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! ASSESSING THE BENEFITS OF BIOGAS

Many impediments may deter families
fgem progressing from highly polluting,
cheap, biomass fuels toward cleaner, ex-
pensive, commercial fuels, as depicted
by the energy ladder shown in Figure 4
on page 30. Biogas systems allow fami-
lies to turn cheap biomass into relatively
clean fuel with a household ““digester.”
During the 1970s, more than six million
family-sized biogas digesters were con-
structed in China. Biogas promoters em-
phasized the sanitary and nutrient con-
servation benefits of these systems. Early
failure of many systems and increased in-
terest in their energy potential resulted in
are-evaluation of the program at the end
of the decade. The program has shifted
away from locally available materials
and traditional constructions, which
were quite inexpensive but lasted only
three to four years; instead, it currently
emphasizes high-quality, concrete con-
struction and systematic operation. La-
bor and material costs for a household
system are now more than 200 yuan
(about $60 U.S.), but reliability is greatly
improved and systems are lasting longer
than 10 years. During the 1980s, about
500,000 of these improved systems have
been constructed each year throughout
China.! ‘ ‘
While the financial and economic via-
bility of biogas systems still may be argu-
able, these installations undeniably bene-
fit users by providing renewable house-
hold fuel supplies, plant nutrient and or-
ganic material conservation, and better
sanitation. Another benefit of biogas lies
in its cleanliness relative to direct com-
bustion biomass or coal, which other-
wise prevails in China. Pots are not
blackened with soot during cooking with
biogas, but of greater significance is the
general reduction in pollutant emissions
from cooking-fires and the reduced ex-
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posure of cooks and children to these
emissions.

Biogas, produced by the anaerobic mi-
crobial decomposition of organic mate-
rials, is a mixture of gases. The exact
composition depends on factors such as
the materials digested, impurities in the
dilution water, length of the digestion pe-
riod, integrity of the digester tank, gen-
eral state of digester health, and various
other parameters of digestion (tempera-
ture, moisture content, acidity, digesti-
ble carbon/nitrogen ratio, etc.). With a
healthy digester, methane is the chief
component, generally varying from 50 to
70 percent, but occasionally higher. Bio-
gas is useful for combustion with com-
mon burners when the methane content
exceeds 50 percent. The other primary
component, carbon dioxide, generally
constitutes from 30 to 40 percent.

The environment within a digester gen-
erally causes biogas to be saturated with
water vapor. Small amounts of carbon
monoxide, hydrogen, oxygen, nitrogen,
ammonia, a few larger hydrocarbons,
and hydrogen sulfide may also be pres-
ent. Hydrogen is a normal product of the
first phase of the digestion process and,
in some systems, may comprise more
than 5 percent of the total gas produced.?
Nitrogen or oxygen in the gas usually in-
dicates a leakage of air into the digestion
tank, while nitrogen and ammonia can
also result from an excessively low car-
bon/nitrogen ratio in the biomass. Hy-
drogen sulfide, with its characteristic

smell of rotten eggs, is usually present at

levels less than 10 parts per million
(ppm), but tends to increase with any up-
set in the digestion process,® and with
high levels of natural sulfates in the bio-
mass or dilution water.

The flame temperature of biogas com-
posed of 60 percent methane and 35 per-

cent carbon dioxide is about 1,200°C.
With reasonably complete combustion
at this temperature, carbon dioxide and
water vapor are unchanged; methanc
and other hydrocarbons form water va-

" por and carbon dioxide; any carbon

monoxide, hydrogen, or oxygen pro-
duces more water vapor and carbon di-
oxide;ome nitrogen is unchanged,
while some is likely to form nitrogen ox-
ides (although less than is formed when
natural gas burns); and hydrogen sulfide
is converted to sulfur dioxide and per-
haps a small amount of sulfur trioxide.
Thus, air pollutant emissions from bio-
gas combustion are similar to those from
natural gas, although in different pro-
portions: suspended particulates, hydro-
carbons, and nitrogen oxides are usually
lower; carbon monoxide is likely to be
about the same; and only sulfur oxides
are likely to be higher.

Sulfur Emissions

Hydrogen sulfide is a highly toxic gas
with a threshold limit value for prolonged
exposure of 10 ppm.*Its distinctive odor
can be noticed by some people at concen-
trations of less than | ppm, but it quickly
fatigues the sense of smell. While the
greatest danger is from acute exposure,
clinical experience has shown undesira-
ble and cumulative health effects from
repeated low-level exposure.®

Biogas almost always contains a notice-
able amount of hydrogen sulfide, and
the concentration may be very high. Di-
gesters on many eastern U.S. dairy farms
produce gas with concentrations as high
as 6,000 ppm.® Methods for scrubbing
hydrogen sulfide from biogas are too ¢x-
pensive for small systems, and even when
biogas is used in internal combustion
engines, scrubbing does not appear to be
considered necessary.” Thus, biogas
users may experience a chronic exposure
to some level of hydrogen sulfide.

To investigate this possibility, a small
study was undertaken in Henan Prov-
ince of China in the spring of 1987. To
measure hydrogen sulfide content, testers
used color-change hydrogen sulfide de-
tector ampules, which are designed for
immersion in the gas for ten minutes and
can detect levels up to 20 ppm.® In one
village, at a distillery, and in one research

digester, concentrations measured less -

than 10 ppm. Gas from a large research
digester fed only with chicken manure
was measured at a concentration of
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about 17 ppm. In another village, gas
from four digesters immediately black-
ened the ampules, indicating a hydrogen
sulfide level much greater than 20 ppm.
The reason for the high levels was not
determined, but one good possibility is
high levels of sulfur compounds in the
local water supply.

To determine whether any hydrogen
sulfide remained after combustion of the
biogas, 8-hour diffusion dosimeter tubes
with a range of 0 to 50 ppm were hung
above biogas burners during peak cook-
ing periods. Although the odor of hydro-
gen sulfide was almost always noticeable
during ignition of the gas, there was no
indication of hydrogen sulfide during
combustion. Similar sulfur dioxide do-
simeter tubes with an 8-hour range of 0
to 25 ppm were hung next to the hydro-
gen sulfide tubes. The recorded 8-hour
average concentrations in 16 biogas-
burning kitchens varied from 0 to 3.9
ppm with an average of 0.86 ppm.

While this figure compares rather un-
favorably with the U.S. Environmental
Protection Agency’s national primary
24-hour air quality standard for sulfur
dioxide of 0.14 ppm,’ it compares quite
favorably with the local alternatives—
coal and crop stalks. Sulfur dioxide do-
simeter tubes were placed at comparable
spots in 5 rural kitchens burning crop
stalks for fuel and 15 urban kitchens burn-
ing coal. The stalk-burning kitchens had
levels varying widely from 0 to 13 ppm,
with an average of 3.2 ppm. Levels in the
coal-burning kitchens varied from 1.7 to
9 ppm, with an average of 3.5 ppm. Both
averages are about four times higher
than the average concentration of sulfur
dioxide in kitchens burning biogas.

While these sample populations are
admittedly small and not random, the re-
sults are at least suggestive.

Pros and Cons

Anaerobic digestion ‘offers the oppor-
tunity to jump several rungs up the en-
ergy ladder shown in Figure 4 on page 30.
In China, this jump has largely been
made by single households, but much
larger systems are coming on line. At the
Nanyang distillery, biogas from two re-
cently built 5,000-cubic-meter digesters
will soon replace coal for cooking in
20,000 households in the city (15 to 20
percent of the population). Exhaust fans
and chimneys on improved biomass
stoves reduce indoor exposures and con-
siderably dilute pollutant emissions. Un-
fortunately, the benefits of this dispersal
have often been negated by the increas-

ing pollution brought on by growing
populations and urbanization. In addi-
tion, animals and plants sensitive to
these emissions face higher pollutant lev-
els.' In addition, although venting pol-
lutants returns some sulfur and nitrogen

to agricultural soils, the overall biologi-

cal effects of the resultant.acid rain are
negative.

Burning fossil fuels increases global
warming through the greenhouse effect.
Biogas systems, on the other hand, are
totally benign in this respect, because
carbon dioxide released during digestion
and combustion is incorporated naturally
by the biomass during its growth. Once
digestion is complete, the biomass may
be removed and used as fertilizer. There-
fore, pound for pound, a biogas system
gets more value from biomass than does
direct combustion.

, Thus, biogas systems are far more en-

vironmentally benign than are fossil
fuels, and they offer the least polluting
method for exploiting the solar energy
stored in biomass. In addition, the
systems may reduce human and animal
intestinal diseases by destroying patho-
gen vectors; allow more crop residues to
be used for livestock feed; and leave
more manure to fertilize agricultural
land.

Historically, farmers of the People’s
Republic of China have recognized the

importance of returning organic materi-

als to cropland. During the last two dec-
ades, thousands of researchers and tech-
nicians have conducted more than ten
million experiments with small-scale bio-
gas systems. Thus, they have gained a
wealth of experience that they are willing
to share.

Many problems brought on by over-
population, which the Chinese have been
facing for centuries, are now occurring
worldwide, wherever populations are
growing. A system that offers such sig-
nificant benefits in household energy,
small industry energy, soil fertility, sani-
tation, and possibly respiratory health,
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i
deserves consideration. Anaerobic diges-
tion systems may #fer the most environ-
mentally and thermodynamically effi-
cient means for exploiting biomass en-
ergy resources.

Robert Hamburg

Omega-Alpha Recycling Systems
Orma, West Virginia
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