials for biogas production,
 
abound. It is also the rural populace who are usually more
 
vulnerable to the price and supply fluctuation of conventional
 
fuels, and could benefit immediately and directly from
 
family and community size biogas systems. Surveys have
 
revealed that in rural areas approximately 50% of the
 
energy requirements of a typical household are used for
 
cooking.
 

In addition tc cooking, biogas can be used in internal com
bustion engines. It also can be used for lighting and as
 
fuel for appliances such as absorption-type refrigerators.
 
In some cases environmental pollution control and re-feed of
 
digested sludge to animals are important economic consider
ations. It is clear that biogas production has important
 
implications in the areas of energy, agricultur7 ::hd environ
ment, and merits vigorous institutionalized efforts at
 
encouraging its use where appropriate.
 

Jamaica has many conditions which could lead to successful
 
application of biogas as an alternate energy source. '.uch
 
of the economy is agricultural in nature, and ambient
 
temperatures are high enough throughout the year so that
 
auxiliary heating of biogas digesters is not necessary. This
 
obviates the need for costly equipment which is required in
 
colder climates.
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It is significant that biogas energy can be provided directly
 
to the rural areas of Jamaica, where butane and kerosene are
 
becoming increasingly unavailable and require a substantial
 
portion of the family's budgat. A biogas energy program can
 
therefore p!ay a significant role in contributing to Jamaica's
 
effort to achieve greater energy independence.
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5.3 TERMS OF REFERENCE
 

5.3.1 Objectives
 
The Terms of Reference for the biogas study,


Task 4 of the overall energy study, are given in Appendix A.
 
The objectives were to assess the feasibility of biogas

generation in Jamaica and prepare recommendations for proj
ects that might be undertaken. Included were energy and
 
economic evaluations, as well as review of low cost facility

designs which would be most suitable for the conditions
 
which prevail in the country.
 

The study also addressed the feasibility of generating

biogas as an integral part of the sewage treatment facil
ities on the Jamaican campus of the University of the West
 
Indies.
 

In addition to the tasks contained in the specific study

Terms of Reference, the Energy Team members were also re
szonsible for completion of the recuirements outlined in the
 
Project Management and Detailed Study Plan discussed in
 
Chapter 1. During the course of the study, the team members
 
were to conduct three assessment reviews to ensure that
 
timely progress checks and necessary study plan alterations
 
were made. The team members .ere also reauested to make two
 
presentations. The first was a seminar planned midway

throuah the assessment; the second at study completion in
 
which the results, conclusions and recommendations were
 
highlighted at the Final Report Conference. As a result of
 
the project summary given during the first day of the con
ference, a number of questions were asked to clarify study

procedures, options, constraints, and considerations made
 
when formulating specific recommendations. The questions
 
were 
fielded by the team experts and Jamaican counterparts

during splinter group discussions held the second day. The
 
tapes of the biogas splinter group question and answer
 
session were transcribed and are contained in Aopendix G.
 

5.3.2 Schedule
 
The biogas study was initiated in August 1979.
 

After a brief planning period and development of a auestion
naire, site visits were made to 
farms in all parishes of the
 
country. The field work, which was completed in early

November, served a three-fold purpose of asszssing the
 
biomass availability for biogas generation in rural areas,

assessing the interest of farmers, and providing biogas
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information to potential users of this alternate form of 
energy. Based upon these studies and discussions with 
representatives of institutions and agencies which would be 
involved, a recommended program in biogas was prepared in
 
November 1979, for presentation to the Government of Jamaica
 
and to the Final Report Conference.
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5.4 BACKGROUND INFORMATION
 

5.4.1 	 Nature and Biochemistry of Biogas

The biogas produced by anaerobic digestion
consists of between 50 
and 70 percent methane and 25 to 45
percent carbon dioxide, with small amounts of hydrogen sulfide and other contaminants. It a high grade fuel which
is 


burns with an invisible to blue flame, and has a heat value
which ranges from 500 to 650 
Btu/cu ft, depending on the
 
methane concentration.
 

The anaerobic digestion reaction may be considered to be a
three-stage process. 
 In thR 	first stage, biomass consisting
of complex organic coumpoun. are broken down into simple
organic compounds amenable to fermentation. The second stage
consists of anaerobic fermentation of these simple substrates
into organic acids. 
 The organic acids become substrates for
the third stage of decomposition, accomplished bv methanogenic

bacteria, which produce the methane in biogas.
 

Methanogenic bacteria are 
sensitive to certain environmental

factors, such as 
changes in oH. Gas production is optimum
between pH 6.6 
and 7.6, and when the oH drons below 6.6
there is a significant inhibition of bacterial activity.
 

Although the organic acids produced during the second stage
of the anaerobic digestion process tend to 
depress the pH,
this is counteracted by the destruction of volatile acids
and reformation of a bicarbonate buffer bv methane-forming

bacteria during the third stage. 
 Under equilibrium digestion conditions the combined biochemical reactions tend to
maintain the pH 
in the 	proper range, but unbalanced condi
tions often occur 
in starting up a new digester. From the
above it may be seen 
that reactions which occur 
in biogas

plants 	are 
indeed complex and require carefully designed

facilities in order 
to provide optimum operating conditions.
 

Feedstock materials for biogas plants may be generally classified as originating from animal sources and plant sources.
 
Of animal origin are human wastes 
or night soil; manure from
cattle, hogs, poultry, goats and sheep; 
and slaughterhouse

and fishery wastes. 
 Harvested plants and agricultural residues, both terrestrial and aquatic, constitute the plant
origin category of raw materials. These include rice straw,
leaves, bagasse, forest litter, marine algae, seaweeds and
 
water hyacinths.
 

Most biogas digesters in operation today utilize animal
 manure as primary feedstock material. It generally is
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readily available and contains carbon, nitrogen and trace
 
elements in approximately the correct ratio for optimum
 
metabolism by anaerobic organisms.
 

5.4.2 	 Typis of Biogas Plants
 
Figure 5-1 is a flow diagram of a standard
 

biogas 	system, which consists of a feedstock holding basin,

digester, a gasholder, and a basin to hold and dewater
 
digested residue. Biogas plants may be broadly classified
 
as batch and continuous systems. In the batch system, the
 
digester is charged, digestion occurs, and then the digested
 
residue is removed at the end of the retention period. If
 
the raw materials supply cannot be obtained daily, then
 
batch-fed plants are preferred. It may also be necessary t
use this system if the biomass feedstock is coarse material
 
which does not flow smoothly.
 

In Lhe 	continuous system, the digester is charged daily or
 
at shorter intervals with small amounts of feedstock. The
 
charged material automatically expels an equal quantity of
 
effluent. Except when the digester is shut down for reno
vation, there is continuous production of gas. Removing the
 
contents of the digester becomes necessary if its working
 
capacity becomes reduced by floating or settled inert
 
materials. Normally, such removals are carried out every

8 months to one year depending on the nature of the feed
stock material.
 

Digesters are often characterized by the manner in which the
 
biogas 	is collected and stored. Standard practice in many

countries is to use an inverted steel vessel as the cover of
 
the digester. The gas produced is captured in the steel
 
dome, which floats above the digesting liquid and provides
 
storage.
 

Because of the cost of steel and its tendency to corrode, a
 
low-cost design which avoids use of 
a steel gasholder has
 
been developed in China. The digester in this case has a
 
fixed rather than floating cover, and the gas is stored in
 
the digester itself by the use of baffles (Figures 5-5 and
 
5-6). In this case the amount of gas stored is limited
 
because both the digesting liquor and gas storage are con
tained 	in the same vessel.
 

A host of variations to the above two desians have been
 
developed, the most common of which is 
a fixed cover digester

with gas storage in a reservoir located remotely from the
 
reaction basin.
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5.4.3 Biogas Production and Use
 
Animal wastes and plant materials in an agricul

tural community represent significant sources of substrates
 
for bio-conversion to methane. The quantities, solid charac
teristics, and nitrogen and phosphorus contents of manure
 
generated by livestock are shown in Table 5-1. The data
 
show the total amount of waste produced by the animals er
 
day, but in design of a system consideration must also ne
 
given to the amount which actually can be collected. For
 
example, beef cattle often roam free, so that their wastes
 
are often not available as biogas feedstock. Dairy cows,
 
however, produce a considerable fraction of waste at the
 
dairy barns during the milking and feeding periods each day.
 

The amount of methane produced by the digestion process

depends primarily on the nature of the raw material, tem
perature, and the period of digestion. As seen in Table
 
5-2, the literature on methane generation is far from con
sistent in the quantity of gas produced from a given quan
titv of feedstock material. The most common practice among

sanitary engineers is to base methane production on the
 
quantity of volatile solids destroyed, but this measurement
 
requires facilities that are not always available at biogas
 
generating plants.
 

Specific experience with biogas production from dairy cattle
 
waste leads to a rule of thumb figure of 25 to 35 cu ft of
 
gas per head per day from wastes which are collected during

the milking and feeding operation. Other rule of thumb
 
figures which may be useful are that 4 to 6 pigs or 40 to
 
50 chickens produce biogas equivalent to one head of cattle.
 

Biogas is used most efficiently as a replacement fuel for
 
cooking purposes. Generally, 100 cu ft of biogas per day is
 
enough to supply the cooking needs of a family of six. The
 
quantities of these and other fuels which can be replaced by

100 cu ft of biogas are given in Table 5-3. It can be seen
 
that the use of this quantit2 of gas per day would replace

approximately 2.7 lbs of butane or 1/3 gallon of kerosene -
substantial quantities in this age of energy shortages.
 

The amounts of biogas consumed per hour for different types

of engines and for various home appliances are shown in
 
Table 5-4 and 5-3. It can be seen that gas-powered engines
 
require 15 to 20 cu ft per hour per horsepower. Gas cookers
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TABLE 5-1
 

MANURE PRODUCTION AND COMPOSITION 1
 

Daily Production per Composition
 

1000 lbs Live Weight 
 as % of Wet Weight
 

Vol. Wet Wt. Dry Wt.* Vol.
 

Animal 
 (ft 3 ) (Ib) (Ib) Solids Nitrogen Phosphorus
 

Dairy Cattle 1.33 76.9 11.4 7.98 
 0.38 0.10
 

Beef Cattle 1.33 83.3 12.5 9.33 
 0.70 0.20
 

Swine 1.00 56.7 8.5 
 7.02 8.83 0.47
 

Sheep 0.70 40.0 6.0 21.5 1.00 
 0.47
 

Poultry 1.00 62.5 9.4 16.8 
 1.20 0.30
 

Horses 0.90 56.0 
 8.4 14.3 0.86 0.13
 



TABLE 5-2 

YIL:lt) OF' OGAS FROM VARIOUS WASTE MATERIALS 

Bioqas Production 
per Unit Weight 

of Dry_Solids -- Tel erature ___ 

C1114 Content 
in Gas %) 

Fermeitiatioe 
Time (Days) 

Haiw Materials ft 3/b 3it/kq OF C 

Ul 

Cow tillnsj 

CaL e umanure 
Cart le malnure 
CaLt It manilre 
Beef Illillml ! 
l1-ef mallillre 
(:hicken ,uiauire 
Poi I iy Iiiatiure 
'otlItry man ire 

Switie mantire 

5. 3 
5 

3.6-3.0 
3.1-4.7 

13.7 
17.7 
5.0 

7.3-0.6 
8.9 

11.1-12.2 

0.33 
0. 3 

0.23-0.50 
0.20-0.29 

0.86 
1.1 1 
0.31 

0.46-0.54 
0.56 

0.69-0.76 

-

... 
52.88 
60.63 
95 
95 
99 
90.5 

123 
90.5 

-

-

11.1-31.1 
15.5-17.3 

34.6 
34.6 
37. 3 
32.6 
50.6 
32.6 

-

58 
57 
60 
58 
69 

58-60 

-

-
10 
10 
10 

10-15 
9 

10-15 

Swine manue 
Swine llallue 
Sheep Illallure 
1,irage leaves 
SuJar beet leaves 
AlIjae 
Niqht Soil 

7.9 
16.3 

5.9-9.7 
8 
8 
5.1 
6 

0.49 
1.02 

0.37-0.61 
0.5 
0.5 
0.32 
0.38 

91 
95 

113-122 
68.79 

32.9 
34.6 

-
-
-

45-50 
20-26.2 

61 
68 
64 
-
-
-
-

10 
20 
20 
29 
14 

11-20 
21 

(Moditied table 
Lural Wastes", 

from: Uat ioal 
WashijLton, D.C. 

Academy 
- 1977, 

of Sciences; "Methane 
Reference No. 1) 

Generation from Human, Animal and A(.1ricul



lABlE 5-3 

VAI.IJES OF REPLACING DIIFEIENT FUELS WTH1l DIOGAS 

Name of Fuel I__ hliots Ke'oseefltLwood ltatauie E.lectricity Chiarcoa I 
Cow Dully
Cakes 

Soft 
Coke 

Piirnace 
Oil 

Coa 1 
Gas 

100 CU ft (Ja~l.__ lb _ kwh lt lb __.... u 

hio qas i}0) 
Cil ft 

2.591 0.31/0 0.075 0.110 0.046 0.013 0.i00 3.846 0.849 

Keroniene qla 1 . 0. 306 0.143 0.029 0.042 0.018 0.005 0.039 1.40) 0.328 

1ti tile 1|). 2.704 7.006 0.203 0.297 0.125 0.035 0.270 10.417 2.242 

FeicLr ici Ly kwh 13. 303 34.436 4.919 1.462 0.613 0.173 1.326 50.000 11.216 

(harcoalI Ill. 9.104 23.563 3.365 0.684 0.420 0.119 0.900 37.037 7.752 

rI zcwood lb. 21.691 56.157 8.210 1.632 2.383 0.283 2.165 3.313 18519 

UI 
Cow h)uluj 
Cakes. Ih. 76.774 190.751 211.3387 5.770 8.435 3.539 

7.640 313.33 66.667 

Lit S(fL Coke lh. 10.021 25.950 3.705 0.754 1.101 0.462 
0 .1 0 30. 462 8. 475 

|"tlikeuO Ii (al I 1. 0.260 0.1,73 0.096 0.020 0.027 0.012 0.003 0.026 (.221 

CoalI Gas 100 
cl f t 1.117 3.048 0.446 0.089 0.226 0.054 0.015 0.118 4.532 

Reproduced from 
best available copy. 



TIABI.E -5- 4 

II OGAS CONSUM'a'IOJIlfi I .F P11 1 Ilitil, C(i F*r FOR (PI-iw/vrI(IN W' 11IFFEUI' If T YI''S (iF J"NGlMUS 

Name (If rtniilie Fiel ;ystemt Cylinmde r 
adl Cycle 
IOa i Is 
of l.'ntij ie 

irake 
horse 
powe r 

Iloi zoni a I 
or 

Vett ici I 

Speed 
i e. 
1p 

I)ia. of 
Like Gas 
S5tit ply 
l.ine 

Gas Pressure il 
Water Col . iuclis 
Itequt i red 

1. StjrtL, coupled 
wiLh 250 W 110 V 
V)C JeilerUlur, 
ii(de ill Enj I amid 

Petmol Si111(.l e 
cyliotdker 
4- cycle 

I lip) Vel la I I igh 
1800 

1/8" 2 Lo 4" 

2. (Oan, cotpled 
wit. 1 kVA lio 

AC jeieoito 
mad li U.S.A. 

V 
Petrol Sinle I 

cyIinder 

4-cycle 

blip Vert ical Hihji 
1500 

3/8" 2 to 4" 

1. Kulbita, 
a.ipall 

anide ill Powrisne Sillyle 
cy I i Bider 

5 ILlI , 11orizottiil l.Ow 
900 

1/2" 1 to 3" 

Ut 

I

4. Itulao 
lapall 

, made in Kerioseie 
oil 

Sillile 
cylinder 

4-cycle 

10 blip lorizoitl LOw 
500 L 
70O 

3/4" 1 to 3" 

0% 

SysI-tem or Cooiilng (qiS ConisumpLi i (cu 
llomlIt a--------ula 

fL) per 11our Working i.Eticiency 
P~jilli ,l-q 

of BhIn!e 

. StoiaaL, cotiltiled 
with 250 W 110 V 
I)C 'el aItom l 

(Ai -Coole(l) 16.5 18.5 250 W 225 W 

2. Onail, c(ii15,ed 
wilh I kVA 11l V 
AC *;mit.rvi tus 
iadl, 

-
n II .S . A. 

(Ai i -,coo1 nl) 48.11 58.0 1W00 W 11501 W 

1.illnih. , l iall ilk 

(Wl iI!i -:cCoolo.) 12 .41 93.0 5 lip 4.01 Ilp 

4. Kti,,Ia., iit- iil 

(Wi;l i (-cool i, ) 155 1"15 10 hii) 11.2 ipli 



TABLE 5-5
 

BIOGAS CONSUMPTION BY VARIOUS DOMESTIC APPLIANCES 3
 

Appliance Size Detail 
Gas Pressure 

in Water Column 
Gas Consumption 

(cu ft 
(inches) 

Refrigerator 18"xlS"x12" 3 2.5 

Incubator 18"xl8"xl8" 3 2.00 

Table Fan 12" dia 3 6.00 
Space Heater 12" dia 3 5.5 
Cooking Stove 2" dia 3 11.5 
Cookino Stove 4" dia 3 16.5 

Cooking Stove 6" dia 3 22.5 
Gas Lamp 2 mantles 3.5 6.5 

Observation based on: 

(a) Room temperature - 861F 

(b) Calorific value of biogas Btu/cu ft 
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require 10 to 20 cu ft per hour, depending upon the diameter
 
of the burner, and lighting utilizes 2 to 5 cu ft of gas per

hour.
 

A subject of much interest in biogas technology is that of
 
liquefying the gas so that it can be transported readily.

Unfortunately, the methane in biogas does not liquefy with
out the use of low temperature in addition to high pressure.

The temperature required to 
liquefy methane is approximately


0 C below zero, and therefore liquefying biogas is not
 
feasible.
 

Biogas can be compressed without liquefying for storage
 
purpose, but here again the energl required does not justify

the relatively small savings in storage capacity which would
 
result for household and medium size plants. It can be
 
concluded that biogas should be stored in sufficient:v large

containers so as to require no pressurization, with pi.peline
 
transport to its point of use.
 

5.4.4 Biogas Development in other Countries
 
The Economic and Social Commission for Asia and
 

the Pacific (ESCAP), a program of the United Nations, adopted

the Columbo Declaration in April 1974, which contained a
 
resolution that one of the most urgent priorities for action
 
was the field of energy. Subsequently, a regional project

for the development of biogas technology throughout Asia was
 
initiated.
 

In the preparation for a series of biogas workshops, a UN
 
mission then visited India, Japan, Korea, Pakistan, the
 
Philippines, and Thailand to 
study the potential and state
 
of development of the biogas industry. The report of this
 
mission emphasized the potential of biogas plants in the
 
Asian region, and suggested an integrated approach in which
 
digester effluents would be used for fertilizer as well as
 
for the growing of algae and the raising of fish and ducks.
 

ESCAP has supported three workshops on biogas technology.

The first was 
held at New Delhi in July 1975, the second in
 
Manila, October 1975, and the third at the University of the
 
South Pacific in Fiji in June 1977. Preceedinigs of the
 
first two workshops are included in a text entitled Biogas

Technology and Utilization, 3 and the third conference, which
 
covered biogas only briefly, was reported in a publication,

Report on the Workshop on Bioaas and Other Rural Energy

Resources. 4 The workshops and stimuli provided by United
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Nations support have been primary factors in the development
 
of several national biogas programs. As a result, hundreds
 
of papers and presentations have been prepared on biogas

plant economics, design and operation.
 

A brief review of biogas progress in those countries which
 
have major programs such as India, Korea, the Philippines,
 
Taiwan, China, and the United States are presented in Appen
dix B. Many other countries also have bioaas programs, and
 
review 	of experience in various countries with similar
 
characteristics should allow Jamaica to institute 
a success
ful biogas program with little initial research and develop
ment effort.
 

5.4.5 	 Potential for Application of Bioqas in
 
Jamaica
 
As stated previously, conditions in Jamaica are
 

conducive to the successful application of biogas as an
 
alternate energy source. Jamaica can take advantage of the
 
experience in low cost design of biogas plants in other
 
countries. One of the major costs is for steel reinforcing
 
bars and gasholders. Some designs, however, such as those
 
used in China, require only local construction materials and
 
little, if any, steel. Use of such a design can result in 
a
 
family size unit costing even less than the steel gasholder
 
designs which have been used successfully in large scale
 
biogas programs in other countries.
 

Many institutions in Jamaica, such as schools and centers
 
for the handicapped, are associated with medium to large

size farms, which could provide biogas for cooking. This
 
biogas could substitute for fuel costing several hundred
 
dollars per month per institution.
 

Large farms especially offer considerable potential for
 
medium or large scale methane energy generation facilities.
 
Such facilities could essentially provide all the energy

requirements for cooking, electricity, and stationary engine
 
use.
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5.5 STUDY METHOD
 

5.5.1 	 Personnel Interviewed
 
In conducting the study, meetings were held with
 

representatives of 
numerous agencies and institutions, as
 
well as private individuals, who would or could potentially
 
be included in a biogas program for Jamaica. A partial list
 
of personnel interviewed with whom the 
team experts inter
acted in preparing the report findings are 
shown in Appendix
 
C.
 

5.5.2 	 Sites Visited
 
Visits were made to 
three sites in the Kingston
 

area where biogas plants presently operate, as well as sites
 
in Kingston and throughout Jamaica, where such plants could
 
be feasible. Included were 
the waste treatment facilities
 
of the Jamaican campus of the University of the.West Indies
 
and the Greenwich waste treatment plant of the city of
 
Kingston. Biogas generated at 
these plants through anaero
bic digestion of sewage sludge is presently not 
being col
lected. 
 Biogas plants visited in and near Kingston included
 
household units at Stoney Hill, Golden Springs, and New
 
Kingston.
 

Approximately 75 potential sites for biogas plants were 
sur
veyed with respect to feasibility for biogas works. The
 
team experts participated actively in the site visits.
 

5.5.3 	 Surveys Made
 
The survey of livestock farms in Jamaica as
 

potential biogas sites was carried out between the beginning

of September and the first week of November. A brief ques
ionnaire, a sample of which is 
shown in Appendix D, was
 
drafted and subsequent information was recorded on these
 
forms. The data recorded on each farm was centered around
 
current energy usage, manure and fertilizer use, and live
stock population. A sketch showing the layout of the farms
 
was also made.
 

The main objectives of the survey were to establish with the
 
farmers the idea of a biogas program in Jamaica, get their
 
reactions to such 
a program, and gauge the suitability of
 
their farms for future biogas projects. n the limited time
 
available, not all farms could be investigated. Consequently

certain farms were selected from livestock figures provided

by the 	regional offices of the Ministry of Agriculture.
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The actual surveys summarized in Appendix E were carried
 
out by two agencies. The Ministry of Agriculture did the
 
survey of government farms, while private farmers were
 
intei. iewed by personnel from the Ministry of Mining and
 
Nature,! Resources. At private farms, the persons inter
viewed were the owners of the farm. Emphasis was placed on
 
interviewing dairy, pig and poultry farmers, as these farms
 
offer the best opportunity for manure collection.
 

In view of the application of biogas to institutions which
 
provide meals, the survey was not confined to farms only.
 
Certain schools and colleges were encompassed, among which
 
were the Green Island Secondary School, the West Indies
 
College and St. Elizabeth Technical High School.
 

5.5.4 Pertinent Data Reviewed
 
While conducting the biogas study and assessment,
 

numerous reports and proposals prepared by others were re
viewed. A partial list of the reports reviewed is included
 
as Appendix F.
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5.6 FINDINGS
 

5.6.1 Biogas Potential
 
Surveys of both small and large farms indicated
 

that there is considerable potential for biogas as an energy
 
source throughout Jamaica. In the rural areas there are a
 
surprisingly large number of families who use butane and
 
kerosene for cooking purposes, even though there are varying

quantities of other forms of energy such as wood available.
 
The amount of butane used for cooking was found to vary

significantly, depending on family size and cooking habits.
 
A range of 200 to 600 pounds per family per year is 
not
 
uncommon. 
The prices of butane and kerosene, approximately

J. $38 per 100 pounds and J. $1.60 per gallon respectively
 
in December 1979, have increased steadily over the past five
 
years, and there is no end in 
sight to price increases.
 

Tfe energy required for cooking with butane would cost in
 
the range of J. $76 to J. $228 
per year, based on the above
 
quantities of fuel ust and a butane cost of J. $38 
per

100 pounds -- a considerable fraction of the family budget

in rural areas. It is not surprising, therefore, that there
 
was a lively interest in biogas energy.
 

The preliminary surveys were encouraging in that rural
 
dwellers were receptive to the concept of biogas. There
 
appears to be considerable knowledge of biogas at the
 
present time, at least to the extent that many rural farmers
 
were aware of the potential. This could have been the
 
result of news stories on biogas which have appeared from
 
time to time. There was a general interest in learning more
 
about biogas and its practical application at the household
 
level.
 

Biogas in Jamaica would appear to be a source of alternate
 
energy for farmers who may be generally poor, but not in the
 
indigent category. Basically, a farmer would have to own
 
sufficient livestock or croos in order to generate the
 
biomass for a biogas plant, which would indicate that he
 
would have more resources than those poorest families who
 
would have no animals at all. This would often be the very

family who would use butane for cooking, however, since they

would probably have sufficient income to utilize this form
 
of fuel. It is thus seen that biogas plants would provide
 
energy for those farmers most likely to be using butane or
 
kerosene at the present time.
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Another category of rural dweller who would benefit from
 
biogas is the householder, poor or not, who lives in an area
 
remote from the fossil fuel distribution network. There
 
were found to be many cases of shortages of butane and
 
kerosene in rural areas. In some cases, farms are located
 
in areas without electricity, and here again diesel for gen
erators is becoming increasingly scarce. These are excel
lent candidates for biogas plants.
 

It was seen that Agricultural Extension Agents have close
 
associations with farmers at the local level. They under
stand the needs of the farmers, work with them, and have
 
their confidence with respect to new technology and tech
nology transfer. It would therefore be logical for the
 
Ministry of Agriculture, with approximately 450 Extension
 
Agents, to be heavily involved in assisting -farmers to
 
install and operate biogas plants.
 

It was confirmed in the field surveys that numerous schools
 
and other institutions which utilize large amounts of gas
 
for cooking purposes are associated with agricultural oper
ations. Sufficient agriculture residue materials such as
 
animal wastes are produced at these farms to supply biogas
 
plants, which could generate essentially all the energy
 
required for preparing meals at the institutions.
 

5.6.2 Present B3.ogas Development in Jamaica
 
The SRC Las carried out a research, develooment
 

and demonstration program in biogas techr-ology over the past
 
five years. A design which they have de eloced and tested
 
represents a combination of Indian, Taiwanese, and possibly
 
Philippine characteristics. For instance, a double wall
 
digester is used, with water between the walls serving as
 
the seal for a floating steel gas collector. The double
 
wall is tvical of he Taiwanese design, and the steel gas-.

holder is representative of the Indian design. Development
 
of this combined design appears to be complete, and a family
 
size plant is presently operating on a demonstration basis.
 

Recently, interest at SRC has focused on the Chinese design,
 
and information recently obtained from China has allowed an
 
accelerated pace of adapting this design to conditions in
 
Jamaica. A demonstration family size plant using a modified
 
Chinese design with a reinforced concrete flat roof is now
 
operating. Two additional family size plants planned to be
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constructed by April 1980 will be based 
on the Chinese
 
design. 
A medium size plant is also under design, and it
 
will probably be constructed as a Chinese style unit.
 

In summary it would appear that at least 
one design using a
 
floating steel gasholder and double walls is sufficiently

developed by SRC for large scale 
implementation. The Chinese
 
design is in the initial stages of development, with initial
 
emphasis on design evaluation and determination of the types

of building materials available locally which would be
 
consistent with Chinese design requirements.
 

The Ministry of Mining and Natural Resources (MN2R) requested

the evaluation of the designs and calculations in previous

MMNR biogas studies by the U.S. Energy Team. This was
 
accomplished, and the design figures and calculations appear

to be accurate. In many cases 
the design concepts have been
 
overly complex, however, such as 
use of pumps rather than
 
gravity flow, and use of auxiliary heating.
 

It is recognized that digesters operating at the ambient
 
temperatures of Jamaica result in a lower rate of biogas

production than at a higher temperature, but at the same
 
time it would be more cost effective to take advantage of
 
the warm ambient temperatures and use a longer retention
 
time in the digester. A slightly larger digester will allow
 
deletion of costly heating equipment. Numerous pumps 
are
 
also included in the designs reviewed. All pumps which can
 
be avoided should be omitted, and the system should be
 
designed so 
that a single pump with proper valving could be
 
used for several waste streams.
 

The SRC and the Ministry of Mining and Natural Resources
 
hosted a Rural Biogas Generation Workshop for the Caribbean
 
countries in December 1978, 
and Jamaica was designated to
 
establish a Regional Biogas Coordination Center. This
 
indicates the leadership role of Jamaica in biogas in the
 
Caribbean region.
 

A basic shortcoming of the Jamaican program in biogas has
 
been a lack of funding for a national program which will
 
provide significant amounts of biogas energy. 
 The SRC has
 
made a contribution in the development to date, and 
now it
 
remains for the implementation portion to proceed.
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5.6.3 Biogas Plant Costs and Economic Analysis
 
Considerable data exist on biogas plant costs


around the world, and there has now been sufficient devel
opment of the Indian/Taiwanese design by SRC to arrive at
 
cost factors in Jamaica. 
 The family size demonstration
 
plants designed to date have been approximately 5'x5'x5' in

size, or 125 cu 
ft, and +he cost of these plants is estimated
 
to be approximately J. $1000.
 

It is normal for the Chinese design plants to be somewhat
 
larger in size, since gas storage is maintained internally.

Since little if any steel is used in the Chinese units,

however, cost and especially foreign exchange costs are

significantly reduced. 
 It is estimated by SRC that a Chinese
type family size plant would cost 
as little as J. $300 in

Jamaica on the basis that they are 
reported to cost about J.

$80 in China. It is 
felt that J. $300 is an optimistic

figure, however. 
 Costs have not been developed for medium

size plants but it would appear that there could be economies

of scale, and therefore a medium size plant should be approx
imately the same or even possibly lesser in cost per cu 
ft.
 

There are two methods to evaluate the economics of biogas

plants. 
 In one, the actual value of butane or kerosene now

being used, which would be replaced by biogas, is empha
sized. As stated previously, the range of 
butane consumption
 
per family is large, but a conservative estimate based on
250 pounds per year at J. $40 
per 100 pounds, would be a
 
cost of J. $100 
per year. The capital cost of a J. $400
 
biogas plant would then be repaid in four years.
 

Another metaiod of economic analysis is to calculate the

actual Btu energy value of the biogas produced. Here, the

value of any excess biogas beyond that needed for cooking

would be included. 
 In this case, at energy factoring of

500 Btu per cu ft and biogas production of 100 cu ft per

day, approximately 13 
million Btu would be produced per

year. This woald have a butane value of nearly 1000 pounds
and a potential economic benefit of approximately J. $400.
 
The pay back period for a household plant costing J. $400
would be about one year. 
 By either method of evaluation it
 
can be seen that the economics of biogas plants are cuite
 
favorable, and will continue to 
be more so as the price of
 
imported oil continues to increase.
 

The above economic considerations are on the basis of energy

production only. As a matter of fct, there are 
several
 
other benefits from biogas plants which could be considered
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in an economic analysis. One of these is the chemical
 
benefit in which the nutrients are held in the digested

residue, which increases the fertilizer value. Another is
 
the potential use of the digested residue as feedstock for
 
growth of plants and animals. Fish farms using waste residues
 
are well known in the United States, the Philippines and
 
other countries. The digested residue is also sometimes
 
processed and re-fed to animals. 
 In these cases re-feed
 
value of the residue is three to five times the value of
 
biogas produced in the digestion process. Pollution control
 
is another potential benefit from biogas plants. In summary,

it can be seen that there are many benefits beyond energy

alone which improves the cost effectiveness of biogas facil
ities.
 

5.6.4 Biogas Generation at the University of the West
 
Indies Mona Campus
 
One of the sub-tasks in the biogas studv was to
 

evaluate the potential of biogas collection and use on the
 
Jamaican campus of the University of the West Indies. The
 
campus was visited and the waste treatment facility was in
spected. The unit sewage works is 
located in the southeast
 
corner of the Campus and the outfall flows to August Town
 
Gully and then to Hone River. The plant is a conventional
 
secondary trickling filter waste treatment plant, with the
 
omission of biogas collection from the sludge digesters.

Addition of gas collection would require numerous pumps,

extra piping, and safety controls which are not now required.
 

The amount of gas which is produced from human wastes is
 
limited :o an average of about 1 cu ft per capita per day.

The value of the small amount of gas collected would not
 
justify the cost of retrofitting the sludge digester 
so as
 
to collect biogas.
 

Even if gas were to be collected at the sewage treatment
 
plant, there would be little effective use of it. It would
 
not be sufficient to pump the treated sewage to irrigation,
 
or to warrant the cost of installing other equipment powered
 
by gas.
 

On the basis of the observations made, it is recommended
 
that no effort be made at this time to add a biogas collec
tur to the sewage treatment plant at the Jamaica Campus of
 
UWI. In the event that the plant were to 
be expanded at a
 
later date, the addition of biogas collection should be
 
reconsidered at that time.
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5.7 DISCUSSION OF FINDINGS
 

5.7.1 	 Existing Plans and Programs
 
Although the SRC has developed one biogas plant


design, and has tested it to satisfaction so that it could
 
be used in a program of implementation, a national program

of implementation has apparently not been planned. 
Meager

funding available to date has been expended on a contin
uation 	of R&D efforts. A low cost design is presently being

evaluated for application in Jamaica.
 

5.7.2 	 Implementation Plan
 
The sectors of the economy which would be affected
 

by biogas as 
a source of energy would be largely rural house
holds and institutions such as schools. The plants would
 
be most applicable to those rural farmers who have sufficient
 
animal 	populations (3 to 5 cattle, 10 to 20 hogs, or 400 to
 
800 chickens) to provide the necessary biomass feedstock
 
materials.
 

Based on a preliminary assessment of a small cross section
 
of the 	rural agricultural sector of Jamaica, it would be
 
appropriate to begin implementing a large scale national
 
program in biogas now. Populations in rural areas are
 
looking to the Government for direction and assistance. (See

Appendix E for a summary of the biogas survey conducted in
 
Jamaica).
 

5.7.3 	 National Program Options
 
It is the purpose of this section to develop a
 

national biogas plan with three program options for funding

by one 	or several lending agencies or donors. The proposal

is based upon discussions with the Biogas Working Group, but
 
the concepts are primarily those of this study effort. It
 
would be anticipated that modification would occur with
 
additional review and study in preparation of documentation
 
to funding agencies for program support.
 

It is necessary, during the first two years of any option con
sidered, that a full market study and analysis be undertaken.
 
The survey would provide the baseline information necessary

to assess 
full market potential and provide a systematic

mechanism for program implementation. The potential for
 
biogas unit installation could approach 20,000 household
 
units in the rural sector. This is an estimated figure

only, which represents 10% of the rural population or 
5% of
 
the total population of Jamaica.
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5.7.3.1 	 Option A - Baseline Five Year Plan
 
A basic five year plan of demonstrating


and commercializing biogas plants on a country-wide basis is
 
proposed. 
The first two years would be demonstration, 6r
 
more correctly "popularization"; commercialization would be
 
carried out during the last three years of the f4
 ve year

plan. 
 During the five years there would be ongoing func
tions of research and development, demonstration, commercial
ization, and training. It is emphasized that research and
 
development, which is primarily the evaluation of alternate
 
designs in order to develop modifications and allow use of
 
materials which are suitable for Jamaica, should be done
 
concurrently with the implementation plan in order not 
to
 
lose time. It should also be understood that though this
 
study and report focus 
on smaller biogas units designed to
 
provide methane for use in cooking, a large scale demon
stration unit for electricity generation should not be
 
ignored. A further consideration is to explore the feasi
bility of such a unit for technology gains and possible use
 
in Jamaica and other Caribbean countries.
 

For planning purposes and 
to provide various alternatives
 
for consideration by funding agencies, two options 
are
 
considered in addition to 
the baseline program. Options are
 
presented in terms of the size of 
the program and number of
 
units to be constructed each year during the five year

period. Different funding agencies may fund parts of 
the
 
program, 	or a 
single agency may select more than one option.
 

The baseline program consists of a combination of family
 
size (100 cu ft/day) and medium size (2000 cu ft/day)

plants. The family size plant would 
serve the energy needs
 
of a single family, while medium size plants would provide
 
energy for schools or to power stationary equipment and
 
motor generators on large farms. A family size plant would
 
produce energy equivalent to 987 lbs. of butane or 148 gal.

of kerosene -er year. Likewise, a medium size clant would
 
produce 365,000,000 Btu/yr, equivalent to 19,740 
lbs. of
 
butane or 2320 gal. of kerosene. The cost in place of the
 
plants are taken to be J. 
$50-- and 	J. $12,000, respectively.
 

One of 
the conditions of the program of implementation is
 
that R&D, as well as training, must go hand-in-hand with
 
demonstration and commercialization. Demonstration here
 
means popularizing throughout the country the production and
 
use of biogas. Although biogas technology was first proven
 
more 
than 50 years ago, the public must see actual operating
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facilities in order to become fully convinced of biogas

potential. Therefore, the initial period for all options is
 
to provide this type of country-wide popularization.
 

The baseline five year program consists of family and medium
 
size plant construction as per the schedule shown in Table 5-6.
 
Three or 	more household size plants would be built in each
 
parish and one medium size plant in each region (Cornwall,

Middlesex, and Surrey) per year of a two year demonstration
 
period. 	Commercialization would then proceed over the next
 
three years, with a total of 2700 family size units and
 
41 medium size units constructed at the end of five years.
 
The biogas energy produced per year along with equivalent

butane and kerosene values are also shown in Table 5-6. 
In
 
addition to existing designs, other plant designs will be
 
continuously developed and used as they become tested. 
 Two
 
designs would predominate, the steel gasholder type already

developed and the Chinese design now being studied by SRC.
 
Evaluation would continue as an ongoing function, and design

would be 	modified or a particular model terminated if a
 
better one were to prove itself.
 

The cost 	of the baseline five year program which includes
 
construction, operation and maintenance, training and manage
ment costs, is shown in Table 5-7. Research and development
 
should be heavily funded initially in order to develop and
 
test low cost designs. When these designs are completed,
 
research and development can diminish. As the program is
 
undergoing commercialization in the third, fourth and fifth
 
years the budget for management, training, and operation/main
tenance will increase accordingly.
 

5.7.3.2 	 Option B - Accelerated Program
 
Option B would begin implementation of
 

a biogas program at the same rate as the baseline program

during the first year, but would accelerate much more rapidly
 
thereafter. At the end of five years under Option B, there
 
would be 11,450 family size and 79 medium size plants con
structed. The five year construction schedule and the
 
equivalent energy produced on an annual basis is shown in
 
Table 5-8.
 

Option B 	would provide a much larger number of family size
 
units and therefore would have more impact on individual
 
families in rural areas. The cost of the program would be
 
considerably greater than under the baseline program, how
ever. Since the first year would be the same in scope, the
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TABLZ 5-?
 

P.OPOSED FTIV-YEAR FYLNDI:TG 'OF 31CGAS ?RCGAi.
 

OPTION A
 
YAR . 3 3 

Managemen: 20,00 

R& D 30,000
 

Canstruction 6, 000
 

Operation and Maintenance 7,000
 

Foreign Cansultancy 5,000
 

Training - 24 nan months at 31,000 24,000
 

L Vehicle 20,000
 

YEAR 2 

Manacement 10,000 

R ; 0 80000
 

61,000
 

Operatizn and Maintenance 15,000 

Foreizn C0nsul-ancy 1.0,00 

..a.... n - 36 nan non-hs at $1,000 361'-00 

YrEAR 3
 

Manacement 2.000
 

R&D 50 000
 

Constr-act.on 50,000 
Ooeratzon and Maintenance 30,000 

Foreign Consul:ancy i0,000 
Training - 36 nan months at 31,000 36,300 

2. Ven.cle 20,000 

':=AR 4
 

MXanagemen: L. 3CO
 

R & D 50,300
 

Consrvuc:ion 320,000
 

Cneratizn and Maintenance 45,000
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Reproduced from 
best available copy. 
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TABLE 5-8 
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accelerated program should be capable of being implemented
 
by sufficient planning and design development for an inten
sified effort in years 2, 3, 4, and 5. This is provided a
 
previously mentioned full market study is performed, con
firming the market potential to warrant implementation of
 
this option.
 

Research 	and development costs would be only slightly higher
 
than those QF the baseline program. The costs involved in
 
operations and maintenance, construction, management, and
 
research 	and development are shown on a year-by-year basis
 
in Table 	5-9.
 

5.7.3.3 	 Option C - Expanded Medium Size 
Plants Program 
It has been the general consensus in
 

the Philippines and other countries that large biogas plants
 
have greater potential for success than small plants.- There
 
are several reasons for this. First, large plants would
 
have full time operators, who would provide more consistent
 
operation and maintenance than can be achieved in small
 
plants. Second, o'. er benefits can be advantageous at
 
large facilities because of their size, such as re-feed of
 
digested residues back to the animals.
 

In Option C the same number of family size units would be con
structed, as in the baseline program, with the distinguishing
 
feature being construction of more medium size plants. The
 
five year program would thus consist of 2700 family size and
 
153 medium size plants, as shown in Table 5-10. Energy
 
produced on a year-by-year basis is also shown in Table 5-10,
 
and costs are shown in Table 5-11.
 

An attractive feature of Option C is that the additional
 
medium size facilities could be selected for fui.iing by a
 
particular agency which might be different from that which
 
funds the baseline program.
 

A summary of the energy produced and the cost of the three
 
program options is presented in Table 5-12 for comparison.
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TABLZ 5-9 

FIVE YEAR FL!DI2NG 3F BIOGAS PROGRAM 
OPT:ON 3 

Year 1 :amaican 5 

Mazaqement 20,O00 
R&O 100,300 
Construction 51,300 
Cperat-ons i Maintenance 7,000 
Foreiqn Zonsul:ancy 6,300 
raining 
24 man months at $1,000 24,000 

I Venicle 20,300 

Year 2 

Management 10,300 
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Year 3
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48 man months at 31,:00 48,000 
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Year 4
 

Management 20,000
 
R&O 30,300
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Tra~nInc 
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Year 5
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R&O ,30,40 
Znst=r-ct:,n 5,500,3000
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:oreiz :or.su:ancv .,2300 
7=ailnq 

2.0 nan mcntns a= 5!,330 130,300
 

2 7en.~2.es ,O 

YEAR :CTAL 8.:7.300 

TOTAL N;o. :r 

5079, ? : Reproduced from 
73 MED:UM s: ~b~est available copy. 
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TABILi 5-10 
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TAiLE 5-12 

SUMMARY OF- FIVE_ YEAR PROGRAM "OPTIONS 

ENERGY PRODUCEDANi) COSTS 

O)T I ON 
NO. 

PAM I IY 
OF IJNI 

MI:IMiM 
.sI:QUIV. O11. 
(IBBI.S/YII) 

EQUIV. 
(1000 

III'TANE 
I.I1/YU) 

IR'J)IV. KEROSI:NJE 
(1000 GAI./YR) 

COSTS 
J$ 

A 2,700 41 10,700 3,450 490 2,722,000 

I 11,450 79 19,600 12,800 1,830 8,211,000 

L 

1.
LJ 

2,700 153 17.515 5,650 800 4,376,000 



5.8 CONCLUSIONS AND RECO124ENDATIONS
 

5.8.1 Present Biogas Program
 
On the basis of field surveys, data analysis,
 

and meetings with the Biogas Working Group and other asso
ciated personnel, it is concluded that a national biogas
 
program would be successful in Jamaica. Indicators used in
 
arriving at this conclusion were climate, percentage of the
 
population living in rural agricultural areas, animal num
bers, and Jamaica's dependence on imported oil and gas.
 
Jamaica is behind Asian countries who are developing this
 
alternate energy source, in spite of studies of biogas by
 
SRC over the past several years.
 

Designs which have been slow in developing have finally
 
emerged to the point where at least one such design has been
 
field tested and found to be satisfactory. There is thus
 
sufficient design development now to proceed with at least
 
an initially modest biogas program. Design will be the key
 
to the degree of ultimate success of the program. Design
 
development should therefore be accelerated with SRC in a
 
major role, and as much support as is required should be
 
provided so that this responsibility can be accomplished in
 
a timely manner.
 

5.8.2 Specific Recommendations
 
The specific recommendations of this report are
 

as follows:
 

(1) Finalize one of the SRC family size and medium size
 
biogas plant designs for use in a large scale implementation
 
program. Select the specific design based on available
 
development, qualifications and prototype test results, and
 
commercialization considerations.
 

(2) Postpone any consideration to install a biogas collec
.or for use at the UW Mona Campus sewage treatment plant.
 
In the event that the plant were to be expanded at a future
 
date, the addition of biogas collection may be reconsidered
 
at that time.
 

(3) Implement the Option A baseline five year program
 
immediately. Develop, demonstrate and deploy 2700 family
 
size and 41 medium size biogas plants in Jamaica at the
 
earliest possible time.
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(4) Initiate a detailed marketing study and analysis to
 
assess the specific commercialization potential of the
 
selecteu Jamaican biogas plant designs in Jamaica as well as
 
other countries, particularly those in the Caribbean region.
 

(5) Study the feasibility of developing and demonstrating a
 
large size biogas demonstration unit to generate electricity
 
at a remote site.
 

(6) Re-examine the feasibility of implementing the Option B
 
accelerated five year program after the detailed marketing
 
study has been completed within the first year of the base
line program.
 

(7) Explore the specific interest of other government
 
agencies, international organizations and international
 
financial institutions to fund the additional 112 medium
 
size biogas plants defined in the Option C program.
 

(8) Establish a Jamaican Government biogas program organ
ization to implement the recommended five year program.
 
Organizational infrastructure is discussed in the next
 
Section.
 

(9) Establish a comprehensive training program and a broad
 
rural Public information program to support the implementation
 
of all facets of the recommended five year program. Both
 
training and public information programs are discussed in
 
the next Section.
 

5.8.3 Recommended Program 
The recommended program includes the following 

elements: 

5.8.3.1 	 Oraanizational Infrastructure
 
The proposed organization for carrying
 

out the biogas program is shown in Figure 5-2. The role of
 
the Energy Division of the Ministry of Mining and Natural
 
Resources would be primarily planning, funding, policy deci
sions, and monitoring the work of the interacting groups in
 
the biogas program. The role of SRC would be primarily R&D
 
in the development of low cost design, as well as training
 
development. Training assistance may also be desirable from
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academic 	institutions and the Ministry of Agriculture. SRC
 
would be 	called upon as experts to assist in technical
 
matters of the biogas program, and MMNR would then proceed

with managing the overall construction and implementation
 
program.
 

Local contact with farmers could best be carried out by the
 
Ministry 	of Agriculture personnel, who have more than 400
 
Extension Agents located throughout the rural area. The
 
Ministry 	of Agriculture is most aware of the energy needs of
 
farmers and is keenly interested in assisting the rural
 
population by providing biogas information and advice to
 
them.
 

5.8.3.2 	 Construction and Implementation
 
Prouram
 
The construction and implementation
 

program should be carried out by a combined effort of private

industry and government. It would perhaps be appropriate to
 
call in general contractors and consultants from the private

sector to work with government officials so that all could
 
be involved in a program to achieve highest quality of
 
workmanship at least cost. Replication of constructed
 
plants by the same team should be encouraged, in order to
 
apply experience in initial plants to the construction of
 
follow-on units. It may be practical to contract out the
 
construction of several biogas plants as 
a group to the
 
lowest bidder, so that the successful bidder could then
 
build a number of plants. Each successive clant constructed
 
would then be easier to construct, and the workmanship would
 
improve. Alternatively, if each farmer constructed his own
 
unit it would probably be his first and only effort in this
 
tvpe of construction, and the workmanship problems he would
 
encounter would be so reflected. It would be exceedingly

difficult for a farmer with few tools and little know-how in
 
masonry to construct a satisfactor-y biogas plant with proper

slopes and conditions of gas-tight biogas storage.
 

In summary, a national group comprised of the Ministry of
 
Mining and Natural Resources (MMNR), Project Analysis and
 
Monitoring Company, Ltd. 
(PAMCO), private contractors, SRC,

the Ministry of Agriculture, and possibly other ministries
 
would contribute to 
the construction and imnlementation
 
program. Actual construction itself, however, would perhaps

be best carried out by the orivate sector to obtain profes
sional quality workmanship at lowest cost.
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5.8.3.3 	 Funding
 
Funding requirements for the Five Year
 

Program, Options A through C, are shown in Tables 5-2, 5-10,

and 5-12 respectively, and are summarized in Table 5-3." 
It is
 
recommended that funds be provided either to 
the Energy

Division of the Ministry of Mining and Natural Resources, or
 
to an agency designated by this Division, from which they

would then be allocated to those organizations who partici
pate in the program.
 

Biogas programs in most countries have been partially sub
sidized by government in order to provide incentive to 
stim
ulate rapid development. An incentive formula is 
recom
mended for Jamaica, the exact nature of which may be deter
mined in 	final development of financial aspects of the
 
program. It would appear suitable to provide a 50 to 75%
 
subsidy during the initial two year demonstration phase, and
 
25% in the commercialization phase.
 

The remaining construction costs coul.d be loans from a
 
revolving fund. It would be desirable to expedite to the
 
degree possible, by simplified processing forms, the issuing

of such loans to the owners at a favorable rate of interest.
 
Repayment of the loans could be on a monthly rate schedule
 
which would be less than the cost of the energy normally

purchased by the householder. In this way the farme.r would
 
pay out no actual funds over and above the costs 
he now
 
bears for energy.
 

5.8.3.4 	 Training
 
It is envisioned that a substantial
 

training program will be necessary in order to achieve the
 
effects desired from the biogas program. This training

would best be carried out by SRC, possibly in conjunction

with academic institutions and the Ministry of Agriculture.
 

Training will be necessary in many facets of the program.

Of primary importance is training of Agricultural Extension
 
Agents as to the nature of biogas plants, how they operate,

and the basic principles of their design and construction.
 
The major purpose here would be to develop a cadre of per
sonnel who could provide general information to farmers who
 
have interest in biogas plants.
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A major objective of training would be to provide sufficient
 
knowledge to Ministry of Agriculture personnel for them to
 
replicate follow-on training programs and supervise con
struction and start-up of biogas facilities since fermen
tation in a biogas plant is a biological process, with many
 
types of bacteria involved, a general knowledge of the
 
biology of methane generation is necessary in order to
 
provide assistance in routine plant operating problems.
 
Knowledge is also desirable of certain analytical tests to
 
indicate biological problems which may occur, especially
 
during plant start-up. The owners who operate biogas plants
 
also require training in safety, uses of biogas, and oper
ation and maintenance of their plants. Different levels of
 
training are required for small, medium sized and large
 
biogas plants, with the requirement for knowledge increasing
 
with size of facility. Included in the category of training
 
is also the need to inform the general public about biogas
 
through a newsletter. It was found in the survey that there
 
was a great interest on the part of farmers to be kept
 
informed of biogas plans and programs. All wanted to be
 
included in any mailing or newsletter list for additional
 
information.
 

A newsletter could be an excellent general training medium
 
by including some facet of biogas construction or operation,
 
in layman's terms, in each issue.
 

5.8.3.5 Public Education
 
Since a family size biogas unit can be
 

constructed quite simply, there is a great opportunity for
 
enterprising and energy conscious homeowners to build their
 
own units separate from the government program. In many
 
cases, local cast-off containers and materials are available,
 
and use of the farmers' own labor could result in an extremely
 
low cost facility.
 

In order to reach more families who would have such an
 
interest, a program to include the basic concepts of biogas
 
energy into the public and private school system is recom
mended. Prepared material should include an introduction to
 
biogas energy, how it can be produced and used, general
 
features of design, and locations where additional infor
mation and assistance can be obtained. If such material
 
were made available by the Energy Information Service of the
 
Energy Division, it could be incorporated at several levels
 
of education and would even probably result in construction
 
of biogas demonstration units as student projects at educa
tional institutions.
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APPENDIX A - Terms of Reference
 

The study shall assess the feasibility of biogas generation

in rural agricultural areas. 
 Included in the assessment
 
shall be an examination of the following: size of livestock
 
holdings, feasibility of collecting animal wastes, and the
 
possible use of biogas to provide cooking and lighting in
 
rural areas that are without access to electricity.
 

Particular attention should be paid to medium-scale instal
ations (approximately 100 cattle or equivalent in animal
 
waste) and installations appropriate for agricultural

research stations, agricultural schools and other schools
 
and rural communities to 
be specified by the Government of
 
Jamaica.
 

The study should also address the feasibility of the gen
eration of biogas as an integral part of the sewage treat
ment facilities of the Jamaican campus of the University of
 
the West Indies.
 

Pertinent projects already initiated by the Ministry of
 
Mining Energy Division, the Scientific Research Council, and
 
others should be reviewed in detail. The report should
 
include recommendations for follow-on projects that might be
 
undertaken. In such projects, adaptive programs should be
 
emphasized, rather than basic research.
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APPENDIX B - Biogas Programs in Selected Countries
 

(1) India
 

India produces annually only about one-third of its
 
national energy requirements, and therefore an extensive
 
program of biogas research and plant construction has been
 
carried out over the past 30 years. 
 The first biogas plants
 
were constructed in 1951, with 8,000 units being built in
 
various parts of the country prior to the 1973 energy

crisis. By 1979, the number ha. 
reached 50,000, with an
 
ultimate target of 100,000 units. 
 The Government of India
 
has attached great importance to the program because of both
 
energy production and the shortage of fertilizer.
 

A considerable amount of information is available on
 
biogas research and development in India. The text,
 
Biogas - Achievements and Challenges,1 was prepared by

M. A. Sathianathan and published in 1975 by the Association
 
of Voluntary Agencies for Rural Development. This text and
 
its references serve as an excellent source material.
 
Another text, Biogas Systems in Asia, 
by S. K. Subramanian,
 
was published in 1977 by the Management Development Institute
 
of India. It provides an update on biogas technology through
out Asia, as well as an interesting analysis of social and
 
economic issues.
 

The development of biogas plants in India has resulted in

preparation of standard designs utilizing concrete tanks,
 
concrete inlet and outlet basins, and steel 
covers serving
 
as floating gasholders. These standards designs were pub
lished by the KVIC 
(Khadi and Village Industries Commission)
 
as a text entitled Drawings and Estimates of Vertical Gobar
 
Gas Plants, 3.
 

The ligesters have no pumps, motors, mixing devices or other
 
moving parts, and digestion takes place at ambient temper
ature. Retention time by volume is generally about 50 days.

The digesters contain a baffle in the center 
to prevent

short circuiting. The Indian Agricultural Research Insti
tute has developed similar designs, and the National Environ
mental Research Institute at Nagpur has designed plants to
 
include human wastes in addition to cattle waste. A sche
matic diagram representative of Indian standard plans is
 
shown in 7i,-Tl- 
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The b~ogas program has had strong governmental support in
 
India . The KVIC provides a technical staff of 400 to
 
approve designs, assist homeowners to obtain biogas plant

loans, and aid in construction. Commercial banks, The
 
Reserve Bank of India, and management institutions have been
 
engaged in financial aspects of biogas feasibility. The
 
government policy has been to provide a 25 percent subsidy

and loans at prevailing rates for the remaining costs. A
 
benefit-cost appraisal gf community biogas plants was made
 
by Srinivasan and Ghosh , who reported benefit-to-cost
 
ratios of greater than unity in all cases.
 

Even with qovernment encouragement, the biogas program in
 
India is not moving ahead as rapidly as initially antici
pated. High construction costs and interest rates are 
major

problems. A family unit of 140 to 210 cu ft 
(4-6 cu m)

capacity costs up to Rupees 4,000 in
(J. $875) 1979, and the
 
price is likely to increase because of the cement and steel
 
used in construction. Daily labor requirements resulting

from the particular designs used are key factors.
 

Although digested manure is a good soil fertilizer, this is
 
apparently not sufficient incentive to create 
a continuing

national movement to small biogas plants without government

stimulation in the form of subsidies and loans.
 

(2) Republic of Korea
 

In the Republic of Korea, research and development on
 
biogas has been carried out under the direction of the
 
Organization of Rural Development (ORD), 
and 30,000 di
gesters have been installed. Since 1969, the ORD has
 
launched a major campaign to encourage biogas plants which
 
use both animal manure and human wastes as feedstock. The
 
Institute of Acricultural Engineering and Utilization and
 
the Rural Guidance Bureau are in charge of development and
 
application, respectively. The normal Korean digester is of
 
175 to 230 cu ft (5-3 cu m) capacity. It consists of a
 
concrete tank with inclined inlet and outlet oipes, and has
 
a steel or PVC gasholder. Feeding of the diaester varies
 
from once a week to once a month, and consists predominantly

of livestock wastes. Gas production is satisfactory except

during the colder months of the year, when the temperature

drops to as low as -15F. The gas production then decreases
 
considerably and even 
ceases at the peak of winter. The
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cost of digesters in Korea is estimated to range from J. $175
 
to J. $265. A Korean design manual has been published.
 

Biogas technology in Korea has been propagated through
 
publications, movies, and slide 
shows and has been guided by

extension workers. A major part of the construction has
 
been carried out by the farmers themselves, and to accel
erate the program, the government i'iitially subsidized 33 to
 
50 percent of the cost. The subsid was later discontinued
 
and the number of new units being constructed declined.
 

Only 4,000 new units were constructed in 1975. The severe
 
Korean winter has an inhibiting effect on the biogas pro
gram, since extensive heating of the digesters is required

just at the time when the energy produced is needed most
 
urgently.
 

(3) Philippines
 

In the Philippines, fuel for rural villages is provided

primarily by firewood. There is a growing interest in
 
biogas systems, however, which stems from the ccibination of
 
energy requirements, pollution control, and public health
 
aspects. Livestock wastes used as feedstock to date is
 
primarily hog manure, although cattle manure is used on
 
occasion. The Philippine experience is of interest because
 
of similarities to Jamaica in climate and agricultural
 
practices.
 

At Maya Farms, where an integrated agro-industrial complex

of 10,000 hogs has been established, 48 digesters of 22 cu m
 
each are operating on a batch cycle of 45 days. Stirring of
 
the digester contents is carried out for two minutes each
 
day, and digested sludge from finished batches is used as
 
starter material for new batches. The gas is used within
 
the farm-processing complex as 
a source of fuel for canning,
 
rendering, cooking and other purposes. Maya Farms is a
 
prime example of the successful development of biogas in the
 
Philippines. An excellent text on the Maya Farms and other
 
biogas f~cilities in the Philippines has been prepared by
 
Maranba.
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(4) Taiwan
 

Nearly 7,500 biogas un ts were reported to be in
 
operation in Taiwan in 1973 . Most family size units are 
designed to handle household and livestock wastes. A unique
 
feature of design is the incorporation of a simple mixing
 
device consisting of three crossed PVC pipes. The pipes are
 
attached to a plastic rope which is taken outside the
 
digester through the outlet pipe. Pulling and releasing the
 
rope brings about the desired agitation of the surface of
 
the digester contents, which assists in reducing the build
up of a scum layer. The use of bag 8digesters is also re
ported to have originated in Taiwan . The bag digester,
 
Figure 5-4, consists of a sausage-shaped bag made of 0.55 mm
 
thick Hypalon, laminated with neoprene and reinforced with
 
nylon. It is provided with a PVC inlet and outlet. The
 
advantages of bag digesters are reported to be low cost,
 
mass production capabilities, and easy transportability.
 
They are available in both circular and rectangular configu
rations and in sizes from 175 to 3500 ft (5-100 cu m).
 

(5) People's Republic of China
 

The People's Republic of China has, for many years,
 
processed human waste with other organic matter such as
 
garbage, animal waste and plant materials to produce biogas
 
and fertilizer. More than seven million plants are reported
 
to have been built, and emphasis has been placed on digester
 
design which produces a slurry that can be safely applied to
 
croos.
 

The following are two reports of biogas plant experience in 
the People's Republic of China: A Compilation of Data 
Experience gnd Sanitary Management of Excreta and Urine in 
the Village and Experiences in the Treatment of a Fully 
Enclosed Biogas Plant . These reports have been edited and 
combined into a single publication, Compost, Fertilizer and 
Biogas Production from Human and Farm Wastes ii the People's 
ReDublic of China, by McGarrv and Stainsforth--. A publica
tion entitled The Cqnstruction Technique of Rural Biogas

Digesters in China--, provides the design information.
 

A significant feature of the People's Republic of China
 
design is incorporation of the gas storage compartment
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within the fermentation vessel by means of bottles. 
Dia
grams of the Chinese design are shown in Figures 5-5 and

5-6. In Figure 5-5, gas pressure in holding compartment C
 
forces the digester supernatant into the liquid pressure

compartment E. This 
liauid returns to the digester as gas

is used, and the pressure of the biogas inside the gas

storage compartment is maintained relatively constant by the
 
automatic adjustment of the liquid pressure.
 

The biogas plant, shown in Figure 5-6, allows removal of the
middle layer of digested material through use of an effluent
 
underflow chamber, designated in the Chinese literature as
 
an "applied excreta tank". 
 Use of this chamber is reported
to aid in destruction of parasites and eggs present in human
 
wastes in the household units. The middle and upper layers

of digested material flow into the effluent chamber through

an underwater orifice, representing an underflow condition.

Digestion using this design is reported to reduce parasitic
 
eggs by 98%.
 

(6) United States
 

The United States has been a leader in biogas research

and development from the standpoint of pollution control for

the past 50 years. 
A renewed interest in the generation of

methane from agricultural residues occured in the early

1970s, as 
problems of fuel costs and availability were
 
experienced. United States efforts to improve the tech
nology have been supported by both private and public sec
tors. Major research on energy from agricultural wastes is
underway at universities in Illinois, California, Wisconsin,

Minnesota, and New York, with smaller projects being carried
 
out at numerous other universities.
 

Initial studies of biogas potential on farms were funded by

the U.S. National Science Foundation. The U.S. Department

of Energy provided financial support for demonstration
 
programs, and the Department of Agriculture participated in

large scale agricultural biogas projects. 
 These programs

have led to the testing of numerous agricultural biogas
 
facilities.
 

United States studies have led to the conclusion that, in

order to develop a successful biogas program, process design

must minimize the use of equipment. This results in a simple

plant which is easy to operate, and optimizes the use of each
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item of major cost. For example, if expensive fixed wall
 
digesters are used, they should be sized for high loading
 
rates and low retention times. On the other hand, if in
expensive pits were used, other optimization could be car
ried out to take advantage of providing a longer retention
 
time. This could be reduction of heating, less mixing, or
 
less exact laboratory control. Low-cost gas safety equip
ment should also be incorporated in digester designs.

Topography sould be taken into account in designs in order
 
to take advantage of slope, gravity flow into 
the digester,

and flow by gravity from the digester to disposal lagoons.
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APPENDIX C - Personnel Interviewed
 

Ministry of Mining and Natural Resources
 

Dr. H.G. Lowe 

W.R. Ashby 

E.H. Haughton 


C.A. Rowe 

E.C. Alexander 

P.N. Dowding 

Mrs. H.E. Daley 

C.J. Williams 


Director of Energy
 
Senior Energy Engineer
 
Senior Energy Conservation
 
Engi.eer
 

Energy Conservation Engineer
 
Energy Engineer
 
Energy Engineer
 
Project Coordinator
 
Project Assistant
 

Scientific Research Council
 

Dr. K.C. Lee 


Dr. D.A. Minott 


G.I.D. Williams 

K.A. Oxford 


Senior Principal Scientific
 
Officer
 
Senior Principal Scientific
 
Officer
 
Principal Scientific Officer
 
Scientific Officer
 

University of the West Indies, Mona Campus
 

Prof. G. Lalor 

Dr. D. Radlein 

C.E. Simpson 


Ministry of Agriculture
 

C.J. Franklyn 


V.G. Stanley 

E.L. Morgan 

V.D. Barrett 


Pro-Vice Chancellor
 
Lecturer in Chemistry
 
Deputy Estate Manager
 

Deputy Director, Production
 
Unit
 

Livestock Development Officer
 
Livestock Development Officer
 
Livestock Development Officer
 

Petroleum Company of Jamaica
 

W.V. Saunders Managing Director
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Water Commission 

Dr. P. Bergeron Consultant Engineer on Waste 
Water 

1. White Hydro Geologist 

National Planning Agency 

Dr. 0. Davies Director, Regional and Social 
Planning 

Private Individuals 

L. Cushnie 
H. Campbell 
C. McKenzie 
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APPENDIX D - Biogas Survey Questionaire
 

1. Name and address of farmer
 

2. Location of farm
 

3. Size of farm
 

4. Size of Farm Family
 

5. 	 General Contour of Farm:
 
Proportion 


Flat
 
Sloping
 
Hilly
 
Other
 
Total
 

Location on Farm
 

6. Is water readily available on your farm?
 

7. 	 What is the source of water?
 
Surface
 
Ground
 

S. What kind of fertilizer do you use?
 
Quantity Value
 

Manure
 
Commercial
 

9. If manure, how do you use it?
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10. 	 ENERGY USES:
 
What stationary farm and household equipment type do
 
you operate?
 

Type Quantity 
Pumps 
Motor 
Machine 
Cooler 
Stove 
Others 

11. Present source of energy: 

Gas 
Use Quantity Value $ 

Charcoal 
Kerosene 
Electricity 
Other 

12. Source of Biomass: 
TyDe Number Hours Confined 
Cattle 
Hogs 
Poultry 
Sheep 
Goat 
Others 

13. 	 Would you be interested in generating your own energy

from the manure on 
your 	farm?
 

14. 	 What crops are grown on 
your 	farm which require

drying?
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APPENDIX F - Data and Reports Reviewed
 

1. 	 "Jamaica - A Case Study of Energy Planning"
 
by Dr. Trevor A. Byer, National Resources
 
Forum, United Nations, 1979.
 

2. 	 "Five Year Development Plan, 1978 - 1983",
 
Government of Jamaica, Energy Sector Plan, Ministry
 
of Mining and Natural Resources and The National
 
Planning Agency.
 

3. 	 "Caribbean Alternative Energy Programme, Report on
 
the Rural Biogas Generation Project Formulation
 
Meeting", Kingston, Dec. 11-13, 1978.
 

4. 	 Project Profile, "Regional Centre for Biogas
 
Research and Development", Ministry of Mining and
 
Natural Resources, Kingston.
 

5. 	 "Preliminary Assessment of Biogas Generators for
 
Jamaica School of Agriculture", Ministry of Mining
 
and Natural Resources, Feb. 12, 1979.
 

6. 	 "Preliminary Assessment of Biogas Plant For Jose
 
Marti School" Ministry of Mining and Natural
 
Resources, Feb. 15, 1979.
 

7. 	 Project Profile, "Family-Size and Medium-Scale
 
Rural Biogas Generators", Scientific Research
 
Council, May 4, 1979.
 

8. 	 Project Profile, "Medium Scale Rural Biogas
 
Generators' Scientific Research Council (undated).
 

9. 	 "Development Plan for the Mona Campus - University
 
of the West Indies (undated).
 

10. 	 "Conversion of University of the West Indies Sewage
 
Plant to a Biogas Demonstration Unit", UWI Proposal,
 
May 1979.
 

11. 	 "Proposal on the Recovery of Methane and Electricity
 
from Sewage and Market Garbage", by Dr. Phillipe
 
Bergeron, July 1979.
 



APPENDIX G - Final Report Conference -

Splinter Group Discussion
 

Before the U.S. Energy Team members left Jamaica, a
 
Final Report Conference was held at the Jamaica Pegasus

Hotel, on November 13-14, 1979. During the first day of the
 
conference, the U.S. Energy Team members and Jamaican counter
parts presented the findings, conclusions and recommendations
 
of each of the specialized studies. For greater exposure

and increased audience participation, splinter group dis
cussions were held during the second day. 
 Each of the
 
studies had a 2-3 hour questions and answer session in which
 
study parameters were reviewed and results highlighted. The
 
following is a synopsis of the Biogas splinter group dis
cussion.
 

Respondents: 	 Dr. K.C. Lee, Scientific Research.Council
 
Dr. Rolf Skrinde, U.S. Energy Team Member
 

Q.5.1 	 When designers experienced difficulty with the
 
stirrer seal, they managed to eliminate the
 
stirrer. However, isn't it true that after a
 
period of time, the mixture surface will harden
 
and prevent gas from forming?


A.5.1 	 (Dr. Lee) We found that the stirring process

greatly increased the reaction of a vegetation
 
waste and animal manure mixture. For animal waste
 
alone, we do not need a stirring process because
 
no hard crust forms. If vegetation matter is used
 
exclusively, the hard crust will eventually form
 
and prevent gas from forming. We also found that
 
if the suspension is sufficiently diluted (9% or
 
less of solid matter) no hard crust forms. So, a
 
good seal stirring device would be necessary only

for exclusively vegetation material.
 

Q.5.2. 	 We have 12 
stirring designs in our min.!stry. I
 
really think SRC should spend time researching the
 
stirring process.


A.5.2. 	 (Dr. Lee) SRC definitely would spend time on
 
stirring device research.
 

Q.5.3. 	 Will the reaction be affected by a rise in
 
pressure?
 

A.3.3. 	 (Dr. Lee) Since this is a bacteria reaction,
 
not an ordinary chemical reaction, it does not
 
respond to pressure changes. But, temperature

change will affect the bacteria reaction.
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A.5.3. 	 (Dr. Skrinde) I would like to add some comments
 
on pressure and stirring. Hollow, concrete pipes

under water developed anaerobic reactions; gas
 
pressure rose to such an extent that the pipes

exploded. So we see that very high pressure could
 
not stop anaerobic reactions. As for stirring,
 
that is only a mechanical problem. Gas bubbles
 
naturally adhere to fiber and, in doing so, form a
 
crust. Vegetable or plant materials are 
fibrous,
 
while animal manures are not so fibrous.
 

Q.5.4. 	 When gas pressure builds up, must we either use
 
or release it?
 

A.5.4. 	 (Dr. Lee) Pressure generated by biogas usually

will not damage the dome, but may cause leakage at
 
the connecting pond. If such leakage occurs, then
 
we will have to release some gas.


A.5.4. 	 (Dr. Skrinde) Gases are maintained in the dome
 
about 3 feet deep into a 10-foot high digester.
 
When the 3 ft deep area is filled with gas, any
 
gas generated beyond that point would react with
 
the effluent and be dissipated into the atmosphere.
 

Q.5.5. 	 Could we use local material like clay or brick
 
to build the dome?
 

A.5.5. 	 (Dr. Lee) Clay or brick would be very useful
 
and would reduce the cost of the domes.
 

Q.5.6. 	 Can we design furnaces that use biogas?

A.5.6. 	 (Dr. Lee) 
 We want to research that possibility,
 

but in the later stages of our program. 'ore
 
important 	now is that the public be educated about
 
biogas usage.


A.5.6. 	 (Dr. Skrinde) A home industry, biogas plants

would provide work and some technological devel
opment in Jamaica. It seems quite easy to make
 
the dome out of fiberglass once the mold is cast,

and the island already has a fiberglass manufac
turer. Can we have some open discussion of this
 
topic?
 

A.3.6. 	 I incorporated fiberglass, bricks and plastic
 
into the SRC design, all of which decreased the
 
cost.
 

Q.5.7. 	 Using the Chinese design, is there any possi
bility of worms or bacteria choking the gas pipe?
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A.5.7. 


Q.5.8. 


A.5.8. 


Q.5.9. 


A.5.9. 


Q.5.10. 


A.5.10. 


Q.5.11. 


A.5.ll. 


Q.5.12. 


A.5.12. 


A.5.12. 


(Dr. Lee) No. China has built 7-8 million
 
plants using that design and has never had a
 
problem with clogged pipes.
 

(Dr. Skrinde) Research indicates that there is
 
an optimum temperature for biogas production. Can
 
someone suggest how we might use solar energy to
 
achieve this temperature?
 
(Dr. Lee) Yes. Energy for heating the bacteria
 
is needed, especially at high ground where the
 
temperature is less than the surface. This energy
 
could be supplied by solar power.
 
What is the optimum temperature for bacteria
 
reaction?
 
(Dr. Lee) Mesophilic bacteria reaction decreases
 
as the temperature increases, and finally stops at
 
a temperature of 100 degrees to 105 degrees
 
Fahrenheit. Thermophilic bacteria reaction in
creases with an increase in temperature. The
 
optimum temperature seems to be 95 degrees Fahren
heit.
 

Have you ever used ferrous cement as a material
 
for the domes?
 
(Dr. Lee) No, but we will look into that.
 

In Japan, urban waste is used to build bricks.
 
Do you feel we can try this?
 
(Dr. Lee) Yes, but it is not appropriate for
 
the biogas project.
 

The Kingston Waterfront Sewage Treatment Plant
 
seems to be an appropriate place for a biogas
 
plant, although to date the organic material has
 
been destroyed by the sewage.
 
(Dr. Skrinde) Unfortunately, no treatment occurs
 
at the plant presently because of mechanical
 
failure. There are several solutions. One is
 
simply to repair the equipment. Another is to
 
spray the partially treated sewage back onto the
 
land as a fertilizer that would save the nutrients
 
and not pollute the harbor.
 
(Dr. Lee) The plant is not very effective,
 
anyway. It is based on gravity settlement, which
 
leaves a large amount of suspended material in the
 
effluent. I suggested to plant authorities that
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A.5.13. 


Q.5.14. 

A.5.14. 


Q.5.15. 


A.5.15. 


Q.5.16. 

A.5.16. 


Q.5.17. 

A.5.17. 


A.5.17. 


A.5.17. 


Q.5.18. 


A.5,18. 


they remove all solid particles before expelling

the water int-the harbor. Also, the plant is an
 
open-tank digester with no means of recovering

methane gas. Without recovery, a valuable re
source is wasted.
 

About 400 pounds per year.
 

What is the cay back period for a biogas system?

(Dr. Skrinde) It's between 2 and 4 years. That
 
could be decreased to as little as 1 1/2 years,
 
depending on the material used.
 

Is it possible to pressurize biogas in a tank,
 
like butane?
 
(Dr. Lee) It can be transported only if lique
fied. Liquefaction requires dangerously high
 
pressures and temperatures, and is an expensive
 
process.
 

What is the chemical composition of biogas?
 
(Dr. Lee) Biogas is a mixture of methane and
 
carbon dioxide, with a small amount of hydrogen
 
sulfide.
 

Are you designing a plant for the university?
 
(Dr. Skrinde) SRC is designing a plant for
 
the Mona Rehabilitation Center.
 
(Dr. Lee) That was a proposal only. I believe
 
Dr. Dague found that it was not economical.
 
(Dr. Skrinde) The small plant for the univer
sity would require waste from a population of 4000
 
to 5000. Since some students do not stay at the
 
university at night, not as much waste is pro
duced. The plant could provide about 1 cu ft of
 
biogas per person, per day. It is currently an
 
open-tank design with no gas collection. The cost
 
of a new digester and supporting system is high in
 
comparison with the amount of gas produced.
 

Generally speaking, is it possible to 
use sew
 
age treatment plants as experimental biogas col
lection plants?
 
(Dr. Skrinde) Due to the rise in fuel costs
 
as a result of the energy crisis, it is 
now eco
nomically feasible to convert sewage treatment
 
plants to biogas collection plants.
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A.5.18. 	 (Dr. Lee) Filtering can be instituted with
 
sewage before it enters the treatment plant.
 
Recent treatment plants are not equipped with
 
filters.
 

Q.5.19. 	 Biogas is composed of methane, carbon dioxide
 
and hydrogen sulfide. Since only the methane
 
burns, would the other gases build up and cause 
a
 
problem?
 

A.5.19. 	 (Dr. Lee) The mixture of gases is generally
 
60 percent methane, 30 percent carbon dioxide, and
 
10 percent hydrogen sulfide. This mixture burns
 
without any purification process.
 

A.5.19. 	 (Dr. Skrinde) During combustion, the methane
 
burns and the other gases escape into the atmos
phere. Therefore, no build-up occurs in the
 
reactor vessel.
 

Q.5.20. 	 (Dr. Skrinde) In some countries, the government
 
subsidizes biogas plants. Do you think the Jamaican
 
Government will subsidize development and, if so,
 
how much will be direct grants and how much will
 
be in loan form?
 

A.5.20. 	 The government should definitely devise a sub
sidization program.
 

Q.5.21. 	 How would the government subsidize a family
 
which produced more biogas than it could easiily
 
use itself?
 

A.5.21. 	 (Dr. Skrinde) Community biogas plants could
 
be built, but in the long run they would create
 
too many maintenance problems to be worth the
 
trouble.
 

Q.5.22. 	 (Dr. Skrinde) How could we implement this pro
gram so that it would reach rural people?
 

A.5.22. 	 Farmers burn wood, as a rule, and use butane
 
on rainy days. The pay back period might, there
fore, be longer than you estimate. Moreover, many
 
farmers cannot afford a biogas plant right now.
 

Q.5.23. 	 Conversion to biogas would cost rural people
 
more because they would have to buy biogas stoves.
 
Does your study reflect the actualities of rural
 
life?
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A.5.23. 


Comment 


Comment 


A.5.23. 


Q.5.24. 


A.5.24. 


Q.5.25. 


A.5.25. 


A.5.25. 


A.5.25. 


A.5.25. 


Q.5.26. 


(Dr. Skrinde) We tried to reflect as many partic
ular circumstances as possible, but biogas is
obviously not feasible for every family.
 

(Dr. Lee) As time runs short, I would like to
 
suggest that the government subsidize 20 percent,
 
lend 70 percent for a 3 year period, and require
 
the farmers themselves to pay 10 percent.
 

If the biogas report concludes that biogas sys
tems are feasible for farmers, the Ministry of
 
Agriculture would review this report and appro
priate funds for such a program.
 

(Dr. Skrinde) Also, the SRC has done some re
search and development on adapting regular stoves
 
to biogas use.
 

Hydrogen sulfide has a very unpleasant odor.
 
Did you find any hydrogen sulfide at your dem
onstration plants?
 
(Dr. Lee) At one of our demonstration plants,
 
there was no odor at all. At the other, there was
 
some. In either case, the actual chemical reaction
 
within the plant is not affected.
 

Are you implying that there is no odor during
 
the gas generation process?
 
(Dr. Lee) Yes, a properly constructed generator
 
is odorless because it is air-tight.
 
(Dr. Skrinde) Biogas has only a small amount of
 
hydrogen sulfide. The problem it poses is not its
 
odor, but its corrosive quality.
 
(Dr. Lee) The Chinese have found that corrosion
 
does not occur in the engine because the temp
erature is too high. Corrosion does occur, how
ever, in the exhaust pipes.
 
(Dr. Dague) A possible solution of the corrosion
 
problem is to use the iron sponge technique (wood

chips with iron oxide) to remove sulfide.- You can
 
regenerate the iron sponge by exposing it to air.
 

Is it possible to use biogas for farming needs
 
other than cooking?
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A.5.26. (Dr. Skrinde) Unfortunately, there is 
no econ
omical way to 
convert biogas to fertilizer, but it
 
can provide fuel to run engines. It is generally

good for household appliances.


A.5.26. (Dr. Lee) Biogas could be used to 
pump water
 
for irrigation and to 
generate electricity. It
 
would be difficult to use biogas in 
tractors
 
because you have to go through a dangerous and 
expensive process to liquefy the biogas.
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