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Thermal Properties of Biogas from Tea leaves Substrate.

ABSTRACT:

Currently, about 75% of the energy consumed in the world comes from fossils fuels and Kenya

is no exception. Fossils fuels are delectable besides creating other environmental issues like
global warming through the emission of green gases. Wood as a source of thermal heat energy is
used in tea industries in energizing boilers for tea leaves drying. There is need to explore safer
energy technologies. This research was exploring the thermal potential of biogas from tea leaves
as a clean source of energy, its ability in powering tea industries boiler plant and its potential to
reduce greenhouse gas emissions from the tea industries. Kisii county in Kenya is an
agriculturally rich area in terms of tea as well as banana production. It has been observed that a
considerable amount of tea leaves rejected at the factory and tea buying centers is just wasted
away. The production of biogas was investigated in the laboratory using the simple single-state
digester. The digester was fed with crashed tea leaves of about 500 grams and operated at room
temperature of about (21-26 °C) for 20 days. The amount of biogas generated in terms of volume
by a given mass of the tea leaves was also determined and Boswell equation was used to
determine the thermal value of biogas produced. Data from the digester was collected daily and
recorded in the laboratory spread sheet. The gas was analyzed by a gas Chromatograph machine
model 8610C connected to a display computer. Tea substrates were categorized into four
samples, sample; Svas fresh tea leaves from farms, samplev& tea leaves from composite

pits of tea factory, for sample; &nd Qwas same as;&nd $ respectively with an addition of

10ml of 1 molar sodium hydroxide to create a slightly alkaline environment. 500g of each of the
samples of tea substrate were mixed after crushing them using a blander and were mixed with
water to a volume of 5000 ml. It was observed that samples with sodium hydroxaied(S)

produced more biogas (3800-4000ml) than those withquar{8 $) (1800-2000ml) which was
attributed to the basic environment which make the anaerobic digestion faster. The gas
production was optimum after about 7-12 days. The thermal value of biogas was about22MJ m
and the thermal value of methane was about 36MJwhich has an electrical value of 6.1 kWh.

From the results the thermal value of biogas from tea leaves can easily operate the boilers if the
biogas is produced in large scale, besides reducing cases of deforestation and greenhouse gas
emission to the environment.
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BACKGROUND TO THE STUDY

The third largest producer of tea in the world enlfa and the tea industry provides livelihoods
for hundreds of thousands of rural Kenyans. Teastries in Kenya mostly used electricity from
the national grid system to power the productioe,liwhile Biomass is used to provide thermal
power to dry the tea. In the production of tea teieity accounts up to 17% of the production
cost, making the profits generated from tea intessto be very low due to the cost of electricity

power that they are supplied from the main natignial (Musyoka, 2012).

Scientists have issued warnings about human aeswitreatening to irreversible changes to the
Earth’s climate. There are no clear pathways togreng the worst impacts of global warming.
As global warming keeps on increasing, pollutiors lcantinued to increase, while continued
scientific study has revealed that global warmindl wesult in more severe impacts to
ecosystems and human civilization. The scientiffore to reduce global warming emissions
dramatically and immediately is unyielding due tmtinuation of use of energy resources that
are polluting the environment by emitting greenlegases to the atmosphere. The only way
out of this calamity is by operating on an econcimgt operates largely on clean sources of

energy and away from old habits and practiceswvitagte fossil fuels (Nordman, 2014).

The scenarios of climate change highlights howtélaeindustry is going to be affected. Tea to

become a hero crop, the industry needs to adaghietahallenges of climate change. Although

the tea sector is not a major contributor to clemettange, it needs to explore how to reduce its
energy footprint across the value chain, parti¢ylar how it is processed and consumed. The
tea industry will need to consider how the futwey chain and distribution networks across

the world promote efficiency and new technologiBise greatest impact of climate change on

the tea sector will be in production (Broudtal., 2014).
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Tea is largely grown in Kisii County, farmers alvgapncur losses due to the rejection of the tea
leaves that are of poor quality or have overstagdualying centers. The objective of this study
was to make good use of the rejected tea leave®tyerting them to biogas. The farmers can
benefit from this in that instead of rejecting fiwor quality tea completely it can be bought from
farmers at a fair price and it's utilized by teamafacturing industries to produce energy that can

be used in the industries (Nordman, 2014).

Treatment of wastes and wastewater can be don@admra@bic conversion of organic materials

and pollutants in order to protect the environmetaerobic conversion process reduces the
potential odour, destroys pathogens, displacesl fioeds and reduces methane emissions to the
atmosphere. The solids and liquids residues froaem@bic digestion can be used as a compost

manure or fertilizer and their use can have pasiémvironmental benefits (Towetral., 2006).

Biogas is produced by the breaking down biodegradahste inside a landfill gas by a chemical
reactions and microbes that are produced insidaraerobic digester. During an anaerobic
digestion process the microorganisms transformmass waste into biogas and digestate. The
biogas is a renewable energy that can be usedréoluption of thermal energy, electricity and
many other operations that use a reciprocatingriatecombustion engine such Caterpillar gas
engines. The digestate that remains is an inorgaaiter that was not transformed into biogas

which can be used as an agricultural fertilizer $t¥amaret al., 2007)

According to Obrecht 2011 the use of biogas camgga enough electricity to meet up to 3% of
the North America continent's electricity expendituThis production has a potential to help
reduce global climate change by lowering high Is\a# methane that is produced when manure

is stored under anaerobic conditions and when neahas been applied to the land. Nitrous
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oxide is also produced as a byproduct of the déiodtion process. Nitrous oxide ¢N) is 320

times more aggressive as a greenhouse gas thamatidxide (Obrecht and Denac, 2011).

According to Wieland (2012) biogas is used for &leity production on sewage works,

whereby in a gas engine, the waste heat from tigenens conveniently used for heating the
digester, space heating, water heating and coolémggas can replace natural gas used in
vehicles if compressed, whereby it can fuel anrirlecombustion engine or fuel cells (Wieland,

2012).

The many benefits of biogas have started to makgabia popular source of renewable energy
and have gained more market in the United Statetsh&mhe gas acquired from cow manure is
being tested in the United States if it can be &bleroduce sufficient energy approximately 100
billion kilowatt hours which can possibly be enougtpower millions of homes across America.
The United states of America is also trying to grélvat biogas use can reduce 99 million metric
tons of greenhouse gas emissions or about 4% dafjrdenhouse gases produced by the United

States (Cuellar and Webber, 2008).

In 2007, the German government supported renewatdegy strategies by empowering the
renewable energy supply so as to provide an anewagrowing climate challenges. German
increased oil prices by the ‘Integrated Climate &mergy Programme’. The trend of renewable
energy promotion induced a number of challengemdathe management and organization of
renewable energy supply that has also several immacthe biogas production. First challenge
noticed was the high area consumed by biogas el@awer supply plants and crops for biogas.

In 2011 energy crops for biogas production consuare@rea of 800,000 ha in Germany. This
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high demand of agricultural areas generated newpettions with the food industries

(Annimari 2006.

MATERIALSAND METHODS

Area of Study

The study was carried out in three Kisii county faetories, they include Ogembo tea factory,
Eberege tea factory and Nyamache tea facory, sifeavas preferable because it covers a wide
region of Kisii county and the factories are tryitaguse modern methods in tea manufacturing

and are ready to adopt modern technology to inerthaesr production efficiency

Experimental Design and set-up

This Study adopted an experimental design. Laboragxperimentation is an essential
component of anaerobic digestion research in thaltaws for multiple experiments to be done
simultaneously, granting the ability to change ntoue variables and to collect large amounts of
data in relatively short periods of time. Quaniatmethods were incorporated in the analysis of
data. The amount of tea waste substrates in kiogreejected by tea industries daily were
analyzed quantitatively. The amount of methane @thér gases produced by tea substrate was

also be analyzed.

Data was collected by physically visiting the tegibg centers and the three chosen tea factories
around Kisii County. Its was found out that betwd&mpril 2017 to 3§ April 2017 Ogembo
tea factory collected 1,249,043.70 kilogarms o& o¢ which about 89% Of the collection was
utilized in the processing of quality tea. The rerrg was through in the factory composite pit..
The rejected sample from the tea waste and thepmtasample of tea leaves were taken to a

laboratory for analysis of its potential in methaaes production.
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The samples that are wasted were taken to thedtdrgrfor analysis of how much biogas they
produce in terms of the amount of methane gasatetiein the laboratory. Samples of tea leaves
about two kilograms were blended so as to fasterattaerobic digestion. The crushed tea was
put in a simple glass reactor of 10 litres and seraen water added to the tea leaves to raise the
temperature of the mixture for faster rate of rieectThe laboratory set up is as shown below.
The collected gas was measured in terms of amdugé® in volume collected after a given

duration of time like five to seven hours and tlas golume and its content were analyzed by a

gas chromatography.

The Schematic of bench-scale system for biogalysisan the laboratory that was used in the
laboratory to test if tea substrate waste can predaethane is as shown below.

Fig. 1 Schematic of bench-scale system for biegadysis in the laboratory.
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Fig. 1 Schematic of bench-scale system for biegedysis in the laboratory. (Gamble 2014)

Experiments for the methane potential estimationhef samples were collected using 508cm

gas bag. Four samples of tea leaves were prepardtbfyas production.
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i.  Sample $were fresh tea leaves from the farm. 2kg of thesgate was mixed with water
to a volume of 5000 ml (100% v/v)
ii. Samples Swere poor quality tea from factory composite gitg of the substrate was
mixed with water to a volume of 5000 ml (100% v/v)
iii.  Samples $were prepared as sample Bith an addition of 10ml of 1 molar sodium
hydroxide to create a basic environment
iv. Samples Swere prepared as sample Bith an addition of 10ml of 1 molar sodium

hydroxide to create a basic environment

We prepared four bio digesters each containing Estp S, ' S; and S Since methane gas is
slightly soluble in water and its density is ab@u424g/ni. The gas from the digesters was
collected in the laboratory by the method of dowardvdisplacement method and the gas was
collected to the gas bags when the tap for thébggss opened. A gas chromatography machine
was used to analyze the content of biogas collected

RESULTSAND DISCUSSION

Thermal Properties of Biogas Energy from Tea Sakestr

Biogas collected from the laboratory gas collectlmags were as in table 1. using Buswell
equation where we have 53% of Cahd 47% of C@estimates of methane gas and energy
yield can be calculated based on the carbon coofethie waste. The research used 2kg of wet
tea leaves waste, where the water content is appataly 1.3 kg and Solids content is
approximately 0.7 kg dry matter which is approxiemat(35%TS). Elevating the contents to
accommodate upto a ratio of 1000 kg where by theemental 2kg representing 1000kg and

taking into account all the ratios and percentabesthermal value of the tea substrate can be
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calculated as follows from the chemical componasitbiogas produced from tea substrate.

Cas0H20500950N 125

5400
22850

5400+2050+15200+168+32 = 2285. The percentagerbboa=

= 24% carbon in 1000kg

of wet waste = 350 x 0.24kg C = 84kg C% of carbmuegraded which is70%. Then 84 x 0.7 =

58.8 kg C converted to biogas,

From Buswell equation 53% GHind 47% C@Q weight of methane carbon is given as
58.8 x 0.53 = 31.16 kg C, and weight of methangiven as 31.16 x 16/12 = 41.55 kg of
methane. 1 mol gas at STP = 22.4 liters, 16g €B2.4 liters, 415509 CHA4.

Table 1 shows the daily Volume of biogas colledtadthe various samples of tea substrates for

20 days
Time Volume of bioga: Volume of biogas Volume of biogas Volume of biogas
(Days) collected by Sampl¢ collected by Sampl¢ collected by Sample collected by Sample
S S S; S,
1 0 0 0 0
2 0 0 0 0
3 0 10 4C 10C
4 0 3C 7C 18C
5 5C 7C 20C 45C
6 26C 35C 33C 55C
7 38C 68C 60C 189(
8 55C 120(¢ 110(¢ 378(
9 60C 170C 265( 344(
10 80C 140(¢ 366( 255(
11 189( 130(¢ 409( 173(
12 150(C 110(¢ 347( 156(
13 110cC 75C 240( 90C
14 68C 46C 109( 77C
15 49C 31C 70C 38C
16 30C 20C 40C 30C
17 12C 75 25C 19C
18 6C 3C 10C 8C
19 2C 15 7C 5C
20 15 06 3C 2C
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41550
16

in terms moles it will be

moles = 2597 moles GHTherefore 2597 x 22.4 = 58172 liters

CH, =58.2 nf CH,, 1000 kg wet tea leaves = 58.2 of methane.
The Energy value of methane and waste will bé drethane = 36 MJ.

1 Wh = 3.6 MJ. 1MCH, = 10kWh. This values can be obtained from 1tomeewaste.

From the data collected it indicates that biogasipction is best when 10ml of 1 molar sodium
hydroxide is added to the substrates to createse lemvironment which make the anaerobic

digestion faster.
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Fig.2. A graph of the daily Volume of biogas @raollected for sample %ind S of the tea

substrates for 20 days.
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From the graph B represents Samplewlich was fresh tea leaves from the farm and C
represents Sampleg @hich was fresh tea leaves with an addition of L6l molar sodium

hydroxide. The graph shows that sampi@®duced biogas at a higher rate than the sample S
this is due to the fact that addition of 10ml ahblar sodium hydroxide to the substrates created

a basic environment which make the anaerobic dayefster.
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Figure 3: a graph of the daily Volume of biogaslexiked for sample S2 and S4 of the tea
substrates for 20 days

The figure 3 showing a graph of the daily Voluméimfgas collected for sample &d S of the
tea substrates for 20 days.

From the graph Sample @as tea from composite pit of tea industries ana@as 3 was tea

from composite pit of tea industries with an additof 10ml of 1 molar sodium hydroxide. The

graph shows that samplg @oduced biogas at a higher rate than the samplasSis due to the
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fact that addition of 10ml of 1 molar sodium hydide to the substrates created basic
environments which make the anaerobic digestioterfas

From figure 2 and figure 3 drawn above it showd tea substrate waste collected from tea
industries composite pits and added 10ml of 1 msdaium hydroxide produces biogas faster as
from day three, this is because it had startedeimohpose in the pit and addition 10ml of 1
molar sodium hydroxide provided an alkaline comditfor anaerobic digestion to take place.
The production of biogas became maximum at day @ iastarted slowly to decrease in its
productivity and by the 7day almost no biogas was produce since the stds$taal undergone
complete cycle and the slurry that ended up aspaooyct tested positive for the presence
ammonium sulphate (NfESO, and ammonium nitrate NJNO3z which are nutritious for the
growth of agricultural plants.

Table 2 shows the daily variation of volume of as collect for 20 days

Time (days daily changes in normal volume (°) of the gas collecte

Sample 4 Sample ,  Sample 3 Sample 4

1 0 0 0 0

2 0 0 0 0

3 0 10 40 10C
4 0 20 3C 8C

5 5C 40 13C 27C
6 21C 28C 13C 10C
7 12C 33C 27C 134(
8 17C 52C 50C 189(C
9 5C 50C 155(C 34C
1C 20C 30C 101c 89C
11 109( 10C 43C 82C
12 35C 20C 60C 17C
13 40C 35C 107( 66C
14 42( 29C 131( 13C
15 19C 15C 39C 39C
16 19C 11C 30C 8C
17 18C 12t 15C 11C
18 6C 45 15C 11C
19 40 15 3C 3C

11
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20 05 09 4C 3C

A sample of biogas was realized on tfft 8ay. From the results it shows that the perforcea
improved as days elapsed and was at its the peakeo#" day, where a volume 3780 was
collected as shown on table 2. The gas productien started to drop slowly until the"l@day

where gas production was almost constant.
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Figure 4 showing a graph of the daily variationvofume of biogas for sample; &nd S gas
collect for 20 days

From the graph Sample; Svas fresh tea from farms and Samplen@s fresh tea leaves an

addition of 10ml of 1 molar sodium hydroxide.
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The variation of the biogas collected was maximumtioee 8 day and it started to reduce
significantly and on day {7there was almost no variation almost negligibls.flom day 12
the substrates are recommended that they be addsd bne to maintain the process of

anaerobic digestion so that biogas does not reducenimum before its production is boosted.
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Figure 5 shows a graph of daily variation of voluaie gas collected for sample &d sample
S, for 20 days

From the graph Sample ®as tea leaves from composite pit of tea indusares Sample Svas
tea leaves from composite pit of tea industriehvah addition of 10ml of 1 molar sodium

hydroxide
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Table 3 shows the daily cumulative of the gas20rdays

Time (days Sample 4 Sample ; Sample ;3 Sample 4
1 0 0 0 0

2 0 0 0 0

3 0 10 4C 10C

4 0 40 11C 28C

5 5C 11C 31C 73C

6 31C 46C 64C 128(
7 69C 114C 124( 317(
8 124(C 234( 234( 695(
9 184( 404C 499( 1039(
10 264( 544( 865( 1294(
11 453( 674( 1274( 1467(
12 603( 784( 1621( 1623(
13 713( 859( 1861( 1713(
14 781( 905( 1970( 1790(
15 830( 936( 2040( 1828(
16 860( 956( 2080( 1858(
17 872( 963t 2105( 1877(
18 878( 966~ 2115( 1885(
19 880( 968( 2122( 1890(
20 881F 968¢ 2125( 1892(

From table 3 shows the cumulative values of biogakected in 20 days. From the results it

shows that sample 4 J)Sad the highest production of biogas due tolkalee condition which

favors the production of biogas. Addition of 10nfllomolar of sodium hydroxide demonstrates

the percentage of improvement or inhibition in Beg@nd methane production for the pretreated

samples relative to the non-pretreated contrad. gkgnificant improvement in cumulative biogas

production indicates that organic materials areeweadily available for consumption and larger

guantities of organic material are available fonsiamption by the microorganisms in alkaline

conditions.
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Figure 6 shows the cumulative values of biogakectdd in 20 days
From figure 4 it shows the cumulative curves faodais production for the four tea substrate
wastes characterized by the same quantity of nvethane production from tea substrate added

with 10ml sodium hydroxide of 1 molar is higher ahas indicates that anaerobic digestion was

faster in alkaline conditions.
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SUMMARY AND CONCLUSIONS

Biogas is a mixture of different gases producedthsy breakdown of organic matter in the
absence of oxygen. Biogas can be produced frommaterials such as agricultural waste,

manure, municipal waste, plant material, sewagsemgiwaste or food waste. (Neal 2012).

This study looked onto the thermal propertiesiofjas and its possibilities of utilizing the tea
leaves to operate steam boilers in tea industaesedl as homes with biogas energy. Samples of
tea substrate were collected from the tea indgstma tea buying centers and composite pit of
the industries for biogas analysis in the labosatolt’s was identified that tea substrate has a
high potential of biogas generation where at avergput 2kg of tea substrate produced about
0.35n7 of biogas which has a thermal value equivaleratiout 6.0kWh. If a biogas plant is
constructed in tea industries larger amounts oftdsstrate used the biogas produced can easily

run the boilers of the industries, (Wieland 2012).

Biogas can be converted into heat, mechanical gnargl electromagnetic energy (light). It can
be further more be used as a chemical compounde®xést many different options for the use
of biogas raging from very small applications tehieically sophisticated installations like
lighting in gas lamps, heating in biogas burneosiglos, and gas stoves Rutz (2015).

The following figures are useful for the energyccddition and measurement of biogas plants:
» Energy content of 1 kg biomethane is equivalergd1J

» Energy content of 1 Nm? biomethane is equivaer®5.5 MJ or about 9.97 kWh

» Biomethane content of 1 Nm? biogas is equivalerit.45-0.75 Nm3

» Energy content of 1 Nm3 biogas is equivalent taBkWh

* Electrical output of 1 Nm3 biogas is equivalentitb-3 kWhel

16



UNDER PEER REVI EW

» Density of 1 Nm3 biomethane is equivalent to kgmNm3, (Hiegl et al. 2011).

CONCLUSION

When tea substrate waste is anaerobically digektethboratory biogas was realized on tffe 3
day. Biogas production increased and was at th& peathe & day. The amount of biogas
collected by the end of the experiment for the feamples was approximately 78428>cofi
biogas by the 2D day. This is evidence that tea substrate has fa thimgas potential and its
thermal energy potential is approximately 10kWh ahhis sufficient to power up homes and is
able to run boilers of tea industries if large diges are used in the production of biogas. The
addition of 10ml of 1 molar sodium hydroxide indea that alkaline pretreatment on
solubilization and anaerobic digestion of orgamacfion of tea substrate waste in this research
indicated that alkaline pretreatment using NaOHwshthe ability to enhance carbon oxygen
demand on solubilization of organic waste.

The single-phase, complete-mix used in this resestniows that biogas production is feasible for
tea substrate wastes disposal instead of it beisygosed at composite pits. Considering the
characteristics of the high-moisture solid wastdea leaves anaerobic digestion represents a
feasible and effective method to convert the teastevéo biogas fuel. The reactor showed stable
performance with highest methane of about 61% Wilccessful implementation of anaerobic
digestion as the method of tea substrate wasténtesd leads to the regional utilization of
renewable energy resources, reducing energy reneires, reducing the losses incurred by
farmers when the tea industries reject their teawds as poor quality, provide an energy
alternative to the industries and provide farmeith &n alternative fertilizer they will be able to

use to improve their farm vyield.
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