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Abstract

In order to reduce the environmental problems and hazards to inhabitants caused by the
increasing generation of municipal solid waste and a lack of sanitation infrastructure in Indian
cities, the organisation BIOTECH has installed about 650 plants for food waste and 150 toilet
linked biogas plants in Kumbalanghi, South India. Those plants, installed and subsidized as
part of the Kumbalanghi Model Tourism Project (KMTP), enable to co-digest the food and
toilet waste and to avoid discharges to the backwaters, the large and touristic wetland
ecosystem surrounding the village. In addition, the plants produce biogas and organic
fertilizer for the families. As research data about biogas plants in developing countries is still
very scarce, the aim of this study was to evaluate the technical performance of two biogas
systems; one fed with kitchen waste only and one with toilet waste in addition. Further, the
economic feasibility and social acceptance of the systems were assessed.

The Toilet Linked Biogas Plant (TLBP) was daily fed by the family with an average of 3.6kg
solid waste (mainly rice leftovers and faeces) and 36.5L of liquid waste (mainly flushing
water and organic waste water). The Food Waste Biogas Plant (FWBP) was fed with an
average of 2.9kg solid waste (mainly rice leftovers and slaughtered chicken waste) and 11.7L
of liquid waste (mainly organic waste water) per day.

The technical performances of both plants are similar. The pH (TLBP: 6.91, FWBP: 7.38) and
the temperature (TLBP: 29.1°C, FWBP 27.5°C) were stable and appropriate to anaerobic
digestion. Because of the flushing water, the substrate flow rate of the TLBP (40L) is almost
three times higher than for the FWBP (14.6L). This leads to different concentrations of
volatile fatty acids (TLBP: 82mg/L, FWBP: 657mg/L) and unequal hydraulic retention times
(TLBP: 37d, FWBP: 100d). However, it doesn’t affect by an important way the treatment
efficiency as the values for the reduction of total solids volatile solids and chemical oxygen
demand are comparable. In addition, the daily gas production is in the same range (TLBP:
690L/d, FWBP: 684L/day).

The very watery effluent is rich in nitrogen and potassium compared to phosphorus. The high
percentage of nitrogen in its ammonium form obtained through the anaerobic process
increases the usefulness of the effluent as a fertilizer. However, regarding inactivation of
E.Coli and Total Coliforms, the effluent should only be used for crops that are not eaten raw.
Further, it should not be discharged into the backwaters as its organic load and nitrogen
content exceed the Indian environmental standards for discharge of environmental pollutants.

The increase of the plant price due to a change of material and the decrease of subsidies lead
to investment costs of 593USD for a toilet linked plant of 2m® digester volume. This is five
times higher than during the starting phase of the tourism project and represents up to 5
monthly wages of an average family. On the contrary, the operation and maintenance costs
are low as the system is very robust. Savings are done first of all through the substitution of
LPG and firewood (38.5USD/year). The amortization period amounts up to 16 years whereas
only 3.2 years were needed with the previous model and the subsidies. The survey showed
that most families were completely satisfied by the system and would recommend it to other
families, giving improved waste management and gas production as main advantages. On the
other hand, some families with toilet linked plants considered the bad smell of the effluent
and its handling as problematic. Only one family has self-restraint regarding the use of gas
from faeces. On average, the produced biogas enables to cook for more than 3 hours. The
families still use an additional cooking fuel when they need to cook quicker and with more
than one stove. In general, it can be said that the monitored systems are suitable for the
treatment of kitchen and toilet waste, with the main hindrance of high investment costs and a
need for further treatment of the effluent.
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1. Introduction

1.1. Rationale

Indian cities are confronted with increasing flows of people due to rapid industrialization and
population explosion.! Thus thousand of tons of municipal solid waste (MSW) are daily
generated and their inappropriate management (open dumps and landfills) leads to
environmental problems and hazards to inhabitants. The situation is made worse by the use of
inadequate latrines which don’t enable to treat toilet waste. In coastal and wetland areas,
“hanging latrines” and other similar toilet facilities which discharge directly to the water body
are commonly used. They are very smelly and unpleasant, but very common in Kerala’s
backwaters, a very large wetland ecosystem in the South of India.

As toilet waste and the most important fraction of MSW are of organic nature, their anaerobic
co-digestion in biogas plants is a promising technology providing in addition gas and
fertilizer. To improve the sanitary and environmental conditions in the very sensitive
ecosystem of Kerala’s backwaters, the organisation BIOTECH from Thiruvananthapuram has
developed small scale toilet linked biogas plants enabling to co-digest human and kitchen
waste on household level. To date, BIOTECH has installed about 150 toilet linked plants and
650 plants for kitchen waste on the island of Kumbalanghi near Kochi. The goal is to develop
Kumbalanghi as an “Integrated Tourism Village” in which waste and environmental pollution
would be bothersome. Most of the costs were paid by the Kumbalanghi Panchayat, the Kerala
government (Tourism department) and the central government (Non conventional energy
department).

1.2. Objectives

Information and research data about biogas plants in developing countries is still very scarce,
although this is not a new technology. The overall goal of this study is to gain reliable data on
the performance of small scale biogas systems treating kitchen waste and faeces on household
level. For this purpose, two BIOTECH biogas plants were monitored and evaluated on
Kumbalanghi; one plant fed with kitchen waste only and one plant connected to a toilet.

Specific objectives:

e Evaluation of the technical performance of the system (gas production, treatment
efficiency),

e Analysis of the effluent quality,

e Evaluation of the economic feasibility and the social acceptance by the users.

! The percentage of urban population in India, which was 20% in 1971, has grown to 28% in 2001 and is
expected to reach 40% by 2021 (SINCLAIR KNIGHT MERZ, 2005).

-5-
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2. Background information

2.1

2.1.1. General facts

The state of Kerala is located at the Southwest

tip of India and constitutes 1.18% of the ™

country’s total area (CDPK, 2006).

According to the latest census of India, dating
back to 2001, Kerala houses 31.8 millions of
inhabitants which represent 3.1% of the Indian
population. Its population density is 819 persons
per square kilometres, what makes it one of the
most densely populated states in the country.
About one quarter of the population lives in
urban areas.

Kochi city (Figure 1), the largest urban
agglomeration in Kerala, counted 1,250,900
inhabitants in 2006. It consists of the Kochi
Corporation, two municipalities and thirteen
adjoining Panchayats (including Kumbalanghi

Panchayat) (CDPK, 2006). According to the
census 2001, during the years 1981 to 2001, the
average decadal growth was 7.83% in Kochi
Corporation, 18.65% in the municipalities and
12.13% in the Panchayats.

Kochi city has a flat topography characterized
by small and large islands which form the
backwaters (Figure 2). It has a tropical climate
with annual variation of temperature between
26°C and 33°C (SINCLAIR KNIGHT MERz, 2005).

Kumbalanghi Panchayat has a population of
31,193 inhabitants in 2006 of which 56% lived

below the poverty line (BPL).? The area is 15.77
km?, with a population density of 1978
persons/km? (CDPK, 2006).

State of Kerala, Kochi city and Kumbalanghi village
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Figure 1: Localization of Kochi (A), state of
Kerala, India (Google Earth).

Figure 2: Bridge over the backwaters linking

Kumbalanghi and another island.

% Kerala has formulated its own criteria to define a BPL family. There are 9 parameters and if the family does not
have access to 4 or more parameters than it is classified as BPL. For urban areas the parameters are the
followings : No land/Less than 5 cents of land, No house/dilapidated house, No sanitation latrine, Family without
colour TV, No regular employed person in the family, No access to safe drinking water, Women headed house
hold/Presence of widow divorcee, Socially disadvantaged groups SC/ST & Mentally retarded/disabled member

in the family.
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2.1.2. Solid waste generation and composition

In Kochi Corporation®, the average waste generation per person is 707 g/d. With almost 280t
of waste per day, which represents more than 66% of the MSW in Kochi Corporation, the
households generate by far the highest share of solid waste (Table 1).

Table 1: Sources and amount of waste in Kochi Corporation in the year 2001
(SINCLAIR KNIGHT MERZ, 2005).

Sources of Waste Waste generation Percentage to the
Generation [t/day] total [%0]
Domestic waste 279.12 66.22
Commercial 89.15 21.15
Institutional 10.66 2.53

Road sweeping 18.63 4.42

Drain cleaning 7.97 1.89

Clinic waste 9.31 2.21
Construction/Demolition 6.66 1.58

Total 421.50 100

As shown in Table 2, more than half of the MSW in Kochi Corporation consists of
vegetables.

Table 2: Composition of MSW in Kochi Corporation in the year 2001

(SINCLAIR KNIGHT MERZ, 2005).

Physical composition Percentage by weight [%6]
Vegetables 58.0
Paper 4.9
Metals 0.7
Glass 0.3
Plastics, rubbers 1.1
Wooden matter 6.0
Stones, earth 14.0
Textiles 2.0
Miscellaneous 13.0
Total 100.0

As the highest share of MSW comes from the households and is of organic nature, its
treatment by anaerobic digestion at household level is a promising method to treat the waste at
the source.

® Data regarding the solid waste generation and composition is available only for Kochi Corporation but should
be relatively similar in Panchayats.

-7-
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2.1.3. Current solid waste management and sanitation systems

According to the Kerala Municipalities Act 1994, Municipal Corporations have the obligatory
responsibility to ensure the roads and streets sweeping as well as the drain cleaning. They shall
also arrange to collect and dispose of solid waste generated in the city. Thus, sanitary workers
daily clean the main streets and the centre of Kochi Corporation whereas the frequencies for
the other parts vary (SINCLAIR KNIGHT MERZ, 2005). However, the adjoining Panchayats, like
Kumbanlanghi, have no official solid waste management®. The families dispose of their
organic waste in the surroundings, burn the plastic and paper in their garden (Figure 3A) or
threw them directly into the backwaters (Figure 3B and Figure 3C).

;‘,\ ‘ ‘ ) B .w‘

K AT e T

Figure 3: On the left (A): Plastic and paper burnt in the families’ garden in Kumbalanghi . In the middle

(B) and on the right (C): Pollution of the backwaters by solid waste in Kumbalanghi.

Table 3 and the Table 4 give information on the types of latrines used in Kerala’s households
and the kind of drainage connectivity for the waste water outlet.

Table 3: Type of latrines within the houses in Kerala in the year 2001 (CENSUS OF

INDIA, 2001).
Percentage of households [%6]

Type of latrine within the Rural area | Urban area Total
house

Pit latrines 12.8 11.1 12.4
Water closet 62.0 74.8 65.2
Other latrines 6.6 6.2 6.5
No latrine 18.7 8.0 16.0

Table 4: Types of drainage connectivity for waste water outlet in Kerala in the

year 2001 (CENSUS OF INDIA, 2001).

Percentage of households [%6]
Type of drainage connectivity | Rural area | Urban area Total
for waste water outlet
Closet drainage 5.8 14.9 8.0
Open drainage 10.2 16.0 11.7
No drainage 84.0 69.1 80.3

* Personal communication with the ex-President of Kumbalanghi Panchayat (2002-2005).

-8-
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In Kochi city, the low lying terrain and the relatively high groundwater level lead to an
ineffective disposal of sewage effluent through individual soakage pits. For that reason, a
number of households have connected their latrines to existing drains and canals, what can lead to
environmental problems and hazards for public health (SINCLAIR KNIGHT MERZ, 2005).

According to the CiTY DEVELOPMENT PLAN OF KocHI (2006), 20% of the population in the
adjoining Panchayats of Kochi city that lived under the poverty line (BPL) in 2001 had no
toilet, 3% used community toilets and 8% had toilets without septic tank. At that year, 56% of
the population of Kumbalanghi was considered as BPL. In 2010, it is still common to see
hanging latrines (Figure 4A) or other latrines where human excreta goes right into the water
body (Figure 4B).

Figure 4: On the left (A): Hanging latrines (B) Latrines with an outlet
discharging the human excreta into the backwaters.

2.2. BIOTECH

In the followings, a general description of the organization BIOTECH as well as a more
detailed description of its domestic biogas plants and the situation in Kumbalanghi are
exposed. Most of the data come from personal communication with the director of BIOTECH
and from their website (www.biotech-india.org). When this is not the case, the references are
mentioned in the text.

2.2.1. General description

BIOTECH has been established as a NGO in 1994 by its actual director Mr. Saji Das. Based
in Kerala’s capital Thiruvananthapuram, with regional offices in Kochi and Calicut,
BIOTECH aims to implement, promote, popularize and do research in Waste Management,
Non-conventional Energy and Energy Conservation Programmes. BIOTECH received the
Ashden Award for food security in 2007°.

BIOTECH is specialized in the development of biogas digesters for the treatment of the
organic fraction of MSW (OFMSW) and toilet waste in urban areas. Different sizes of plants
have been developed for domestic, institutional and municipal level (Figure 5).

Up to date, BIOTECH has installed 16,300 domestic plants. Most of them have a volume of
1m® (Figure 5A), but models with a volume up to 6m® are also available, with the possibility
to connect toilets. More details about those domestic plants are given in the next chapter.

> The Ashden Awards has the aim to “bring to light inspiring sustainable energy solutions in the UK and
developing world and help ensure that they are spread more widely”(www.ashdenawards.org).

-9-
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To date, about 230 institutional plants (Figure 5B) have been installed in hostels, schools,
hospitals and other similar places, where the gas is used for cooking in the canteen. The
digesters have a volume of 4 to 10m®and are made of ferro-cement. The gasholder is made of
fibreglass reinforced plastic (FRP) coated steel for bigger plants or a drum made of FRP for
smaller plants (HEEB, 2009).

At municipal level, BIOTECH already inaugurated 46 plants which enable to treat the market
waste (Figure 5C). Generally those plants have one or two 25m? floating drum digesters. The
electricity production from the biogas through generators enables to light the market and the
surroundings (HEEB, 2009).

Figure 5: On the left (A): 1m°domestic plant.
the right (C): 4m® market plant equipped with generator (HEEB, 2009).

The personnel structure of BIOTECH has been discussed in detail in the report of HEEB
(2009). Table 5 shows how the personnel developed between January 2009 and March 2010.

Table 5: Employment structure of Biotech in 2009 and 2010.

Field of occupation 2009 2010
Engineers 5 6
Production | Workers 50 70
Associated masons 60 60
Service Supervisors 15 20
Associated supervisors 200 30
Operation of market plants 20 42
Administration 30 30
Advertisement 20 27
Media - 3
Information 2 1

The increase of workers in the production and the advertisement as well as the creation of
jobs in the media sector shows the director’s intention to continue propagating the use of
biogas plants and to make people aware. The numbers of operators for the markets plants has
doubled because of the 18 new plants installed during that year. Finally, let’s notice that the
supervision of the household level plants® is now organised in a more centralised way
compared to the year 2009, where supervisors living in the neighbourhood were providing the
service on their own account (HEeB, 2009).

® After sell visits are done every six months during the first three years.

-10 -



Evaluation of small-scale biogas systems for the treatment of faeces and kitchen waste

2.2.2. Domestics plants

The domestic biogas plants installed at 16,300 &
households constitute the biggest part of BIOTECH’s
activities. In the past, the basement of the digesters
were made of Ferro-Cement (until 2005) or of
Reinforced Cement Concrete (RCC, until 2008).
Now, BIOTECH has stopped the construction of such
plants and delivers prefabricated portable plants
entirely made of fibreglass reinforced plastic (FRP)
(Figure 6).

Fig[jre 6!:117113 fibreglass reinforced plastic

plant for the treatment of kitchen waste.
Domestic plants with a volume of 1m® to 6m? are available. The smaller ones (1m* and 2m®)
exist with or without water jacket, whereas the bigger ones are all designed with water jacket.
This technology, where the gasholder does not float directly on the effluent but in a filled
water compartment, enables to minimise the gas loss and improves the cleanliness of the
plant’. For the models having a volume of 2m® or more, BIOTECH offers the possibility to
connect toilets in addition to the food waste input. Table 6 gives the number of the different
kinds of domestic plants which have been installed until March 2010.

Table 6: Number of different domestic plants installed by BIOTECH until March 2010.

Ferro-cement plant FRP plant
1m? non-water jacket 14,400 1,000
1m®water jacket 40 300
2m?®non water jacket 120 -
2m°®water jacket + toilet linked 180 15
More than 2m’ 60 185
Total 14,800 1,500

Let’s notice that 8,500 of the 16,300 domestic plants have been installed in rural area and the
other 7°800 ones in urban area.

Compared to the RCC plants, the full-FRP ones offer many advantages which made
BIOTECH choose to produce only those ones at a domestic level.
P
e Less time is spent for transportation as the whole plant
can easily be carried (Figure 7). sk
e Less time is spent to install the plant. If 2 days were *=22%
required for a RCC plant, now 2 hours are enough for a =

FRP one. i

e No special manual skills are needed to install the plant. ‘ oy
Whereas the RCC plant required four workers (2 masons = “== = N j_
and 2 helpers), only one is needed to install a FRP one.  Figure 7: Transport of a 4m° plant.

" A sketch of a plant equipped with such a technology is given in the chapter “2.3.3 Domestic plants in
Kumbalanghi”.
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e The excavation of a pit is not absolutely necessary. The labour charge is reduced and it is
more convenient for urban areas as the families have the possibility to install the plant on
the roof (Figure 10).

e The FRP plants resists better the salty water and the installation is easier in places close to
sea level (Figure 9).

e The attractiveness is better and the customers can even chose their preferred colour. In
addition, as it is movable, they can take it with them if they move.

. The advertisement is easier and a road show can be used to promote them (Figure 8).

e

Figue 9: 2m” toilet linked  Figure 8: Road show.

Figure 10: A 1m® domestic plant on
the roof of a house in Kochi. plant in Kumbalanghi.

However, despite all these advantages, the price is a big drawback. Indeed, a 1m* RCC plant
costs about Rs10,000 (220USD) whereas a 1m*® FRP is about Rs15,000 (330USD). For a 2m?
toilet linked plant the price increased from about Rs23,000 (506USD) to Rs33,000 (725USD).
The BIOTECH director intends to start additional implementation projects® with the short-
term goal to minimize the price by producing the plants at large scale.’ To reduce the prices of
those domestic plants, BIOTECH can count on the help of the Ministry of New and
Renewable Energy of the Central Government. In 2010, this one subsidizes the plant by
giving Rs4000 for a 1m® plant and Rs8000 for a 2m? (or bigger) plant. Let’s mention that a
few Panchayats also give subsidies of about Rs3500 to the families acquiring a domestic
plant.

2.2.3. Domestics plants in Kumbalanghi

In December 2003, the Kumbalanghi Model Tourism Project was
started in order to promote the village as an international tourism i
destination (Figure 11). As part of that project, the initial goal was W””,L&:'msm
to install biogas plants in every household of the village in order to
solve the problems of waste dumping and water pollution at source
(HARIDAS, 2007, EXPRESS NEWS SERVICE, 2007). Besides the [ ——
central government (Ministry of New and Renewable Energy), the
Kumbalanghi Panchayat and, especially, the Kerala Government
(Tourism Department) subsidized the plants. Thanks to that, more than Figure 11: Sign

600 1m? plants for kitchen waste and 150 toilet linked plants were announcing Kumbalanghi
installed. Unfortunately, in 2005, when the LDF government came Viodel Tourism Village.
to the power™, funds ceased and only few additional 1m?® plants for

kitchen waste were installed.

& The director wants to start new implementation projects through advertisement in media and awareness
programs in meetings.

% At the moment, 20 to 50 domestic plants are produced per day. The BIOTECH director’s goal is to reach a
production of 200 plants per day.

9 K.V. Thomas, the Minister for Tourism and Fisheries between 2001 and 2004 in Government of Kerala came
from Kerala and belonged to the Congress party. He was very involved in the Kumbalanghi Model Tourism
Project. When the LDF Government came to the power, K.V. Thomas was no more supported in its project.
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The cross section and the top view sketches of a biogas plant as installed in Kumbalanghi are
given below (Figure 12). The general sketch of the BIOTECH prefabricated eco friendly toilet
is given in Appendix A.

Figure 12: Cross section and top view of a 2m® toilet linked plant installed in Kumbalanghi.

The plants have a floating drum design and consist of a digester tank (A), a gasholder drum
(B), a food waste inlet (C), a toilet waste inlet (D) (not drawn on the cross section), an effluent
outlet (E) and a biogas outlet (F).

The digester tank (A) is made of prefabricated Reinforced Cement Concrete (RCC) elements
fitted together in an excavated pit. As Kumbalanghi is very close to sea level, in most of the
cases, the initially wanted excavation of a 180cm pit and pile-up of 7 RRC rings of 30cm
were not possible. So, the digester depth varies according to the plant and the measurements
given in the followings are the ones of the monitored plants in this study. The digester has an
external diameter of 142cm and is 160cm deep. The anaerobic digestion of food and toilet
waste occurs in it. An orthogonal barrier to the flow direction (al), having a height of 70cm,
separates the lower part of the digester into two “rooms”. Thus, the unsuspended solids are
blocked in the first room and their retention time is longer than the one of liquids which can
flow over the barrier. Thanks to a filled water compartment, called water jacket (a2), the
biogas can be collected almost in its integrity by the gasholder. A metallic central axe (a3)
anchored in the orthogonal barrier serves as a guide frame for the gasholder. At the
orthogonal barrier level, the internal diameter of the digester is 134cm whereas at the water
jacket level it is 108cm. The usable digester volume of a 2m* plant is 1.465m>.

The gasholder (B) is made of FRP and has a diameter of 120cm and a height of 110cm. It
moves up when biogas is produced and goes down when the gas is used for cooking. Because
the central tube (bl) is guided by a metallic axe, it moves straight and can not tilt to the side.
A stone (b2) of 20kg is kept on the gasholder to make it heavy and thus increase the gas
pressure.

The food waste inlet (C) and the effluent outlet (E) both consist of a square base (about
45x45cm) made of bricks and are linked to the digester by a pipe at an angle of about 45°.
The toilet waste inlet (D) consists of an observation room (in cement or brick) which is linked
by a pipe, at one side, to the latrines (with or without a flush) and, at the other side, to the
plant. The food and toilet waste arrive in the first room of the digester and the effluent goes
out from its second room.

A valve on the gasholder enables to connect a pipe which carries the biogas to the kitchen
where the families can cook on a biogas stove.
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For the construction of such a toilet linked biogas plant in Kumbalanghi, the families had to
pay the cement (100kg), the bricks (25 usual and 8 cement ones), the cow dung (100kg) and
the excavation of a pit of 180cm. Then, BIOTECH employees (two masons and two helpers)
came and usually constructed the plant in 6 hours. One additional week was necessary to
make the cement harder. Afterwards, cow dung was put into the digester and after about three
days, families could start putting in food waste and get biogas. The families got in advance
subsidies from the central government, the Kerala government and the Kumbalanghi
Panchayat and after completing the installation, the plant was checked by a central
government employee.

2.3. Anaerobic co-digestion

The anaerobic co-digestion is the simultaneous treatment of more than one substrate in the
same digester. According to MATA-ALVAREZ (2003), the mixing of several wastes types has
positive effects on the anaerobic digestion process because it improves the methane yield,
improves the process stability and achieves a better handling of the waste. In addition, such a
system is economically more favourable as it combines different waste streams in one
common treatment facility.

In the case of the co-digestion of food waste and toilet waste, the low C:N ratio and
biodegradability content of the toilet waste are compensated by the high values characterizing
those two parameters for the food waste. Thus, the major problem of ammonia toxicity due to
low C:N ratio is avoid and the low biogas yield due to the small content of biodegradable
matter is increased. At the opposite, the high content of macro and micronutrients of toilet
waste compensate the relatively low content of those ones in the food waste. The so obtained
effluent is a rich source of inorganic plants nutrients.

Nevertheless, as soon as faeces are used as fertilizer, the health risk has to be considered.
Indeed, as shown in Table 7, the number of most pathogens in faeces is higher than the
median infective dose (FEACHEM & AL, 1983). If pathogens are not sufficiently inactivated
during the AD process, an improper use of the fertilizer can lead to infection of the families.

Table 7: Number of pathogens per gram of faeces and the median infective dose
(FEACHEM & AL, 1983).

Average number L .
. Median infective
Pathogen of organisms per
dose (I1Dsp)
gram of faeces

Pathogenic E. Coli 10° >10°
Bacteria | Salmonella spp. 10° >10°
Vibrio cholerae 10° >10°
Viruses Enterovirus 10° <10?
Protozoa | Entamoeba histloytica 1.5*10° <10°
Ascaris lumbricoides 10* <10°
Hoockworms 800 <10°
. Schistosomia mansoni 40 <10?
Helminths I cnia saginata 10° <10°
Trichuris trichiura 2*10° <10°
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3. Methods

The study is divided into two main sections:

3.1. Monitoring part which focuses on:
e Technical performance (treatment efficiency, gas production and composition)
e Quality of effluent and its suitability as organic fertilizer

3.2. Survey part which gives qualitative data on:
e Economic feasibility of the system
e Social acceptance by the user

3.1. Monitoring part

In order to assess the performance of the BIOTECH biogas systems, two plants were selected
(Figure 13). Both of them are designed to be linked to latrines and have the characteristics as
described in chapter 2.2.3. However, one plant is currently not connected to the toilet. This
enables to compare the performance of a plant for food waste only (plant 1) with the one of a
toilet linked biogas plant (plant 2).

Figure 13: On the left: (A) Plant 1. On the right: (B) plant
2. The two 2m® water jacket plants selected for the
monitoring. Both have inlets for the food waste (FW) and
the toilet waste (TW) and an outlet for the effluent (E).
However, no toilets are connected to plant 1and thus only
food waste is fed.

During the first two weeks, discussions with the two families were done in order to have a
first idea of how they operate the plants and to explain them the goals of the study. Then,
these two plants were monitored and evaluated during 8 weeks (03.01.2010 — 27.02.2010)
regarding the following aspects:

e Analysis of feedstock e Measurement of gas production
e Analysis of effluent e Measurement of gas composition
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3.1.1. Amount and composition of feedstock - Sampling of feedstock and effluent

Food waste

The two families were asked to daily collect their kitchen
waste in buckets by separating the solid food waste from
the organic waste water (waste water that originates in the
kitchen). The different kinds of organic waste water were
collected in separate buckets (Figure 14).

Five days per week the solid food items were sorted out
and weighted with a kitchen scale (TEFAL, max. 5kg, acc.
1g), whereas the volumes of the different organic waste ' T :
waters were measured with a graduated container. On [Figure 14: Sorting out of the waste
sampling days, 10% of every item was collected and done by the families.

packaged in one box.

On the two remaining days, the families were asked to write down the estimated quantities of
what they put into the plant. Those estimations have not been taken into account in the
calculations but enabled to estimate if the families fed a non usual item or a non usual
quantity of waste.

The days after sampling, at the BIOTECH office, the feedstock samples were mixed with a
kitchen blender (Vijay®) for about 30 minutes and homogenised. Portions of it were brought
to the “Cochin University of Science and Technology” to carry out the analysis of Total
Solids and Volatile Solids.

Toilet waste

The family owning the toilet linked biogas
plant was asked to note down the number of = &
times they used the latrines. After each use, :
the person ticked on a table if he/she urinated,
defecated or urinate and defecate as well as if
he/she used the 4L toilet flush or not (Figure
15). Once a week, over a period of 24 hours,
the family collected the black water (urine,
faeces and flushing water) by connecting a = v
pipe to the toilet outlet and using a 10L bucket Figure 16: Collection of
(Figure 16). The whole daily black water was the black water.

kept in an 80L bucket and mixed energetically

with a stick before taking a sample of 500ml. In addition, two samples were taken using
sterile tubes of 15ml in order to carry out the pathogen measurements.

Figure 15: Toilet
connected to plant 2
with a 4L toilet flush.

Effluent

Five days per week, the effluent was collected while the feedstock was poured into the plant.
In order to check if pH and temperature (measured on site) are identical at different heights
within the plant, three effluent samples were taken one after the other. On sampling days,
300ml of the three parts of effluent was collected and packaged in one box.

In addition, for the plant 2, two to three effluent samples were taken using sterile tubes of
15ml in order to carry out the pathogen measurements.
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3.1.2. Measurement of chemical and bacteriological parameters

The explanation, the relevance (aim), the measuring method and the measuring frequency of
each studied parameter on the food waste (FW), the toilet waste (TW) and the effluent (E) are
given in the Table 8 (DEUBLEIN & STEINHAUSER 2008, LoHRI 2009, WHO 2006). Detailed

methods for the parameters marked with asterisk (*) are given in Appendix B.

Table 8: Explanation, relevance, measuring method and frequencies of each studied parameter on the
food waste (FW), the toilet waste (TW) and the effluent (E).

Parameter Explanation & Relevance (aims) Frequency Method/Apparatus
On site
Intensity of acidic or basic character at a given
oH temperature. -> to determine the feedstock influence on E 5x / week Ecol0pH
the acidity/basicity. The optimal pH-range for a good (Hach-Lange)
bacterial activity is 6.5 - 7.5.
Kinetic energy of atoms or molecules -> to determine the Eco10pH
Temperature | feedstock influence on the temperature. The optimal range | E 5x / week (Hach-Lange)
for a good bacterial activity is 32- 42°C.
Cochin University
Estimation of all the organic and inorganic solid matter FW | 2x/week .
S-I(—)?itgl (TS)* -> to characterize the FW and the E and describe the E % | week gg/aelzs(Keml)
waste reduction.
Volatile Approximatior] of the organic fraction of the d_ry matter - |FW | 2x / week Mufﬂe—Fur.nace.
Solids (VS)* > to characterize the FW and the E and describe the E 2% | week (Wheel engineering
reduction of organic load. Works) Scales
Biotech office
After dilution to the measurement ranges
Amount of oxygen required to oxidise all the organicand | FW | 2x/week | LCK [Thermoblock
CODygtal inorganic matter -> to characterize the FW and the Eand | TW | 1x/week |014&114 |Nanocolor
describe the reduction of organic load. E | 2x/week | (Lange) | Vario
Amount of nitrogen -> to evaluate its availability in the FW | 2x/week LCK 338 Compact
Niotal FS (needed by the anaerobic bacteria) and the E TW | 1x / week (Lange) (Macherey
(essential nutrient for organism growth). E | 2x/week 98) | -Nagel)
Amount of phosphorus > to evaluate its availability in FW_| 2x / week
Piotal the FS (needed by the anaerobic bacteria) and the E TW | 1x/week | LCK 350 LASA_20
. : ; (Lange) |(Hach
(essential nutrient for organism growth). E 2x [ week Lange)
K Amount of phosphate -> to evaluate its availability in the E 1x / week LCK 328 (Lange)
tot E (essential nutrient for organism growth). LASA20 (Hach-L)
E Coli/ Concentration of thg pathggens -> to determine if the TW | 1x/week B
Cbli forms pathogens removal is sufficient to use the effluent for E2 | 2% / week Petrifilm (3M)
irrigation (<10° CFU of E. Coli in 100ml of effluent)
After filtration (paper filter) and dilution to the measurement ranges
Amount of oxygen required to oxidise the dissolved FW | 1x/week LCK114 (Lange)
COD.. organic and inorganic matter -> to describe the amount of | TW | 1x/week | Thermoblock
dissolved |- g jjckly digestible feedstock and its influence on the plant (Macherey-Nagel)
activity and the effluent. E | Ix/week || A5p20 (Hach-L)
After filtration (textile) and dilution to the measurement ranges
Amount of ammonium - nitrogen -> to describe the FW | 1x/week LCK 302 (Lange)
NH,-H increase of NH," released by the anaerobic digestion of TW | 1x/week g
LASA20 (Hach-L)
N-compounds. E 2x | week
After filtration (textile)
Amount of volatile fatty acids (carbon chain of 6 carbons or
fewer) produced in the first stage of the process -> to —
VFA* detern)wi%e the feedstock influen?:e on thepVFA production by E 2x fweek | Kapp titration
knowing that the inhibiting concentration is 3000 mg/I.
. Amount of acids (A) compared to Total Inorganic Carbon I
AITIC ratio™ (TIC) -> to get pr(oclss stgbility information ?or the digester. E 2x/week | Kapp titration
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Because of the high content of suspended particles in the samples, the micro filtration could
not be carried out before the NHs-H, VFA and A/TIC ratio measurements. Only a rough
filtration was done. Thus, we must be aware that the NH4-H values can slightly differ from
the real ones because of the turbidity whereas the VFA measurement will be a bit higher than
the real one. Nevertheless, the values obtained for the NH;-H enabled to get a good
approximation of the ions proportion in comparison with the total nitrogen. The A/TIC ratio
gives good information about the stability of an anaerobic digester even in using only a rough
filtration (LOHRI 2009).

3.1.3. Measurement of gas production

The daily gas production of the two plants was
measured by using two gas meters (Erdgas
Ziirich AG, Qmin = 0.04m%h, Qmax = 6m°/h, P
Pmax = 0.5 bar). In both cases, the meter was §
installed as close as possible to the plant
(Figure 17). The tube connecting the gasholder
to the meter inlet was fixed to a tree (A) to
enable a free movement of the gasholder. The
tube connecting the meter outlet to the stove M
was fitted with a “three ways” to carry out the §
gas composition measurements (B). Thus, all [
the gas used (cooking and measurements) was §&
counted by the meter.

In the evening, when the families had finished
cooking (about 10pm), the gas holder was
completely emptied. The value given by the |
meter was written down in order to obtain the
daily production by subtracting this value by
the one of the day before. For plant 1, the
author of the report could be on site five days
per week. So, twice a week the average of the

daily gas production was done using the Figure 17: Connected gas meter. The fixation (A)
production of two days. For the plant 2, a enables the gasholder to move freely. The “three

member of the family was asked to do this task ways” installed at the point B enables to carry out
every day. CO, measurements.

3.1.4. Measurement of gas composition

Five times per week the CO, content was measured using a BRIGON
CO2-Indicator. The probe could be completely inserted into the tube
through the “three ways” (Figure 18). Its proximity with the plant
enabled to avoid the presence of external air as much as possible. All
connections were made tight by using PTFE tape.

| Ny
Figure 18: “Three ays installed to
carry out the CO2 measurements.
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3.2. Survey part

To gain information on the economic feasibility and the social acceptance of the toilet linked
biogas plants, face to face interviews were completed with 17 plant owners (Figure 19A and
Figure 19B). In order to have a point of comparison, interviews were also carried out with 10
households owning an “ordinary” (kitchen waste) plant (Figure 19C). The questionnaire is
given in Appendix C.

The economic feasibility is assed according to the following aspects:

e Investment costs (purchasing price of plants, subsidies, amount paid by the customer)

e Operation and maintenance costs (broken pieces)

e Savings (substitution of cooking energy, reduction of waste management fees,
substitution of former fertilizer)

For the price of the plants and the subsidies offered to the families, data obtained from
personal communications with the director is used in addition.

The social acceptance is evaluated according to:

General opinion of the users

Self-restraints to use biogas produced from toilet waste

Convenience of cooking with biogas compared to the former cooking fuel

Effective use of the plant and application of the given instruction for its proper
functioning

A

Figure 19: On the left (a): Face to face interviews. in the middle (b): 2m®toilet linked biogas plant.
On the right(c): Im°ordinary biogas plant.
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4. Results

4.1. Technical performance and quality of effluent

The results obtained during the monitoring period are presented below. Despite the period
preceding the monitoring, during which the feeding habits of the families were tried to be
understood as well as possible, a few “unexpected” feedings were done during the first two
monitoring weeks. These observations will be mentioned in the following, however, only the
data of the last 6 weeks (17.01.2010 — 27.02.2010) were used for the analysis.

4.1.1. Characterization of the feedstock

Firstly, the feeding habits as well as the amount and composition of the feedstock are
described for both plants. Secondly, their chemical characteristics are presented.

Feedstock amount and composition of plant 1

The feedstock of plant 1 comes from the family owning the plant (4 adults & 2 children) and
the neighbour family (2 adults and 2 children). They collect their kitchen wastes (food waste
and organic waste water) during a 24h period. Everyday, at about 17 p.m., the lady of the
owning family fetches the buckets, feeds the plant and uses a stick to push all the content into
the digester.

In addition, the man of the owning family sells chicken on Sundays. Thus, important
quantities of slaughter chicken waste (legs, heads, stomachs and blood) are fed on those
days.™* As shown in Figure 22, the solid part of the feedstock is very different on “usual” days
when it consists of about 2kg of kitchen waste (Figure 20) and on “chicken” days when about
6.7kg of chicken waste is added (Figure 21).

Figure 20: Typical feedstock of plant 1 on Figure 21: Important quantities of

«usual» days. chicken waste (legs, heads, stomachs
and blood) fed on Sundays and
celebration days.

! Chicken waste was also fed on Saturdays during the first two weeks (03.01.10 — 16.01.10) and no sampling
could be done on those days.
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Feeding of plant 1

O Rice O Meat + Fish O Vegetables O Fruit

16.00
14.00
12.00
10.00

8.00

4.00
2.00
0.00

Amount of feedstock [kg]

()]
o
o
.'_l_l_l_l_l_l_“
%
T 1
ui
m
] mi
Fm
i
nin)
in
i}
T
[
m]
mim
Fm
1l
2l
I
‘m
)

17110
1924 4
lzq, |
23110 |
251.10 d
27110
29110
31110

Date

Figure 22: Amount and composition of feedstock per day (the 17.1.10 being a Sunday). For the two days
per week during which the waste could not be weighed, an average of the sampling days (without chicken)
was taken to construct the histogram.

Keeping in mind that the feedstock is very different once a week, the daily average amount of
feedstock and its composition are given in Figure 23:

FEEDSTOCK composition - plant 1

SOLID PART composition - plant 1
LIQUID PART composition - plant 1

MEAT + FISH
CLEANING
WATER
15%

RICE

CLEANING

WATER
36%

RICE WAT
30%

Figure 23: Feedstock composition of plant 1. The central pie chart gives the daily average amount of solid
and liquid food waste of plant 1. The external pie charts give their composition.

VEGETABLE
CLEANING
WATER
17%

MEAT+FISH
38%

OTHER
2%

Thus, the feedstock consists of an important part of organic waste waters (about 82% of the
volume). The order from the richest to the poorest water in organic matter is probably the
following one (the pragmatic reason is given in brackets):

1) Meat and fish cleaning water (presence of blood)

2) Rice cooking water (a thick layer of solid matter forms after decantation)
3) Rice cleaning water (a thin layer of solid matter floats)

4) Vegetable cleaning water (a few pieces of vegetable)

Regarding the solid parts, let’s notice that the “rice” fraction is food leftovers whereas the
main parts of the vegetable and fruit waste are the peels and other non edible parts (roots and
tough parts).
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Feedstock amount and composition of plant 2

Besides feeding the toilet linked plant with excreta, the owning family (2 adults & 2 young
adults) adds its kitchen wastes (food waste and organic waste water) as well as rice leftovers
and rice water from three other families.

The owning family collects their kitchen wastes during a 24h period. During the afternoon,
three other families bring their kitchen waste, most of the time rice and rice water, which are
considered by the family as good substrates to produce gas. Every day, at about 18:30 p.m.,
the kitchen waste is poured into the plant and a stick is used to push all the content in the
digester. As shown in Figure 24, even if the amount of food waste varies, there are no special
feedings as observed in plant 1.*2

Feeding of plant 2

O Rice O Meat + Fish O Vegetables O Fruit

16.00

14.00

12.00

10.00

8.00

6.00

Amount of feedstock [kg]

4.00
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Figure 24: Amount and composition of feedstock per day. For the two days during which the waste could not
be weighed, an average of the sampling days was taken to construct that histogram.

Regarding the toilet waste, the latrines are used on average 3.9 times per day to defecate and
5.7 times per day to urinate. These relatively low values for urination can be explained by
three main reasons. Firstly, on working days, the latrines are only used in the morning and in
the evening by the father and the children who are at work and at school during the day.
Secondly, the family also has a second sanitation unit which is not connected to the biogas
plant, but pours out directly into the backwaters. It was made to only take shower but when
they are in a hurry and the toilet is occupied, they also use them as a latrine. Finally, the men
don’t always use the latrines to urinate.

In order to calculate the daily average amount of feedstock, estimation of the amount of
faeces and urine has been done using the data from literature (FEACHEM, 1983, NIWAGABA
2009, ScHouw, 2001). In view of the 3.9 defecations reported by the family of four (see
above), it was assumed that each person defecates once a day and that they use almost always
their latrine at home So, the daily average amount of faeces produced per adult in the rural
area of a developing country (350g) can be multiplied by the number of family members (4)
to obtain an average value of 1.4 kg faeces per day.

For the urine, estimation is more difficult as the number of urination varies a lot among the
people and as it wasn’t possible to know how many times the family members urinate outside.
Knowing that most adults produce between 1.0 and 1.3 kg of urine per day and urinate about
4 times a day, a value of 300g per urination has been chosen and multiplied by the 5.7 times
the latrines are used to urinate. So, the average value of 1.71 kg urine per day is obtained.

12 During the first week of monitoring (03.01.10 — 10.01.10), the family fed two times 5-10kg of cow dung but
no sampling could be done.
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The daily average amount of feedstock and its composition are given in Figure 25:

FEEDSTOCK Composition - plant 2

LIQUID PART composition- plant 2

SOLID PART composition - plant 2

URINE
FLUSHING 11%
WATER

48%

OTHER
MEAT+FISH 5%

8%

Figure 25: Feedstock composition of plant 2. The central pie chart gives the daily average amount of solid
and liquid food waste of plant 2. The external pie charts give their composition.

Thus, because of the flushing water, the feedstock of plant 2 is composed of an important part
of waste water (about 91% of the total volume). The flushing water constituted more than the
half of that water. Because of that high quantity of flushing water, the family adds almost only
rice water as organic waste water in order to not reduce the retention time too much.

Besides the faeces, the rice leftovers constituted the main part of the solid waste. Similar to
plant 1, the fruit and vegetable wastes mainly consists of the peels and the non edible parts. In
addition, this family has almost daily fish waste, mainly consisting of heads.

Chemical characteristics

As the chemical characteristics for kitchen waste, chicken waste and toilet waste can differ
considerably, the different feedstocks were analysed separately. The detailed feedstock
composition for both plants is given above (Figure 23 and Figure 25).

In Table 9 and Table 10, the chemical characteristics of the feedstock are given for plant 1 and
plant 2. The calculations were done based on the daily loads (that is, by multiplying the
concentration obtained on a sampling day by the flow rate of the same day). Finally, the
average of all sampling days was taken. The results are shown separately for the different
feedstocks and were combined to get the characteristics of the effective feedstock.
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Plant 1

Parameters characterizing the feedstock of plant 1 are given in Table 9.

Table 9: Characteristics of the feedstock. The days with chicken and the usual days have been combined by
using the load of the different parameters X and doing: kgXsedstock/day = (1*KgXchicken/day + 6*kgX sua/day)/7

thoiggerﬁ;estJre Food waste only Combined Feedstock
D n Average n Average Average

value value value
1) TS [kg/day] 6 1.77 6 0.48 0.67
2) VS [%TS] 6 91.2 6 88.5 88.9
3) CODtot (gO,/gTS) 6 1.81 6 1.42 1.57
4) Ntot (%TS) 6 5.7 6 2.8 3.9
5) Ptot (%TS) 6 0.5 6 0.4 0.5
6) NH4-H (%Ntot) 4 1.6 2 4.0 2.6
7) CODdiss (%CODtot) | 2 17.0 3 30.6 24.7

Discussion of the parameters:

1) As the feedstock contains a lot of organic water which also contains solid matter, it
wouldn’t be correct to give the TS values in gram per kilogram of wet weight (as it is given in
the literature). If, nevertheless, an approximation wants to be done by dividing the TS value of
0.67kg/days by the daily wet weight of 2.9kg, the value of 23% is obtained. The range given
by MATA-ALVAREZ (2003) for TS of the organic fraction of MSW spreads from 10% (fruit
and vegetable wastes) to 20-25% (kitchen waste mixed with garden waste). So, the measured
value is relatively high and that is probably due to two reasons. Firstly, the organic water
contains a significant part of solid matter (which is not taken into account in the wet weight).
Secondly, the percentage of TS contained in the chicken waste is important. Indeed,
SALMINEN & RINTALA (2002) found a value of 39% for the chicken offal, feet, and head.

2) The VS percentage is in accordance with the range of 85-90% given for organic fraction of
municipal solid waste (MATA-ALVAREZ 2003).

3) The COD value of 1.57g0,/gTS indicates that the feedstock has higher energy content than
the OFMSW (1-1.3 gO,/gTS) given by MATA-ALVAREZ (2003).

4) The nitrogen content of 3.9% is slightly higher than the literature values of about 2-3 %TS
for the organic fraction of municipal solid waste (MATA-ALVAREZ 2003). However,
SALMINEN & RINTALA (2002) have shown that the nitrogen content of blood chicken is
7.6%TS and the one of offal, feet, and head is 5.3%TS.

5) The phosphorus content of 0.5% is in the upper range of the values given in literature (0.2
t0 0.5 %TS).

The COD:N:P ratio of 345:9:1 reflects a high content of nitrogen and phosphorus compared to
the ratio recommended for MSW suitable for anaerobic digestion (600:7:1) (MATA-ALVAREZ
2003).

6) The percentage of nitrogen present in the form of ammonium is very low in the feedstock.

7) Compared to the samples without chicken, the dissolved COD of the samples with chicken
is relatively low and means that the amount of quickly digestible matter is small.
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Plant 2

The TS and VS values for toilet waste had to be taken from literature as no laboratory in
Kochi was willing to analyse samples containing faeces. The literature values are given as 60-
74 gTS/cap/day and 51 - 63gVS/cap/day (which corresponded to 85% of TS) (LOHRI, 2009,
FEACHEM, 1983, SCHouw & AL, 2001).

Parameters characterizing the food waste, the toilet waste and the combined feedstock (food
waste + toilet waste) of the plant 2 are given in Table 10.

Table 10: Characteristics of the feedstock. The food waste and the toilet waste have been combined by using
the load of the different parameters X and doing: kgXeegstock/day = KgXsood waste/day + KgXioilet waste/day. (*) For
the toilet waste, the value ranges of TS and VS have been taken from the literature. (**) The CODtot value of
the combined feedstock has been calculated in taking a literature value for the food waste (see the reason in
the text).

Food waste Toilet waste Combined feedstock
(4 people) (FW + TW)
Parameter n Average n Average value Average
value
1) TS [kg/day] 12 0.732 - 0.240 - 0.296* 0.972-1.028
12 85*

2) VS [%TS] 90.1 " | (0.204-0.252 kgvS/day)* 88.4 - 88.6
0.34-0.42

3) CODtot (gCOD/gTS) |12 1.13 7 (0.100kgOs/day) 1.1%*
3.3-4.11

4) Ntot (%TS) 12 2.0 7 (0.010kgN/day) 2.27 - 2.40

0.3-04

5) Ptot (%TS) 12 0.3 7 (0.030kgP/day) 0.31-0.32

6) NH4-H (%Ntot) 5 4.7 6 30.9 15.8

7) CODdiss (%CODtot) | 6 39.2 5 23.2 35.8

Initial comment on the toilet waste results:

According to WHO (2006), an Indian excretes each day about 7.4g of nitrogen and 1.1g of
phosphorus. Compared to this literature values, the measured values of 10gN/day and 3gP/day
in the toilet waste of 4 people are low. However, it can be explained by the fact that the family
doesn’t often use the toilet to wurinate (1-2times/cap/day). Indeed, urine contains
approximately 80-90% of the excreta nitrogen (about 6.3g/cap/day in India) and 20-50% of
the excreta phosphorus (about 0.3g/cap/day in India) whereas faeces contain the rest
(Niwagaba, 2009, WHO, 2006).

If we assume that a person defecates once a day and urinates four times a day, the calculated
N and P contents of that toilet waste are 13gN/day and 3gP/day respectively. So, the measured
values are approximately in accordance with the literature values.

The CODtot value is more than two times smaller than the TS value. Very few studies give
COD values of faeces and urine. LoHRI (2009) obtained values of about 1.1mgO,/mgTS. As
the organic part of the toilet waste is about 85% of the total solid, CODtot values close to
1mgO,/mgTS are, indeed, expected. The low measured value is most probably due to a
problem of analysis. The toilet waste sample was difficult to homogenize perfectly and solid
particles of faeces were probably not taken into account in the measurement. As the main part
of the organic matter is contained in the faeces whereas the main part of nitrogen and
phosphorus is contained in the urine, that problem of analysis is reflected mainly in the
CODtot value (STRAUSS 2000). So, an estimated value of 0.240 — 0.296g0,/day was taken to
calculate the CODtot value of the combined feedstock. For the other parameters, the
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contribution of the faeces being very small, the measured parameters were used to calculate
the combined feedstock in keeping in mind that they could slightly differ from the real ones.

Discussion of the parameters:

1) It is interesting to notice that, in this particular co-digestion plant, a bit less than 3/4 of the
dried matter comes from the food waste and a bit more than % from the toilet waste. The
optimal mixture between these two feedstocks couldn’t be found in the literature. However,
according to MATA-ALVAREZ (2003), the optimal ratio of OFMSW to sewage sludge in terms
of specific gas production and VS reduction is 80:20 on a TS basis.

2) The rather low percentage of organic matter in the toilet waste is compensated by a high
proportion in the food waste. Thus, the feedstock has a VS value which is comparable to the
one of plant 1 and to the value given in literature (85-90%) for OFMSW (MATA-ALVAREZ,
2003).

3) The COD value of 1.13g0,/gTS for food waste is in the range of 1-1.3 gO,/gTS found in
literature for OFMSW. As the toilet waste contains less organic matter, the COD value of the
combined feedstock is a bit lower (1.1 gO,/gTS), but still in the range.

4) The nitrogen content of 2% in the food waste is in accordance with the literature values of
2-3 %TS for the OFMSW (Mata-Alvarez 2003). The nitrogen content of the combined
feedstock (2.27 — 2.40%TYS) is slightly higher as urine is rich in nitrogen.

5) The phosphorus content of 0.3% in the food waste is in the range of 0.2 to 0.5 %TS given
in literature for OFMSW (Mata-Alvarez 2003). It increases slightly in combination with toilet
waste to 0.31-0.32%TS.

The values for CODyt, Nior and Pyt in the feedstock of plant 2 are lower than in plant 1 due to
the chicken waste input in the latter. However, similar to plant 2, the ratio of COD:N:P of
287:7:1 in plant 2 reflects a high content of nitrogen and phosphorus compared to the ratio
recommended for MSW suitable for anaerobic digestion (600:7:1).

6) The percentage of ammonium is higher in the feedstock of plant 2 compared to the one of
plant 1 because urine contains high percentage of ammoniacal nitrogen.

7) The percentage of CODyjss Shows that an important part of direct digestible matter is
present in the feedstock.

4.1.2. Operational parameters

On site, three effluent samples were taken consecutively on each sampling day. The average
values for pH and temperature are given in Table 11.

Table 11: pH and temperature of the effluent of plant 1 and 2, in both cases collected in three times.

Efluent Flant Standard clant Standard

sample Average value deviation Average value deviation
1% 7.50 0.05 6.98 1.0
pH 2" 7.43 0.06 6.95 1.1
3rd 7.38 0.04 6.91 1.0
1% 29.8 0.14 29.7 1.3
[Toecn]"perature 2 28.1 0.09 294 13
3 275 0.09 20.1 1.0
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For both plants, the first samples show higher temperature and pH values than the second one,
which, again, was higher than the third one. This is explained by the fact that the effluent
from the first sample was stored in the external part of the outlet pipe, which was heated
through the outside air temperature. Furthermore, when the effluent is in contact with the air,
the carbon dioxide can escape what leads to an increase of the pH. Therefore, the third
effluent sample has the closest characteristics to the slurry inside the plant. These values are
used for the comparison with literature data. Whereas both plants have pH values which are in
the optimal range of 6.5 — 7.5, the temperature values are slightly lower than the optimal
range of 32 — 42°C (DEUBLEIN & STEINHAUSER 2008). Let’s notice that those values were
very constant during the whole monitoring period.

Due to the flushing water, the flow rate of plant 2 (0.0400m?) is much higher than the one of
plant 1 (0.0146 m®) (Table 12). Consequently, its hydraulic retention time is lower, namely 37
days for plant 2 compared to 100 days for plant 1. Still, the flow rate of plant 2 is lower than
the maximal load for which the plant was designed (25-40 L of waste water and 4-5 kg of wet
weight). The retention time is bigger than the 14 — 30 days given by Mata-Alvarez (2003) for
plants treating OFMSW.

In comparison with the recommend OLR values of 1-4kgVS/m® given by that same author for
OFMSW, the OLR for plant 1 and 2 of 0.41 and 0.58 respectively are very low. The main
reason is probably the high quantity of water fed into those plants. The consequences of these
OLR and HRT values regarding the treatment efficiency and the gas production will be
discussed in the following chapters.

Table 12: Substrate flow rate, Hydraulic Retention Time and Organic Load
Rate of plant 1 and 2.

Plant 1 Plant 2
Average value Average value
Substrate flow rate [m*/day] 0.0146 0.0400
HRT [days] 100 37
OLR [kgVS/m°digester day] 0.41 0.58

Table 13 gives the concentration of volatile fatty acids in the effluent as well as the A/TIC

ratio.
Table 13: Volatile fatty acids and A/TIC ratio of plant 1 and 2.

Plant 1 Plant 2
Average Standard | Average | Standard
value deviation value deviation
VFA [mg/L] 657 234 82 50
A/TIC ratio 0.094 0.033 0.031 0.018

The concentration of volatile fatty acids of plant 1 is in the range given in literature of 200-
2000mgVFA/L for anaerobic digesters (Mata-Alvarez, 2003). Despite the inconstant feeding
the A/TIC ratio was constant and indicates high process stability.

Because of the high dilution due to the flush water, the VFA concentration of plant 2 is very
low. As three measurements had even to be considered as “nil” (under 20mg/L), it would not
be correct to say that the process stability is high but in any case there are not important
variations.
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4.1.3. Quality of the effluent § -

The two plants have a very watery effluent. The one
of plant 1 has a dark brown colour whereas the one of
plant 2 is light brown (Figure 26).

The values of the different parameters which
characterize the effluent are given in Table 14. The
reduction of TS, VS and CODtot compared to the
feedstock are discussed in the following chapter. The
fact that more solid matter goes out of plant 2 while Figure 26: Effluent of plant 1 (on the left)
its effluent is lighter is explained by the high flow rate ang plant 2 (on the right).

of plant 2.

Table 14: Characteristics of the effluent.

Plant 1 Plant 2
Parameter n A\\:Z{Sge n A\\//(:lrlﬁgee
1) TS [kg/day] 12 0.10 12 0.19
2) VS [%TS] 12 64.7 12 63.4
3) CODtot [mgO,/l] 12 6211 12 3785
4) Ntot [mgN/I] 12 2222 12 871
5) Ptot [mgP/I] 12 78 12 61
6) Ktot [mgK/I] 7 2535 7 766
7) NH4-N [mg/L] 11 1406 10 420
NH4-N [%Ntot] 11 63.0 10 48.1
8) CODdiss [%CODtot] | 6 21.5 6 11.7

Nutrients contents

As mentioned by LoHRI (2009), the quality of the effluent as a fertilizer can be evaluated only
to a certain point as its suitability depends on the kind of plants it is applied. In order to have a
rough idea of what represent the N, P, K quantities present in the slurry, a comparison can be
done, as proposed by DRANGERT (1998), with the nutrients needed for 250kg of cereals which
according to him can be the amount of cereals eaten by one person in one year (Table 15).

Table 15: Yearly amount of nitrogen, phosphorus and potassium going out
of the plants and the nutrients needed for 250kg of cereals.

Parameter Plant 1 Plant 2 nu;rslgﬂésor]le;edriilgor
Ntot [kg/year] 12.7 11.8 5.6
Ptot [kg/year] 0.4 0.8 0.7
Ktot [kg/year] 11.0 10.3 1.2

Even if that comparison is of limited validity, we can see that the amount of nitrogen and
potassium would be more than sufficient to produce 250kg of cereals. On the other hand, the
quantity of phosphorus in the effluent of plant 1 would not be high enough, and the one of
plant 2 just sufficient for the 250kg of cereals.
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Comparison with quality standards for compost, manure and nutrient solutions can also be
done only up to a certain point. A complete nutrient solution for vegetables has a N:P:K ratio
of 2:1:4 whereas the effluents have ratios of 28:1:33 (plant 1) and 14:1:13 (plant 2). So, it can
only be said that both effluents seem to have very low phosphorus and relatively low
potassium contents compared to the nitrogen content. In addition, the trace elements Fe, Ca,
Mg and Zn must also be known as they are essential for plants grow.

Figure 27 shows the nitrogen and phosphorous content in the feedstock and effluent for the
two plants. Although a small fraction of the nitrogen is lost in form of NH; and Ny in the
biogas, most of it leaves the plant through the effluent. In the case of phosphorus, all of it is
found in the effluent. In equilibrium state where no accumulation of organic matter occurs
inside the plant, the input and output fluxes of these two nutrients should be the same. For the
monitored plants, the error bars (standard deviation) overlap and the two plants seem to be
close to that equilibrium.

Ntot and Ptot - plant 1 Ntot and Ptot - plant 2
0.050 0.050
0.045
0.040 T 0.040 -
0.035
%0.030 > 0.030
2 ® 0.025
20.020 2 0.020 I
0.015
0.010 0.010
0.005
0.000 e, 0.000  FmEm
Ntot Ptot Ntot Ptot
\ O Feedstock H Slurry\ \ O Feedstock M Slurry \

Figure 27: Nitrogen and phosphorus content in feedstock and effluent, on the left (A), for the plant 1 and,
on the right (B), for the plant 2.

The nitrogen in the effluent is to a high extent found in form of ammonium (NH,), namely
63% and 48.1%. In comparison, the NH,4 content in the feedstock was only 2.6% and 15.8%.
That means that the anaerobic conditions lead to an increase of ammonium and therefore to a
better quality of the effluent as a fertilizer.

According to CHEN & AL (2007), a certain Total Ammonia Nitrogen concentration (=TAN,
that is, mostly ammonium ion and free ammonia) causes a 50% reduction in methane
production. However, the values vary widely from 1700 to 14000mg/L. As the pH of the two
plants is close to 7, it can be assumed that the biggest part of TAN is in its ammonium form.
Thus, the measured ammonium values of 1406 and 420mgN/L are below literature values and
the inhibition can be considered as low.

Let’s underline that the CODtot and Ntot values in the effluent exceed by far the Indian
environmental standards of 250mg/L and 100mg/L respectively for discharge of
environmental pollutants (MINISTRY OF ENVIRONMENT & FORESTS). Consequently, the
effluent should not be discharged into the backwaters without a further treatment as it is done
by several families (see chapter 4.3.2.).
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Pathogen content

Table 16 gives the concentrations of E.Coli and total Coliforms counted in the feedstock and
the effluent of the plant 2. For the feedstock, the counting was done on the toilet waste and the
dilution by the food waste was taken into account.

Table 16: Pathogen contents and inactivation in the effluent of plant 2.

Average value | Average value Pathogen
in feedstock in effluent inactivation
Total Coliforms [CFU/100ml] 1.7*10"8 3*10"6 2.6
E Coli [CFU/100ml] 1.5*10"8 4*10"5 1.75

The E. Coli and total Coliforms inactivation during the anaerobic process are higher
compared to literature values of 0.35 for total Coliforms and 1.51 + 0.6 for E. Coli (SIDHU &
Tozkg, 2008).

The WHO-guidelines for “safe use of wastewater, excreta and greywater” recommend the use
of waste water for restricted irrigation (i.e. for crops that are not eaten raw) if the effluent
contains less that 1075 Colony Forming Units (CFU) of E.Coli in 100ml. It could be relaxed
to 106 when the exposure is limited. Thus, in the case our toilet linked plant, it is very
important that the effluent is applied only on plant roots and never spread directly on the
vegetables.

In order to check if the effluent of other toilet linked biogas plants on Kumbalanghi have
similar concentration of pathogens, E.Coli were also counted in effluent samples of six other
toilet linked plants. Five of them also had an E. Coli concentration in the range of 1075 - 106
CFU/100ml.

Let’s mention that the WHO-guidelines also stipulate that less than 1 helminth egg has to be
found in one litre of effluent to use it safely. Unfortunately, analysis of helminth eggs couldn’t
be carried out in this study.

4.1.4. Evaluation of the treatment efficiency

The waste reduction can be expressed as the difference between the total solids content of
feedstock and effluent. The reduction of organic load can be expresses as the reduction in VS
or CODy between feedstock and effluent. Figure 28 and Figure 29 show those reductions
calculated based on the average daily load.
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Treatment efficiency - plant 1 ‘ Y
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TS - reduction 84.8 % VS -reduction 89.0 %  CODtot - reduction 90.3 %

Figure 28: Treatment efficiency of plant 1.
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Figure 29: Treatment efficiency of plant 2.

The waste and organic load reductions of both plants are similar and show a high treatment
efficiency. Thus, the fact that plant 2 has a hydraulic retention time almost three times lower
than plant 1 doesn’t seem to influence the treatment efficiency.

4.1.5. Gas production, composition and use

Gas production

Table 17 shows the gas yields for the two plants. As the gas pressure couldn’t be measured,
the results are not transformed into norm conditions. Thus, we must be aware that the values
are slightly higher than the reality.

Table 17: Gas yield of plant 1 and 2.

Plant 1 Plant 2
Average value | Average value
Daily gas production [m*/day] 0.684 0.690
GPR [m*/m>digester day] 0.47 0.47
SGP [m%kgVSs day] 1.15 0.81

In both plants, the specific gas production (SGP) is very high. Regarding the slaughter
chicken waste fed to plant 1, SALMINEN & RINTALA (2002) showed that offal, feet and heads
of chicken have very high SGP in a range of 0.7-0.9g m3/kg VS. In addition, according to
DEUBLEIN & STEINHAUSER (2008), the SGP of cereals and food leftovers can also be very
high, namely 0.4-0.9 m3/kg VS and 0.4 — 1.0 m3/kg VS respectively.

Regarding plant 2, no literature values could be found for the SGP of raw faeces and urine,
but DEUBLEIN & STEINHAUSER (2008) give a range of 0.20 — 0.75 m%kg VS for sewage
sludge from households. The high SGP in plant 2 can be explained by the added food waste
and organic waste water and the relatively high amount of added fish waste.

Gas composition
As biogas consists mainly of CO, and CHj,, the methane content was measured indirectly by

measuring the CO, content (Table 18). It was very constant during the whole monitoring
period and the results are in the range of 35-40% given in literature (MATA-ALVAREZ, 2003).
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However, small quantities of water, hydrogen sulphide, nitrogen, ammonium, oxygen and
hydrogen can also be present in the biogas. That’s why the CH,4 content is probably 3-5%
lower than the maximum given in Table 18. Such values are comparable to CH,4 contents of
50.6 to 62.5 for OFMSW given by MATA-ALVAREZ (2003).

Table 18: Gas composition of the plant 1 and 2.

Plant 1 Plant 2
Average | Standard | Average | Standard
value deviation value deviation
CO, content [%0] 35 1 39 1
Maximal CH, content [%] 65 1 61 1

Gas use

During the study, tests were carried out regarding the required cooking times for different
Indian dishes. The results are shown in Table 19. As the amount of gas and the time required
to boil water were similar for both plants, the other measurements were only carried out on
one plant. The gas flow rate for both stoves was about 180 I/h in the morning. However, as the
flow rate depends on the amount of gas in the gasholder, the cooking time increases when the
gasholder empties and usually the families don’t use the last 100 litres because the pressure
gets too low.

Table 19: Average litres of biogas and time required to cook typical Indian items.

Gas required Time
Items [Iitr(izs] [min]
Boiled water
1 litre water 30 10
3 litres water 75 25
Main part
500q rice (3 litres water) 205 65
500g rice (3 litres water) 105 35
with thermal cooker
10 rice pancakes (“appams”) 70 25
2 steamed rice cakes 45 15
Accompaniment
Dried accompaniment (5009 veg.) 60 20
Liquid accompaniment (200g veg. + 300ml milk) 90 30
Fish accompaniment (100g fish + 200ml milk) 60 20

The survey (see 4.3.3) shows that on average, a family cooks about 3h 15min per day with
biogas (Table 20). This corresponds to about 585L of biogas. Normally, the lunch is prepared
in the morning together with the breakfast as the people take a “lunch box” to work.

With a daily gas production of 680L, a family has enough gas to cook the main dishes with
biogas. It has to be mentioned that the last 100 litres can’t be used because of too low gas
pressure.
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Table 20: Average daily gas consumption and cooking time for a typical family

Meal Item Gas required [L] | Time [min]
1 litre tea 30 10
Breakfast 2 ;teqm cakes . 45 15
1liguid accompaniment 90 30
TOTAL 165 55
500g rice 105 35
Lunch 1 d_ried accomparliment 60 20
1 fish accompaniment 60 20
TOTAL 225 75
500g rice 105 35
Dinner 1 liquid accompaniment 90 30
TOTAL 195 65

As it will be discussed in chapter 4.3.3, the families often use an additional LPG stove when
they like to cook several items at the same time, but also because the cooking duration is
longer with biogas than with LPG.

It could be observed that many families use a thermal cooker for rice cooking. This saves half
of the biogas required for rice cooking and enables to cook other items on the stove while the
rice is finished in the thermal cooker.
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4.2. Economic feasibility

In this chapter, the economic feasibility of the biogas systems is evaluated. First, the
investment costs, the operation and maintenance costs as well as the savings are exposed.
Based on this, the amortization period for such plants is calculated and discussed. The
amounts are given in Indian rupees (Rs) and in US dollars (USD) using the exchange rate of
Rs45.5 = 1USD (11" May 2010).

4.2.1. Investment costs

Table 21 lists the different costs, the subsidies and finally the amount a family has to pay to
acquire an ordinary 1m? plant or a 2m® toilet linked plant. As the prices and subsidies changed
considerably between 2005-2006 and the year 2010, the figures are given for both periods.
The increase in the plant price is due to the change in material from RCC to FRP. All
information was obtained from the director of BIOTECH, except for the labour charges in
2005-2006, which were obtained in the survey.

Table 21: Charges, subsidies and final amount paid by the customers for 1m? ordinary and 2m?® toilet linked
plants in the years 2005-2006 and in the year 2010. (*) Average values calculated from the information
obtained from the 27 visited families. The labour charges included the cement, the bricks, the cow dung and
the excavation of a pit. (**) Estimates given by the director regarding the present price for the transport, the
excavation of a pit and the cow dung.

2005-2006 2010
Ordinary | Toilet linked | Ordinary | Toilet linked
plant 1m® plant 2m?® plant 1m® plant 2m?®
Plant 9400 22700 15000 33000
Labour charge 1300* 3400* 1000** 1000**
Charges Stove + pipe included included 1000 1000
Latrines - included - not included
Total [Rs] 10700 26100 17000 35000
Kerala government 5000 16000 - -
(Tourism department)
Central government 2700 2700 4000 8000
Subsidies™ (Ministry of New and
Renewable energy)
Kumbalanghi Panchayat - 2000 - -
Total [Rs] 7700 27000 4000 8000
Paid by the | Total [Rs] 3000 5400 12950 27000
customer | Total [USD] 66 119 285 593

Information obtained by the families on their income corresponded to the information on their
“ratio card”. As this card enables them to get food items at lower prices, they declare lower
salaries than they really get. So, rough estimation on their incomes was done according to
their occupation. Twelve families earn their living from the construction, three from slaughter
shops, two from social work, one from the fishing, one from the painting, one from the
furniture work, one from different small jobs and one was constituted of retired people. The

13 Let’s notice that according to Biotech director the subsidies must be stable for the next few years. Last year there were
subsidies of 3500 Rs for both plants.
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incomes of all those families are about Rs3000-5000 and the investment costs for a biogas
plant represents more than fives monthly wages. Regarding the other five families, they live
from government occupations in two cases, from good private companies occupations in two
and from an abroad occupation in the last case. Those families probably earn about 10000Rs
per month (or more) and the investment costs represent about 3 monthly wages.

Thus, the purchase of a plant at the actual price represents a high investment for the families
in Kumbalanghi. Probably, this restrains several families from buying a biogas plant as eight
of the 27 families visited during the survey reported that they knew other families who were
interested in buying a plant but could not afford the present high prices.

4.2.2. Operation and maintenance costs

The survey showed that the system is very robust.** To ensure the good functioning of the
plant, the following simple and almost free maintenance works are regularly done by most of
the 27 visited families:

e The water which accumulates in the tube connecting the gasholder to the stove is
removed simply in lifting up the tube. Indeed, it enables to run the water into the
gasholder or eventually make it go out through a disconnected extremity of the tube.
The sixteen families which do it regularly (often once in a month) never had problems.
Five of the eleven other families once had no more flame, but the problem could be
solved costless by emptying completely the tube.

e The stove (especially the burner) is cleaned with a brush or textile and water or oil.
That almost costless maintenance enables to remove the solid particles of carbon
which block the passage of the gas. Except in one case, the stove of the visited
families was working with a good flame.

e The mosquitoes, which are a problem for most families and for both kinds of plants,
are killed or chased out by 21 families by using cheap and simple methods. This is
done by adding a few drops of kerosene or another chemical in the rim between the
gasholder and the digester (17 cases), in growing small fishes in the water jacket of the
2m? plants (2 cases) or in applying a to-and-fro motion to the gasholder (2 cases).

Pieces which broke since the 27 families installed their plants 4-5 years ago are the
followings:

e The stove knob (about Rs100) which broke in 5 cases.

e The piece behind the knob (about Rs70) which broke in 3 cases (changed 5-6 times in
2 cases)

The metallic tube behind the knob (Rs125) in 1 case (changed 3 times)

The burner (about Rs125) which was out of service in one case.

The entire stove (Rs600) which was completely out of order in 1 case.

The valve lever on the gasholder (unknown price) which was still broken in 3 cases at
the moment of the visit (the families using a textile the rare times the wanted to turn
the valve).

So, the costs for operation and maintenance are low and maintenance work relatively rare. It
seems correct to say that an estimate of Rs150 per year is enough to maintain the good
functioning of the plant in almost all cases, at least for the 4-5 first years.

415 out of the 27 families never had to call Biotech once the plant was installed.
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4.2.3. Savings

A biogas plant enables to save money in three ways: through the substitution of the former
cooking energy, the reduction of waste management fees, and the substitution of the former
fertilizer. In the followings the saved amounts are exposed and discussed.

Substitution of former cooking energy

Before buying the biogas plant, 7 of the 27 families cooked with firewood, 7 with LPG and 13
families used firewood & LPG™. Those two fuels are, indeed, the most used in Kerala (see
Annexe E). Even if none of the 27 families completely stopped to use their former fuel(s)™,
they could reduce its consumption to a great deal. In knowing the quantities of LPG or/and
firewood used before and after the plant acquisition as well as the price of those fuels, the
annual savings done thanks to the biogas could be calculated according to the following
formula:

Savings[Rs/ y] = LPGcylPRICE[RS]* (LPGcylBEFORE[Nnb/ y]— LPGCcylAFTER[nb/ y])
+Wo0dPRICE[Rs]* (WoodBEFORE[kg / y] —~WoodAFTER[kg / y])

As families use LPG, firewood or both of them in different frequencies, the quantities and
proportion of saved fuels vary quite a lot from one family to the other and not in a systematic
way'’. The calculations have been done separately for each family and the average values are
given in Table 22. In the following, a few general comments are given for each parameter:

LPGcyIPRICE[Rs]: The price of a LPG cylinder of 14.2kg is identical among the main
companies delivering LPG in Kumbalanghi (about 330 Rs)'®. However, as the price also
depends on the transport, additional 10 — 30Rs have to be paid according to the place. An
average of 350Rs per cylinder has been taken for the calculations.

LPGcyIBEFORE[nb/y] and LPGcylAFTER[nb/y]: Irrespective of having additional firewood
or not, a family saves on average 55% of LPG which represents on average 5 cylinders per
year per family. This is similar for families owning a toilet linked biogas plant as well for the
ones having an ordinary one.

WoodPRICE[Rs]: The families buying their firewood reported that the present price of a
kilogram of firewood in Kumbanlaghi is 2.4Rs. Let’s notice that 7 families do not buy their
firewood but collect it in the surroundings.

WoodBEFORE[Kkg/y] and Wood AFTER[nb/y]: Irrespective of having additional LPG or not,
the average quantity of saved firewood is about 500kg per year per family.

Table 22: Savings through substitution of former fuel.

Ordinary 1m°plant 2m° toilet linked plant
Savings [Rs] 2120 1750

Savings [USD] 46.6 38.5

> Three families used kerosene and one family an induction cooker but they rarely used it and could not notice a
difference of consumption since they got the biogas plant.

16 Two families which used firewood and LPG before having the plant could stop to use firewood.

17 Because she cooks more, a family with LPG and firewood save sometimes more money on the subsitution of
LPG only than a family having only LPG.

'8 Net amount which is written on the bills showed by the families.
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Reduction of waste management fees

None of the 27 families had to pay a fee to dispose of their organic waste before the
acquisition of their plants. Indeed, the families disposed of their kitchen waste as shown in
Table 23 (few families using many of them). So, in those cases of peri-urban families, the
economical savings regarding the organic solid waste management is inexistent.

Table 23: Former way to dispose of kitchen waste

Former ways to dispose of N° of families
kitchen waste using this way

Dumping in the surroundings
14
(trees, plants)

Dumping in the river
Dumping in a pit
Direct animal feeding
Composting
Dumping in a pond
In another biogas plant

RPN O|O

From the 17 families owning a toilet linked biogas plant, 5 had no toilet facilities before and
used to defecate and urinate into the backwaters. Twelve families had a septic tank or a
system with a superposition of cement rings. As only five of those families had to pay to
empty their facility before having the biogas plant (and had done it only 1-4 times), it is
difficult to calculate an average value of savings. By asking also the families owning an
ordinary plant about the emptying of their toilets facilities, it could be estimated that an
average of Rs1000 is required to clean septic tanks or rings. A frequency of once in ten years
seems to reflect the reality.

Being aware that it is only an approximation, it can be said that Rs100 (2.2USD) per year are
saved regarding the fees for emptying the toilet facilities.

Substitution of former fertilizer

None of the families owning a toilet linked plant bought a fertilizer before getting the biogas
plant, either because they did not need one or because they used kitchen waste or cow dung
for free. Regarding the families owning an ordinary plant, only four of them used to buy a
fertilizer which they could substitute by the effluent. So, very few families save money
through that substitution and it is difficult and not really correct to calculate an average value
of savings. Let’s notice that the potential benefit the families could do in selling their effluent
as a fertilizer is very important. Indeed, Biotech sells it at a price of Rs10/litre. A family
owning a toilet linked biogas plant getting easily 30 litres of effluent per day'® would get
Rs300/day. A family with an ordinary plant getting about 7 litres of effluent per day would
enable to earn Rs70/day. However, it is not very likely that they could sell so many litres and,
as discussed in the chapter “4.3.2 Self-restraints to use toilet linked plants”, the handling of
the effluent is still problematic for many families.

19 Based on the 17 visited families, the average food waste amount (included waste water) is about 8litres/day
and the quantity of water per flush is about 5 litres. In assuming the families use the toilet 6-8 per day, even if the
flush is not used every times, a total of 30 litres of waste should be fed by most of the families.

-37-



Evaluation of small-scale biogas systems for the treatment of faeces and kitchen waste

4.2.4. Amortization

Based on the costs and savings discussed above, the number of years required to amortize
ordinary 1m? plants and 2m? toilet linked plants are exposed in Table 24. A comparison is
done between the situation with ferro-cement plants which were installed in Kumbalanghi and
the present situation with FRP plants®.

Table 24: Amortization calculated according to the investment, the maintenance costs and the savings.

2005-2006 2010
Ordinary 1m® T?)'II; t“;:::f d Ordinary 1m® T?)':;; tIIZr:II”Tf d

Costs

Investment 3000 5400 12950 27000

Maintenance costs 150 150 150 150
Savings

Subst. of former fuel 2120 1750 2120 1750

Red. of toilet waste management fees - 100 - 100
Amortization

Formula without effluent selling 3000 + 150x = | 5400 + 150x = | 12950 + 150x = | 27000 + 150x =

(x=number of years) 2120 x (1750+100) x 2120 x (1750+100) x

Amortisation period (number of 16 3.2 6.6 15.9

years)

2 |t is assumed that the savings done through the substitution of former fuel(s) are the same in the case of FRP

plants
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4.3. Social acceptance by users

In this chapter, the acceptance of the toilet linked biogas plants by the users is exposed. A
comparison with the feelings of ordinary plants owners enables to see if there are differences
between acceptances of those two kinds of plants.

First of all, it is interesting to notice that 23 of the 27 visited families heard about the Biotech
system by the Panchayat awareness programs, the others having heard about it by the local
coordinator of Biotech (3 cases) or neighbours owning a plant (1 case).* Even if a survey of
Kumbalanghi inhabitants having no plant would be needed to prove it, that result probably
goes into the direction of what the ex-president of Kumbanlaghi Panchayat revealed: once an
implementation project of waste management facilitates with attracting subsidies is
undertaken, the families are interested and buy the technology.

4.3.1. The owners’ general feeling regarding the system

The motivation to purchase given by the 27 families are listed in Table 25. Let’s notice that
the families gave their “own” motivations (no list of typical motivations was proposed) and
sometimes gave several ones.

Table 25: Motivations of purchase given by the 27 visited families.

Owners of Owners of
toilet linked ordinary plants Total
biogas plants _y P [n=27]
[n=17] [n=10]

Treatment of waste (Cleanliness of surroundings)® 9(3) 9(3) 18
Biogas Production (Savings through substitution of LPG)** 11 (3) 6 (3) 17
One same facility for food and toilet waste 3 - 3
Access to sanitation facility 3 - 3
Low price of biogas system 1 1 2
Effluent as fertilizer 0 1 1
Eco-friendly 1 0 1

The treatment of waste?® and the production of gas® are the two main reasons given by the
families for the purchase of their biogas plant. It is surprising to see that, for the 17 families
owning a toilet linked biogas plant, the latrines were a motivation of purchase brought up in
only six cases. Among them appear three of the five families who had no sanitation facility
before having the plant. The fact to get free effluent from the waste as well as the eco-friendly
sensibility are apparently not the first things the families thought about.

At the end of the questionnaire, the families were asked whether their expectations were
fulfilled in giving a mark between 1 and 6. Out of the seventeen families owning a toilet

%! The local coordinator was cited in total by 7 families. That shows that the system of Biotech to have employee
living at the implementation place is certainly an excellent idea.

22 |t has been assumed that the motivation “cleanliness of the surroundings* can be included in the motivation
“treatment of waste” as it is a consequence of that one.

% |t has been assumed that the motivation “savings through substitution of LPG* can be included in the
motivation “Biogas production” as it is a consequence of that one.
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linked plant, eleven gave the maximal mark 6, three gave a 5 and four gave a 4. Out of the ten
families owning an ordinary plant, eight gave a 6, one a 5 and one a 4.

The advantages given by the families correspond to the motivations of purchase. The
treatment of waste (and the cleanliness as a consequence) as well as the biogas production
(which enables to save money through the substitution of other fuels) are indeed the main
cited advantages. Relatively surprisingly, the possibility to get free fertilizer was given by
only two households and the toilet facilities by three families. The low time required to feed
the plant were pointed out by two of the interviewees and the fact it is a productive job for
housewives was underlined by one household.

The few disadvantages given by the families owning a toilet linked plant are the weak-points
of the latrines buildings (3 cases), the smell of the effluent (2), the fact that the quantity of
biogas was not enough to cook everything (2) and the slowness of the cooking with biogas
D).

It is worth to notice that 25 of the 27 families would recommend the plant and that 15 of them
recommended it actively to relatives, neighbours or during inhabitants meetings. 20 families
indicated that they know interested people. Let’s notice, however, that the present price (8
cases), the required space (8), the fact to cook with biogas from faeces (2) and the smell of the
effluent (1) were evocated as being self-restraints.

4.3.2. Self-restraints to use toilet linked plants

In this chapter, the self-restraints people can have regarding the use of a toilet linked biogas
plant are discussed.

13 of the 17 families owning a toilet linked plant use the latrines and none of them has any
concern to cook with the produced biogas. Only two families mentioned that a few guests
were not comfortable in knowing the biogas comes from faeces. 4 families don’t use the
latrines due to the following reasons:

e the latrines are too close to the kitchen

e the latrines are constructed too high and therefore dangerous for old people and
children (Figure 31)

e the family has concern with biogas from toilet waste and effluent disposal is a problem

e the family has concern with effluent from toilet waste

Whereas concerns regarding the biogas from faeces =
were reported by only one of the seventeen visited
families, problems with the effluent seem to be
more important. Indeed, eight of the seventeen
households revealed that the slurry odour was
problematic (or had been problematic, as two of
them diverted it to the backwaters because of that
reason). In comparison, all of the ten families
owning an ordinary biogas plant said that there was
no problem of bad smell. In addition, let’s notice
that only seven of the seventeen families owning a P - :
toilet linked plant used the effluent (or part of it) as Figure 30: Accumulation of the effluent in

a fertilizer while all of the ten families owing an the surroundings of the plant.

ordinary plant do so. It is worth to add that concern regarding the effluent could be due to its
more difficult management in the case of the biogas toilets. The important quantity of flushing
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water leads indeed to a huge amount of effluent that was, in five cases, accumulated in the
surroundings of the plant (Figure 30) and in six cases diverted to the backwaters.

The ten families owning an ordinary plant were asked if they would have concern to have
toilet linked plants. Five of them said that they wouldn’t feel comfortable, two of them
specifying the concern regarding the biogas and three of them the one regarding the effluent.

Let’s mention that, besides the family which doesn’t use the
latrine because of its difficult access (Figure 31), another
household reported that, for the same reason, the grandparents
couldn’t use the latrines. In Kumbalanghi, the high water level
makes this construction necessary. According to the director of
Biotech, the FRP plants, because of their high resistance to salt
water, enable now to build more convenient latrines in places
like Kumbalanghi.

Thus, concerns regarding the use of biogas from faeces seem to
be rare whereas the effluent odour and the management of its
huge quantity are much more problematic and would require
improvement. FRP plants should enable to solve the small
problems of latrines at a too high level.

. 3 2 . _
Figure 31: BIOTECH latrines
having a difficult access.

4.3.3. Convenience of cooking with biogas

In the following, the convenience of cooking with biogas is discussed based on the
information obtained from the 27 visited families.

For the toilet linked biogas plants, the average daily cooking time reported by the families is 3
hours and 15 minutes® (about 2h in the morning and 1h15 in the afternoon/evening). For the
ordinary plants, the average is about 3 hours® (about 2 hours in the morning and 1 hour in the
evening). Those values are, of course, only indicative but show that the time of cooking is
sizeable” and that the available gas is almost the same with a 2m? toilet linked plant and a
1m® ordinary plant?’.

All 27 families used an additional (or two) fuel(s) to
cook besides the biogas. It was firewood in 3 '}
households, LPG in 10 households and firewood & [R%
LPG in 14 households.?®
The families need those other fuels (Figure 32)
especially when they have to cook quickly (in the
morning and for celebrations). Except for one
household, all families revealed that it takes longer to _
cook with biogas than with LPG or firewood. Most of TS - ES—. .
Figure 32: Typical kitchen in
Kumbalanghi with the single biogas
stove and the double LPG stove.

% The standard deviation is of about 1 hour.

% The standard deviation is of about 50min.

%6 Savings through the substitution of energy are given in the chapter “4.2.3 Savings”.

%" The total food waste average (solid + liquid part) is of about 8.6kg for an ordinary plant and 7.6kg for a 2m?
toilet linked plant. Knowing in the second case there are the excreta in addition, the quantity of organic waste is
approximately the same for both cases.

% Three families also had kerosene and one an induction cooker but use them very rarely.
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them said that LPG was 1.5 to 2 times slower than LPG and 2 times slower than firewood.?
The families also use a second fuel when they want to prepare two items at the same time, as
the biogas stove has only one burner.

Due to these different cooking habits, it is difficult to evaluate if the available biogas would
be sufficient to cook all the daily dishes. However, twelve families said that they emptied the
gasholder completely every day besides using other LPG or firewood. This shows that the
daily produced biogas would not be enough.

The families said that all different kinds of food can be cooked on the
biogas. However, because of the time factor, 11 families never use
biogas to cook rice and use LPG or firewood instead®. Let’s notice that
this time factor seems to be a problem for only 4 families.

It is interesting to see that many families solved the problem of the time-
consuming rice cooking by buying a thermal cooker (Figure 33). After
30min cooking on the biogas stove, the pot containing the rice (5009)
and the water (3L) is put into the thermal cooker which enables to finish
the rice cooking. It saves half quantity of gas and enables to cook other
items on the biogas stove during that time. The price of such a utensil is Flgure 33: A thermal
Rs375, Rs800 or Rs975 for capacities of 3L, 6.4L and 7.5L respectively. cooker

Three families underlined that having a biogas flame which is less hot than the LPG flame or
firewood was an advantage. Indeed, it is more convenient to cook fragile food items (like
vegetables) on a low heat. Four families using also firewood said that biogas, though slower,
is more convenient and avoids ashes on the walls of the house. Two families which used to
use firewood (besides LPG) before having the biogas plant could stop to use it completely.

4.3.4. Application of the given instructions and effective use of the plant

In the following chapter, the families’ awareness of the instructions given by Biotech®, their
motivation to apply them and the effective use of the plant are exposed. In addition, a few
personal initiatives showing the owners’ intention to maintain a good functioning of the plant
and to maximize its gas yield are given.

Food waste

In order to increase the gas production, most families add organic waste water from the
kitchen in addition to the food waste.*? Indeed, 26 families add rice water, 21 the rice cleaning
water and 19 the fish cleaning water. 14 families regularly collect food wastes from
neighbouring households and 5 families collect organic waste from small shops. To get more
biogas, 6 families keep the waste for more than 24 hours in order to start decomposition..
Even if the majority of the families (16) reported to spend less than 15 minutes to feed the
plant, five families spend 30 minutes and six families even spend 60 minutes per day or more
to maintain their plant.

2 In order to have a better flame, four families put extra weight on the gasholder to get a higher pressure

% About 65min are required to cook 500g rice on biogas whereas 20-25 min on LPG are sufficient

* In Kumbalanghi, in 2005-2006, Biotech gave only oral instructions.

% The solid food waste is similar in all the families and consists of rice leftovers and wastes of vegetable, fruit,
fish and meat.
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According to the local coordinator in Kumbalanghi, BIOTECH gives two main instructions
regarding the feedstock, this is:

1) To not exceed the maximum loads:
0 4-5kg of solid waste and 25-40 litres of waste water for a toilet linked plant
0 2kg of solid waste and 20-25litres of waste water for an ordinary plant

2) To not feed the plant with orange, lemon, tamarind or other acid items.

When families were asked about the instruction regarding the quantity of food and its dilution,
fourteen families said that no instruction had been given or that they didn’t remember if
instructions had been given. The instructions mentioned by the thirteen other families were
not very accurate and often differed. In the case of the toilet linked plants, instructions like
“10kg of solid waste + 10kg of liquid”, “5kg of solid waste”, “not too much water” or “same
amount of water and solid waste” were given by the families. In the case of the ordinary plant,
families evocated instructions like “5kg of solid waste + suitable amount of water”,
“maximum of 15kg waste”, “enough water to pull the waste into the plant”, “5kg of solid
waste + 2 buckets of water”.

It is difficult to know whether the families did not pay attention to the instructions or if
BIOTECH did not inform them clearly enough. In fact, none of the families owning a toilet
linked plant seem to overfeed the plant®® whereas three families owning an ordinary plant
clearly exceeded the limit of 2kg and three other feed slightly too much food waste*.
Regarding the second instruction, nine families said they never feed these acid items.

Toilet waste

The main instruction given by BIOTECH regarding the use of the toilets is to not pour
chemicals into the plant. In addition, the quantity of flushing water should not be too high in
order to not exceed the maximal load of 25-40litres of waste water.

Out of the 13 families using the latrines, eight said that they received the instruction not to put
chemicals whereas the five others said that no instructions had been given or that they didn’t
remember if instructions had been given. Two families also mentioned that they were
requested not to use too much water.

Actually, 5 families clean the latrines with chemicals which go into the plant, although two of
them are aware of the instruction not to do so.

Regarding the quantity of flushing water going into the plant, it seems to be in the range of the
waste water which can be treated. Indeed, the latrines are used only by the family’s members
(not the neighbour) and most of the time during the school and working hours only by the
housewife. In addition, the families use small quantities of water to clean the toilets. Only two
households which use huge amounts of flush water (20 and 11 litres) exceed the limit.

Effluent

The main instruction given by BIOTECH concerning the use of the effluent is to dilute it with
water before using it as a fertilizer.

¥ As 11 of the 17 families fed the plant whenever they had waste, the amount of daily feedstock could only be
estimated. An average of 8kg waste is daily fed in which about 3kg are solid waste.
¥ An average of 8.5kg waste is fed every day in which about 4kg are solid wastes.
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Out of the 27 families, 13 said that no instruction had been given or that they didn’t remember
if instructions had been given. They others said that they were instructed to dilute the effluent,
namely by the same amount of water in 3 cases, by the double amount of water in 4 cases and
without other details in 6 cases.

In reality, out of the 7 families owning a toilet linked biogas plant and using the effluent as a
fertilizer, three use it without dilution, three after double or threefold dilution and one in
putting the effluent on the roots followed by water. Out of the ten families owning an ordinary
plant, three use the effluent directly whereas the other ones dilute it by two times or more.
Let’s mention that all families put the effluent (diluted or not) on the roots and do not spread
it on vegetables.

All families using the effluent as a fertilizer said that they can see a better growth of their
plants. They gave the example of healthier trees, plants with more flowers, bigger vegetables
and fruits.
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5. Conclusions and Recommendations

In the following, the evaluation of the toilet linked biogas plant compared to an ordinary plant
is recapitulated according to the four main objectives of the study: the technical performance,
the quality of the effluent, the economic feasibility and the social aspects. Future perspective
and recommendations are given for each of those points.

5.1. Technical performance

The monitoring of the ordinary biogas plant and the toilet linked biogas plant showed that
both plants are working satisfactorily regarding their technical performance. The pH was very
stable and always in the optimal range between 6.5-7.5, and also the temperature inside the
digester was stable, although slightly below the optimum of 32-42°C. The high amount of
flushing water in plant 2 leads to a very low concentration of VFA and a short hydraulic
retention time. However, this doesn’t seem to affect the treatment efficiency of TS, VS and
CODyy as these values are similar as for plant 1. Also, the gas composition is similar for both
plants and the methane content is in the range given in literature.

The daily gas production of 680L is sufficient to cook the main dishes of a family. The low
concentration of VFA shows that more solid food waste could be added without impairing the
digester activity. This would further increase the gas yield. However, this would mean an
additional effort for the families to collect more food waste from neighbouring households.

5.2. Quality of the effluent

The nutrient content in the effluent is similar in both plants, with a rather high content of
nitrogen and potassium compared to phosphorus. However, it is difficult to evaluate its
quality as a liquid fertilizer as this depends very much on the plants where the fertilizer is
applied.

The toilet linked plant shows a very high reduction in pathogen content, but still, the
concentration of E. Coli and total Coliforms only allows for restricted irrigation according to
the WHO-guidelines for “safe use of waste water, excreta and greywater”. This study couldn’t
evaluate if an increase in the retention time would further reduce the pathogen content. The
families have to be careful if using the effluent as a fertilizer and only use it for vegetables
that are not eaten raw. The effluent has to be applied directly on the roots and should not be
spread on top of the vegetables. It seems appropriate to use the effluent for banana and
coconut trees. In addition, contact with mouth or wounds have to be avoided and hands must
be washed after use.

The survey revealed that several families discharge the effluent directly into the backwaters.
This has to be avoided as the values for CODtot and Ntot exceed by far the environmental
standards for discharge of environmental pollutants given by the Ministry of Environment &
Forests (Government of India). An additional treatment step would be needed (e.g. filter bed)
in order to further reduce the organic load of the effluent.
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5.3. Economical feasibility

As it was shown in chapter 4.2.1, the investment costs nowadays are much higher than during
the period 2005-2006, when most of the biogas plants in Kumbalanghi were installed. The
increase in the price is due to a change in material as well as to a decrease in subsidies by the
government and the Panchayat. About five monthly salaries have to be invested to purchase a
2 m° toilet linked biogas plant. Taking into account the savings from former fuel substitution
and septic tank emptying, the amortization period amounts up to 16 years whereas before it
was only a bit more than 3 years. For an ordinary plant, the amortization period is 6.6 years
compared to 1.6 years before.

The economic feasibility of the BIOTECH systems is thus rather weak. The investment costs
have to come down considerably, otherwise only wealthy families can afford such a biogas
plant. Mass production and higher subsidies would be required to reduce investment costs.

A very positive aspect is the almost maintenance free operation of the systems, which turned
out to be very robust and broken pieces are rare. If regular maintenance is done, such as
condense water removal in the gas tube and cleaning of the gas stove, a good functioning of
the system is assured.

5.4. Social aspects

The survey showed that the acceptance of the biogas systems is in general very good and most
families would recommend it to others. The improved waste management and the production
of biogas were mentioned as the main advantages. The smell of the effluent from toilet linked
biogas plants, not enough biogas, longer cooking time with biogas and the difficult access to
the latrines were mentioned as a disadvantage in some single cases.

Regarding the use of biogas from faeces, only one family has objections to using the gas for
cooking. More problematic is the odorous effluent from toilet linked plants and only half of
the families use it as a fertilizer. In comparison, all families owning an ordinary plant use their
effluent and didn’t report any concern regarding the odour.

The families are generally pleased with the quantity of biogas they have daily available. In
spite of that, they use an additional cooking fuel when they want to cook faster or when they
need a second stove.

Regarding the instructions given by BIOTECH concerning operation and maintenance, they
were not well memorized by the users. None of the families was aware of the maximum daily
load or the recommended dilution of the feedstock. Only half of the families with toilet linked
biogas plants were aware that they shouldn’t use chemicals to clean the latrines. Despite of
that, all biogas plants were well working and the gas production was satisfactorily. This
shows that the system is very robust in terms of food waste input.
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Appendix

A) Sketch of the BIOTECH pre fabricated eco friendly toilets

KITCHEN TOILET

GAS LINE TO KITCHEN

FOOD WASTE INLET

A

e

TN

HUMAN EXCRETA INLET

FOOD WASTE INLET

PRE FABRICATED ECO FRIENDLY TOILET
DEVELOPED BY A.SAJIDAS
DIRECTOR, BIOTECH, PB-520, TRIVANDRUM-14

TREATMENT PLANT SLURRY FILTER BED

GROUND- LEVEL
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B) Detailed method for the TS, VS, VFA and A/TIC ratio measurements

Total Solids Dried at 103-105°C (TS)

e Heat clean porcelain crucibles (ca.35ml content, 6¢cm diam.) to 103-105°C for 1h. Weigh
immediately before use.

e Transfer a measured volume of well-mixed sample to preweighed dish and weigh the filled
crucible. Dry sample for at least 24h in an oven at 103-105°C. Cool dish to room temperature
in desiccator and weigh.

e Calculation: mg total solids/L: ((A-B)*1000)/sample volume [ml]

A=weight of dried residue + dish [mg], B=weight of dish [mg]

Volatile Solids Ignited at 550°C (VS)

e Ignite clean crucible at 550 +/- 50°C for 1h in a muffle furnace.

e Ignite residue produced by TS-method to constant weight in a muffle furnace at a temperature
of 550°C. Have furnace up to temperature before inserting sample.

e Weigh after crucible has cooled down to room temperature in desiccator.

e Calculation: mg Volatile Solids/L= ((A-B)*1000)/sample volume [ml]
A=weight of residue + dish before ignition [mg], B=weight of residue + dish after ignition

[mg]

Volatile Fatty Acids / Total Inorganic Carbonate (A/TIC)
Analysis description of 4-point-titration according to Kapp (Buchauer, 1998)

e Before analysis, the sample needs to be filtered.

e Filtered sample (20-50ml) is put into a titration vessel, the size of which is determined by the
basic requirement to guarantee that the tip of the pH electrode is always below the liguid
surface.

e Initial pH is recorded

e The sample is titrated slowly with 0.1N sulphuric acid until pH 5.0 is reached. The added
volume Al [ml] of the titrant is recorded.

e More acid is slowly added until pH 4.3 is reached. The volume A2 [ml] of the added titrant is
again recorded.

e The latter step is repeated until pH 4.0 is reached, and the volume A3 [ml] of added titrant
recorded once more.

e A constant mixing of sample and added titrant is required right from the start to minimise
exchange with the atmosphere during titration.

e Calculation scheme according to Kapp:

Alk=A*N *1000/SV

Alk = Alkalinity [mmol/l], also referred to as TIC (Total Inorganic Carbon)

A = Consumption of sulphuric acid (H2S04, 0.1N) to titrate sample from initial pH to pH 4.3 [ml]. A=
Al+ A2 [ml]

N = Normality [mmol/I]

SV = Initial sample volume [ml]

VFA =131"340*N*B/SV -3.08 * Alk - 10.9

VFA = Volatile fatty acids [mg/l acetic acid equivalents], in A/TIC also referred to as A

N = Normality [mmol/l]

B = Consumption of sulphuric acid (H2S04, 0.1N) to titrate sample from pH 5.0 to pH 4.0 [ml], due to
HCO3/CO2 buffer. B = A2 + A3 [ml]

SV = Initial sample volume [ml]

Alk = Alkalinity [mmol/l]
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C) Questionnaire for User of BIOTECH-Compact Biogas plant in India

) D PSRRI
2)  INAME OF INEEIVIBUWEE: ...ttt et e et et et e e e et e et et et e et et ettt b ettt bbbt
) R {011 14 3 RO SRSSOTPR

T o Tor: 1o o PR
L5 L IC=1 SOOI

General information

6) Size of household (+ age Of ChIlArEN): ... i e e e e e e e e
0 I Y4 V44 To T BT TS (- SO RSRSR
8)  VOIUME OF GASNOIUET: ...t bbbttt b e bbb bt b e b et eb e et be et s
9)  Date OF INSEAIIATION: ... ..e et et et e e et e bbb e 1 e e et r ettt
0 ) TR O ) OSSOSO

11) MOtIVALION OF PUICRASE: ...t e e e et e e e e et et et e e e e e e ee et

12) Where did you hear from BIOTECH-SYSIEM: ... ..o ittt et e et e e et e e e e e et

Feedstock (except toilet waste):

13)  COMPOSITION: ...ttt e et et et e e e £ ea e e e ebe e et e b et e b et e b e s e st eb e b e bt b e st e b e e e b e eE e Rt e b e e b £ e b e st eb e e bt eh e b e b e et e b et
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Toilets:
24) Number of people using them (+ age Of ChIlArEN): ... e

25) How many times per day do you use the toilet?

Working day: UFINE: oot FBCES: ittt e e

Weekend: UFINE: woiieee e FABCES: vttt
26) Use by the men (do they always use them to urinate? if not where do they urinate?): ........ccocecvvereieneniiinnie e
27) How much water do you use for flushing and ClEaNING? .........cociiiiiiiiii e e
28) Amount of water for Cleaning the TOIIELS: ...ttt sttt e b e s b e ebeneenens
.................................................................................................. NUMDEr OF tIMES: ..o
29) Use of products for cleaning the toilets (Chemicals, SOAP): .. .cviiviiriiiiriiiieice e bere

30) Instruction given by BIOTECH regarding the amount of water that should be used for flushing/ cleaning and use of

(o[- Lo g o I To < o SO SRRSO URTST
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Energy:
42) What kind of cooking fuel did you use before the Diogas? ..........oo o

Effluent
49) Use/handling (IrTIGALION, SEWET): ....c..iiiiieiiteieiert ettt ettt sttt h bt b bt b e e b s b e st b e e e Rt e b e b bt et e st e b et ebeeb e b e abe e et e ebe e tan

Problems

Lo T =T 1 PSPPI
LY T =10 ] N 7= L PPN
E5Y=) T =1 01012 Vo P
510 T (01 PP P PP
(S10) TS o] 3ol T R o] oo LU Toa 1 o] T ) = £ USRS
61) Seasonal ChaNGES/TAINY SEASON: ... ... .. ettt e et et e et et e e et ettt e n et e et e ere e eet e e e e sen e e
62)  FHES/MOSHUITORS: ... ettt ettt ettt e et et et et et e et e e e ea et ea et et e oe e et et e a et e e e e e eh e et e nen e
L5763 T - To o 1o 011 OO
B4)  OtNer PrODIEMIS: ..ot e e et et et e e e e e e e e e

65) Contact/Service Biotech in case of ProbIem: ... ... e
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Various
66) Expectations fUIfiIlled (110 6 MArK): ... ..o et et et e e e e e et e et e e e et e e e
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D) Summary of the monitoring results

D1) Feedstock of plant 1

Average Date
De_lys Usual Combined
with 17.1.10| 20.1.10 | 24.1.10 | 27.1.10( 31.1.10 | 3.2.10 | 7.2.10 | 10.2.10| 14.2.10 (17.2.10 | 21.2.10 | 24.2.10
chicken days feedstock

TS [g/1] 94 37 45.4 130.4 38.2 78.5 31.8 53.7 19.2 100.8 57.4 97.8 38.8 103.1 38.1
TS [kg/d] 1.77 0.48 0.67 3.1 0.6 1.7 0.3 1.0 0.3 1.8 0.7 1.3 0.5 1.7 0.5
VS [g/l] 86 33 40.6 119.0 33.5 70.3 27.4 48.1 15.9 92.1 53.1 90.3 35.3 95.6 32.8
VS [kg/d] 1.62 0.426 0.6 2.866 | 0.568 | 1.507 [ 0.301 | 0.928 | 0.216 | 1.623 | 0.643 | 1.234 | 0.430 | 1.539 | 0.401
VS [%TS] 91.22 88.47 88.86
CODtot [mgO2/L] 167751 53194 69559 227352 50464 |194488 | 45808 | 81852 | 35172 | 180912 | 74260 [ 153608 | 55540 | 168296 | 57920
COD [kg/d] 3.20 0.69 1.05 5475 | 0.855 | 4.168 | 0.502 | 1.579 | 0.478 | 3.187 | 0.899 | 2.099 | 0.677 | 2.710 | 0.709
COD [g02/gTS] 1.81 1.42 1.57
CODdiss [mg/L] 25262 16087 17397 14060 19660 | 19220 40940 14540 18436
CODdiss [kg/d] 0.546 0.210 0.258 0.238 0.215 0.371 0.721 0.177 0.226
CODdiss [%CODtot] 17.05 30.64 24.69
Ntot [gN/L] 5242 1036 1637 4672 739 8064 959 3126 541 5797 1396 4704 1718 5680 1062
Ntot [kg/d] 0.101 0.014 0.026 0.112 0.013 0.173 | 0.011 0.060 | 0.007 | 0.102 | 0.017 0.064 0.021 | 0.091 0.013
Ntot [%TS] 5.68 2.81 3.90
NH4-H [mgN/L] 82 54 58 102 80 44 72 76
NH4-H [kg/d] 0.002 0.001 0.001 0.002 0.002 0.001 | 0.001 0.001
NH4-H [%Ntot] 1.58 3.95 2.64
Ptot [mgP/L] 423 161 198 490 207 596 102 210 143 486 202 416 132 497 302
Ptot [kg/d] 0.008 0.002 0.003 0.012 | 0.004 | 0.013 | 0.001 | 0.004 | 0.002 [ 0.009 | 0.002 | 0.006 | 0.002 | 0.008 | 0.004
Ptot [%TS] 0.478 0.441 0.455
Flow rate [L] 24.08 | 16.94 | 21.43 | 10.96 | 19.30 | 13.58 | 17.62 | 12.10 | 13.66 | 12.20 | 16.10 | 12.24
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D2) Effluent of plant 1

Date

— 17.1.10|20.1.10 | 24.1.10 | 27.1.10| 31.1.10 | 3.2.10 | 7.2.10|10.2.10| 14.2.10 | 17.2.10 | 21.2.10 | 24.2.10
TS [g/l] 6.2 7.9 6.1 7.2 5.6 6.3 5.5 6.9 5.7 6.2 6.0 6.1 5.0
TS [kg/d] 0.101 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
VS [g/l] 3.975 5.5 3.8 4.8 3.7 4.3 3.2 4.8 3.6 4.0 3.8 3.7 2.7
VS [kg/d] 0.065 0.131 | 0.064 | 0.103 | 0.041 | 0.083 | 0.044 | 0.084 | 0.043 | 0.055 | 0.046 | 0.060 | 0.032
VS [%TS] 65.17 69.1 61.2 66.7 66.4 68.3 58.3 | 69.2 62.4 64.8 62.5 60.4 53.4
CODtot [mg/L] 6211 7788 7328 7276 5316 7292 | 5960 | 6732 | 5692 6380 5708 | 5004 | 4052
COD [kg/d] 0.102 0.188 | 0.124 | 0.156 | 0.058 | 0.141 | 0.081 | 0.119 | 0.069 | 0.087 | 0.070 | 0.081 | 0.050
COD [g0O2/gTS] 1.01
CODdiss [mg/L] 2209 2586 1680 1736 1484 1348 1020
CODdiss [kg/d] 0.025 0.044 0.018 | 0.033 0.026 0.016 0.012
CODdiss [%CODtot] 24.68
Ntot [mg/L] 2222 1523 1999 2168 2582 2493 | 2366 | 2491 | 2261 2238 2522 | 2070 2206
Ntot [kg/d] 0.035 0.037 | 0.034 | 0.046 | 0.028 | 0.048 | 0.032 | 0.044 | 0.027 | 0.031 | 0.031 | 0.033 | 0.027
Ntot [%TS] 34.47
NH4-H [mg/L] 1406 1325 1406 1368 1446 1399 | 1327 | 1453 | 1406 1307 1202 1318
NH4-H [kg/d] 0.02 0.032 | 0.024 | 0.029 | 0.016 | 0.027 | 0.018 | 0.026 | 0.017 | 0.018 0.019 | 0.016
NH4-H [%Ntot] 63.05
Ptot [mg/L] 78 79 83 78 76 78 74 75 78 69 75 69 70
Ptot [kg/d] 0.001 0.002 | 0.001 | 0.002 | 0.001 | 0.002 | 0.001 | 0.001| 0.001 | 0.001 | 0.001 | 0.001 | 0.001
Ptot [%TS] 1.19
Ktot [mg/L] 2535 1954 2404 2336 2106 1846 3778 1926
Ktot [kg/d] 0.030 0.033 0.026 0.032 0.025 | 0.025 | 0.046 0.024
Ktot [%TS] 29.87
VFA [mg/L] 657 872 1124 705 514 598 926 721 698 560 469 339 362
A/TIC 0.094 0.13 0.16 0.10 0.07 0.09 0.13 | 0.10 0.10 0.08 0.07 0.05 0.05
Flow rate [L] 24.08 16.94 21.43 10.96 19.30 13.58 17.62 12.10 13.66 12.20 16.10 12.24
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D3) Kitchen waste of plant 2

Date

A 17.1.10 | 20.1.10 | 24.1.10 | 27.1.10 | 31.1.10 | 3.2.10 | 7.2.10 | 10.2.10 | 14.2.10 | 17.2.10 | 21.2.10 | 24.2.10
TS [g/1] 45.4 43.5 77.9 54.0 54.8 45.9 23.1 27.0 36.1 38.7 37.0 69.0 37.5
TS [kg/d] 0.73 0.69 1.24 0.96 0.88 0.96 0.22 0.42 0.55 0.81 0.49 0.78 0.78
VS [g/l] 40.9 394 70.3 45.8 50.0 44.0 20.3 23.6 32.0 34.5 34.4 63.2 33.1
VS [kg/d] 0.659 0.629 1.119 0.816 0.807 0.918 0.194 | 0.367 0.488 0.723 0.452 0.713 0.684
VS [%TS] 90.07
CODtot [mg/L] 51100 55828 68584 58424 57936 47600 | 24396 | 31232 | 48412 53212 40900 76180 50496
CODtot [kg/d] 0.830 0.892 1.091 1.041 0.935 0.993 0.234 | 0.486 0.737 1.116 0.536 0.859 1.044
CODtot [gO2/gTS] 1.13
CODdiss [mg/L] 19576 33530 24470 | 15440 10280 20180 13557
CODdiss [kg/d] 0.326 0.533 0.395 0.322 0.160 0.265 0.280
CODdiss [%CODtot] 39.24
Ntot [mg/L] 916 826 1248 872 1461 695.6 281 624 1068 1106 493 1421 896
Ntot [kg/d] 0.015 0.013 0.020 0.016 0.024 0.015 0.003 | 0.010 0.016 0.023 0.006 0.016 0.019
Ntot [%Ntot] 2.04
NH4-H [mg/L] 43 21 40 31 61 59
NH4-H [kg/d] 0.001 0.000 0.001 0.000 0.001 0.001
NH4-H [%Ntot] 4.65
Ptot [mg/L] 153 88 158 249 253 119 58 139 121 185 64 214 192
Ptot [kg/d] 0.003 0.001 0.003 0.004 0.004 0.002 | 0.001 | 0.002 | 0.002 0.004 0.001 0.002 0.004
Ptot [%TS] 0.348
Flow rate [L] 15.975 | 15.905 | 17.815 | 16.140 | 20.860 | 9.581 | 15.555 | 15.230 | 20.980 | 13.115 | 11.280 | 20.670

- 58 -




Evaluation of small-scale biogas systems for the treatment of faeces and kitchen waste

D4) Toilet waste of plant 2

Date

Average 17.1.10| 20.1.10 | 24.1.10 | 27.1.10 | 31.1.10 | 3.2.10 | 7.2.10 | 10.2.10 | 14.2.10 | 17.2.10 |21.2.10| 24.2.10
TS [kg/d] 0.240 - 0.296*
VS [%TS] 85*
CODtot [mg/L] 4459 4199 3495 4008 8428 3037
CODtot [kg/d] 0.100 0.106 0.074 0.085 0.145 0.064
CODtot [gO2/gTS] min 0.337
CODtot [gO2/gTS] max 0.416
CODdiss [mg/L] 1111 1097 869 992 1580 1018
CODdiss [kg/d] 0.023 0.028 0.018 0.021 0.027 0.022
CODdiss [%CODtot] 23.230
Ntot [mg/L] 427 591 303 341 503 497
Ntot [kg/d] 0.010 0.015 0.006 0.007 0.009 0.011
Ntot [%TS] min 3.29
Ntot [%TS] max 4.06
NH4-H [mg/L] 129 170 91 136 123
NH4-H [kg/d] 0.003 0.004 0.002 0.003 0.002
NH4-H [%Ntot] 30.879
Ptot [mg/L] 37 49 22 25 48 28
Ptot [kg/d] 0.001 0.001 0.000 0.001 0.001 0.001
Ptot [%TS] min 0.282
Ptot [%TS] max 0.348
E. Coli [CFU/100ml] 2.1E+08 8.0E+08 2.3E+08 1.5E+08 1.6E+08 5.7E+07 1.9E+07
Coliforms [CFU/100mI] 2.5E+08 8.7E+08 2.5E+08 2.3E+08 2.2E+08 3.3E+07 3.3E+07
Flow rate [L] 23.2 25.2 21.2 21.2 17.2 21.2 21.2 17.2 23.2 21.2 19.2 21.2
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D5) Combined feedstock of plant 2

Date

A 17.1.10 | 20.1.10 | 24.1.10 | 27.1.10 | 31.1.10 | 03.2.10 | 07.2.10 | 10.2.10 | 14.2.10 | 17.2.10 | 21.2.10 24.2.10
TS [g/1] 26.6 24.358 36.460 31.343 30.635 31.995 15.642 18.508 24.964 24.281 21.721 34.060 24.745
TS [kg/d] min 0.972 0.934 1.479 1.203 1.124 1.198 0.461 0.660 0.790 1.053 0.725 1.018 1.016
TS [kg/d] max 1.028 0.990 1.535 1.259 1.180 1.254 0.517 0.716 0.846 1.109 0.781 1.074 1.072
VS [g/1] 23.7 21.8 32.7 26.7 27.6 30.0 13.6 16.1 22.0 21.4 19.7 30.7 21.7
VS [kg/d] min 0.863 0.833 1.323 1.020 1.011 1.122 0.398 0.571 0.692 0.927 0.656 0.917 0.888
VS [kg/d] max 0.911 0.881 1.370 1.068 1.058 1.170 0.446 0.618 0.739 0.975 0.703 0.965 0.935
VS [%TS] min 88.6 89.2 89.5 84.8 89.9 93.7 86.3 86.4 87.6 88.1 90.4 90.1 87.4
VS [%TS] max 88.4 88.9 89.3 84.8 89.7 93.3 86.1 86.3 87.5 87.9 90.0 89.8 87.2
CODtot [mg/L] 24599.4 25406 29271 29100 27574 28104 10664 15789 25100 27610 18386 31001 27186
CODtot [kg/d] min 1.070 1.132 1.331 1.281 1.175 1.233 0.474 0.726 0.977 1.356 0.776 1.099 1.284
CODtot [kg/d] max 1.126 1.188 1.387 1.337 1.231 1.289 0.530 0.782 1.033 1.412 0.832 1.155 1.340
CODtot [gO2/gTS] min 1.10
CODtot [gO2/gTS] max 1.10
CODdiss [mg/L] 8212 13655 11208 8965 4992 8399
coDdiss [kg/d] 0.322 0.556 0.418 0.345 0.183 0.288
CODdiss [%CODtot] 30
Ntot [mgN/L] 604 590 745 630 874 574 382 510 728 749 452 795 659
Ntot [kgN/d] 0.023 0.023 0.030 0.025 0.033 0.024 0.012 0.019 0.026 0.033 0.016 0.026 0.028
Ntot [%TS] min 2.271
Ntot [%TS] max 2.402
NH4-H [mgN/L] 92 85 88 83 97 103
NH4-H (kgN/d) 0.004 0.003 0.004 0.003 0.004 0.004
NH4-H [%Ntot] 15.80
Ptot [mgP/L] 79 58 84 134 130 82 43 80 76 107 47 102 113
Ptot [kgP/d] 0.003 0.002 0.003 0.005 0.005 0.003 0.001 0.003 0.003 0.005 0.002 0.003 0.005
Ptot [%TS] min 0.305
Ptot [%TS] max 0.323
E. Coli [CFU/100mI] 1.5E+08 4.9E+08 1.3E+08 1.0E+08 8.5E+07 3.5E+07 9.6E+06
Coliforms [CFU/100ml] 1.7E+08 5.3E+08 1.4E+08 1.6E+08 1.1E+08 2.0E+07 1.7E+07
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D6) Effluent of plant 2

Date

AT 17.1.10 | 20.1.10 | 24.1.10 | 27.1.10 | 31.1.10 | 3.2.10 | 7.2.10 | 10.2.10 | 14.2.10 | 17.2.10 | 21.2.10 | 24.2.10
TS [g/1] 5.0 4.7 4.2 6.2 4.8 4.6 3.9 4.7 4.4 9.3 4.0 4.4 4.4
TS [kg/d] 0.19 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.4 0.1 0.1 0.2
VS [g/1] 3.1 3.8 2.4 3.9 3.0 3.0 1.9 3.1 2.7 6.5 2.2 2.6 2.4
VS [kg/d] 0.12 0.147 0.097 0.153 0.113 0.113 0.060 0.115 0.087 0.288 0.076 0.080 0.102
VS [%TS] 63.4 80.8 55.4 63.1 63.4 64.4 49.9 66.0 60.9 70.3 55.2 59.3 54.9
CODtot [mg/L] 3785 3460 3326 5096 3414 3240 3072 3500 2900 7838 2608 2924 4045
CODtot [kg/d] 0.14 0.136 0.137 0.199 0.127 0.123 0.095 0.129 0.094 0.346 0.089 0.089 0.169
CODtot [gCOD/gTS] 0.77
CODdiss [mg/L] 446 442 360 426 428 648 374
CODdiss [kg/d] 0.017 0.018 0.013 0.016 0.016 0.022 0.016
CODdiss [%CODtot] 11.709
Ntot [mg/L] 871 831 834 1104 862 922 946 874 894 974 873 626 718
Ntot [kg/d] 0.032 0.033 0.034 0.043 0.032 0.035 0.029 0.032 0.029 0.043 0.030 0.019 0.030
Ntot [%TS] 17.248
NH4-H [mg/L] 420 500 453 441 446 424 429 433 394 393 293
NH4-H [kg/d] 0.016 0.020 0.019 0.017 0.017 0.016 0.013 0.016 0.013 0.017 0.009
NH4-H (%Ntot) 48.1
Ptot [mg/L] 61 61 59 63 60 61 59 59 55 78 65 52
Ptot [kg/d] 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002
Ptot [%TS] 1.202
K [mg/L] 766 878 824 754 951 654 916 387
K [kg/d] 0.028 0.036 0.031 0.023 0.031 0.029 0.031 0.016
K [%TS] 14.989
VFA [mg/L] 82 34 nil 180 nil 43 nil 76 136 70 71 49 nil
A/TIC 0.031 0.01 nil 0.06 nil 0.02 nil 0.03 0.05 0.03 0.03 0.02 nil
E. Coli [CFU/100ml] 3.E+05] 5.E+05| 2.E+05| 2.E+05| 3.E+05| 6.E+05| 2.E+05| 3.E+05| 2.E+05| 4.E+05| 2.E+05| 1.E+05| 4.E+05
Coliforms [CFU/100mI] | 4.E+06] 1.E+06| 3.E+06| 2.E+06| 2.E+06| 2.E+06| 1.E+06| 1.E+06| 7.E+06| 5.E+06| 5.E+06| 7.E+06| 7.E+06
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D6) On-site measurements - plant 1

Date
A
V 17110 [ 19.0.10 | 20.1.10 | 22.1.10 | 23.1.10 | 24.1.10 | 26.1.10 | 27.1.10 | 29.1.10 | 30.1.10 | 31.1.10 | 2.2.10 | 3.2.10 | 5.2.10 | 6.2.10
oH 7.44] 7.36 7.40 7.36 7.53 7.46 7.43 7.44 7.44 7.48 7.38 740 | 7.43 | 742 | 750 | 751
[TceCTperat“re 285| 27.0 27.9 28.2 27.7 27.8 27.5 28.1 28.6 28.3 27.9 273 | 278 | 283 | 277 | 276
CO, [%] 35 | 353 36.3 36.0 36.0 34.0 35.0 343 37.0 343 34.7 373 | 337 | 350 | 347 | 333
CH, max [%] 63 | 647 63.7 64.0 64.0 66.0 65.0 65.7 63.0 65.7 65.3 0.0 663 | 650 | 653 | 66.7
Gas 684 | 737 744.5 756 745 717 699 688.5 678 615 569 633 673 | 716 | 578 | 595
production [L]
[ Date
- [77220 ] 9210 ]10.2.10 | 12.2.10 | 13.2.10 | 14.2.10 | 16.2.10 | 17.2.10 | 19.2.10 | 20.2.10 | 21.2.10 | 23.2.10 | 24.2.10 | 26.2.10 | 27.2.10
| 740 7.43 7.44 7.37 7.43 7.43 7.44 7.44 7.48 7.45 7.42 7.48 7.54 7.42 7.44
25, 27.6 28.8 28.3 29.1 28.7 29.6 29.6 28.9 29.0 29.9 29.2 30.1 30.4 29.8
BEE 36.0 35.0 36.7 36.7 34.7 35.0 34.0 33.3 343 35.0 34.0 343 34.0 36.0
[ 57 64.0 65.0 63.3 63.3 65.3 65.0 66.0 66.7 65.7 65.0 66.0 65.7 66.0 64.0
602 647 663 | 7235 | 715 691 | 7195 | 660 | 6575 | 649 714 | 6585 | 683 809 741
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D7) On-site measurements - plant 2

Date
AV 17.01.10| 19.01.10(20.01.10|22.01.10 | 23.01.10 | 24.01.10 | 26.01.10 | 27.01.10 | 29.01.10 | 30.01.10 | 31.01.10 | 02.02.10 | 03.02.10 | 05.02.10 | 06.02.10
pH 6.93 7.05 6.84 7.04 6.82 6.94 6.96 6.98 6.87 6.95 6.89 6.93 6.99 7.06 7.04 6.97
Temperature 29.7 29.30 29.47 28.93 27.67 28.13 28.20 28.70 28.17 29.57 29.00 29.33 30.00 29.93 29.87 28.40
CO2 [%] 39 40.0 40.0 40.0 40.3 39.0 38.3 40.0 38.7 38.7 41.3 40.7 39.7 39.7 39.3 38.3
CH4 max [%)] 61 60.0 60.0 60.0 59.7 61.0 61.7 60.0 61.3 61.3 58.7 59.3 60.3 60.3 60.7 61.7
Gas
production [L] | 684 1156 816 732 906 932 559 738 492 531.5 531.5 898 1117 914 763 755
Date
107.02.10 | 09.02.10 | 10.02.10| 12.02.10 | 13.02.10 | 14.02.10 | 16.02.10| 17.02.10 | 19.02.10 | 20.02.10 | 21.02.10 | 23.02.10 | 24.02.10 | 26.02.10 | 27.02.10
7.01 6.83 6.88 6.97 7.01 6.91 6.93 6.95 6.94 6.84 7.01 6.70 6.78 6.81 6.92
28.70 28.33 29.57 30.17 30.43 29.50 31.07 31.50 31.03 31.50 31.77 30.03 30.20 30.57 31.50
37.3 38.0 40.7 38.0 36.3 37.3 36.0 37.0 36.7 39.0 41.0 38.3 39.7 39.0 38.7
62.7 62.0 59.3 62.0 63.7 62.7 64.0 63.0 63.3 61.0 59.0 61.7 60.3 61.0 61.3
417 517 531 890 604 686 631 742 672 766 802 818 749 686 524
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E) Type of fuel to used for cooking in Kerala

Total % Rural % Urban %
U Type of fuel used for cooking:

U1 Total 6595206 1000 4942550 1000 1,652,656 1000
U2 Fire-wood 5107552 774 4153466 840 954,086 577
U.3  Crop residue 116,947 1.8 91,654 19 25,293 1.5
U4 Cowdung cake 3,814 0.1 2784 0.1 1,030 0.1
U5 Coal, lignite, charcoal 3,204 0.0 2222 0.0 982 0.1
U.6  Kerosene 113,890 1.7 46,828 0.9 67,062 4.1
ur LPG 1,168,536 177 589189 119 579,347 351
U8 Electricity 6,285 0.1 4184 0.1 2,101 0.1
U9 Biogas 50,078 0.8 35160 07 14,918 0.9
U10  Any other 5926 0.1 4531 01 1,395 01
U.11  No cooking 18,974 0.3 12,532 0.3 6,442 04

iource: Table H-11 India: Census of India 2001
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