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Abstract

The aim of the experimental trial was to evaluate the performance of the de-
signed placenta and other pathological waste digester system on the effec-
tiveness of digesting the placenta and its energy recovery (bio-gas) process in
Mwananyamala Referral Hospital in Dar es Salaam. A 32 m’ digester is con-
structed in Mwananyamala Referral Hospital, one inlet of which is to attach
to the toilet of maternity ward, where the placentas are flushed directly into
the digester, while food waste is fed through another inlet. The slurry of the
digester is sent to a sewer/septic tank to avoid further handling. Most fraction
of the waste fed into the digester is food waste. In general with the amount of
25.6 * 4.5 kg/day of placenta and 83.1 + 14.7 kg/day of food waste, 2.5 m’/d
gas was produced. The pH throughout the study period (that is of 18 weeks)
was found to be consistent within the range of 6.3 to 8.0, while the pressure
ranged from 5 kPa - 33 kPa. Average temperature within the digester was
found to be 30.3°C. With all the favorable condition, gas production was con-
sistent and hence the system has been successful in management of the pa-
thological waste along with the production of gas as an alternative source of
energy for the hospital.
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1. Introduction

Pathological waste disposal presents difficulties for many healthcare institutions.

Incineration or pits are often inadequate, expensive and unsafe. Pathological and
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Food waste attracts disease vectors and creates a nuisance as it degrades. Re-
cently, there is an ever-increasing demand for energy, coupled with the shortage
of fossil fuels almost all over the world which has created a renewed interest in
utilizing renewable energy sources [1] [2]. Searching for alternative renewable
energy sources not only is needed for the replacement of fossil fuels, but also
meets environmental protection demands [3].

Finding clean and economically feasible energy alternatives for fossil fuels has
become a major concern for nations, municipalities and households all over the
world [4]. Anaerobic digestion (AD) is an attractive option for healthcare waste
treatment practice all over the world in which we can achieve both energy re-
covery and pollution control [5] [6]. Anaerobic degradation or digestion in-
volves the breakdown of biomass by a concerted action of a wide range of mi-
croorganisms in the absence of oxygen. Energy demand and consumption are
one of the main reasons for climate change and resource exploitation, at the
same time contributing to economic prosperity and quality of life as well as re-
stricting the living standards of humans [7]. One of the alternative energy solu-
tions is biogas technology which converts organic substances to methane as fuel
and valuable fertilizer from locally available resources that otherwise would go
unused [8]. In the developing countries, biogas is a substitute for firewood and
charcoal that can meet the energy needs of the urban, peri-urban and rural areas.
Cooking stands for 90% of the energy consumption in the households of devel-
oping countries and access to electricity outside the urbanizations is limited [7].

The general mechanism which ends up in formation of Methane (CH,) passes
through two steps. The first reaction is fermentative action of acid forming mi-
crobes on the substrate (S) to produce alcohol, hydrogen (H,), acids and carbon
dioxide (CO,). The second step is called methanogenesis step where the me-
thane-forming bacteria produce methane (CH,) and CO, (Figure 1).

Most biogases constructed/designed the complex organic matter used that is
cow dung digester which is reported having high amylolytic bacteria or they use
chicken-dung-fed digester which is rich in proteolytic bacteria.

Healthcare waste treatment and its proper management are global issues with
growing challenges especially in case of developing countries such as Tanzania.
In Tanzania where proper healthcare waste management has been a neglected
issue, increasing the effectiveness of management of healthcare waste is one of
the greatest challenges. Pathological waste disposal presents difficulties for many
healthcare institutions.

An endless flow of materials through medical facilities end up in large, diverse
and toxic waste stream, much of which is carried away to a municipal dumping
site or burned in incinerators throwing those hazardous substances into the air
and into the surface of earth. Nepali hospitals have successfully demonstrated
biodigestion of pathological and food waste and generating biogas for cooking
[10]. The plant was initially loaded with cow dung mixed with leftover food
waste collected from the hospital wards. After this it was regularly fed with food

waste generated from the wards and the kitchen [10].
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Figure 1. The key process stages of anaerobic digestion [9].

The main objective of this research was to identify and analyze anaerobic di-
gestion process of pathological waste like human placentas as an alternative for
the management of healthcare waste especially the pathological waste. The re-
search focused on energy production, relation between temperature and gas
production, payback period analysis and green house gases emissions to further

analyze the objective. Also the research analyzed the slurry for pathogens.

2. Materials and Methods

The biodigesters were built underground with a concrete floor and built up
bricks using a water waterproof plaster. A digester of 32 m’ volume was built
with a modified toilet in the maternity unit flushes placenta directly into the di-
gester. Food waste was added via another inlet outside. Flow through the system
is gravity driven, requiring no power and digester flows into the sewer/septic
tank without further handling.

Designs are site specific, based on the amounts of waste, available space and
locations of input sources and sewer/septic tank. The placentas were measured
in a stainless-steel bucket, and then tilted in the toilet which for this purpose re-
ceived a larger sewer pipe (15.3 cm). With one flush the toilet was clean again

and the placentas have entered the digester. As the fresh placentas are heavier
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than water, they sink down in the pipe and in the digester and cannot swim up
in the pipe. Even later, when they get lighter due to gas production within the
placentas, they cannot re-appear in the inlet pipe. The weight of the bucket was
deducted from each measured charge. For flushing we add another 10 liter to the

hydraulic retention time. The bio-digester was constructed using concrete paver

blocks with strength of 35 Mpa and been plastered using cement sand ratio of
1:3 (Figure 2).

Figure 2. The design of biodigester.

The radius of the digester is 2.5 m (Figure 2(a)) and it is spherical in shape
with conical bottom. The biodigester was designed with two inlets; one for pla-
centa which is connected to the biodigester with 6 inch pipe and the other for
discharging of soft organic materials and it is cylindrical in shape (Figure 2(b)).
The outlet is cylindrical in shape and it discharges the slurry from the bio-digester
to the displacement channel. The produced biogas that accumulates on the up-
per part inside the biodigester is collected through IPS pipes to the twin burners
located in the maternity ward. In line with the piping system there is water trap

for collection of condensation water in the system.

3. Results and Discussion

Amount of Waste in Kg added

An average 25.6 *+ 4.5 kg/day of placenta and 83.1 + 14.7 kg/day of food waste
was fed to the digester (Figure 3). Food waste is almost three times higher than
the placenta for more efficiency of the gas production.

This is higher than the amount of cow dung used elsewhere [11] where 13.5
kg of cow dung was used. The experiment has been closely monitored and
changes in water level, due to the production of gas have been noted. Sudden in-
crease in gas production can be noted due to the activity of the bacteria on or-
ganic matter after 9 - 10 days after feeding the biodigester to produce methane
gas compared to 18 days detected earlier [11].
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Figure 3. An average placenta and food waste fed into the digester.

Gas Production

During a total of 18 weeks, 190 m® biogas were consumed in kitchen for cooking
(Figure 4). It must be explained that we can only measure gas consumption, not
gas production. The gas production can only be assessed when all gas is con-
sumed, and nothing gets lost. This is here not the case. This consumption meas-
ured is on an average 1.5 m’ per day. The regular high pressure measured proofs,
that many times in the night, when gas was not used; it was discharged into the

atmosphere the displacement channel. This was an average of 1 m® per day/night.
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Figure 4. Variation of gas consumption in eighteen weeks.

The gas production is in the range of 17.88 m’ per week (taken the last meas-
ured value), summing up to 315.4 m’ total biogas produced during the 18 weeks
and a daily gas production of 2.5 m’. This means that at least 126.5 m’ did not go

through the gas meter and were released during high pressure (more than 10
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kPa) at the outlet of the biogas plant. The reason was at the beginning of this
project the hospital had low usage of the gas with fact that it was a new technol-
ogy to them but also few users than expected to include kitchen for cooking.

To calculate the gas production per placenta we must combine the average
solid waste (placentas and food residues) at 79.86 kg/day with the gas production
of 315.4 m’ (total gas): 18 (weeks): 7 (days) = 2.5 m® biogas produced per day,
divided by 79.86 kg feed material = 32 liter biogas per kg feed material. The pla-
centas produce 32% of the gas while the food residues produce 68% of the gas.
On the average 46 placentas enter per day (one placenta weighs 560 grams). The
placentas produce 800 1 of gas, the food residues 1700 1 of gas. One placenta
produces 17.4 1 of gas. One kg of placenta produces 31.3 liter of gas.

The gas production has been measured at 2.5 m’/d. This value is less than ex-
pected and still must be verified. There are several reasons why the value is small.
The methane concentration is not known so it is assumed to be the normal av-
erage standard of 65% methane and 35% CO,. It has been observed in other
biogas plants where wastewater flows through that CO, is absorbed by the water
so that the total gas is lessened but the methane concentration is increased [12].

It is also likely that the placentas do not produce very much gas due to the
high water content. The value per kg feed material is 45.45 liter/kg. The food re-
sidues alone would produce 60 - 80 liter/kg. It is also likely that over time the gas
production will rise as the sludge in the digester will slowly rise. It is also likely
that after the rainy season the digester temperature rises which will also impact
more gas production. The biogas gas production is presently 2.5 m*/day.

Temperature, pH and pressure dependence for biogas production

The temperature of the material in the digester fluctuated between 28.7 and
32.6°C with an average of 30.3°C, while pressure ranges from 5 kPa - 33 kPa

(Figure 5). The temperature is in line with the average temperature of the digesters
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Figure 5. Variation of temperature and pressure in the digestion tank.
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rages between 26°C and 31°C [13]. This is relatively warm, and the fluctuations
are minimal and they are good conditions for intensive anaerobic breakdown of
organic matter by the bacteria. As the measurements took place in the cooler
part of the year (April-August), during the warmer part of the year the tempera-
tures will be even higher and so will be the gas production [14].

Enzymatic activity of the bacteria largely depends upon temperature, which is
critical factor for methane production. The methanogens are inactive in extreme
high and low temperatures. Once metabolism occurs exothermic reaction is
helpful for the methane production. In case of mesophilic digestion, temperature
range should be maintained between 30°C and 40°C.

Satisfactory gas production takes place in the mesophilic range, the optimum
temperature being 35°C [15]. Therefore, in cold climate the temperature of fer-
menting substances in the digester needs to be raised up to 35°C. Gas produc-
tion can be augmented significantly by increasing the temperature up to 55°C
beyond which the production falls because of destruction of bacterial enzyme by
elevated temperature. Thus, in case of thermophilic digestion, it should be be-
tween 45°C and 55°C. On the other hand, when the ambient temperature goes
down to 10°C, gas production virtually stops. Gas production can be increased
in the cold climate by means of proper insulation of digester [14]. Stafford [16],
reported the effects of pH upon methane production from anaerobic digestion of
dairy cattle manure maintained at pH levels of 5.0 to 7.6 and found that biogas
and methane production was highest at pH of 7.0. The pH ranges from 6.3 - 8.0
with the average of 6.9 (Figure 6).

=&—pH Values per Day
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/\
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Figure 6. The pH values of mixture of substrates.

It should be noted that anaerobic degradation processes meet the requirement
for both activities and cell growth of anaerobic microorganisms at pH of 5.5 - 8.5
[17]. The optimum pH values for the anaerobic digestion range between 6.4 -
7.2. The optimum pH for methanogens is 6.6 - 7.0 [18]. The growth rate of me-
thanogenic bacteria is slower than the acidogenic bacteria. At lower pH values

and higher feed rates the growth rate of acidogenic bacteria increases because
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acid formation during acidogenisis reduces the pH of the medium and inhibits
the methanogenesis process [3].

Hydraulic retention time

The hydraulic retention time describes the retention time of water components—
not the solids [19]. The total volume is the digester volume and the volume of
the displacement tank, summing up to 38.5 m’. The solids will settle in the di-
gester and remain there and turn to gas to a large extend. Adding up all the ma-
terial entering, the daily feeding is 605 kg from which 505 liter are water and 105
are soft organic matter. With this feeding the digester will forever only discharge
water with just traces of solids (less than 1% total solids). The hydraulic reten-
tion time is 38,500 liter divide by 605 liter/day = 63.6 days Assuming I liter = 1
kg. The retention time for the solids is in principle 38,500 liter divide by 115
kg/day = 335 days.

As the solids reduce to 5% the desludging period is mathematically 334 days x
0.05 = 6680 days, which corresponds to 18.3 years. Considering that some dis-
solved particles are washed out with the water, the desludging interval is rather
indefinite (meaning that desludging is never necessary), unless sand and stones
are entering the system). Considering the high average temperature of 30°C, the
degradation will be fast and intense. Literature [20], indicated the warmer the

digestion conditions the shorter the necessary retention time.

4. Conclusion and Recommendations

Healthcare waste treatment and its proper management are global issues with
growing challenges especially in case of developing countries such as Tanzania.
Biodigestion is a practical solution for disposing of pathological waste, with the
added benefits of disposing of kitchen waste and generating biogas. Expert de-
sign is essential to fit into the often limited spaces in hospital campuses and en-
sure enough capacity to fully digest potentially infectious materials. More
awareness with key stakeholders is needed on the value of the technology, to
overcome prejudice against using biogas generated from placentas for cooking,
to create ownership and transfer responsibility for sustainability. Subsidies are

also needed to aid spread of the technology.
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